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Abstract—Recolonization of defaunated soil by springtails as well as by gamasid and oribatid mites and the
changes in organic matter content of soil were studied in the northern taiga. After a one-year exposure in gauze
bags (1.7 mm mesh), the abundance of microarthropods was higher but the number of species was lower com-
pared to the surrounding soil. Large surface and litter forms did not colonize the samples, while the number of
small and/or soil forms was higher. Soil samples inaccessible for microarthropods (0.15 mm mesh) were
depleted of organic carbon compared to both surrounding soil and recolonized samples. The content of humic
and fulvic acids was higher in the samples inaccessible to microarthropods. Humification processes prevailed

in soils in the absence of microarthropods.
DOI: 10.1134/S1062359006010122

Evaluation of the role of particular functional
groups of animals in a community is one of the most
relevant problems of ecology. By tradition, such
research is conducted either in laboratory microcosms
or in field experiments involving isolation methods.
Application of gauze bags or containers with different
mesh size containing defaunated substrate is one of the
most convenient methods to study the significance of
particular size groups in ecosystem functioning in soil
zoology (Heath et al., 1964; Gartner and Cardon,
2004). Large mesh size (1 cm and more) allows most
major groups of soil animals to recolonize studied sam-
ples; medium mesh size (around 1 mm) is permeable to
microarthropods but inaccessible to larger animals;
while small mesh size (less than 0.1 mm) allows only
microorganisms to participate in decomposition.

This approach was used to study litter decomposi-
tion for various tree species (Chapman et al., 1988;
Hansen and Coleman, 1998; Kaneko and Salamanca,
1999). Defaunation included either biocide treatment
(naphthalene etc.) (Blair et al., 1991; Heneghan et al.,
1988) or freezing and drying of native material (Scheu
et al., 1999). Samples were exposed to natural condi-
tions for specific time periods, different humidity con-
ditions (Taylor et al., 2004), different biotopes (Frank-
lin, 2004), etc. when environmental factors were varied.
After the exposure of experimental samples, represen-
tatives of target size group were isolated using conven-
tional techniques, the decomposition rate was evaluated
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from sample weight decrease as well as changes the
content of nitrogen, carbon, and organic compounds.

However, the described isolating methods have their
limitations. Mesh size determines the microclimate in
the bag (due to different water permeability) and
decomposition proceeds under clearly different condi-
tions. Long exposure of large-mesh bags can lead to
washing or spilling out of the organic material, which
affects the results of weighing. Use of organic material
(litter or roots) with heterogeneous chemical composi-
tion can provide for different starting conditions for the
development of micro- and mesofauna.

The impact of invertebrates on the chemical compo-
sition of soil is more commonly studied in laboratory
microcosms. Defaunated soil with specific chemical
composition is placed in containers and inoculated with
specific quantities of animals, and soil is analyzed again
after the exposure. Protocols of such experiments can
be very complex. For instance, Scheu et al., compared
the abundance and sexual composition of aphids on
cereals and legumes grown in experimental boxes with
soil lacking macroscopic animals, soil with springtails,
soil with earthworms, or soil with both springtails and
earthworms. Even such complex experiment convinc-
ingly demonstrated the effect of springtails on the
weight proportion of the under- and overground plant
parts, nitrogen content in them, and reproductive activ-
ity of aphids.

Despite the convenience of laboratory experiments,
the physical conditions in microcosms considerably
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differ from natural ones, primarily, due to the constant
temperature and humidity, while the structure of
microarthropod community can significantly differ
under constant and variable thermal conditions (Huhta
and Hénninen, 2001). In addition, microcosms are usu-
ally populated by just a few invertebrate species, while
natural communities include tens of interacting inverte-
brate species of different taxonomic groups. Hence, the
results obtained for microcosms should be extended to
natural conditions with caution.

In this work, we tried to design a natural experiment
to use the advantages of the above techniques and to
minimize their limitations.

In the northern taiga zone, the biomass of soil
microarthropods and mesofauna is low compared to
broadleaf forests, while the biomass of microorganisms
is high, so that these three indices are similar at the
boundary of the forest and tundra zones (Begon et al.,
1986; Mordkovich, 1995). Under such conditions, the
major size and functional groups that affect soil pro-
cesses are bacteria, protists, soil fungi, and microar-
thropods.

MATERIALS AND METHODS

Experiments were conducted at the southern bound-
ary of northern taiga in West Siberia (Noyabr’sk Town
environs, Yamal-Nenets Autonomous District, Tyumen
Region; 63°15” N, 74°30” E). Sample plot was selected
on the main bank of the Yanga-Yakha River (Pur basin)
in a 120-year-old lichen pine forest with Siberian pine
Pinus sibirica on humic ferruginous soil.

Soil was extracted from the Al horizon, passed
through soil sieves to eliminate large plant fragments
and unify the granulometric composition, and defau-
nated by freezing to —18°C for 3 days and subsequent
drying at 60°C for 7 days according to Scheu et al.
(1999). The prepared soil was placed into two types of
gauze bags (0.14-0.15 mm mesh). Type A bags were
made of the microarthropod-proof gauze completely,
while type B bags had a window (1/4 of the total area)
of a coarse gauze (1.7 mm mesh), which prevented the
access of mesogeobionts but allowed soil recoloniza-
tion by microarthropods. Prior to experiment, bags
were kept in sealed envelopes in a dry place.

On July 19 2002, the bags were placed under the AQ
horizon (window down for type B samples) and
exposed for 365 days. Each bag had a label from bright
oilcloth on a long thread, which facilitated their finding
after the exposure.

On July 19 2003, the bags were extracted. Surround-
ing soil samples were simultaneously extracted from
the same biotope (type C). Microarthropods were
extracted from all sample types within 5 days using
Berlese—Tullgren funnels.

Soil volume equaled 200 ml in all cases. After
microarthropod extraction, type C samples were also
sieved prior to chemical analysis. The samples were

assayed for organic carbon, humic and fulvic acids, as
well as sulfuric acid-hydrolyzed and unhydrolyzed
material by the method of Tyurin. Chemical analysis
was carried out in the Laboratory of Biogeocenology
(Institute of Soil Science and Agrochemistry, Siberian
Division, Russian Academy of Sciences).

The biotope was described by the mesoherpetobion-
tic and mesogeobiontic composition in the sample plot.
Mesoherpetobionts were counted using soil traps.
Mesogeobionts were counted in July 2000 by visual
examination of 0.25 m? soil layers from litter to the
depth of 5 cm.

RESULTS

General description of soil arthropods. Large inver-
tebrate herpetobionts in the sample plot were exclu-
sively represented by predators. Single ground beetle
(Carabus canaliculatus Ad., 3.33 ind/100 trap-days)
and 10 spider species largely of Lycosidae and Gna-
phosidae (26 ind/100 trap-days) were recorded. In addi-
tion, harvest mites (Trombidiformes) were captured at
up to 10 ind/100 trap-days. The studied biotope differed
from previously studied biotopes in the Noyabr’sk envi-
rons by low abundance of mesogeobionts (Lyubechan-
skii, 2002, 2005). In the floodplain fir and Siberian pine
forest, the density of mesogeobionts was 52 ind/m?; 7—
9 years old fire site in pine and larch forest, 8-9 ind/m?;
abandoned sand beats of different age, 16-20 ind/m?
(Mordkovich et al., 2000). In the studied region, as low
as 4 ind/m? have been revealed. Hence, microarthro-
pods were responsible for most zoogenic soil processes
here.

Microarthropods were relatively abundant in these
soils, up to 82 000 ind/m? or 160 ind/sample (48 species
including 24 oribatid mites, 16 springtails, and 8 gam-
asid mites) (Mordkovich et al., 2003).

Recolonization of defaunated soil by microarthro-
pods. Experimental of defaunated samples in bags with
a coarse-mesh window were recolonized by microar-
thropods after a one-year exposure. Their density in the
experiment exceeded that in control for both springtails
and mites; the difference for springtails was significant
(p < 0.05). Conversely, the number of species in exper-
iment was significantly lower than in control and the
difference was greater for oribatid mites than spring-
tails. For gamasid mites, significant differences
between experiment and control have been revealed for
neither the mean abundance nor the mean number of
individuals per sample. Similarly, no such differences
have been revealed for any gamasid mite species iden-
tified in both control and experiment samples (table).

The general recolonization trend was manifested as
the absence of the surface and litter forms but high
numbers of small and/or soil forms in the recolonized
samples. For instance, upper soil layer springtails of the
genus Protaphorura and small deep soil layer springtail
Megalothorax minutus were significantly more abun-
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Species

Experiment (n = 9)

Control (n = 10)

Conchogneta tragardhi (Forsslund, 1947)
Liochtonius lapponicus (Tragardh, 1910)
Heminothrus humicola (Forsslund, 1955)
Oppiella sp.

Tectocepheus velatus (Michael, 1880)
Suctobelbella sp.

Carabodes forsslundi Sellnick, 1953
Tetroppia sp.

Nanhermannia sellnicki Forsslund, 1958
Ceratoppia asiatica Krivolutskij, 1966
Belba sp.

Euphthiracarus sp.

Tetroppia maritima (Willmann, 1929)
Mycobates parmeliae (Michael, 1884)
Oppiella nova (Oudemans, 1902)
Microppia minus (Paoli, 1908)

Total

Species per sample

Veigaia nemorensis (C.L. Koch, 1892)
V. sibirica Bregetova, 1961

V. kochi (Tragardh, 1901)

V. igolkini Bregetova, 1961
Gamasellus silvestris Halaskova, 1952
G. montanus (Willmann, 1936)
Parazercon radiatus (Berlese, 1914)
Neozercon smirnovi Petrova, 1978
Caurozercon duplex Halaskova, 1977
Zercon sp.

Total

Species per sample

Protaphorura sp.

Folsomia quadrioculata (Tullberg, 1871)
Megalothorax minutus Willem, 1900
Desoria sp.

Isotomiella minor Schaffer, 1896
Arrhopallites sp. 1

Lepidocyrtus violaceus Lubbock, 1873
Willemia anophtalma Borner, 1901
Friesea mirabilis (Tullberg, 1871)
Arrhopallites sp. 2

Onuchiurus sp.

Tetracanthella wahlgreni

Neanura muscorum

Entomobrya sp.

Total

Species per sample

Oribatid mites (Orbatei)

0.99 £ 0.22*

0.22 £ 0.05*

0.11 £ 0.04*

11.6+£2.5

25.8+6.2
0.3+0.08
0.8%£0.16
1.8+0.20

0

S O O

0
0.1+0.04
0.3+0.08
0.1£0.04

42.0+641
4.2+0.16

Gamasid mites (Gamasina)

0.7+0.09
0.6 £0.07
0.3+0.07
0.2£0.06
0
2.0%£0.31
1.6 £0.26
0
9.1£0.5
0
10.3+0.56
3.2£0.16

Springtails (Collembola)

22.4 £2.28%
14.7+1.90
14.6 + 1.60*
11.3+£1.0
8.3£0.59
0.1£0.04
0.1£0.04
0.9£0.20
3.2£0.62
0.1£0.04
0
0
0
0
75.8 +4.32
52+0.11

7.6+0.73
3.4£0.28
1.1+£0.12
2.3+0.49
8.6 £0.83
1.6 £0.30
1.5+0.13
3.1£048
6.5%+0.36
0.1£0.03
0.1£0.03
0.1£0.03
0.1+£0.03

0

0

0
25.0+1.50
7.2%£0.20

0.56 +£0.13

0

0

0
0.56 +0.11
0.44 £0.08
422 +1.04
2.44+0.38
490=x1.16
0.11 £0.04
17.44 £2.56
3.00+0.18

6.8 +0.64
11.5+1.2
431+0.38
6.8 £0.61
10.5+1.04
0.2%0.04
0.1£0.03
1.6 £0.19
0
0
1.1£0.15
0.8%£0.16
0.1£0.03
0.1£0.03
43.9+£2.45
6.5%+0.15

* Differences significant at p < 0.05.
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dant in experiment, while corticicolous Tetracanthella
wahlgreni, surface Entomobrya sp., and upper litter
Neanura muscorum were absent.

Among oribatid mites, large litter Heminothrus
humicola, litter—soil Liochtonius lapponicus, and eury-
biontic Conchogneta tragardhi significantly prevailed.
Large litter species Nanhermannia sellnicki, Ceratop-
pia asiatica, Belba sp., Euphthiracarus sp., and Tetrop-
pia maritima were not revealed in experiment (the first
was abundant in control).

Among gamasid mites, control lacked relatively
large predators of the genus Veigaia (V. sibirica,
V. kochi, and V. igolkini), while the abundance of
V. nemorensis were statistically similar in experiment
and control. Largely small mycetophagous Gamasellus
silvestris, Neozercon smirnovi, and Zercon sp. were
found only in control.

Species not found in control were revealed among
both springtails and mites. Apparently, the experimen-
tal conditions were favorable enough for their relatively
high abundance (e.g., Friesea mirabilis) (table).

No microarthropods were found in the type A bags.
Hence, the defaunation and isolation were reliable and
recolonization was successful in experiment.

Content of organic compounds in soil samples. A
one-year exposure of microarthropod-free samples sig-
nificantly depleted soil organic carbon relative to both
the surrounding soil and samples recolonized by
springtails and mites (figure). Although organic carbon
content in the surrounding soil was notably higher than
in type A and B samples, the differences were signifi-
cant only for the type A samples (p < 0.05). This was
due to high variation in soil indices in open soil sam-
ples.

No. 1
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The content of sieved and mixed soil in type A and
B samples was much more homogeneous. The differ-
ence between them was significant (p < 0.05). The con-
tent of organic carbon was higher in samples accessible
for microarthropods (p < 0.05), while microarthropod-
free samples had a higher total content of humic acids
(p <0.05) and the humic/fulvic acid ratio (p < 0.05). No
other significant differences have been revealed
between type A and B samples.

Samples accessible for microarthropods signifi-
cantly differed from the surrounding soil only in the
content of the third fraction of humic acids (p < 0.05).
All other parameters of type A and B samples did not
significantly differ.

Type A and C samples differed by nearly all indices.
The open soil samples had more organic carbon, while
the content of humic acids was higher in microarthro-
pod-free samples. Type A samples also had more fulvic
acids and sulfuric acid-hydrolyzed material, while the
surrounding soil contained more unhydrolyzed resi-
dues (figure).

Hence, type A, B, and C soils largely differed by the
content of organic carbon and humic acids, while dif-
ferences in fulvic acids as well as sulfuric acid hydro-
lyzed and unhydrolyzed material were not significant.

DISCUSSION

Microarthropods represent a key unit in the destruc-
tion of soil organic matter. Isolation techniques exclude
the impact of many factors in field experiments and
expose the role of particular size groups in the ecosys-
tem functioning. However, most published works were
conducted under conditions of tropical and temperate
climate, where soil animal communities are complex
and the exclusion of large saprobes sharply changes the
destruction pattern.

The studied northern taiga soils are relatively inert
due to low annual temperature and short vegetation
period (Smolentsev, 2002), accordingly, they nearly
lack large invertebrate geobionts. Herpetobionts were
largely represented by predators here (spiders and
ground beetles), while saprobes were practically miss-
ing (Lyubechanskii, 2005). Hence, isolating sample
from large invertebrates had no significant effect on the
dynamics of studied organic compounds.

An increased abundance of microarthropods was
observed in coarse-mesh bags relative to the surround-
ing soil. This could be due to the protection of microar-
thropods from predators (spiders in this case). On the
other hand, experimental soil had a higher porosity than
the surrounding soil (due to the sieving and mixing),
which could create a more complex and comfortable
environment for microarthropods. In addition, fine
gauze of the bags decelerated water arrival, which also
contributed to comfortable experimental conditions
compared to natural soil. However, bags of both exper-
imental types were filled with the same substrate, were
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made of the same gauze, and differed only by a rela-
tively small coarse-mesh window. We believe that the
physical conditions were comparable in them and the
observed differences in organic matter composition
were induced by the activity of microarthropods.

The structure of microarthropod community dif-
fered between experiment and control. For instance,
Tectocepheus velatus predominated among oribatid
mites both in experiment and control, the proportions of
Conchogneta tragarghi significantly differed, while
Nanhermania sellnicki predominated in control but was
absent in experiment. Opiella sp. was abundant in
experiment and had low numbers in control. The same
springtail species predominated in experiment and con-
trol, although the degree of prevalence differed. At the
same time, the proportion between the abundance of
springtails and oribatid mites remained stable in both
experimental and control samples (table).

Similar data were obtained in studies of decomposi-
tion of root mass of different herbaceous plants in con-
ditions of technogenic ecosystems of the Kansk-
Achinsk Fuel and Energy Complex (Suktsessii...,
1993). These studies were carried out in coal pit dumps
at early succession stages, where the soil community
was poor relative to intact biotopes. In this case, spring-
tail community in the isolated samples was similar
although not identical to that in control—the pattern of
dominant succession was similar in the isolated sam-
ples and control.

Although the structure of microarthropod commu-
nity changed in experiment, their impact on the dynam-
ics of organic compounds in soil remained the same, as
confirmed by the absence of significant differences in
nearly all indices between the soil in bags with a
coarse-mesh window and control soil.

Conversely, the isolation of soil from microarthro-
pods induced significant differences. Type A and B
samples differed even visually—soil in fine-mesh bags
was filled with fungal hyphae and remained solid after
extraction, while soil from coarse-mesh bags was loose
and friable. Since most springtail and oribatid mite spe-
cies identified in the studied soil were mycetophagous,
their elimination likely ensured uncontrolled growth of
soil fungi.

The experiment demonstrated that humus accumu-
lation in the absence of microarthropods proceeded in
the direction unusual for northern taiga soils—towards
active humification rather than the usual mineraliza-
tion.

ACKNOWLEDGMENTS

We thank the Chairman of the Ecological Commit-
tee of Noyabr’sk Town V.G. Mozalevskii for his help in
the organization of the field work. This work was sup-
ported by the Russian Foundation for Basic Research
(project no. 04-04-49817) and Russian Science Support
Foundation.



86 MORDKOVICH et al.

REFERENCES

Begon, M., Harper, J.L., and Townsend, C.R., Ecology: Indi-
viduals, Populations, and Communities, Oxford: Blackwell,
1986. Translated under the title Ekologiya. Osobi, popu-
lyatsii i soobshchestva, Moscow: Mir, 1989.

Blair, J.M., Crossley, Jr.D.A., and Callaham, L.C., A Litter-
basket Technique for Measurement of Nutrient Dynamics in
Forest Floors, Agric., Ecosyst. Environ., 1991, vol. 34,
pp- 465-471.

Cassange, N., Gers, C., and Gauquelin, T., Relationships
between Collembola, Soil Chemistry and Humus Types in
Forest Stands (France), Biol. Fertil. Soils, 2003, vol. 37,
pp- 355-361.

Chapman, K., Whittaker, J.B., and Heal, O.W., Metabolic
and Faunal Activity in Litters of Tree Mixtures Compared
with Pure Stands, Agric. Ecosyst. Environ., 1988, vol. 24,
pp- 33-40.

Franklin, E., Hayek, T., Fagundes, E.P., and Silva, L.L., Ori-
batid Mite (Acari: Oribatida) Contribution to Decomposition
Dynamic of Leaf Litter in Primary Forest, Second Growth,
and Polyculture in the Central Amazon, Braz. J. Biol., 2004,
vol. 64, no. 1, pp. 59-72.

Gartner, T.B. and Cardon, Z.G., Decomposition Dynamics in
Mixed-Species Leaf Litter, Oikos, 2004, vol. 104, pp. 230—
246.

Hansen, R.A. and Coleman, D.C., Litter Complexity and
Composition Are Determinants of the Diversity and Geo-
graphical Origin of Plant Species, Pedobiol., 1998, vol. 42,
pp- 316-327.

Heath, G.W., Edwards, C.A., and Arnold, M.K., Some Meth-
ods for Assessing the Activity of Soil Animals in the Break-
down of Leaves, Pedobiol., 1964, vol. 4, pp. 80-87.
Heneghan, L., Coleman, D.C., Zou, X., Crossley, Jr.D.A.,
and Hainesc, B.L., Soil Microarthropod Contributions to
Decomposition Dynamics: Tropical-Temperate Compari-
sons of a Single Substrate, Ecology, 1998, vol. 80, no. 6,
pp. 1873-1882.

Huhta, V. and Hanninen, S.-M., Effects of Temperature and
Moisture Fluctuations on an Experimental Soil Microarthro-
pod Community, Pedobiol., 2001, vol. 45, no. 3, pp. 279—
286.

Kaneko, N. and Salamanca, E.F., Mixed Leaf Litter Effects
on Decomposition Rates and Soil Microarthropod Commu-

nities in an Oak—Pine Stand in Japan, Ecol. Res, 1999,
vol. 14, pp. 131-138.

Lyubechanskii, I.I., Predatory Herpetobionts (Aranei;
Coleoptera, Carabidae) in the Northern Taiga of West Siberia
in Natural and Anthropogenic Habitats, Mater. IV (XIV) Vse-
ros. soveshch. po pochvennoi zoologii “Ekologicheskoe raz-
noobrazie pochvennoi bioty i bioproduktivnost’ pochv”.
Tyumen’ (Proc. IV (XIV) All-Russia Conf. on Soil Zoology
“Ecological Diversity of Soil Biota and Soil Biological Pro-
ductivity. Tyumen) 2005, pp. 152-153.

Lyubechanskii, I.I., Ground Beetle Population in the North-
ern Taiga of West Siberia and Its Changes during Sand Pit
Overgrowth, Sib. Ekol. Zh., 2002, no. 6, pp. 711-719.

Mordkovich, V.G., Andrievskii, V.S., Berezina, O.G.,
Lyubechanskii, LI, and Marchenko, LI., Otchet Po Teme
“Indikatsiya Sostoyaniya Estestvennykh i Narushennykh
Khozyaistvennoi Deyatel’nost’yu Ekosistem Severnoi Taigi
Zapadnoi Sibiri v Okrestnostyakh g. Noyabr’ka” (Rezul taty
2000 g.) (Report “Indication of the Status of Natural Ecosys-
tems and Those Disturbed by Economical Activity in the
Noyabr’sk Town Environs” (2000)), Noyabr’sk: Noyabr’sk
Municipal Ecological Committee, 2000.

Mordkovich, V.G., Andrievskii, V.S., Berezina, O.G., and
Marchenko, L.I., Zoological Method for Soil Diagnostics in
the Northern Taiga of West Siberia, Zool. Zh., 2003, vol. 82,
no. 2, pp. 188-196.

Mordkovich, V.G., Specific Zoobiota of Siberian Soils,
Pochvovedenie, 1995, no. 7, pp. 840-849.

Scheu, S., Theenhaus, A., and Jones, T.H., Links between the
Detritivore and the Herbivore System: Effects of Eathworms
and Collembola on Plant Growth and Aphid Development,
Oecologia, 1999, vol. 199, pp. 514-551.

Smolentsev, B.A., Struktura pochvennogo pokrova Sibir-
skikh Uvalov (severotaezhnaya podzona Zapadnoi Sibiri)
(Soil Structure in the Sibirskie Uvaly (Northern Subzone of
West Siberia)), Novosibirsk: Sib. Otd. Ross. Akad. Nauk,
2002.

Suktsessii i biologicheskii krugovorot (Successions and the
Biological Circle) Kurachev, V.M., Ed., Novosibirsk: Nauka.
Sib. otd-nie, 1993.

Taylor, A.R., Schroter, D., Pflug, A., and Wolters, V.,
Response of Different Decomposer Communities to the
Manipulation of Moisture Availability: Potential Effects of
Changing Precipitation Patterns, Global Change Biol., 2004,
vol. 10, no. §, p. 1313.

BIOLOGY BULLETIN  Vol. 33  No.1 2006



