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The article describes the communities of soil nematodes in pine (hereinafter — Pinus sylvestris) and spruce (here-
inafter — Picea abies) forests in the Finnish-Russian Friendship Nature Reserve. It exemplifies typical north-
taiga forests and combines Kostomuksha State Nature Reserve (Republic of Karelia, Russia) and Friendship
Park, consisting of five Protected Areas in the adjacent area of Finland. Methods commonly applied in nematol-
ogy were used to study the following parameters: taxonomic diversity, population density, biomass, eco-trophic
structure of nematode communities, and ecological indices representative of the soil food web. In the coniferous
forests, the soil nematode fauna was made up of 45 nematode genera belonging to 29 families, with the highest
diversity demonstrated by bacterial feeders (42% of the total number of taxa detected). Coniferous forests in the
Finnish territory featured a high number of taxa (29-33) and high values of the Shannon index (H') (3.4-3.8)
as compared to their counterparts in the Kostomuksha State Nature Reserve (18-24 taxa and H' = 2.4-3.3,
respectively). A general trend for all the surveyed forests was a decrease in nematode abundance and biomass
from the forest litter towards the mineral soil layer, which was more pronounced on the Finnish territory. A
Principal Component Analysis of relative abundance of functional guilds of nematodes showed that forests of
Eastern Finland had a more uniform nematode fauna among soil horizons. Analysis of the eco-trophic structure
of nematode communities in soils under the coniferous forests revealed a high abundance of bacterial feeders,
fungal feeders and nematodes associated with plants, while plant parasites were scarce or missing. In pine forests
of both Russian and Finnish parts of the Friendship Nature Reserve, soil nematode communities were noted for
a higher diversity and relative abundance of predators, while those in spruce forests had a higher abundance of
fungal feeders than in pine forests. The regional features of the nematode fauna in the Kostomuksha State Nature
Reserve were a low diversity and high dominance levels of taxa (high Simpson’s index values), low maturity
index (XMI) and structure index (SI) of the nematode communities, possibly as a result of human impact or other
local-scope adverse environmental factors. The forest nematode communities in the Finnish territory showed a
higher diversity of the fauna and a lower dominance level of taxa (a more evenly structured nematode fauna).
The Finnish forests harboured 16 specific taxa not encountered in the Russian territory and plant parasites of the
family Trichodoridae, which were rare in Northwest Russia. In addition, the group of dominant taxa included K-
strategy nematodes sensitive to the environmental conditions. All this suggests that the conditions on the Finnish
side are more favourable for soil nematodes. The ecological indices explored in the study (SI, EI) confirm that
Finnish coniferous forests are stable habitats with complex, multicomponent soil food webs and undisturbed soil
ecosystems. On the contrary, the indices for forests of the Kostomuksha Stare Nature Reserve betray a simplified
and unstable food web associated with degraded soil ecosystems exposed to detrimental environmental impacts.

Key words: eco-trophic structure, ecological indices, population density, Protected Area, soil nematode com-
munity, taxonomic diversity

Introduction
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The purpose of establishing the Finnish-Russian
Friendship Nature Reserve in 1989 was to promote
co-operation between Finland and the USSR within
the fields of environmental protection, maintaining
and studying the natural environment of the frontier
zone, and monitoring the status of ecosystems. The
Friendship Nature Reserve includes the Friendship
Park on the Finnish side and Kostomuksha State Na-
ture Reserve in the Kostomuksha district (Republic of
Karelia, Russia). Initially, the tasks of the Kostomuk-
sha State Nature Reserve, founded in 1983, included
not only the conservation of pristine areas of northern
taiga ecosystems, but also the neutralisation of the
negative consequences of industrial activities of the
Kostomuksha Mining and Processing Plant (MPP), a
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major source of air and soil pollution in the North of
the Republic of Karelia. A majority of research in the
region was associated with organised environmental
monitoring of boreal forests in the MPP area, includ-
ing the study of atmospheric precipitation, ground-
water, soil, flora and fauna. Concerning pedobionts,
the impact of emissions from the Kostomuksha MPP
on soil nematodes in coniferous forest (Matveeva et
al., 2008; Gruzdeva & Sushchuk, 2009) and mead-
ow (Laidinen et al., 2013) ecosystems was assessed.
However, the nematode diversity and the status of
nematode communities in the soils of intact forests in
this area have not been studied previously.
Nematological studies in Finland were carried
out, mainly, taking into account the impact of vari-
ous types of environmental transformation on soil
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nematodes, including clear-cutting, landscape recla-
mation and other forestry practice (Huhta et al., 1967,
Réty & Huhta, 2003; Dighton et al., 2012), reindeer
(Rangifer tarandus (Linnaeus, 1758)) grazing (Stark
et al., 2000, 2008), and herbicide application in agro-
ecosystems (Hagner et al., 2019). Publications de-
scribing the nematode abundance, biomass, fauna
diversity and community structure in natural forests
are less widely presented (Huhta & Koskenniemi,
1975; Magnusson, 1982; Huhta et al., 1986, 2005).
At the same time, much research on soil nematodes
in Finland, including forest ecosystems, were carried
out several decades ago with the analysis of various
groups of soil invertebrates at the level of high taxo-
nomic units.

The intensifying anthropogenic ecosystem trans-
formation leads to constant reduction of natural
habitats for living organisms. In this connection it
is urgent to study the flora and fauna of undisturbed
ecosystems in Protected Areas as potential etalon
sites for monitoring the environment and identifying
the distribution patterns of organisms. The Friendship
Nature Reserve is an excellent example of success-
ful co-operation of nature reserves operating across
the Finnish-Russian border for studying and preserv-
ing all components of the natural environment and
carrying out ecological monitoring in the adjacent
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area. Within the framework of this co-operation, we
carried out nematological investigations in the co-
niferous forests. This study aims to contribute to a
better knowledge of the nematode fauna in conifer-
ous forests in the Finnish-Russian Friendship Nature
Reserve, including taxonomic diversity, population
density and community structure of soil nematodes
in the protected and intact coniferous forests of the
Kostomuksha State Nature Reserve and the border
area of Finland.

Material and Methods

Study area

The study on the nematode diversity was con-
ducted in coniferous forests in 2006-2007 (Au-
gust) in the Kostomuksha State Nature Reserve
(Republic of Karelia, Russia) (hereinafter — NR
Kostomuksha) and in the adjacent area of Finland
(Elimyussalo Nature Reserve, the largest Protected
Area in Kainuu region, Kuhmo municipality, East-
ern Finland). To study, we selected the four sam-
pling sites, including one pine (hereinafter — Pinus
sylvestris L.) and one spruce (hereinafter — Picea
abies (L.) H.Karst.) forest site in each region (Fig.
1). The main characteristics of sampling sites es-
tablished in Kostomuksha State Nature Reserve
and Eastern Finland are presented in Table 1.
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Fig. 1. Map of the study area in the Republic of Karelia (Russia) and Eastern Finland, illustrating four sampling sites. Desig-
nations: Site 1 — pine (Pinus sylvestris) forest in the Kostomuksha State Nature Reserve; Site 2 — spruce (Picea abies) forest
in the Kostomuksha State Nature Reserve; Site 3 — pine (Pinus sylvestris) forest in the Kuhmo municipality, Kainuu region of
Eastern Finland; Site 4 — spruce (Picea abies) forest in the Elimyussalo Nature Reserve, Eastern Finland.
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Table 1. Characteristics of the sampling sites in the study area

Parameters Sites
Site 1 Site 2 Site 3 Site 4
Latitude N 64.560938° N 64.546215° N 64.293145° N 64.208052° N
Longitude E 30.156037° E 30.244796° E 29.071056° E 30.160255° E
Forest type Bilberry-cowberry pine forest | Bilberry spruce forest Rocky pine forest True-moss spruce forest
Plant species per forest layer
Pinus sylvestris L., Picea Picea abies (L.) H. Karst
Canopy layer abies (L.) H. Karst., Populus . o ? Pinus sylvestris L. Picea abies (L.) H. Karst.
Pinus sylvestris L.
tremula L.
Sorbus aucuparia L., Betula Juniverus communis L Betula pendula Roth, Picea
Understory pendula Roth, Juniperus com- P . ” |abies (L.) H. Karst., Junipe- -
. Sorbus aucuparia L. .
munis L. rus communis L.
. Vaccinium myrtillus L., Vac- . . Callu}'w'vulgt.zr'zs ( L.) Hull, Vaccinium myrtillus L.,
Field layer . . Vaccinium myrtillus L. Vaccinium vitis-idaea L.,
cinium vitis-idaea L. L . Carex sp.
Vaccinium myrtillus L.
. Pleurozium schreberi .
Moss-lichen cover Sphagnum sp., Polytrichum B (Willd. ex Brid.) Mitt., Sphagnum sp., Polytrichum
commune Hedw. . commune Hedw.
Dicranum polysetum Sw.

Soil parameters

Soil type* Carbi-Ferric Podzols Leptosols Carbi-Gley Podzols sandy
. . S 3.04 (horizon AO0), 3.4 (horizon A0),
Soil pHy,* 3.0-3.5 (highly acidic soils) 4.80 (horizon A1B) 3.3 (horizon A2)
% C* 32.9 (forest litter), 0.72 (horizon A2) gl&gg(l(lg‘r’irzf?l‘ﬁ% 45‘ '39 ((}ll‘(‘)’rrllzz(‘)’: :g)) ’
. . 0.94 (horizon A0), 1.33 (horizon A0),
% N* 2.0 (forest litter), 0.04 (horizon A2) 056 ((AIB horizozl) 0.06 (( A2 horizon))

Note: * — according to Fedorets et al. (2014); % C — organic carbon, % N — total nitrogen.

Soil sampling and nematode extraction

Soil samples were randomly taken from each
of the four sites within a typical homogeneous
plot of forest (2 x 2 m) with a corer (20 mm in
diametre) separately at the depths of 0-5 cm
(forest litter) and 5-10 cm (mineral layer). Nine
soil samples were collected on site 2 and site 3,
and five to nine replicates on site 1 and site 4.
In total, 63 soil samples were collected. Each of
them was placed in a zip-lock plastic bag, and
transported within 48 h to the Laboratory of Ani-
mal and Plant Parasitology, Institute of Biology,
Karelian Research Centre of RAS. In the labora-
tory, samples were stored at field moisture con-
tent at 4°C and within one week the soil samples
were weighted and subjected to further analysis.
Nematodes were extracted alive from the soil by
modified Baermann funnel method for 48 h. Then
they were heat-killed and fixed using TAF (trieta-
nolamin : formalin : water inratio 2 : 7 : 91) (van
Bezooijen, 2006). The nematodes were placed on
glycerol slide, and counted. At least 100 individu-
als from each sample were identified to genus lev-
el using a microscope at 400-600 magnification.

Nematode analysis
Names and order of nematode taxa are ac-
cording to De Ley & Blaxter (2004) and Abebe et
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al. (2006). To assess the status of nematode com-
munities, the following parameters were used:
taxonomic diversity (number of genera), Shan-
non index (H') of genera, Simpson domination
index (Odum, 1975), density of nematode popu-
lations (individuals/100 g fresh soil), nematode
biomass (mg/100 g soil), eco-trophic structure
of nematode communities. Total biomass was
calculated from mean biomass of genera using
the web-based tool NINJA: Nematode Indicator
Joint Analysis (Sieriebriennikov et al., 2014).

An eco-trophic grouping of nematodes was
made according to Yeates et al. (1993a,b). Each tax-
on was assigned to one of six trophic groups, name-
ly bacterial feeders (B), fungal feeders (F), omnivo-
rous nematodes (Om), predaceous nematodes (Pr),
plant parasites (Pp), and nematodes associated with
plants (Asp), which can feed on both the epidermal
root cells and fungal hyphae, and they often called
«root-fungal feeders». In addition, when analysing
the fauna diversity, the trophic group of insect para-
sitic nematodes (IP) (dispersal/infective stages) was
taken into account (Yeates et al., 1993a). However,
this group was excluded from further analysis of
soil nematode communities, because these species
do not contribute to soil processes.

The maturity index (XMI) was calculated as
a quantitative estimation of soil ecosystem status
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based on the composition and ratio of nematode
taxa. Nematode species have various environ-
mental features related to their morphology, biol-
ogy, and ecology and are expressed in the values
assigned to each taxon on the c-p Bongers scale
(Bongers, 1990). Colonisers with the lowest val-
ue (cp 1) are resistant to adverse environmental
conditions and have a high reproduction rate.
Persisters are species with the highest value (cp
5), having characteristics opposite to colonisers
(i.e. large size and low reproduction rate), and
being sensitive to environmental factors.

Ferris et al. (2001) expanded the term of
eco-trophic grouping with the concept «func-
tional guild» of nematodes, which combined the
feeding habits of taxa and c-p-classes reflect-
ing the life strategies of nematodes (Bongers,
1990; Yeates et al., 1993a). Functional guilds
are served as a base for calculation of ecological
indices (EI, SI, CI — see below), characterising
the soil food web. The enrichment index (EI) de-
scribes the enrichment of soil with organic mat-
ter. The structure index (SI) reflects an increase
in the number of trophic linkages in an ecosys-
tem, the degree of maturity of the soil food web,
complexity, and stability of the environment.
The channel index (CI) shows the dominant
pathway of organic matter decomposition in soil
ecosystem with the participation of bacteria or
soil fungi (Ferris et al., 2001).

Statistical data processing was carried out
using the Mann-Whitney U-test for a small num-
ber of replicates to compare the characteristics of
nematode communities between coniferous for-
ests of the Friendship Nature Reserve. Differenc-
es between groups obtained at level of p < 0.05
were considered significant. Numerical data are
presented as mean + standard error of the mean.
A principal component analysis (PCA) was used
to explore the ordination of sampling sites (forest
biocenoses) on the base on soil nematode fauna
composition and functional guilds. Calculations
were performed using the PAST 1.68 (Hammer
et al., 2001). The research was carried out using
the facilities of the Equipment Sharing Centre of
the Karelian Research Centre of RAS.

Results
Taxonomic diversity
Overall, 45 taxa of soil nematodes belonging
to 29 families and 9 orders were found through-
out the coniferous forests of the NR Kostomuk-
sha and the border region of Eastern Finland. A
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total of 18, 24, 33, and 29 genera were recorded
for Site 1, Site 2, Site 3, and Site 4, respectively
(Table 2). Twelve taxa occurred in all habitat
types, accounting for ~ 27% of the total fauna.
These were represented by bacterial feeders
(Acrobeloides, Chiloplacus, Plectus, Prismato-
laimus, Teratocephalus), fungal feeders (Aph-
elenchoides, Ditylenchus, Tylencholaimus),
nematodes associated with plants (Coslenchus,
Lelenchus, Malenchus), and one omnivore (Eu-
dorylaimus) (Table 2).

Analysis of the soil nematode taxonomic di-
versity showed that in Finland coniferous forests
are distinguished by a higher number of identi-
fied taxa (29-33 genera) and a higher Shannon
index (H' = 3.4-3.8) than coniferous forests in
NR Kostomuksha. The lowest number of nema-
tode taxa was noted in the pine forests in the NR
Kostomuksha (18 genera, H' = 2.4-2.8) (Table 2,
Table 3). The considerable increase in nematode
fauna diversity of forests in the border zone of
Eastern Finland was established due to specific
species (16) harboured only in these biocenoses,
while only six specific taxa were registered in the
Russian territory. Among these taxa preferring a
specific habitat or region, nematodes from three
trophic groups (plant parasites, predators, omni-
vores) predominated. They have demands on en-
vironmental conditions or the presence of a host
plant (Table 2).

The nematode families with the highest
taxonomic diversity were Tylenchidae (7 gen-
era), Cephalobidae (5 genera), and Plectidae
(3 genera). Another four families included two
taxa each. Twenty-two families had only one
taxon (Table 2), indicating that taxonomically
poor families make a significant contribution
to the nematode fauna of the study area. Most
of the taxa were bacterial feeders (19 genera).
The second place was taken by plant parasites
(7 taxa). In addition, the diversity of plant par-
asites changed depending on the soil horizon.
So, as a rule, plant parasites tended to the lower
mineral soil layer and were absent in the for-
est litter (Table 3). In terms of contribution to
the total taxonomic diversity, the third place
was shared by representatives of predators and
nematodes associated with plants (6 taxa in
each group). The fourth place was shared by
fungal feeders and omnivores (3 taxa each). In
addition, we identified the genus Steinernema,
belonging to the group of invertebrate parasites
with soil-dwelling larvae.
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Table 2. Mean relative abundance (%) of nematode taxa in the soil of four coniferous forests in the Finnish-Russian Friend-
ship Nature Reserve

Kostomuksha State Nature Reserve |Eastern Finland (Kuhmo and Elimyussalo)

Functional
Taxa guilds of Site 1 Site 2 Site 3 Site 4
nematodes |  (pine forest) (spruce forest) (pine forest) (spruce forest)

0-5 cm|5-10 cm | 0-5 cm [5-10 em| 0-5 em [5-10cm| 0-5em | 5-10cm
Order Enoplida Filipjev, 1929
Family Alaimidae Micoletzky, 1922

Alaimus De Man, 1880 | B, [ o] o J o7 ] o | o | 23] o | o
Order Triplonchida Cobb, 1920
Family Trichodoridae Thorne, 1935
Trichodoridac sp. | pp, | 0] o | o | o | o | o | o | o2
Family Prismatolaimidae Micoletzky, 1922
Prismatolaimus de Man, 1880* | B, | o | o2 ] 11 [ o3| o | o9 | 15[ 24
Family Tobrilidae Filipjev, 1918
Tobrilus Andréssy, 1959 | e [ 0] o | o | o | o | o4 | o | o
Family Tripylidae de Man, 1876
Tripyla Bastian, 1865 Pr, 0 0 0 0 0 0.3 0 0.2
Trischistoma Cobb, 1913 Pr, 0.7 1.5 0 0 0.8 0 0 0
Order Dorylaimida Pearse, 1942
Family Tylencholaimidae Filipjev, 1934
Tylencholaimus de Man, 1876* F, | 36| 20 | o4 | 126 | 03 | 93 | 113 | 216
Family Dorylaimidae de Man, 1876
Mesodorylaimus Andrassy, 1959 Om, 0 0 0.2 0 0 0 0
Dorylaimidae sp. Om, 0 0 0 0 0 0 0.1
Family Qudsianematidae Jairajpuri, 1963
Eudorylaimus Andréssy, 1959* | om, [ 127] 15 | 36 [ 17 | 97 | 161 | 110 [ 30
Order Mononchida Jairajpuri, 1969
Family Anatonchidae Jairajpuri, 1969
Lotonchus Cobb, 1916 | p, [ o | o | o | o [ 3] 12] o | o
Family Mononchidae Chitwood, 1937
Clarkus Jairajpuri, 1970 Pr, 0 0 0 0 0.3 4.1 0
Prionchulus Cobb, 1916 Pr, 1.2 0 0 0 11.4 0.4

Order Chromadorida Chitwood, 1933
Family Achromadoridae Gerlach & Riemann, 1973
Achromadora Cobb, 1913 | B, [ 15| 02 ] o | o |39 | 19| 06 | o0
Order Desmodorida De Coninck, 1965
Family Desmodoridae Filipjev, 1922

Prodesmodora Micoletzky, 1923 | B, | o] o Jo2] o | o | o4 ]| o | 15

2
Order Monhysterida Filipjev, 1929
Family Monhysteridae De Man, 1876
Eumonhystera Andréssy, 1981 B, 0 0 0.2 0 0.3 0.4 5.4 1.1
Monhystrella Cobb, 1918 B, 0 0 1.5 1.4 0.8 0 2.5 0.4

Order Plectida Malakhov, 1982

Family Plectidae Orley, 1880

Plectus Bastian, 1865* B, 14.9 14.7 2.1 32 329 16.6 18.5 4.3

Ceratoplectus Andrassy, 1984 B, 0 0 0 0 0 0.4 0 0

Wilsonema Cobb 1913 B, 0.5 0 0 0.2 0 0 1.1 0.4
Family Metateratocephalidae Eroshenko, 1973

Metateratocephalus Eroshenko, 1973 B, | 0 | 0 | 0 | 0 | 2.4 | 3.5 | 2.1 | 0
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Taxa

Kostomuksha State Nature Reserve

Eastern Finland (Kuhmo and Elimyussalo)

Functional
guilds of Site 1 Site 2 Site 3 Site 4
nematodes |  (pine forest) (spruce forest) (pine forest) (spruce forest)

0-5 cm|5710 cm| 0-5 cm |5710 cm

0-5cm |5710 cm

0-5cm | 5-10 cm

Family Teratocephalidae Andrassy, 1958

Teratocephalus de Man 1876*

3

| B

| o | 02 | 02 | 04 | 03 | 25 | 30 | o2

Order Rhabditida Chitwood, 1933

Family Panagrolaimidae Thorne, 1937

Panagrolaimus Fuchs, 1930 | B, | 0 | 0 | 0.4 | 0.5 | 0.1 | 0 | 0 | 0.2
Family Cephalobidae Filipjev, 1931
Acrobeloides Cobb, 1924* B, 13.8 42.1 6.3 7.9 5.0 12.1 13.0 20.0
Cephalobus Bastian, 1865 B, 0 0 0 0 1.9 0 2.2 5.8
Cervidellus Thorne 1937 B, 0 0 0.2 0 0 0 0 0
Chiloplacus Thorne 1937* B, 2.5 1.0 1.3 22.7 1.4 7.7 3.0 54
Heterocephalobus Brzeski 1960 B, 0 0 0 0 0.6 0.2 0 0
Family Rhabditidae Orley, 1880
Rhabditis Dujardin 1845 | B | o | o | 14 [ 07| 14 ] 41 | 14 | o4
Family Steinernematidae Filipjev, 1934
Steinernema Travassos, 1927 | [ o | o | o | o [ o | o [o2]| o
Family Tylenchidae Orley, 1880
Filenchus Andrassy, 1954 Asp, 0 0 1.1 13.5 6.8 3.0 0
Malenchus Andrassy, 1968* Asp, 32.1 10.4 28.6 11.5 2.0 2.0 1.5
[Aglenchus Andrassy, 1954 Asp, 0 0 0 0 0.3 0 0.2 0.5
Coslenchus Siddiqi, 1978* Asp, 0.7 0 3.2 2.1 0 0.5 0.2 1.3
Lelenchus Andrassy, 1954* Asp, 2.1 1.0 1.1 0.7 4.0 6.6 4.6 8.2
Tylenchus Bastian, 1865 Asp, 0 0 2.4 0.1 0
Ecphyadophora de Man, 1921 Pp, 0 0 0 0 2.6
Family Anguinidae Nicoll, 1935
Ditylenchus Filipjev, 1936* | F | o | o2 ] 83 [ 71 ] 32 ] 04| 0 | o7
Family Belonolaimidae Whitehead, 1959
Geocenamus Thone & Malek, 1968 | Pp, | o | 05 | o | o | o | o | o | o
Family Tylenchulidae Skarbilovich, 1947
Paratylenchus Micoletzky 1922 | e, [ 0] 12 ] o | o | o | o | o | o
Family Heteroderidae Filipjev & Schuurmans Stekhoven, 1941
Heterodera Schmidt, 1871 | e, | 0] o | o [ o | o | o | o [ o2
Family Hoplolaimidae Filipjev, 1934
Helicotylenchus Steiner, 1945 | e, [ 0] o | o | o | o | o4 | o | o
Family Criconematidae Taylor 1936
Criconema Hofménner & Menzel, 1914 | Pp, | 0 | 0 | 0.5 | 0.5 | 0 | 0 | 0 | 0
Family Aphelenchoididae Skarbilovich, 1947
Aphelenchoides Fischer, 1894* | F | 137] 24 [ 370 [ 130 ] 65 | 23 [ 180 [ 179
Family Diplogastridaec Micoletzky, 1922
Diplogastridae sp. B, 0 0 0.4 0 0 0 0 0
Total number of taxa: 45 15 = 13 = I8 2 2 21 a
18 24 33 29

Note: * — nematode taxa observed in all sampling sites. List of nematode taxa was composed according to De Ley & Blaxter (2004) and
Abebe et al. (2006). Functional guilds according to Ferris et al. (2001) combine trophic groups (Yeates et al., 1993a) and c-p values of
nematodes (1-5 as subscripts) (Bongers, 1990). Trophic groups: B — bacterial feeders, F — fungal feeders, Om — omnivores, Pr — predators,
Pp — plant parasites, Asp — nematodes associated with plants; IP — dispersal/infective stages of insect parasites.
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Table 3. Characteristics of nematode communities in the soil of four coniferous forests in the Finnish-Russian Friend-

ship Nature Reserve

Kostomuksha State Nature Reserve Eastern Finland (Kuhmo and Elimyussalo)
Parametres Site 1 (pine forest) Site 2 (spruce forest) Site 3 (pine forest) Site 4 (spruce forest)
0-5cmn=5|5-10cm,n=6|0-5cm,n=9|5-10cm,n=9(0-5cm,n=9|5-10cm,n=9|0-5cm,n=9|5-10cm,n="7
Population density and taxonomic diversity of soil nematodes
Total nematode abundance, |33 , g1gme| 411475 | 45924450 | 1058 =890 |3500+513% | 560465 | 23515820 | 463 +40¢
individuals/100 g of soil
z‘f’felr?l;‘:zggrgenera 13 15 23 18 25 27 21 24
peemoensie |, [ T T e e
Shannon index, H' 2.8+0.1° 24+0.1° 2.8+£0.2° 33£0.1% 3.5+£0.2° 3.8+0.1* 35+£0.2° 3.4£0.1%
Simpson index, D 0.18£0.02* | 0.26£0.02* | 0.23+0.03* | 0.13£0.01° | 0.15+0.03* | 0.10+0.01° | 0.12+0.02° | 0.14+0.01°
Nematode biomass, 10409 | 02+003¢ | 19404 | 04=01 | 76+19 | 0802 | 21+05 | 02+0.1«
mg/100 g of soil
Proportions of the nematode eco-trophic groups, %
Bacterial feeders 33.2+£3.2¢ 58.4+4.2° 16.0 £2.5¢ 37.3+£2.2¢ 51.0+2.3° 53.0+£3.1* 54.5+4.6 42.1+2.8°
Fungal feeders 17.3+£6.1¢ 25.5+4.3¢ 457 +3.8 32.74+2.2% 10.0 +3.2¢ 12.0 +£2.4¢ 29.3+£2.7¢ | 40.2+2.9®
Omnivores 12.7 £4.6® 1.5+1.0 3.8+ 1.6 1.7+0.8° 9.7+2.9* 16.1 + 1.6 11.1£3.3* 3.0+£0.8°
Predators 1.9+4.6 1.5+0.8° 0 0 13.8+£3.3¢ 64+14 0 0.2+0.2°
gi‘}’:?l‘;if: associated 349436 | 114£19 | 340£32 | 278436 | 155427 | 121426 | S1+16 | 115£32
Plant parasites 0 1.7+1.0° 0.5+0.4* 0.5+0.4* 0 0.4 £ 0.4 0 3.0+1.8
Ecological indices
EMI 23+0.1% 1.9+0.1° 1.9+0.1° 23+0.1° 2.5+0.1® 2.6+0.1° 2.8+0.2¢ 2.6+0.1°
SI 68.2 £8.9° 23.8+5.2° 352 +8.4° 52.9 £ 6.7 68.3+7.32 81.6 2.8 66.8 £ 8.3 66.0 £ 8.1°
ElI 22.6 £ 5.4 21.9+3.2¢ 48.7+1.32 31.1+£2.6° 21.9 £ 4.6° 31.1+£6.3¢ 26.7+£5.0¢ 26.9 +£3.7¢
CI 100.0 £ 0° 100.0 £ 0* 83.6£6.1° 80.4+8.0° | 61.4+11.8° | 14.0+13.9° | 76.8+13.1° | 87.8+7.9®

Note: n — number of replicates; H' — Shannon index, D — Simpson index, ¥MI — maturity index of nematode communities, SI — structure index of soil food
web; EI — enrichment index of soil food web, CI — channel index of dominant pathway of organic matter decomposition in soil ecosystem. Data are presented
as mean =+ standard error of the mean. The Mann-Whitney U-test is used. Values with different letters in lines are significant (p < 0.05).

An analysis of functional guilds made it
possible to reveal the patterns of changes in
the composition of taxa with various ecological
preferences within eco-trophic groups. Thus, we
demonstrated that the highest taxonomic diver-
sity was noted for B, (5-10 taxa) and for Asp,
(3—6 taxa) (Table 2). Bacterial feeders belong-
ing to functional guild B, are typical colonis-
ers with c-p value 1, and r-strategists according
to Bongers (1990). They were not found in the
pine forests of the NR Kostomuksha. Predators
from functional guilds Pr,, Pr, (i.e. c-p values
3, 4) were more confined to pine forests than to
spruce forests, regardless of the study area. On
the contrary, omnivores from functional guild
Om, tended to spruce forests. The diversity of
other functional guilds was represented more
evenly. For example, fungal feeders F, and F,
omnivores Om,, plant parasites Pp, were found
in all biocenoses and with an equal number of
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taxa. The highest number of functional guilds
(13) was found in the spruce forest in Finland.
The presence of representatives from the family
Trichodoridae (K-strategists) belonging to func-
tional guild Pp, in the fauna is a feature of this
habitat type (Table 2).

Population density and biomass

The population density of soil nematodes
varied significantly between the sampling sites;
the highest abundance was found in the spruce
forest (Site 2), and the lowest number in the pine
forest (Site 1) of the NR Kostomuksha (Table 3).
For biomass, the highest value was found in the
pine forest in the Finnish territory, while for the
other three biocenoses, close values of the bio-
masses were established. The tendency for a de-
crease in nematode numbers and biomass from
the forest litter to the mineral horizon of the soil
is common for all sites (Table 3).
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Fig. 2. Principal component analysis ordination diagram of
the relative abundance of nematode functional guilds in four
coniferous forests in the Kostomuksha State Nature Reserve
and Protected Areas in adjacent area of Finland. Designa-
tions: sample sites and functional guilds of nematodes are
abbreviated in Table 2; «0—5» and «5—10» indicate litter sam-
ples and mineral soils, respectively.

Eco-trophic structure

An analysis of the eco-trophic structure of
nematode communities showed that bacterial-,
fungal feeders and nematodes associated with
plants predominated in the soil of coniferous
forests, and they were also distinguished by a
high abundance. The smallest proportion in the
structure of communities was observed in Pp
nematodes. In some biocenoses, plant parasites
(all sites excepting Site 2) and/or predators (Site
2 and 4) were absent and the nematode commu-
nity structure was incomplete. In addition, dif-
ferences between biocenoses were revealed: the
relative abundance of fungal-feeding nematodes
in the soil of spruce forests was higher than that
in pine forests, regardless of the studied area.
A regional feature that was noted was a greater
percentage of nematodes associated with plants
in the community of coniferous forests of the
NR Kostomuksha, as compared with forests in
Eastern Finland. The nematode community of
the pine forest in Kuhmo had peculiarities and
markedly differed from ones of the other forests
by a high abundance of omnivorous and preda-
ceous nematodes (Table 3).

Taking into account the differences exist-
ing between eco-trophic groupings of nematode
communities among coniferous forests, a prin-
cipal component analysis (PCA) was carried
out. The PCA is based on the relative abundance
of functional guilds of nematodes in the study
area. The PCA made it possible to establish
taxa that quantitatively prevailed in the fauna
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of the four sites and to determine the specifici-
ties of soil nematode communities (Fig. 2). The
first axis explained more than 61% of the total
variance. It was associated with the contribu-
tion of B,, F, and Asp, to the fauna compo-
sition (Fig. 2). A smaller part of the variation
(about 18% along the second axis) was caused
by the proportion of nematodes belonging to
functional guilds Asp,, Om, and F, in the com-
munities. Most sample sites were characterised
by a high abundance of B, with the exception
of Site 2_0-5 (litter of the spruce forest in the
NR Kostomuksha) where F, predominated.
Moreover, samples from spruce forests (Site 2
(mineral layer) and Site 4) were also character-
ised by a high contribution of nematodes from
functional guild F, to the fauna. The close loca-
tion of pine forests (Site 1 and Site 3) in Fig.
2 was occurred also due to the more numerous
representatives of functional guild Om,. Sam-
ples from NR Kostomuksha, with the exception
of Site 1 (mineral layer), were separated due to
the high abundance of Asp, nematodes (Fig. 2).

Differences in relative abundance of nema-
tode taxa between soil horizons in the studied
biocenoses were observed. In the conifer for-
est litter, a high level of dominance was noted
for the bacterial feeder Plectus (with a higher
abundance in Finland), the plant-associated
Malenchus (with a high abundance in the NR
Kostomuksha) and the fungal feeder Aphelen-
choides, which showed a tendency to be more
abundant in spruce forests than in pine forests.
In the mineral soil layer of the coniferous for-
ests of the NR Kostomuksha, bacterial feeders
from the Cephalobidae family (Acrobeloides in
the pine forest, Chiloplacus in the spruce forest)
predominated. At the same time, other dominant
taxa were revealed in the forests of Eastern Fin-
land, including nematodes of the genera Plectus
and Eudorylaimus with similar values of relative
abundance in the pine forest, and Tylencholai-
mus and Acrobeloides in the spruce forest (Table
2). Thus, among the dominant nematode genera
in coniferous forests of Finland, there were taxa
with high values on the Bongers c-p scale, con-
sidered sensitive to environmental conditions
and K-strategists (omnivore Eudorylaimus and
fungal feeder Tylencholaimus with c-p 4). The
rest of the dominant taxa described above were
estimated with c-p 2. They are characterised by a
wide ecological plasticity and form a core of the
basal nematode community of any biocenosis. In
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addition, the nematode fauna of coniferous for-
ests in Finland was characterised by markedly
lower values of the Simpson index in compari-
son with the NR Kostomuksha (Table 3).

Ecological indices

A calculation of ecological indices showed
that, regardless of the soil horizons, in conifer-
ous forests of Finland, the SI index was higher
than 50. This indicates that the nematode com-
munities are mature and the soil ecosystems are
undisturbed (Table 3). The smallest SI index
values were noted in the coniferous forests of
the NR Kostomuksha. This was associated with
the absence or a low proportion of nematodes
belonging to K-strategists (omnivores, preda-
tors) in the community structure. This parameter
testifies the simplification and instability of the
food web and that soil ecosystems are subjected
to adverse environmental (climatic or anthropo-
genic) factors. The maturity index of nematode
communities (XMI) had minimal values in the
mineral layer of Site 1 5-10 (pine forest) and
in the litter of Site 2 0-5 (spruce forest) NR
Kostomuksha, while in the forests of Eastern
Finland, the ¥MI values were generally higher.
Thus, the ZMI and SI indices, being indicators
of the environment disturbance degree, varied in
the biocenoses in a similar way.

On majority of the sites, the EI index had low
values, i.e. the soils were depleted in available
organic matter with one exception (Site 2 _0-5
in spruce forest of the NR Kostomuksha). On
this site, higher EI values were observed. This
demonstrated the moderate level of soil enrich-
ment with available organic matter. The CI index
of the predominant pathway of organic matter
decomposition in the soil had high values. This
indicated the active participation of soil fungi
in the organic matter decomposition. However,
there was one exception (mineral layer of Site
3) with a low CI value that showed a bacterial
pathway in the destruction of organic matter in
the soil.

Discussion

The study of taxonomic diversity, abun-
dance and other characteristics of soil nema-
todes in coniferous forests of the Finnish-Rus-
sian Friendship Nature Reserve made it possible
to obtain new data on the nematode fauna and
to reveal interesting features of their communi-
ties. In this study, the highest taxonomic diver-
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sity among coniferous forests was found in pine
forests in Finland. However, it was lower than
that in Sweden (Sohlenius & Bostrom, 2001),
but higher than for pine forests in the Repub-
lic of Karelia (Matveeva & Sushchuk, 2016). In
the pine forest of the NR Kostomuksha, the low
taxonomic diversity reflected the unfavourable
habitat conditions for pedobionts. It is known,
that the tundra of the Subarctic zone is char-
acterised by a low diversity of soil nematodes
due to the extreme habitat conditions (Sushchuk
et al., 2018). On the other hand, this parameter
may also reflect the impact of pollution or other
anthropogenic factors (Georgieva et al., 2002;
Laidinen et al., 2013).

An analysis of the soil nematode abundance
and biomass showed established differences in
these parameters between the forest litter (maxi-
mum values) and the underlying mineral hori-
zon (with significantly lower values), despite the
high variability in biocenoses. A similar pattern,
presumably associated with a higher carbon and
nitrogen contents in the forest litter, was also
demonstrated in other nematological studies of
coniferous forests (Ruess, 1995; Sohlenius &
Bostrom, 2001; Gruzdeva et al., 2006). In an ear-
lier nematological research of coniferous forests
in the Republic of Karelia (61-66° N), Matveeva
& Sushchuk (2016) showed that the number of
nematodes in soils of spruce forests significantly
exceeded that in pine forests. However, for the
studied northern taiga forests, a similar trend
was not identified. A larger biomass was found
in the forest litter of the pine forest in Finland,
which is explained by the high number of large-
sized nematodes belonging to the predators and
omnivores on Site 3. In the rocky pine forest, the
high abundance of these groups may be the con-
sequence of the scarce food resources available to
soil nematodes. In poor northern soils, nematodes
with a wide range of nutrition preferences gained
advantage, and to a lower extent depended on
the content of available organic matter in the soil
(Gruzdeva et al., 2005; Kalinkina et al., 2019).

By analysing the eco-trophic structure of
nematode communities in coniferous forests, a
predominance of bacterial and fungal feeders,
and nematodes associated with plants was re-
vealed with a low abundance or absence of pre-
daceous and plant-parasitic nematodes. This pat-
tern of nematode community structure is typical
for both pine and spruce forests in the Republic
of Karelia (Matveeva & Sushchuk, 2016), and
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other regions (Magnusson, 1983; Ruess, 1995;
Han¢l, 2001; Sohlenius & Bostrom, 2001).

According to the literature data, the domi-
nant taxa of pine forests in Sweden were Ac-
robeloides (B), Aphelenchoides (F), Plectus (B)
and Filenchus (Asp) (Sohlenius & Bostrom,
2001), in Germany Filenchus (Asp), Plectus
(B), Eudorylaimus (Om), Aphelenchoides (F),
and Acrobeloides (B) (Hané¢l, 2001), in pine fo-
rests of Finland Plectus (B), Cephalobidae (B),
Aphelenchoides (F), and Tylenchus (Asp) (Rity
& Huhta, 2003). For spruce forests in Germany,
similar results were demonstrated. So, bacterial
feeders of Plectus, Wilsonema, Acrobeloides,
Teratocephalus, Metateratocephalus, as well as
Filenchus (Asp) and Aphelenchoides (F) pre-
vailed in the soil (Ruess, 1995). In the present
study of the border areas of the Republic of Kare-
lia and Eastern Finland, a high dominance level
was noted for nematodes of the genera Plectus
(B), Malenchus (Asp), and Aphelenchoides (F)
in the forest litter, as well as for Cephalobidae
(B) (Acrobeloides, Chiloplacus), Plectus (B)
and Tylencholaimus (F) in the mineral soil ho-
rizon. Thus, the nematode fauna composition of
coniferous forests was comparable with the re-
sults obtained elsewhere in Europe. Results on
the vertical distribution of nematodes in the soil
are also consistent with the data obtained for
pine forests in Sweden (Sohlenius & Bostrom,
2001). So, Plectus (B) and Aphelenchoides (F)
have the highest abundance in the forest litter,
and nematodes of the genus Acrobeloides (B)
prevailed in mineral soil layer. A tendency to-
wards a higher abundance of Acrobeloides in
deeper soil horizons was also noted in spruce
forests (Ruess, 1995). The majority of the domi-
nant taxa had a higher abundance (in absolute
values) in the forest litter of surveyed bioceno-
ses due to a sharp decrease in the total nema-
tode numbers in the underlying soil layer. How-
ever, data on the relative abundance showed that
Plectus and Eudorylaimus tended to be more
abundant in the forest litter. Acrobeloides (in
all biotopes), Chiloplacus and Tylencholaimus
(in most biotopes) were confined to the mineral
soil, while Malenchus and Aphelenchoides did
not show any clear patterns.

It is known that coniferous forests are usu-
ally characterised by high CI index values, indi-
cating a considerable activity of soil fungi, the
main food source of fungal feeding nematodes in
organic matter decomposition (Matveeva & Su-
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shchuk, 2016). In forest soils, organic matter is
mainly represented by hard-to-decompose plant
residues accumulated in the litter and soil fungi
play a key role in their biotransformation (Zvy-
agintsev et al., 2005). The results obtained in the
forests of the NR Kostomuksha are consistent
with the published data. So, in these biotopes,
the CI index had high values (80—100). Howev-
er, in the mineral horizon of the pine forest soil
in Kuhmo (Site 3 _5-10), a low index value was
revealed (14), indicating a bacterial pathway
of organic matter decomposition. A number of
studies also demonstrated a high variation in this
parameter in coniferous forests (Hanél, 2001). It
can be assumed that the presence of a bacterial
pathway of organic matter decomposition is as-
sociated with better texture, fertility and lower
acidity (pH = 4.8) of the soil on Site 3.

In NR Kostomuksha, low values of the SI,
2MI and EI indices indicated the simplifica-
tion and instability of the food web, depletion in
available organic matter, and that the soil eco-
system is subjected to local-scope adverse en-
vironmental factors (climatic or anthropogenic).
The obtained data are consistent with the «bas-
al food web» concept of Ferris et al. (2001) to
designate a primitive web represented by nema-
todes with wide ecological plasticity with c-p
2, mainly bacterial and fungal feeders. The au-
thors attribute the simplicity of the food web to
stress factors, including resource constraints or
extreme environmental conditions. The results
obtained in this study are apparently associated
with both the features of the northern taiga eco-
systems and with the negative consequences of
the activities of the Kostomuksha Mining and
Processing Plant.

Conclusions

The research of the fauna and community
structure of soil nematodes in pine and spruce
forests in the Finnish-Russian Friendship Nature
Reserve provided new data on diversity and dis-
tribution of nematodes. In the surveyed forests,
the soil nematode fauna was represented by 45
nematode genera belonging to 29 families. The
compiled list of nematode taxa made it possible
to expand the understanding of the soil nematode
diversity in north-taiga forests. Additionally, it
has relevance for the development of monitor-
ing biodiversity and the state of the environment
under conditions of global climatic changes and
anthropogenic impacts.
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This study identified some aspects of the
vertical nematode distribution and established
a relationship of nematological parameters with
the biocenose types and local features of the
sites. Independently of surveyed site and bioce-
nosis type, a common trend was a high abun-
dance and biomass of nematodes in the forest
litter and a considerable decrease in these pa-
rameters in the mineral soil layer. However, the
nematode Acrobeloides exhibited a tendency to
have a relatively higher abundance in the min-
eral layer as compared with forest litter. In pine
forests of both Russian and Finnish parts of the
Friendship Nature Reserve, soil nematode com-
munities were noted with a higher diversity and
relative abundance of predators, while in spruce
forests they had a higher abundance of fungal
feeders, particularly Aphelenchoides.

The regional features of the nematode fauna
in the Kostomuksha State Nature Reserve con-
cern its low diversity and high dominance levels
of taxa, low maturity index (XMI) of the nema-
tode communities and low structure index (SI)
of soil food web. This may be caused as a re-
sult of anthropogenic impact on the studied sites
(close location of soil sampling sites to the road,
and negative consequences of activities of the
Kostomuksha Mining and Processing Plant) or
other local adverse environmental factors. To
clarify the situation, it is necessary to monitor
the soil nematodes in the coniferous forests of
the Kostomuksha State Nature Reserve.

On the other hand, coniferous forests in the
Finnish territory showed a higher diversity of the
nematode fauna, high Shannon index values and
a lower dominance level of taxa (a more evenly
structured fauna). The Finnish forests harboured
16 specific taxa not encountered in the Russian
territory. They include plant parasites of the
family Trichodoridae, which are rare in North-
west Russia, and the group of dominant taxa of
K-strategy nematodes sensitive to environmen-
tal conditions. Thus, it can be concluded that the
conditions of the Finnish territory are more fa-
vourable for soil nematodes. The ecological in-
dices explored in the study (SI, EI) confirmed
that Finnish coniferous forests are stable habi-
tats with complex, multicomponent soil food
webs and undisturbed soil ecosystems.
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MNOYBEHHBIE HEMATO/Ibl XBOMHBIX JIECOB
POCCUHUCKO-®UHJISAHACKOI'O 3AITIOBEJJTHUKA «JIPYKBA»

A. A. Cymyk"”, E. M. MarBeeBa

Unemumym ouonocuu Kapenvckoeo nayunozo yenmpa PAH, Poccus
*e-mail: anna_sushchuk@mail.ru

B crarbe paccMOTpeHBI cOOOIIeCTBA MOUYBEHHBIX HEMAaTOZ COCHSIKOB M €IBHUKOB POCCHHICKO-(DUHIISTHIICKOTO
3anoBeHUKA «/[lpyx0a». Ora TeppUTOpHs SBISETCS MPUMEPOM THUIHYHBIX CEBEPOTACKHBIX JIECOB M
00BEIMHSET TOCYIapCTBEHHBIN IPUPONHBIN 3anoBeaHNK «KocTomykmickuit» (Pecnyommka Kapenus, Pocens) n
mapk «Zlpyx06a», COCTOSIINI U3 TATH 0000 oXpaHsIeMbIX TpuponHsx Tepputopuii (OOIIT) Ha mputeraromiei
tepputopun  OurisHauK. C TOMONIBIO OOMIETIPUHATHIX HEMATOJIOTMYECKUX METON0B OBIIM M3y4YCHBI
CIIEYIOIIME MapaMeTphl: TaKCOHOMHYECKOE pa3HooOpasue, IUIOTHOCTh MOMYINSIHH, OHomacca, 3KOJIOro-
TpoduuecKkas CTPYKTypa COOOIIECTB HEMAaTo[ M 3KOJIOTO-TIOMYIALHOHHBIE WHIEKCHI, XapaKTepH3YIOIIUe
MOYBEHHYIO Tpo(uieckyro ceTb. DayHa MOUYBEHHBIX HEMATOJ] UCCICIOBAHHBIX XBOWHBIX JIECOB NPECTaBICHA
45 pomamu HEMaTOA, OTHOCAIIMMHCS K 29 cemelcTBaM, TPH HAWOONBIIEM pPa3HOOOpa3uu 0aKTepHOTPOGOB
(42% ot oOmero 4ncia BBIBICHHBIX TaKCOHOB). [loka3aHo, 4TO XBOWHBIE Jieca Ha TeppuTopun OUHIIHANU
BBIZICIISITUCH OOJBIITMM YHCIIOM BBISIBJICHHBIX TaKCOHOB (29—33) M BhICOKMMH 3HaueHUsMHU wHekca [IleHHOHA
(H") (3.4-3.8) mpu mx cOmoCTaBICHUH C TAaKOBHIMH B 3amoBemHmke «Koctomykmickuit» (18-24 takcona n
H' = 2.4-3.3, coorBercTBeHHO). JIJIT BCEX HMCCIIEOBAHHBIX JIECOB BBISBICHA OOIMas TCHICHIINS CHUKCHHUS
YHUCIEHHOCTH M OMOMACCHl HEMATO[| OT JIECHOW MOJACTIIIKA K MHHEPAIbHOMY CJIOI0 MouBbl. TpeHn Obu1 Ooree
BBIpaKeH Ha (MHCKOHM TeppHTOpHH. METOJOM INIaBHBIX KOMIIOHEHT Ha OCHOBAaHMM OTHOCHTEIBHOTO OOMIIMS
(YHKIIMOHAIBHBIX TPYIIT HEMATO] OBLIIO ITOKA3aHO, uTo Jieca BocTouno# OUHISHANN UMENH O0Iee OTHOPOTHYIO
(dayHy Hemarox IpuM CPaBHEHWH IIOYBCHHBIX TOPHU30HTOB. AHAIN3 SKOJOTO-TPOPHUECKOW CTPYKTYpPBI
COOOIIIECTB HEMATO]] B TOYBE XBOIHBIX JECOB TOKa3aj BBICOKOE oOmimme OakTeproTpodoB, MHUKOTPOGHOB H
HEMaTo/]], aCCOIIMMPOBAHHBIX C PACTEHHUSIMH, IIPH HU3KOM OOMINHU HWIIH TIOJHOM OTCYTCTBHU (DPUTONAPA3UTOB.
OCOOEHHOCTBIO COOOIIECTB TOYBCHHBIX HEMAaTol COCHAKOB (Pinus sylvestris) Ha Bcell TeppuUTOpHU
3amoBegHUKa «Jlpyx0a» SBIIIOCH Oojee BBICOKOE pa3HOOOpa3We M OTHOCHTENBHOE OOWIIME XHITHHKOB,
a enpHUKOB (Picea abies) — Oonee BBICOKOE OOMINE MHUKOTPO(GOB B CPaBHEHHHM C COCHAKaMH. B kadecTBe
PETHOHAIBHBIX 0COOCHHOCTEH (payHBI HEMATO I 3armoBeAHNKa «KOCTOMYKIICKHI» MOKHO BBIJICTUTD €€ HU3KOE
TaKCOHOMHMYECKOE Pa3HO00pa3nue U BBICOKHUH YPOBEHb TOMHHHUPOBAHUS TAKCOHOB (BBICOKHE 3HAYCHUS MHAEKCA
CumncoHa), HU3KHE 3HAYCHHS WHACKCA 3perocTh coobmecTtB Hemaron (XMI) n mHAeKkca CTPYKTypHUpPOBAHUS
(SI), mpuanHON KOTOPBIX MOXKET OBITH AHTPOIIOTEHHOE BO3MACHCTBHE WM APYTHE JIOKATHHO ACHWCTBYIOIIHE
HeOnaronpusTHeIe (hakTOps! cpebl. B coolmecTBax HeMaron jJecoB Ha TeppuTopur DUHISIHANN BBISIBICHO
6oIree BEICOKOE TAKCOHOMUYECKOE pa3zHooOpasue (ayHbl 1 MEHBIIUI YPOBEHb JOMHUHUPOBAHHS TAKCOHOB (T.C.
CTpyKTypa ¢ayHsl Oojiee BEIpOBHEHA). B jecax ¢uHCKOW TeppuTOpHH HaiiieHbl 16 crieruuIHBIX TaKCOHOB,
HE BCTPEUCHHBIX Ha POCCHUCKON TeppUTOpHHU, B OOHAPYKEHBI Mapa3suThl pacTeHuii 3 cemeiictsa Trichodor-
idae, penxme mia ceepo-3amana Poccum. Kpome Toro, cpeam MOMHHMPYIONIMX TaKCOHOB IIPHCYTCTBYIOT
HemaTons! K-cTparery, 4yBCTBUTEIBHBIE K YCIOBHAM Cpeabl. TakuM 00pa3oM, MOXKHO MPEANOIOKHUTb, YTO Ha
(UHCKOI TEpPUTOPUH CKIAIBIBAIOTCS Oosiee ONAroNpHsITHBIC YCIOBHUS Ui OOWTAHUS MOYBEHHBIX HEMATO.I.
PaccmoTpennsie 3xooro-nomyasiuoHabie nHAekcH (SI, EI) moaTBep:kmaroT, 9To XBoWHBIE Jieca OUHIAHINH
MIPE/ICTABISIIOT cO00N CcTaOWIbHBIE MECTOOOMTAHHSI CO CIOKHBIMH, MHOTOKOMIIOHEHTHBIMU ITOYBEHHBIMU
TPOGHUUECKIMHU CETAMH M HEHApYyUICHHBIMH ITOYBEHHBIMM SKOCHcTeMaMH. HampoTus, jeca 3amoBeaHUKa
«KocToMyKIICKHI» XapaKTepH3yroTCsl 3HAYEHUSIMH WH/EKCOB, CBMJCTENIBCTBYIOIIMMH 00 YHPOIIEHHOMH
U HecTaOMIBHON TpoduUIeckol CETH, HPUYPOYEHHOH K JEerpajnpOBAHHBIM IOYBEHHBIM 3KOCHCTEMaM,
UCTIBITHIBAIOIIUM BO3JCHCTBHE HEOIATONPHATHBIX (PaKTOPOB CPEIBI.

KuroueBbie ciaoBa: OOIIT, mioTHOCTE TOMYINAINH, COOOIIECTBO MOYBEHHBIX HEMATOJl, TAKCOHOMHYECKOE
pasHoobpasue, IKOIOTO-MOMYIISIHOHHBIE HHICKCHI, SKOJIOTO-TPOQHUIecKas CTPyKTypa
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