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Abstract

We present here an indicator of soil quality that evaluates sodl ecosystem services through a set of 5 subindicators, and (urther
combines them mio a sngle general Indicator of Soil Quality (GI50). W used mformation derived from 54 properties commaonly wsed
by describe the multifaceted aspects of soil quality. The design and calculstion of the indicators wene based on sequences of multivanne
analyses. Subimdicators evaluated the physical quabity, chemical fertlity, organic ma stocks, aggregation and morphology of the
upper 5em of soil and the biodiversity of soil macrofauna. A G150 combined the diferent subindicators providing a global assessment
of soil quality.

Research was conducted in two hilkide regions of Colombia and Micaragus, with similar types of and e and socio-cconomic
conlext. However, sodl and chmatic conditions differed significantly. In Nicaragua, soil qualily was assessed al 61 poants negularly
distributed 200m aparl on a regular grd acros the laindscape. In Colombia, 8 plols representmg different bypes of land vse were
arhitranly chosen m the landseape and intenavely sampled. Indicators thal were designed i the Niciragua sle were further applisd 10
the Colombian site to st for their applicabiliny.

In Nicaragua, collee plantations, fallows, pastures and forest had the highest values of GIS) (1.00; 0.80; 0.78 and 077, respectively)
while matze crops and eroded soils (019 and 0.10) had the lowest values. Exammation of subindicator values allowed the separane
evaluation of different aspects of soil quality: subindicators of organie mater, aggregation and morphology and biodiversity ol
macrofauna had the maximum valoes in colTee plantations (08%; 072 and 056, respectively on average) while eroded soils had the lowest
values for these medicators (0.10; 0.31 and 0L33, respectively).

Indicator formulae derved from information gained at the Nicaraguan sites were not apphicable 1o the Colombian situation and site-
specific constants were caleulated.

This mcscator allows the evalmtion of soil guality and fcilitales the identification of problem areas through the indvidual valoes off
each submdicator. It allows moniloring of change through time and can puide the implementation of soil restoration lechnologies.
Although GI50) formulse computed on a set of data were only vabid at a regional scale, the methodology used o create these indives can
be apphied everywhere.

i 2007 Elsevier Lid. All rights reserved.
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ARTICLE INFO ABSTRACT

Keywordc Solls participane in S pooviibon of numensis services of grear b T e ol e
Indicatan syalens amd humen sosetic. Phiysical and chemical sol propertics sislain sappating services like plint
Sail quakey prosduction asd the infiliarion e provisks of chean water, Carbon seqeestration & o regulating

naarstalogy impastant for elimate repalation. Soils are alo home of & large biodversisy pamicipation in sl processes i

porant challenge for which simple and arosie wols sl ssethedologies are requesied.

s this wisek, the o the sl i with s ol services wis evaluared in e
diffisinil régiore of Colomiia, Brazil and Nistssgua with mather ol il e
I ek eountey, we caleulated o set of subdsdicatoe of physieal quality, chemieal Sersliry, organic ssfler socuns-
Laatican, il e e aitacn il ] diversiry. The o i

sul indication = o General Indicater of Soll Quality (GIS0)) provided as ovessl]l sttssment of the quality of the soil and
insoeiuied coosyslem services. The stong sdatenbip observed betwees ssevolaing ndicaors and soll plysical

ehwmical snd Gegant maner clansetertiies sl if a powerful 1o S evalusting snd mositorisg soil qualit.

While concerns grow worldwide in face of the extensive
degradation of soils and alarming reduction in the
biodiversity that sustains their function, the identification
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priority every day (MEA, 2005). The European Union, for
example, is about to propose a legal framework o enhance
soil protection, while systems for soil quality monitoring
are developing rather rapidly (Arrouays et al., 2003). There
is a growing need for methods to evaluate soil quality and
its changes as new practices are implemented and favoured
by alternative policies.

Mo synthetic index has been proposed so far that would
combine all these variables into a single formula and allow

1. Introduction

Ernsystems provide a wide range of benafits in humanity, from food,
dninking water and protection against floods o cultural heritage.
However, many of these benefits, known as “enosysiem serviees”, are under
severe threat due to human presmsres (Science for Environment Policy,
201 5; Sulhdey et al | 200 4) Changes in biodiversity and plant covers due
o human activities have been fasier in the kst 50 years than at any other
time in the history of mankind. The drivers of change that led o the ke of
buﬂ.lmtyﬂiu’bnﬂﬂmﬁmmﬂm“mwm
in imiensicy (Mi Ecosystem MEA, 3005).

ﬂ!h.ﬁplmhxmhnahppnafmhnﬂvﬂ-'y:nda
simple lock at the rising prices of mw maierials and food shows the
mmnqmdﬁulmhrmany The extinction of species and the

of are T linkad 1o buman well-being and,
therefione, it is urgent that comective actions be taken (TEEE, 20081
Population and economic growth and the conversion of nateral aco.

aﬂ.hmi\uny compaction and other threais. The increase in soil ero-
shon, salinity and th ion of urban areas over nateral

Soils provide scasystems with key services such as climate regula.
than through C sequestration nutrient cycling operated via decomposi.
tian of soil organic matter (SOM), fAood and erosion control (Brossaard
et al, 1997; Swift et al, 2004) Most of these services derive from
clasely related ecological processes. However, although several frame-
warks have been for their ion, they are nat
sufficient and clear in their interpretation.

Several authors affirm that these services are siill pocrdy recognized
by policy.makers or by societies in general (Sukhdev et al, 200 4) and
that tools ane needed 1o evaluate in a holistic way the coniribution of
soils 1o eposystem services, to limie thedr use and management within
acceptable ecological limits (Costanza er al |, 1997; Dominat, 2013; De
Grood et al., 2012).

Th:mdhmaquamoflhtpl:mhm&nm:ﬂlrh:m-

systems for agriculiural exploiaton will continee and this ggni by
affects ecosystem services, especially the ones that depend on soil quality.
Soiks are deteriorating mpidly due io emsion, indiscriminate use of ferti.
lizers and pesticides, natural depletion of muirienss, loss of crganic carbon

* Coneipondisg auttr. Carrera 32 (apineng, via Candelaria Palmia, Cokssia.
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of the soil are highly sensitive io changes in the
ecosysiems. Their effecis on soil processes - for example, decompesition
af organic matter, formation of biogenic strucheres, nutrient cycling and
disease control « have been extensively reviewed (Les and Foster, 1991;
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abundance and diversity
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Macroinvertsbrate communities are highly sensitive indicators of physical and chemical soil qualitbes. Their evaluation in field conditions is rather simple and could
umxpwhwlbﬂsﬂdeﬂxysmsmmsmhm rs and field technicians could use. We tested the hypathesis that an indicator of soil macroinvertebrate

th 14 the arder level, could be wmed in any region of the world to assess these communities. A synthetic indicator
was caleul Im:dlnlngdnufmm 9 reference sites from tropical, sbtropical and temperate mgmm gmfm.u of the apen access Macrofauna database and 2
mew site for validarion. Invertshrates were extracted with th d; \Uﬂm i 14 large taxonomic units, plus an index.
of taxanomic richness and total density. At each of the 9 i types of plant covers and,for soil management
options, were considered and compared with their respective Jmls, umxum ndicaicr valucs. These indicatoss, elsborated from Frincipal Carmponeat Amalysis
of the sample points data, are st to wary from 0.1 12 1 d d gr
among sives, with Factors 1 (from 21.9 to 3489 % variance e q:lamed] xpressing the overall shundance and diversity of the communities and Factors 2 (8.9 to 1583
%) appasing sites with dominant sodl acocystem engineer populations (Earthworms, Ants, Termites and some Coleoptera) to sites dominated by litter transformer
papulations (Diplapods, lopoda and others) mhmw)’nmldxmﬂgmdhasdon A analyses of each data set and a global formula was established with the
" database_ ¥ :ry .95 b d among vi alculated with local data set and the general formula cabeulated with data of the
Macrofauna database. in 8 of 9 sites and in henhumm We discuss the impartance of having a single formula to transform data cbtained with a simple
standard field methad in a. building of public palicies for soil-based ecosystem services payment.

1. Introduction processes in their functional domains. T)wjm key companents of the
sail that contribute o the and the creation and
Soils are the basis for mdu.gzamnmnwmnmm;n the  maintenance of the pmspmeuu ¢ determine water infltration and

Millenmium rm,;m Aneumgnl( 1 5; Ad and Harte- bumsnplarllh:a]hamlgﬂm th stisulation and C storage (L
116 Lujir tal, Jﬂmjamsdlqmnmcrls)stmusm Spa e
w'L'h the }ﬂ\ sical, chemical and microbio-

of their compasition and abundance

ity of a wide range of soil conditions
processes (Lavelle _!-I:.Lﬂlﬂzinlsaﬂms‘pﬂnum suiteaf [V 11; Mex
spatial and temporal scales nmging from microbial microsites nd the et 019). 'nme mau tors gem:mllj
micre aggregates that they build, to the next seale of intermediate ag- the local impact on their com-
gregates where micro food w bpmceimopemhe Atthe next s m]:nlp. iti tural di effect of
maeroaggregated structures built by roots and 2 al, 2020;
ecosystem engineers are created in their respective functional domains.  Veldsque le, 2 21). While the abun-
These structures are further accumulated and diversified at the upper 5 wnities have been
ecosystem and landscape scales, linking the basic biological functions 1o mpﬂalﬂdl\' mmmu, related to a number of other synthetic indicators
the delivery of scosystem services, at the largest spatial and temporal  of sail physical, ehemical o and
sciles. ecosystem services, gmml processes recommensed for the evaluation
Macrainvertebrate communities shaped by general soil and climate  of soil 1|1|a|.1ry still hrg&ly grxn then (Fi 201

conditions, operate at a strategic intermediate scale, driving microbial et al, 18 Thq propase i rutml I 15 uf

Leom (P, Lavelle).

ed in revised form & September 22% Accepted 20 September 2023

ORI l:‘rmm Elsevier B.V. All rights reserved.

PacueTt dopmynbl:
I; = (0.9*Raw I;/643) + 0.1 that is ; = 0.0014*Rawl; + 0.1

Rawl=18.30*"EW+16.83* AN+9.20*TE+7.69*BL+19.62*CO+15.09* AR
+18.78*D0+-20.12*CH+16.31*DL+11.29*HM+7.58*DR
+9.15*LE+15.08*"GA+19.82*0OT+24.74*DN+27.88*TR

rne EW= logl0 (nnotHocTb ocoben Ha m2 Earthworm+ 1); AN= logl0
(nnoTHoCcTb ocobeir Ha m2  Formicinae+ 1); DO= logl0 (nnoTHOCTbL
Diplopoda+ 1); CO: Coleoptera (nmaro+nmumukmn); CH: Chilopoda; DL:
Diptera nuumHkn; HM: Hemiptera; DR: Dermaptera; LE: Lepidoptera
rycenmubl; GA: Gastropoda; OT: lMpoune; DN: obuwias nnotHocTtb, TR:
TaKCOHOMMYECKoe boraTcTeo.

UHTepnpeTtauua: NokasaTtenb Imac Bapbupyetca ot 0,1 go 1,0. 3HaueHwue,
npunbnunsKatoweeca K 1, cBnaeTenbCTByeTr 0 MakCMmasibHOM HoraTcTee U
pa3Hoobpa3um coobulecTsa.



MaTepumanbl U MeToAbl

O6wmnin BUA CTaHAAPTHOM NOYBEHHOWM
nNpobbl, B3ATON METOAOM PacKonoK (no
Mmnaposy, 1975)

MeToz 06paTHbIX B3BELLIEHHbIX
pacctosiHmi (IDW)
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30HanbHble nyra OmcKkon obnactu




MATEPUAJIBI N METO/LbI

O6wmnin BUA CTaHAAPTHOM NOYBEHHOWM
nNpobbl, B3ATON METOAOM PacKonoK (no
Mmnaposy, 1975)
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L
2025




LLinpoTa

[MpOCTPaHCTBEHHOE pacnpeaeneHme MHANKATOPa
Imac nyros B8 Omckom obnactm B 2009-2012
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30HanbHOE pacnpeaeneHune s3Ha4yeHnn nHamkatopa Imac
(cpeaHee, meanaHa, 1Q-3Q n Bbibpockl) Nyros OMcKomn

obnacTtn ¢ 2009-2012 rr. boabwmmmn ByKBamm NoKa3aHsl

onroTta pasnnymna mexay 3oHamm (p <0,05, PERMANOVA).
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LLinpoTa

[MpOCTPaHCTBEHHOE pacnpeaeneHme MHANKAToOPa
Imac nyros 8 Omckom obnactun 8 2023-2025
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(cpeaHee, meanaHa, 1Q-3Q v Bbibpockl) nyros OMcKom
obnactn ¢ 2023-2025 rr. boabwmmmn ByKkBamm NoKasaHsl
pasnnymna mexay 3oHamm (p <0,05, PERMANOVA).



Pa3Huua 3HayeHUn nHaukatopa Imac (nyra) mexay
2023-25 1 2009-12 rr. Ha TeppuTtopumn Omckon obnactum
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3oHanbHble pa3nnuma nigukatopa Imac nyros mexay

nepnogamu 2009-2012 rr. n 2023-2025 rr. BapmnaHTbl € pa3HbIMM
6ykBamm 3HaUMMO pasnnyatorca (p <0,05, Tect Mann-Whitney U
Test). BepTuKanbHble cTON6LbI 0603HAYaOT +/— CTaHAAPTHYIO

OWKMOKY, 3HAYOK B LEHTpe cToNbua — cpeaHee 3HaYEHME.




[TpoCTpaHCTBEHHOE pacnpeaeneHne nHAMKaTopa
Imac necos 8 Omckom obnactm 8 2009-2012
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LLlnpota

[MpocTpaHCTBEHHOE pacnpeaeneHmne nHaMKaTopa
Imac necos 8 Omckom obnactm 8 2023-2025
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Pa3HuLUa 3HaYeHU nHaukatopa Imac (neca) mexay
2023-25 1 2009-12 rr. Ha TeppuTopumn Omckon obnactum
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Pa3HuMUa 3HayeHn nHankatopa Imac (nyra) mexay PasHuua 3HaueHnt nHamkatopa Imac (neca) mexay
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Abstract—The spread of invasive species of eanhworms of predominantly European orig
forests of Siberia sinee the 1980s. The introductbon of new lumbricid species, known as
can lead 1o clanges in forest communities and their ecosystem functions (climate regy
protective, sanitary and hygienbe, and recreational). The aim of this research 5 1o
abundance, and wolerance of allochthonous speches of eanhworms of European origi
Irysh region. The main hypothesis is that the occurrence of imasive species i determy
degree 1o edaphic Betors (content of onganic substances, pH values, electrical conducti
and temperature ). The siudies were carried out during the growing seasons of 2018, 202
Aldtad region and in the south of the West Siberian plain. The total length of the st
1500 km; in todal, 65 sample gites have been surveyed. Samples have been taken during
I total, 306 samples have been analyzed, 1133 specimens of earthwiorms of invasive B
been ientified. Soil conditions have been determined al each sample site layer by Laye]
analyze the correlation between the occurrence of earthworms and their nlerance 10
range of data for each factor and the percentage of the sites with detected presence of
been determined for each species. The [rivsh region is inhabated by six allochthonous
cdqpmm Aporreciodes rosen, Limbricus rubethes, Octolasiiom lactewm, Dendrobaena ol
). AL coligi i ized by the greatest range {1430 km) and the highes
samphes); this species is also characterized by a wide range of tolerance (85— 100% of th)
factors at the sites) o soil water content, densaty, pH value, and ofganic matber conler
the distribution of the species in southern Siberia have been detected. The least cormrg
ifound in 2% of the sample) is E tetreedna. a species with a narmow range of olerance (4
factors. The occurrence of invasive species correlates significantly with the range of
onganic matter content {r = 0.89) and soal density {r = 0.77). The ranges of tolerance to|
regard 1o all studsed edaphic factors intersect with those of the native species, Eisenia o

Keywords: invasions, Lumbricidse, temperate foresis, Western Siberia, pH, soil moistu
tric conductivity, soil density, humus
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INTRODUCTION
Earthworms are considered to be ecosystem engi-

1E7%) [13, 14]. represented H
ing a complex of genetic lin
species of earthworms in W

neers [1]. Their invasions affect the abiotic [2] and
biotic components of forest ecosystems [ 3, 4], can lead
to changes in forest communitics, and thus affect the
climate-regulating, water-protective, protective, sani-
tary-hygienic, recreational, and other ecosysiem
functions of forests [5—7]. Such changes are typical
not only for regions free of native earthworm fauna as
a result of glaciation |8, 9], but also for forests inhab-
ited by native species [10—12].

The flat part of Western Siberia is inhabited by only
one indigenous species, Eisenia nondenskioldi { Eisen,

544

recorded in natural habitats
have now spread to most
which is probably associate]
depth of negative soil tempd
Western Siberia, there are
dissemination of alien specidg
the Rudnyi Altai Mountains
European centers of diversit
{from North America); one
Siberia from the Cawcasy
source of dissemination can
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Territorial Heterogeneity of the Earthworm Population
(Opisthopora, Lumbricidae) of Omsk Oblast and Environmental
Factors: A Quantitative Assessment of the Relationship
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Abstract—Acoording tothe resulis of 9 years of eanhworm collections in soil in Omsk oblast from 2000 o J018,
their popubation has been analyzed in osder to identify the main environmental factors associated with the terr-
toral heterogeneity of speches richness and group densary. Frve types of Lumbricadas populations have been
identified, two of which are divided into two subtypes, whene ten species and two subspecies of earthworms are
found. It s been established thar environmenital factors such as sonality and subzonality: the depth of the soil
layer; amd, 1o a lesser extent, the topography characteristics have the greatest influence on the distribution of
worms: 9, 7, and 0.7% of the considered variance of the density similarity matrix, respectively. In general, all
environmenital factors and their combinations (modes) explain 38% of the considered varmance; the multiple

correlation coefTicient is 0062, Dendrobaena ocfoedne { T—52% ) and
caes of Enropean origin, and the rative Eisenia o mordenskiofd? (6—28% ) took

towten carligimose (15—T4% ), alien spe-
ook over in terms of the shane of the

popubition density in most taa of the classification . as well as Fiseria venripapillane (42% ) and E. nare ( 16%)

aof Astan

n, for the territories of the southern forest sieppe and Such changes in canhworm popula-
Thoms, name ylmmplacememncrmvespmesombe E‘um«mrde:m&

complex with alien species, can sig-

nifscantly affect sodl chameteristics and ecosystem services determined by eanlworms.

Keywonds: earthworms, Western Siberta, environmental factors, distribution, cluster analysis, landscape sites
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Earthworms dominate soil invertcbrates in terms of
biomass { Blowin et al., 2013} and are key ecosystem
engineers (Jones et al., 1994; Lavelle et al.. 2016).
They affect the environment through several pro-
cesses, including burrowing, bioturbation, and the
transformation of organic matter { Frelich et al., 2006),
thus determining many soil ecosystem functions and
services | Blonin et al.. 2013; Jouquet et al_, 2014). The
provision of these ecosystem functions depends on
the abundance, biomass, and species diversity of the
carthworm communitics (Phillips et al., 20019). Cli-
mate change not only affects these traits, but also
alters the ranges of eanhworm species { Fourcade and
Vercauteren, 2022), increasing the rate of the inva-
sive species introduction (Hopkins et al., 2007,
Eggleton et al., 2009).

This is especially important for Western Siberia,
which is a territory of advanced climate change com-
pared to global trends {Callaghan et al., 2021) and is
in the process of ecosystem restructuring { Kirpotin
et al, 2021).

graph by B.R. Striganova (Striganova and Poryadina,
2015 ) based on the materials of collections in Tyumen
oblast and in the published work (Sergeey et al.. 2011).
In amn article by M.G. Sergeev et al. (2011), data for
Omsk oblast were not used and the species specificity
and vertical localization of earthworms were not con-
sidered. At the same time, changes in the ranges of
carthworm species (Golovanova, 200107 Golovanova
et al., 2020 and new species for the territory of Russia
{Golovanova, 2019 Golovanova et al., 2021) have
recently been detected in the south of Western Siberia.
Therefore, this study is an attempt to determine the
patterns of territorial heterogeneity of the earthworm
population based on updated data for the south of
Western Siberia.

The results complement the materials on the distri-
bution patterns of earthworms in Western Siberia,
show a current picture of the spatial differentiation of
the population and composition of carthworms of
landscape plots in the south of Western Siberia, and
will make it possible to better understand and predict

Dispersal of earthworms from the Rudny Altai (Kazakhstan) into
Western Siberia
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fract
aim of our smdy was to datermine the current dismibution, habitats, ecology, and possible dispersal routes of thres
ies of the Budny Altai (East Kazakhstan): Eisenia macra, E. mana, and E venmipapillara. We found that these
ies dispersed far bevond their original distibution into the flatland part of western Siberia (Russia) up to the central
bt steppe of the Omsk oblast. E. macra, E nmona, and E venrripapillara were found in both floodplains and
jflurvials. Hydrochory was the most plausible way of northvward dispersal, while on interfluvials, they were probably
jduced by humans. The smdied species showed ne preference for a particular habitar or river bank. The habitars
diverse and significantly different from the original ones in Rudny Altal. The factors that allowed E. macra, E.
, and E vemripapiflarg to colomize western Siberia vwere probably their wide tolerance range to soil pH,
peraiure, density, and bumidity, along with the decrease of winter soil freezing in recent decades. This is the first
[mation sbout the occurmence of these species of earthwrorms in Siberia.

words: Lumbricidae, exotic species, Eizema macra, E. nana, E. ventripapiilara.

toduction

onal faumas change over ime (Behlan er al. 2004a; Barg er al. 2010; Eisenhaunsr a7 al. 2014; Simngh er al.
P). Racently, rapid ongoing changes in species compesition hare been atiributed to global warming
tes or al. 2008; Bardgett & van der Putten 2014; Singh er al. 2019). The climate of western Siberia has
me significantly warmer over the last dacades (Frey & Smith 2003; Sada er al. 2019), which has resulted
ke arrival of certain species from the south. Among those species are darkling beetles (Mordkovich et all
[, ground beetles (Stoelber- er al. 2018; Mordkovich er al. 2020), mytiapeds (Farzalieva 2006; Nefadier
. 2017; Dyachkor 2019), and mollisks (Vinarski er @f. 2015; Kondakow et al. 2020). The soil is alse

ogica Momrenegring, 45, 2021, 45-61




PacnpoctpaHeHue Eisenia nordenskioldi pallida (Malevic, 1956)
n Aporrectodea caliginosa (Savigny, 1826) B8 OmcKou obnactu
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Ha tore 3anagHoi Cubumpu WMPOKO pacnpocTpaHmUACA 3K30TUYEeCKU BuA A. caliginosa, BcTpevatowmimca Tenepb
NPAKTUYECKN BO BCEX NPUPOAHbIX NaHAaLwadTax.
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