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INTROI

In recent years, point [
decreasing in many countl
ery of previously indust

Abst: Analysis of natural recovery of iti ion of|
Eaining an insight into their stobility. However, thers is obvious deficit i
recovery; in particular, no data on dircet comparisons of the state of com
of avallable for sodl Wi have studied th
However, despite consid the level of iflc taxa In southern faigs spruce—fir fa
and lts obviows practical sions from the Middle Url Copper Smelter (MUCS; Revda, Sverdiovs
terms remain understudie ods—high, reduced, and almost terminated emissions (1990—1991, 20(
plicated by the fact that re have been to test the that the do
are likely o vary dependi confirm this hypothesis. On the ane hand, the response of pcdnblnms t
Tacility and the duration ¢ remained basically unchanged: in cach of the three perieds, their total a
conditions, and the tax a € of groups) decll:md abruptly as the MUCS was approached, with dom|
arnchiil phyto- and zoophages. On the ather hand, signs of recovery have appear
ineE: this ;u':; a::::f dance of pedobionts has increased, and pollution-sensitive groups {earth
bratesin general, ;m i have approached closer to the MUCS. This is most likely explained by d
s ol mcm’w | to normalization of soil pH. Rapid recolonization of defaunated territon
industrial cmissions 1) ence in it of microsites with more favorable conditions, compared to the
el 5 maohile forms to survive beyond the boundaries of their main distribution

ited to single surveys of an
enterprises during perlod
sions, without direct com K y stabilit ill
. r; gy 5 i Y. natural recovery, recolonizatic
the reduction of emissio heavy metals, structure, soil i
Insects, moilusks
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Improved breeding parameters in the pied {lycatcher with reduced
pollutant emissions from a copper smelter™
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ARTICLE INFO ABSTRACT

Rarpwants In recent derades, industrial emissions have bo

Ficedla bypuleica the recivery of pallsted ecasysiems. However,

:J‘-gt duin lecal bied pogelatioes after polluthon abatemer
ik sen

Fladgling sl
Necovery
Induserial peistion

nest-bo popuiathons of a pesserine dird, Foadul
parametess following a 50-fobd reduction of In
according to pollution zone, habitat, air temper

[1-2 km of MUCS), egg and fledgling product
{budler zare, 48 &m of MUGS) and npolfused

Ly 268, in the bulfer zooe by 108, and in cont

e

by 102% anel the buifer sone by 175, in the 1
productian, mad the frequency af nests with oo
whereas the frequency of nests with perished o
the impact nee improved shwty, Ekely due to
may require many decades o recover fully in |

1. Introduction

Industrial pollution poses both direct and indirect effects on oo
systems, incuding durng:s in habitat stracture and pdeurlw!Iy focd
webs, and | |

e ] 4 2
The eamissions of on-ferrous saveliers are especially harmful to natral
erosystems dur to a combination of sulfur dioxide and polymetallic dus:
{Benmett and Knaps, 198% Kozlov and Zverevs, 2007). Sulfar dioxida
causes mecroses In plants, acidification of soil, and natrlent leaching
1976). Heavy metals persist in soil lor centuries (00
and cause physiclogical disorders, impaired r!pmdllr
low survival in plants and animals (Scheuhammer yE
101 4Y In recent decades, the |mumw-
reducing [ndustrial emissions (P
1 and the recovery of disturbed ecosys-
ms[n H1). However, aur
knowledge of the rate and factors f1:iliullmg |h= recovery of natural
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largely determine the rate of biological turnover and  nutrients in pla

p]anl prm'lsmn with nutrients; contribute to the for- Industrial &

therehy infl soil water  reduced in the |

regime and fertility; and modify the composition of  haul of metal

soil microorganisms [1]. In view of such a significant  should have a f

mle of this group, suggestions to lnclude paramelm ever, the reco
iring its state in i such reducti

March 2022
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[2] and environmental pollution control [3] are quite  des [10, 18, Iy
dynamics of communities m these studles are based

reasonable.

ADOUL e g L

i ;i ., not on direct observations but on the data partially
Various pollutants have a deleterious effect onsoil  ghgained by other authors [10] or by space-for-time
macroinvertehrates [4]. Especially hazardous is soll  sybstitution [19]. Several studies on soil invertebrates
pollution with heavy metals caused by nonferrous  in the vicinities of industrial plans shut down long ago

metal Indnstrm. me sroups of these animals disap-

have been performed without regard to the dynamics

pear or drasti bund: Iwhlch radi-  of their recovery [8, 20, 21]. More detailed data are
cally the of ics [5—11]. ilable on changes in soil fauna in the course of nat-
Such t ions lead to ion of Dlgansc ural overgrowing or reclamation of industrial slag-

matter and ion of heaps and abandoned mines [22—25], However, these
turmover [12], “destruction of seil aggregates [12, 13],  data characterize trends in the course of primary suc-
elimination of mammals trophically connected with  cession and therefore have only an indirect bearing on
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Long-Term Dynamics of Heavy Metals in the Upper Horizons
of Soils in the Region of a Copper Smelter Impacts
during the Period of Reduced Emission
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Lichen recovery in a formerly polluted area: the importance of bark

properties for soredia survival
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Abstract

An ducted an the develop of Hyp

i physodes (L.} Nyl from soredia to branched lobes near the copper

smc]lcr in the Mldtﬂe Urals 10 years after emission cessation. Soredia were cultivated in fir-spruce forests in heavily polluted and unpolluted
areas, In both arcas, soredia development was examined on fir bark collected from bath the beavily polluted and unpolluted areas. The
probahility of lobe formation was lower in the polluted area even when soredia were caltivated on bark from the unpolluted area. Bark
from the polluted arca negatively impacted the snccess of soredia development, irrespective of the cultivation area. The lowest success of

early development occurred
of lobe formation was accompanicd by hi

Aeademy of Sclences, Yekarerinburg, 620744 Russia
Lran.ry
3, 2016

Tyaneet @nd acid-soluble heavy metals (Cu, Pk, Cd,
ce-fir forests were studied in the anea subjected to
missions from the Middle Ural Copper Smelter
1t sample plots were established on lower slopes at
n; 5 plots at in 1989, The

n ZCII] the emissions of sulfur dioxide and dust
with lhc emissions in 1980, Samples of litter and
1, 1999, and 2012. The results indicate that the pH
nel level 10 and 23 years after the beginning of the
ieteristics in the impact zone still somewhat differ
Cu in the litter decreased compared to 1989 on all
d only in the close vicinity of the smelter. The con-
iln constant or increased (probably because of the
mee of pronounced removal of metals from soils
somservation of the suppressed state of biota within

soil recovery, metal mobility, ecosystem stability,

wious practical aspects (e.g., related to remediation
ategics), studies in this field are important in terms
1 ecology, becanse they allow analvzing

when soredia were cultivated on polluted bark in the heavily polluted area, where the already Low probabil
igh mortality of the developed lobes. This stmh underscores the

enduring impact of industrial

pollution on H. physodes development, hlgh].lghdng the need for ongeing eavi and monitoring efforts in post-industrial

areas to support blodiversity conservation.

air pollution; early develo B

{Accepted 9 May 2024)

ba plysodes; Middle Urals: recolonizarion

Introduction

Lichens are known to be extremely sensitive to changes in the
chemical composition of the environment. In response to 3ir pol-
lution, there occurs a decrease in species diversity, alteratbons in
hology and gy, and an acc of |
in thalli, Furlhmnme many lichen species are h:shl;r alfected
by alterations to babitats indirectly caused by pollution, such as
fragmentation and microclimate changes, Therefore, they are
widely used as sensitive indicators and monitors of environmental
qualiey (Nimis ef ol 2002),

In recent decades, technological sdvances have led o a global
reduction in stmospheric emissions from industrial enterprises
{Pacyna et al, 2007; Kozdov et al. 2009), presenting a unique
opportunity to study ccosystem resilience. The recovery of lichen
communities after declines in pollution has been observed both in
urban areas {Rose & Hawksworth 1981; Bates ef af. 1990; Seaward
& Letroult-Galinou 1991, Gilbert 1992} and in the surroundings
aof industrial enterprises (Beckett 1995 Howe & Lendemer 2011;
Schram et al. 2015; Mikhaillova 2020). In all cases, the recovery
has been very slow, taking decades. Some pessible explanations
for slow recolonization rates have been proposed. In usban
areas, a decrease in emissions of one pollutant often coincides
with an increase in another, continuously impacting Tichens
leg @ decrease in 50 concentrations accompanied by a

Comresponding auther: Irma Mikhaikwa: Email: mikbailiva@ipoe uran m

Cite this artiche Mikhmlova [ and Mikrpukor V {2024) Lichen svoovery im a formery
polluted anca: the impurtazce af bark propertics far suredia aurvival. Lichermlogin |-
hitpac e ong/ 10,1917/ S00243R 1924000173

persistence or even an Increase in NO; levels) (Bates er al 1950;
Loppi & Corsinl 2003). Another pessible explanation is the higher
sensitivity of lichen reproductive stages to pollution compared to
mature thalll: diaspore production: and cstablishment may be sup-
pressed in formerly polluted areas (Margot 1973: Gilbert 1992).
Substratum contamination alie poses a limiting fctor for lichen
re-establishment, with increased bark acidity impeding recolon-
Beation as observed on oalu in Lomdon, Engl:ml (Bates ef al
1990}, The imp for dinspore
development has been supported by laborstory experiments: the
permination rate of Hypogymnio piysodes (L) Nyl soredia was
reduced when cultivated on metal-containing media (Marti
1985; Hauck et al. 2002).

Based on the above studies, we conducted an experiment
aimed at revealing possible factors limiting lichen rec
in the formerly polluted area near the Middle Ural Copper
Smelter (MUCS), one of the largest copper smelters in Russia,
during the first decade after emisshon ceased. As a model species,
we chose the foliose lichen Hypagwmunia phiysodes, which domi-
nates the epiphytic communities of the majority of tree species
in the studied ares. Previously, during the period of high emis-
sions from MUCS (1985-1997), the response of this species to
the pollution was studied in detail. Hypogymnia physodes abun-
dance decreased along the pollution gradient, leading to the dis-
appearance of the species at distances of 2-10km from the
smelter, depending on the wind rose (Mikhailova 2022). Under
a strong poliution regime, a shift was observed in the population
structure towards smaller and less sorediate thalli, reduced pro-
duction of soredia, and decreases n soredial survival and

& The Authoafs], 3024 Publihed by Cambridge Univeriity Pres an beball af The Beitids Lichen Society

¢ stability mechanisms of ecosystems in the impact
ion [9] {in our case, their resilience). Therefore, the
{@lysis of biota dynamics during the period of emis-
wn reduction attracts interest [13, 21, 34, 52, 67].

In terms of the natural restoration of ecosystems, it
important to assess the rate of soil purification from
lutants, because this makes it possible to consider
¢ changes in the toxic load on vegetation and soil
ota in time. Such esti are especially
r the upper so0il horizons, because, first, they con-
nirate the major part of roots and active soil biota,
id, second, the maximum concentrations of metals
the polluted areas are usnally obzerved in the upper
l=em-thick layer of soil profile [40]. Consequently,
e processes occurring in these horizons las
termine the rate and character of restoration of the
(tire ecosystem.

An extremely low removal rate of heavy metals
m the soil was demonstrated in the early studies of
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Mo 10 y4yactkoB 1-33 km OT 3aBoaa

3 npobHble naowaau (M) (25*25 m) Ha y4acTok
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[Avana3oHbl YCI0BUIN BO BPEMS U3MEPEHWNA:
T.,=-1-+36°C, T, = 0 - +40°C, M=0.1-1
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Temperature Sensitivity and Basal
Respiration and Their Determinant
Forests of North China
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Abstract

l The basal respiration rate at 10°C [Hm}land the temperature sensitivity of soil
predicting instantaneous rate of soil respiration at a given temperatu

spatial variations in Ry and Q,, are not quite clear. Ry, and Qq were ¢
measured soil respiration and soil temperature for 11 mixed conifer-broadle:
stands at a catchment scale. The mean values of Ry, were 1.83 pmol CO, m
values of Oy, were 3.40 and 3.79, respectively, for mixed and broadleaved fon
model parameters, but determinants of R,y and Q,, varied between the

decreased greatly with the ratio of coniferous to broadleaved tree specie
temperature range and the variations in soil organic carbon (50C), and soil tc
with the spatial variances of herb-layer carbon stock and soil bulk density, an
forest stands, R,y was markedly affected by basal area and the variations i
content; the value of Q,, largely depended on soil pH and the variations of |
Qs can be accounted for jointly by five biophysical variables, of which
overwhelming role in determining the amplitude of variations in soil basal n
was concluded that soil respiration of temperate forests was largely d

temperature kept guite low.
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Abstract: Carbon dioxide (CO4) efflux from soil {or soil respiration, 5R) is one of the most
important vet variable characteristics of soil. When evaluating large areas, CO efflux
modeling serves as a viable alternative to direct measurements. This research aims to
identify site-specific differences and their effects on empirical CO;y efflux modeling. The
experimental data from 25 vears of field observations were utilized to identify the optimal
site- and weather-specific models, parameterized for normal, wet, and dry years, for the
forest and grassland ecosystems located on similar Entic Podzols {Arenic) in the same
bioclimatic coniferous-deciduous forest zone. The following parameters were considered
in the examined models: mean monthly soil or air temperatures (Tsoil and Tair), amount
of precipitation during the current (P) and the previous (PF) months, and the storage of
soil organic carbon (SOC) in the top 20 em of soil. The weighted non-linear regression
method was employed to estimate the model parameters for the normal, wet, and dry
years. To increase the magnitude of the model resolutions, we controlled the slope and
i ine < i een the measured and modeled data through
the change in Ry—CO5 efflux at Tsoil = 0 °C. [he mean bias error (MBE), root-mean-square

error (RMSE), and determination coefficient (R*) were emploved to assess the quality of the
model's performance. The measured Tsoil, Tair, and P, as well as the itter (for forest) or sod
{for grassland) horizon (modeled by the Soil SCLmate Statistical Simulator (SCLISS)), and
soil temperatures (Tlit_m, Tsoil_m) and maoistures (Mlit_m, Msoil_m), were used for SR
simulation. For the CO; efflux in the forest ecosystem with the lower SOC availability for
mineralization, the direct Tsoil and Tair measurements in combination with SOC storage
provided better parameterization for the empirical TPPC model. For the CO; efflux in the
grassland ecosystem with the high SOC availability for mineralization, the temperature
became the governing factor, and the TPPrh model provided better performance over
all the considered models. The model's performance was the best for the wet years,
and the worst for the dry years for both ecosystems. For forest ecosvstems, the model
performance for average precipitation vears was equivalent to that in wet years. For
grassland ecosystems, however, the model performance was equivalent to that in dry
years due to differing exposure and hydrothermal regimes. The wet-year Ry obtained for
both forest and grassland ecosystems differed from the normal- and dry-year values. The

measured SR values relevant for the B estimations distribute along the precipitation range
]
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10.

PEFPECCHOHHI:IE Moaesi 3aBUCUMOCTU NOYBEHHOIO AbiIXaHUA OT TeMnepaTypbl 1 BNa>KHOCTU

SR — cKOpPOCTb NOYBEHHOIO AbiIxaHus; T — TeMnepaTypa Noyssl; M — BAAXHOCTL NOYBHLI.

Mogenb

IlnHenHan

MonnHoMManbHag

MNMpocTas akcnoHeHuuanbHas

IKCroHeHUunanbHas ¢ BzauMoaencTemMem

3KC1'IOHEHIJMEU1bHaFI C KBagpaTU4HbIM
YyneHOM BNa*XHOCTH

INonHasa akcnoHeHunanbHasa

Concilio

CreneHHasn

SKCNOHeHLManbHO-cTeneHHas

Q10 ¢ nuHenHbIM 3P PEKTOM BNaXKHOCTU

(Chen, 2021; Xu, Qi 2001 )

®opmyna

SR=a+bT +cM
SR = ay+ a;T + a,T? + azM + ayM? + asTM

SR

exp(a; + a;T + azM)
SR = exp(a, + a,T + azM + a,TM)

SR

exp(a, + a;T + azM + a,M?)

SR = exp(ay + a;T + azM + a,TM + asT? + agM?)

SR = exp(a,T + a;M + a3TM)

SR = aT?M°

SR = a x exp(bT) M*

SR = a x exp(bT) + cM

3

SR

-

SR

5

SR

w
D

e

SR

3

SR

M (Bricokan)
M (HM3kasn)

M (Bricokan)
M (Hu3kan)

M (Bbicokas)
M (HM3akan)

M (Bricokas)
M (Hu3Kag)
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Cny4yalHbIn nec XGBoost
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CpaBHeHue ML perpeccMoHHbIX Moaene
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CpaBHeHMe K/1accnuyecknx u ML perpeccMoHHbIX Moaeneu
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CeTKa npeauITOpoB ANA MOAENbHbIX NpeacKa3saHUU
CYM3 u KM3: Habop ycnoeun gna kaxaoro roaa, 2011-2024.
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raw vs. normalized (15 °C, 0.4 m3/m3) data
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o=avee h RgW ¢ Kraccmnueckas perpeccus ¥ ML perpeccus
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