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Abstract

Soils of Antarctic considered as underestimated in terms of soils organic matter polls,
organic remnants humification/mineralization rates and biogenic-abiogenic interactions.
Humic acids of selected Sub Antarctic soils were investigated in terms of elemental and
structural composition with special reference to evaluation of organic matter stabilisation
degree and assessment of carbon species distributions in the molecules with use of solid
state '*C-NMR spectroscopy. It was shown, that the prevailing of aliphatic compounds
on the aromatic one is more pronounced in Antarctic soils than in Arctic ones. Average
portion of the aromatic compounds is about 20% in humic acids, extracted from soils
with evident ornitogenic effect from Fildes Peninsula (Norh-West Antarctic peninsula).
This indicates that the role of humification precursors composition is the leading in the
humification process. The stabilisation rate of the Antarctic HAs can be assessed as low
and the potential risk of biodegradation of their molecules are high.
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Introduction

Polar soils play a key role in the global
carbon balance, as they contain maximum
stocks of soil organic matter (SOM) within
the whole pedosphere (McGuire et al. 2009).
Low temperature and severe conditions pro-
vide the accumulation and stabilization of
large amounts of organic matter in perma-
frost soils over thousands of years (Zubr-
zyckietal. 2013). Nowadays, current trends
of climate warming and permafrost thaw-
ing are exposing this pool of organic mat-

ter to microbial degradation (Schuur et al.
2015) and other environmental risks. Be-
cause possible SOM degradation, polar
SOM represents a vulnerable carbon stor-
age, susceptible to be remobilised under
increasing temperatures. In order to better
understand the implication of permafrost
SOM to greenhouse gas emissions, an ac-
curate knowledge of its spatial distribu-
tion, both in terms of quantity and quality
(i.e. biodegradability, chemical composi-
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tion and humification degree) is needed
(Fritz et al. 2015). Current state of knowl-
edge estimates soil organic carbon (SOC)
stocks of 1307 Pg throughout the northern
circumpolar region (Hugelius 2014). These
amounts surpass previous estimates (Tar-
nocai et al. 2009) and largely exceed the
total carbon contained in the world vege-
tation biomass (460-650 Pg) or in the
atmosphere (589 Pg, IPCC 2007-[2]). How-
ever, these SOC stock estimates are still
poorly constrained (Hugelius 2014). The
main source of uncertainty is the fact that
such estimates have been calculated from
observations which are highly spatially
clustered (Hugelius 2014), whereas exten-
sive land areas still remain uncharacterised
due to logistic difficulties to reach these
sites. The second reason is that the calcu-
lation of stocks provided on the base of
estimated data on soil bulk density and car-
bon values, derived from dichromate oxida-
tion methods (Abakumov et Popov 2005,
Abakumov 2010). At the same time the
storages of SOM in Antarctic are more un-
derestimated because of the lack of the da-
ta for different parts of this continent, due
to high content of the coarse fractions in
soils and high variability of carbon content
in the fine earth. Stocks of organic carbon
in Antarctic soil assessed as 0.5 kg m™ in
polar deserts, about 1.0 kg m™ in barrens,
up to 3-5 kg m™ in sub-Antarctic tundra’s
and even up to 30 kg m™ for penguin rock-
eries of the maritime islands (Abakumov
2010, Abakumov et Mukhametova 2014).
Uncertainties for SOM storages in polar
environments become even more impor-
tant for SOM quality (Mishra et al. 2013,
Abakumov et al. 2014). Nevertheless, the
chemical composition of SOM determines
its decomposability and, therefore, it deter-
mines the rate at which carbon may be
transferred from soils to the atmosphere
under warming conditions. Biodegradabili-
ty of SOM has been related to humifica-
tion degree, as more advanced stages in
the humification process imply a depletion
of the labile molecules, as well as an in-

crease in the bulk aromaticity, which pro-
vides a higher stability of the SOM. A num-
ber of proxies have been used to trace
humification rate and SOM stability level.
C/H from humic acids has been used as an
index of molecular complexity, as higher
degree of conjugation implies a lower hy-
drogenation of the carbon chains (Zaccone
et al. 2007) and C/N has been used as a
measure of Histic materials degradation
(Kuhryet Vitt 1996—In Zaccone et al.2007).
PC-NMR spectrometry provides informa-
tion on the diversity in carbon functional
structures (carbon species) and has also
been used to evaluate changes in SOM
during decomposition and humification
(Abakumov et al. 2015). More specifical-
ly, high phenolic (150 ppm), carboxyl-C
(175 ppm) and alkyl-C (30 ppm) groups,
together with low O-alkyl carbons, have
been related to advanced humification
stages (Zech 1997). So far, studies of SOM
quality from polar environments have re-
vealed a generalised lowly-decomposed
character of the organic molecules (Dzia-
dowiec et al. 1994), which preserve much
of the chemical character of their precursor
material due to low progress of humifica-
tion (Davidson et Janssens 2006). This is
very important, because polar soils charac-
terizes by specific composition of the hu-
mification precursors.

The structure and molecular composition
of Antarctic soils organic matter has been
investigated previously by *C-NMR meth-
ods and it was shown that in usual organo-
mineral soils the aliphatic carbon prevails
on the aromatic one, owing to the nature of
non-ligniferous material as precursor (Ca-
lace et al 1995). Later it was shown that
this feature is typical for many soil from
different of Antarctic (Abakumov2010)and
even soil, formed on the penguin rockeries
show the same trends of prevailing of ali-
phatic compounds of aromatic ones (Aba-
kumov et Fattakhova 2015). The northern
most soil of Arctic polar biome show the
same trends in organic molecules organi-
zation: prevalence of aliphatic structures on
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aromatic ones, but the diversity of individ-
ual components in aromatic and aliphatic
parts are normally higher in Arctic soil be-
cause increases diversity of humification
precursors (Ejarque et Abakumov 2016,
Abakumov et al. 2016). A wet Antarctic
Histic soils from algae is characterized by
the predominance of proteins within the
nitrogen compounds and a slight degrada-
tion of carbohydrates in the SOM. A selec-
tive preservation of alkyl moieties in the
deeper soil layers is suggested, little trans-
formation processes of SOM is detectable
because soil temperatures in summer are
low and obviously were not high enough
tostimulate a further microbial break-down
(Beyer et al. 1995). Previous investigation
of organic matter were mainly concentrat-
ed to investigation of normal Gelisols or
Cryosols with the sources of organic mat-
ter derived from bryophytes, algae’s or
vascular plants of stable habitats without
pronounces ornitogenic effect (de Souza
Carvalhoetal. 2010). It was shown that the
ornitochoria play an essential role in plant
remnants redistribution in space the Ant-
arctic landscape (Parnikoza et al. 2015,
Abakumov et al. 2016), birds use to trans-
port a huge amounts of organic material of
different composition inside the inlands

Material and Methods
Sample sites

The soils with evident actual or former
effect of the flying birds were sampled
during the 61™ Antarctic expedition from
January 17, 2016 to February 25, 2016.

Because data of ?C-NMR characteriza-
tion of humic acids of soils formed under
fresh guano on the areas of penguin rock-
eries were obtained and published previ-
ously (Abakumov et Fattakhova 2015), this
paper considers only the data on soil, form-
ed under transported organic material un-
der effect of skua or kelp gull. 7 Leptosols
were sampled from the topsoil horizons

landscapes in Antarctica. Therefore, soils
on the King George Island are distributed
not only of the marine terraces or ancient
uplands with pronounced and long soil for-
mation during the latest Holocene, but also
on the new colonized (vegetated) areas,
where the plant seedlings and raw organic
material were bringed by birds, which use
these materials for nest building. These
soils are presented by traditional Leptosols
and Lithosols under the birds nests, com-
posed by the remnants of Deschampsia ant-
arctica, or by soils of the seasonal ponds,
where cyanobacterial mats occurs due to
soil enrichment by nitrogen of the bird ori-
gin. These soil materials were selected for
isolation and further characterization of
humic acids composition and structure by
application of "*C-NMR technique. Our aim
was to investigate the molecular organisa-
tion of the humic acids, isolated from vari-
ous Leptosols of the King-George Island
and to assess the potential vulnerability of
soils organic matter in face of possible min-
eralisation processes. This was addressed
bya)quantifying SOM composition, b) char-
acterising SOM quality by means of ele-
mental analysis and solid-state *C-NMR
spectroscopy.

with aim to extract the humic acids powder
and to obtain "*C-NMR spectra.

Soils investigated belongs to Sub-Ant-
arctic maritime zone (King George Island,
South Shetland Archipelago), Antarctic re-
gion. The Bellingshausen station (Russian
scientific and logistic center on King Geor-
ge Island, 62°12°S, 58°58" W, 40 m a.s.1.)
is situated on the Fildes Peninsula of King
George Island (Fig. 1). The parent materials
here are presented by andesites, basalts,
and tuffs, the coastal areas is covered by
maritime sands and gravels, while the peri-
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glacial plots are occupied by moraines and
some fluvioglacial materials (Peter 2008).
The average annual temperature of air is
-2.8°C, in Austral summer (January and
February) the average monthly temperature
rise up to 0.7-0.8°C (Abakumov et Andre-
ev 2011), but it is need to consider that the
soil surface temperature is essentially high-
er when it is free from ice and snow (Mar-
kov 1956, 1958). The total annual precipi-
tation reaches 729 mm, the number of days
with precipitation is from 22 to 30 days in
month. The wind velocity is about 9.3 m s
(Petter 2008) with maximum about 28 ms™.
Vegetation diversity of the Fildes peninsula
is quite high in comparison with land-
scapes of other Antarctic regions (Abaku-
mov et Andreev 2011), mono species plant
communities as well as mixed ones are
common for both: coastal part and in pla-
teau of peninsula. This provides a possibil-
ity to many authors to identify it as tundra
or Antarctic tundra (Convey 2013, Casa-
nova-Katny et Cavieres 2012). Plant com-
munities of King George Island are the
most developed and rich in whole the Ant-
arctic. There are plots of former penguin
rockeries (Pygoscelis sp.), rocks affected
by sea petrel (Laurus dominicanus) and
fresh moraines in periglacial part. Fildes
peninsula presented mainly by tundra en-
vironment, or in some cases, by barrens
communities. Soils, sampled for further
analyses are following: 1. Leptosol, under
the nest of skua, composed of lichens and
Deschampsia antarctica remnants, well
drained positions, coarse textured soil
(62°13.361" S, 52°47.273" W); 2. Lepto-
sol, under typical bryophyte-lichens tundra,
over moisted position, coarse textured soils
(62°13.140" S, 58°46.067" W); 3. Postor-

nitogenic soil, composed by remnants of
Deschampsia antarctica and Prasiola cris-
pa(62°11.024°S, 58°51.340" W); 4. Lepto-
sol under the bryophyte cover, with ad-
mixture of Deschampsia antarctica, marine
terrace, over moisted position (62°14.175"
S, 58°58.542" W); 5. Leptosol under the
skua nest, composed of remnants of li-
chens and Deschampsia, well drained posi-
tions, coarse textured soil (62°13.361" S,
52°47.273" W); 6 Turf (Histic material)
near the ISZ building, total thickness of
the turf is 150 cm, sample selected from
the depth of 0-10 cm, the bird transporta-
tion effect is expressed in accumulation of
Deschampsia remnants (62°11.287" S, 58°
58.337° W); 7 Leptosol under the bryophyte
cover, marine terrace, over moisted position
(62°10.450" S, 58°58.525" W).

The routine soil chemical analyses were
performed by classical methods: C and N
content with use of element analyzer and
pH in water and in salt suspension with
use of pH-meter pH-150 M. Basic chemical
characteristic of soil samples, selected for
extraction of humic acids provided in Ta-
ble 1. Soils, investigated characterises by
high amount of total organic carbon in com-
parison with usual mineral soils (Abaku-
mov 2010). This is caused by additional ac-
cumulation of organic materials by birds.
Sea birds use to brigs additional organic
matter in landscapes, where the concentra-
tion of those are not high (Abakumov et al.
2016, Parnikoza et al. 2015). This is also
the reason of relatively increased nitrogen
content, which expressed in C/N ratio. All
the soils investigated are acids with devel-
oped potential acidity, connected, with ex-
change capacity of organic matter.
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Fig. 1. Location of study sites: Antarctic peninsula, King-George Island, Fildes Peninsula.

Sample TOC, % N, % C/N pHuo pHcacr Color
1 8.05 0.66 12.19 4.47 4.40 10 YR 4/2
2 6.41 0.39 16.43 4.20 4.10 2.5YR 4/4
3 10.16 0.84 12.09 4.90 421 2.5YR 4/4
4 2.20 0.26 8.46 3.55 3.10 10 YR 5/3
5 38.43 1.40 27.45 4.76 4.70 10 YR 5/3
6 31.33 2.26 13.86 5.48 5.05 10 YR 5/3
7 35.71 1.78 20.06 5.24 4.70 10 YR 4/2

Table 1. Chemical characteristics of the fine earth and color of the topsoil material.
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Extraction of humic acids

Humic acids were extracted from each
sample according to the following proce-
dure (Schnitzer 1982, [1]): Humic acids
were extracted with 0.1 M NaOH (soil/so-
lution mass ratio 1:10) under nitrogen gas.
After 24 h of shaking, the alkaline super-
natant was separated from the soil residue
by centrifugation at 1,516xg for 20 min.
and acidified to pH=1 with 6 M HCI to in-
duce the precipitation of the humic acids.
The supernatant, which contained fulvic
acids, was separated from the precipitate by
centrifugation at 1,516xg for 15 min. The
humic acids were then redissolved in 0.1 M

Characterization of humic acids

Humic acids were characterized for their
elemental composition (C, N, H, and S)
using a Euro EA3028-HT analyzer. Data
were corrected for water and ash content.
Oxygen content was calculated by differ-
ence taking into account the ash content.
The elemental ratios reported in this paper
are based on weight. Solid-state "*C-NMR
spectra of humic acids were measured with
a Bruker Avance 500 NMR spectrometer
(Karlsruhe, Germany, 2003) in a 4-mm ZrO,
rotor. The magic angle spinning speed was
20 kHz in all cases, and the nutation fre-
quency "*C fields for crosspolarization was
ul/2p 1/4 62.5 kHz. Repetition delay and
number of scans were 3 s. Groups of struc-
tural compounds were identified by the
chemical shifts values: 190—170 ppm—car-
boxyl group and amidic carbonyl (f,“%)
170-150 ppm—aromatic C of fenols and
fenol esters (f,’); 150—135 ppm—alkylaro-

>

NaOH and shaken for 4h under N, before
the suspended solids were removed by
centrifugation. The solution was acidified
again with 6 M HCI to pH=1, and the hu-
mic acids were separated by centrifugation
and demineralized by shaking overnight in
0.1 M HCI/0.3 M HF (solid/solution ratio
1:1). Next, they were repeatedly washed
with deionized water until pH=3 was reach-
ed; and then they were finally freeze-dried.
Extraction yields of humic acids were cal-
culated as the percentage of carbon recov-
ered from the original soil sample used for
extraction.

matic (fas); 135-108 ppm—protonize aro-
matic carbon, bridgehead C (£,”); 108-100
ppm—cellulose anomeric carbon and hemi-
acetal carbon (f,”'); 100-70 ppm—reso-
nance region of C—H bonds, secondary
alcohols, and other carbon atoms bound to
oxygen (f, ), 70-50 ppm—methyl group
resonance region of aliphatic and aromatic
ethyl ethers,amino acid carbons,and methyl
esters of carboxylic groups (f,”); 50-32
ppm—resonance region of quaternary car-
bon and CH carbons (f,?); 32-27 ppm—
resonance region of CH, alkyl structures in
transconformation  (f,""); 27-10 ppm
—resonance region of alkyl methyls and
CH, units (f,"). The total aromatic and
aliphatic content was determined by inte-
grating the signal intensity in the intervals
100-170 and 183-190 ppm on the one hand,
and 0-110 and 164-183 ppm on the other
hand, respectively.
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Results and Discussion

Data on elemental composition of the
HAs (Table 2) show that they are compa-
rable with those, extracted from Antarctic
soils previously (Chukov et al. 2016, Aba-
kumov et Fattakhova 2015). The O/C is
more increased while compare with previ-
ous ones, this can reflect the specificity of
humification under organic material, trans-
ported by birds. Extremely increased O/C

ration were revealed in sample Ne 3 which
indicates the high degree of oxidation of
the molecules. But, in general, the elemen-
tal composition of soils investigated were
compared with those for previously inves-
tigated Arctic (Ejarque et Abakumov 2016)
and Antarctic (Bolter 2001, Calace et al.
1995, Chukov et al. 2015) soils.

Sample Ne C N H [0) C/N H/C o/C
1 48.23 5.28 6.60 39.83 9.13 0.13 0.82
2 50.05 4.54 6.77 38.45 11.00 0.13 0.76
3 35.55 4.44 5.69 54.20 8.00 0.15 1.52
4 50.66 5.72 6.83 36.80 8.85 0.13 0.72
5 47.85 4.85 6.34 40.83 9.86 0.13 0.85
6 48.41 4.89 6.38 40.73 9.89 0.13 0.84
7 45.76 4.95 6.18 42.90 9.23 0.13 0.93

Table 2. Elemental composition (%) and atomic ratios in HAs.

BC-NMR spectra’s (see Fig. 2) and data
on carbon species and aliphatic-aromatic
groups distribution (Table 3) indicates that
soils, formed under the effect of sea birds
contains the humic acids comparable to typ-
ical HAs of the high latitudes terrestrial
environments. "C-NMR spectra revealed
indicates that there were only small differ-
ences in the structural diversity of carbon
atoms among the surface samples of se-
lected soils. The characteristic feature of the
HAs, extracted from investigated soils is
the prevalence of aliphatic carbon species
groups on the aromatic ones. This indicates
that both, Arctic and Antarctic soils char-
acterizes by a regional homogeneity of HAs
composition. There are two reasons of this.
The first is short vegetation period com-
bined with severe climatic conditions. The
seconds is a restriction in lignin derived
compounds content in Arctic and, espe-
cially Antarctic environments. This reflect-
ed in our founding’s for Arctic, where more
than 60% of carbon species presented by
aliphatic compounds and this is more pro-
nounced in Antarctic soils, where the por-

tion of aliphatic structure increases in some
cases up to 80%. We think that this is di-
rectly connected with restriction in such
humification precursor as lignin-derived
compounds. At the same time our data
shows that the portion of aromatic com-
pounds is little higher in soils under birds
transported materials that under the mono
species bryophyta or lichens communities
(Chukov et al. 2015). We suppose that this
is a result of that fact that birds use for nest
building mainly remnants of Deschampsia
antarctica which contains increased portion
of phenyl-propanous organic precursors
(Abakumov 2010). In general, the forms of
spectra’s indicated that HAs of the soils
investigated are the substances with more
pronounced dominance of the aliphatic
fragments than soils of high latitudes of
the Siberian Arctic. This well corresponds
to previously published data (Abakumov
et al. 2015) and support the conclusion that
the possible risks of organic matter degra-
dation under the coming climate change are
high for still stabilized organic matter of
both permafrost affected regions.
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Sax_’p'e 190-170|170-150 150-135|135-108 | 108-100 | 100-70 | 70-50 | 50-32 | 32-0 | Aro- | Ali-
facoz faP fas faH fa]m faloz faIOM fa]Q £ rans matic | phatic

1 1132 | 470 | 892 | 347 | 6.16 | 23.85 | 11.00 | 1153 | 19.03 | 17.09 | 82.91

2 928 | 724 | 044 | 1078 | 892 | 19.12 | 934 | 16.56 | 18.53 | 18.46 | 81.54

3 969 | 12.02 | 10.15 | 3.67 | 1045 | 1350 | 17.82 | 12.58 | 10.12 | 25.84 | 74.16

4 1178 | 1.66 | 336 | 13.75 | 3.85 | 1829 | 1248 | 17.24 | 17.72 | 18.77 | 81.23

5 1098 | 4.60 | 1046 | 425 | 2.61 | 27.80 | 9.00 | 20.00 | 1038 | 19.31 | 80.69

6 1150 | 428 | 375 | 1135 | 7.68 | 2129 | 9.73 | 19.59 | 10.63 | 19.38 | 80.62

7 1167 | 337 | 524 | 11.87 | 6.71 | 18.60 | 9.88 | 20.57 | 12.05 | 2048 | 79.52

Table 3. *C-NMR section integrals (percent of total carbon) for key carbon structures of soil
humic acids (ppm).

Abundance
+100

T T T T T T T T T T T T T T T T

I T T T T
200190180 170160 150140 130120 110 100 90 80 70 60 50 40 30 20 10 0

X: "C (ppm)

Fig. 2. PC-NMR spectra in soil humic acids. Sample: 1 — Leptosol, under the nest of skua,
composed of lichens and Deschampsia antarctica remnants, 2 — Leptosol, under typical
bryophyte-lichens tundra, 3 — Postornitogenic soil, composed by remnants of Deschampsia
antarctica and Prasiola crispa, 4 — Leptosol under the bryophyte cover, with admixture of
Deschampsia antarctica, 5 — Leptosol under the skua nest, composed of remnants of lichens and
Deschampsia, 6 — Turf (Histic material) near the ISZ building, total thickness of the turfis 150 cm,
sample selected from the depth of 0-10 cm, the bird transportation effect is expressed in
accumulation of Deschampsia remnants, 7 — Leptosol under the bryophyte cover.

Conclusions

Humic acids of Antarctic soils, formed
under bird transported materials were in-
vestigated by *C-NMR spectroscopy with
aim to reveal the humification degree and
specificity of their molecular structure.
Humic substances of 7 soils investigated
shows the predominance of the aliphatic
compounds on aromatic ones. The degree

of aromaticity is connected with presence
ofthe remnants of Deschampsia antarctica
in the nest material. The components of
these remnants play an important role as
precursors of humification The key char-
acteristic feature of plant remnants which
regulated the aromaticity of humic acids is
the portion lignin-derived compounds. Data
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obtained for soils, formed under cereal
plants is different from those for obtained
for soils, formed under mono species bryo-
phyte or lichens communities. The HAs in
soils, affected by accumulation of Des-
champsia remnants in nests exhibit increas-

ed content of aromatic part. There is no es-
sential variation of carboxylic groups con-
tent between soils formed under various
humification precursors which indicated
that functional activity of all investigated
humic substances is equal.

References

ABAKUMOV, E. V. (2010): The sources and composition of humus in some soils of West
Antarctica. Eurasian Soil Science, 43: 499-508.

ABAKUMOV, E., MUKHAMETOVA, N. (2014): Microbial biomass and basal respiration of selected
Sub-Antarctic and Antarctic soils in the areas of some Russian polar stations. Solid Earth, 5:
705-712.

ABAKUMOV, E., LODYGIN, D. and TOMASHUNAS, V. (2015): BC_NMR and ESR characterization of
humic substances isolated from soils of two Siberian Arctic islands. International Journal of
Ecology, 7p., http://dx.doi.org/10.1155/2015/390591.

ABAKUMOV, E., TRUBETSKOJ, O., DEMIN, D. and TRUBETSKAYA, O. (2014): Electrophoretic
evaluation of initial humification in organic horizons of soils of western Antarctica.
Polarforschung, 83: 73-82.

ABAKUMOV, E. V., ANDREEV, M. P. (2011): Temperature of humus soil horizons of the King
George Island, Western Antarctica. Vestnik Sankt-Peterburgskogo Universiteta, 3 (2): 129-133.

ABAKUMOV, E. V., FATTAKHOVA, YU. M. (2015): Structural composition of humic acids of
ornitogenic soils on the data of >C-NMR resonance. Russian Ornitology, 1165: 2463-2466.

ABAKUMOV, E. V. Porov, A. L. (2005): Determination of the carbon and nitrogen contents and
oxidizability of organic matter and the carbon of carbonates content in one soil sample.
Eurasian Soil Science, 38: 165-172.

ABAKUMOV, E. V., PARNIKOZA, L. Y., VLAsOV, D. Y. and LUPACHEvV, A. V. (2016): Biogenic-
abiogenic interaction in Antarctic ornithogenic soils. /n: O. Frank-Kamenetskaya, E. Panova,
D. Vlasov (eds): Biogenic-Abiogenic Interactions in Natural and Anthropogenic Systems, pp.
237-248.

BEYER, L., HANS-PETER, B. and ERLENKEUSER, H. (1995): Soil organic matter composition and
transformation in a swamp soil from algae of coastal continental Antarctica. Polarforschung, 65
(3): 117-122, 1995 (erschienen 1998).

BOLTER, M. (2001): Soil development and soil biology on King George Island, Maritime
Antarctic. Polish Polar Research, 32: 105-116, doi: 10.2478/v10183—011-0002—z.

CALACE, N., CAMPANELLA, L., PaoLis, F. and DE PETRONIO, B. M. (1995): Characterization of
Humic Acids Isolated from Antarctic Soils. International Journal of Environmental Analytical
Chemistry, 60: 71-78.

CASANOVA-KATNY, A. M., CAVIERES, L. A. (2012): Antarctic moss carpets facilitate growth of
Deschampsia antarctica but not its survival. Polar Biology, 35: 1869-1878.

DE SouzA CARVALHO, J., DE SA MENDONCA, E., BARBOSA, R., REIS, E., SEABRA, P. and SCHAEFER,
C. (2010): Impact of expected global warming on C mineralization in maritime Antarctic soils:
Results of laboratory experiments. Antarctic Science, 22: 485-493.

CHUKOV, S.N., ABAKUMOV, E. V. and TOMASHUNAS, V. M. (2015): Characterization of humic acids
from Antarctic soils by nuclear magnetic resonance. Eurasian Soil Science, 48: 1207-1211.

CONVEY, P. (2013). Maritime Antarctic climate Change: Signals from terrestrial biology. Antarctic
Research Series, 79: 145-158.

DziapOWIEC, H., GONET, S. and PLICHTA, W. (1994): Properties of humic acids of Arctic tundra
soils in Spitsbergen. Polish Polar Research, 15: 71-81.

DAVIDSON, E. A., JANSSENS, L. A. (2006): Temperature sensitivity of soil carbon decomposition and
feedbacks to climate change. Nature, 440: 165-173.



E. ABAKUMOV

EJARQUE, E., ABAKUMOV, E. (2016): Stability and biodegradability of organic matter from Arctic
soils of Western Siberia: insights from '*C-NMR spectroscopy and elemental analysis. Solid
Earth, 7: 153-165.

Fritz, M., DESHPANDE, B. N., BouCHARD, F., HOGSTROM, E., MALENFANT-LEPAGE, J.,
MORGENSTERN, A., NIEUWENDAM, A., OLIVA, M., PAQUETTE, M., RuDY, A. C. A., SIEWERT, M.
B., SIOBERG, Y. and WEEGE, S. (2014): Brief Communication: Future avenues for permafrost
science from the perspective of early career researchers. The Cryosphere, 9: 1715-1720.

HuGELIUS, G., STRAUSS, J., ZUBRZYCKI, S., HARDEN, J. W., ScHUUR, E. A. G., PiNG, C.-L.,
SCHIRRMEISTER, L., GROSSE, G., MICHAELSON, G. J., KoveNn, C. D., O’DONNELL, J. A.,
ELBERLING, B., MISHRA, U., CAMILL, P., YU, Z., PALMTAG, J. and KUHRY, P. (2014): Estimated
stocks of circumpolar permafrost carbon with quantified uncertainty ranges and identified data
gaps. Biogeosciences, 11: 6573-6593.

MARKOV, K. K. (1956): Some data on periglacial processes in Antarctica. Transactions Moscow
University, Ser. 1, Georgaphy, pp. 139-148.

MARKOV, K. K. (1958): Modern Antarctic as ancient model of glaciation for Northern Hemisphere.
Scientific Reports of School, Geology and Georgaphy, No. 1, pp. 53- 62.

MCGUIRE, A. D., ANDERSON, L. G., CHRISTENSEN, T. R., DALLIMORE, S., Guo, L. D., HAYES, D. J.,
HEIMANN, M., LORENSON, T. D., MACDONALD, R. W. and ROULET, N. (2009): Sensitivity of the
carbon cycle in the Arctic to climate change. Ecological Monographs, 79: 523-555.

MISHRA, U., JASTROW, J. D., MATAMALA, R., HUGELIUS, G., KOVEN, C. D., HARDEN, J. W., PING, C.
L., MICHAELSON, G. J., FAN, Z., MILLER, R. M., MCGUIRE, A. D., TARNOCAI, C., KUHRY, P.,
RILEY, W. J., SCHAEFER, K., SCHUUR, E. A. G., JORGENSON, M. T. and HinzmMAN, L. D. (2013):
Empirical estimates to reduce modeling uncertainties of soil organic carbon in permafrost
regions: a review of recent progress and remaining challenges. Environmental Research
Letters, 8: 35020.

PArRNIKOZA, 1. YU, ABAKUMOV, E. V., DYKyy, I. V., PiLipENKO, D. V., SHVYDUN, P. P,
KOZERETSKA, 1. A. and KUNAKH, V. A. (2015): Influence of birds on the spatial distribution of
Deschampsia antarctica (Desv.) on th Galindez Island (Argentinean Islands, coastal Antarctic).
Vestnik Sankt-Peterburgskogo Universiteta, Seriya 3, Biologiya 1: 78-97.

PETER, H.-U. (2008): Risk assessment for the Fildes peninsula and Ardley Island and development
of management plans for their designation as specially protected areas. Jena University, Jena,
pp. 1-344.

SCHNITZER, M. (1982): Organic matter characterization. /n: Methods of soil analysis, Part 2,
Chemical and microbiological properties, Agronomy monograph no. 9, edited by: Page, B.,
Miller, R., and Keeney, D., Soil Science Society of America, Madison, 581-594.

SCHUUR, E. A. G., MCGUIRE, A. D., GrROSSE, G., HARDEN, J. W., HAYES, D. J., HUGELIUS, G.,
KoveN, C. D. and Kunry, P. (2015): Climate change and the permafrost carbon feedback.
Nature, 520: 171-179.

TarNOCAI, C., CANADELL, J. G., SCHUUR, E. A. G., KuHry, P., MAZHITOVA, G. and ZIMOV, S.
(2009): Soil organic carbon pools in the northern circumpolar permafrost region. Global
Biogeochemical Cycles, 23, 1-11, doi:10.1029/2008 GB003327.

ZACCONE, C., Mi1aNO, T. M. and SHOTYK, W. (2007): Qualitative comparison between raw peat and
related humic acids in an ombrotrophic bog profile. Organic Geochemistry, 38: 151-160.

ZECH, W., SENESI, N., GUGGENBERGER, G., KAISER, K., LEHMANN, J., MIANO, T. M., MILTNER, A.
and SCHROTH, G. (1997): Factors controlling humification and mineralization of soil organic
matter in the tropics. Geoderma, 79: 117-161.

ZUBRZYCKI, S., KUTZBACH, L., GROSSE, G., DESYATKIN, A. and PFEIFFER, E.-M. (2013): Organic
carbon and total nitrogen stocks in soils of the Lena River Delta. Biogeosciences, 10: 3507-
3524, doi:10.5194/bg-10-3507-2013.

Web sources / Other sources

[1] Isolation of IHSS samples http://humic-substances.org/isolation-of-ihss-samples/

[2] IPCC — Intergovermental Panel on Climate Change: Climate Change 2007, Cambridge,
University Press, United Kingdom and New York, NY, USA, 2007.

10



