
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=gche20

Chemistry and Ecology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/gche20

The influence of brown and south polar skua on
the content of plant nutrient in the soils from
the Fildes Peninsula (King George Island, West
Antarctica)

Evgeny Abakumov , Aleksei Lupachev , Mikhail Andreev , Wenjuan Wang &
Xiaowen Ji

To cite this article: Evgeny Abakumov , Aleksei Lupachev , Mikhail Andreev , Wenjuan Wang &
Xiaowen Ji (2020): The influence of brown and south polar skua on the content of plant nutrient in
the soils from the Fildes Peninsula (King George Island, West Antarctica), Chemistry and Ecology,
DOI: 10.1080/02757540.2020.1839435

To link to this article:  https://doi.org/10.1080/02757540.2020.1839435

View supplementary material 

Published online: 02 Nov 2020.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=gche20
https://www.tandfonline.com/loi/gche20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02757540.2020.1839435
https://doi.org/10.1080/02757540.2020.1839435
https://www.tandfonline.com/doi/suppl/10.1080/02757540.2020.1839435
https://www.tandfonline.com/doi/suppl/10.1080/02757540.2020.1839435
https://www.tandfonline.com/action/authorSubmission?journalCode=gche20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=gche20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02757540.2020.1839435
https://www.tandfonline.com/doi/mlt/10.1080/02757540.2020.1839435
http://crossmark.crossref.org/dialog/?doi=10.1080/02757540.2020.1839435&domain=pdf&date_stamp=2020-11-02
http://crossmark.crossref.org/dialog/?doi=10.1080/02757540.2020.1839435&domain=pdf&date_stamp=2020-11-02


RESEARCH ARTICLE

The influence of brown and south polar skua on the content
of plant nutrient in the soils from the Fildes Peninsula (King
George Island, West Antarctica)
Evgeny Abakumov a, Aleksei Lupachevb, Mikhail Andreevc, Wenjuan Wanga and
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ABSTRACT
The biogeochemical effect of birds can influence the paedogenic
processes in the Antarctica soils. The content of nutrients
(phosphorus, potassium, nitrate and ammonium) and the total
carbon and nitrogen contents in soils were determined at the
nesting and feeding sites of flying and non-flying birds in the
Fildes Peninsula (King George Island, West Antarctica). The results
showed that the difference between soils affected by birds (both
flying and non-flying) and the background soils was observed
with the higher content of biogenic elements (e.g. C, N, P, K) and
fine-earth content, variable soil pH values, more expressed soil
structure and specific morphology of the uppermost organogenic
and organo-mineral horizons. Additional chemical indices are
suggested for diagnostics of current and recent effect of birds on
paedoenvironments.
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Introduction

Paedogenic processes in the Antarctica have the extreme specificity in terms of the sub-
stantial isolation of the Antarctic ecosystems compared with other terrestrial biomes on
the planet [1,2] due to the severity of the climate of the Antarctic. Birds play a very impor-
tant role in formation of soils in various aspects. Firstly, the crucial changes of soil biogeo-
chemistry occur under the effect of guano at the penguin rookeries and their adjacent
areas. This process of soil formation influenced by ornithogenic factors has been well-
studied [3]. Secondly, ornitochory is considered as the process of the adjacent and
long-distance transport of different plant parts and seeds in Antarctica through birds,
which are more associated with skuas, petrels, and other migratory flying birds. The
ornithochory can turn the completely isolated Antarctic vascular plant habitats (e.g.
Deshampsia antarctica) to spread, which may be possible to be connected to the South
American population [3,4,5–10]. Therefore, even the isolated moraines, nunataks and
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the ice-free areas of the internal oases can be colonised by mosses, lichens, algae, some
vascular plants, and nematodes (saprophages and parasites). Accumulation of guano and
nesting material on the soil surface leads to the formation of soil polypedon with the rela-
tively high content of skeletal fraction [11,12]. Consequently, the essential content of bio-
genic elements can be available to ornithogenic soils [7]. The majority of previous
researches investigated the classical ornithogenic soils of penguin rookeries [3,7]. The
transportation of plant parts was also considered as the important factor of soil formation
[4,9]. Apart from the effect of birds on soil polypedon, the mineral and organic substances
can be partially dissolved, leading to nitrification, initiation of post-ornithogenic plant suc-
cession and the changes of local geochemistry [13]. The ornithogenic habitats are geo-
chemically connected with the surrounding depressions of micro- and meso-relief,
where ornithogenic substances are redistributed and accumulated [14]. The ornithogenic
effect on soil formation is a specific phenomenon of Antarctic paedogenesis based on
morphological forms and processes of biogeochemical transformation of the substrate.
Therefore, a comprehensive study of ornithogenic soil formation is important for improv-
ing the holistic overview of paedogenesis in the Antarctic region in regard to soil
geochemistry.

Plant succession during the colonisation of ornithogenic habitats has not been
sufficiently studied. There are a few detailed descriptions of such processes [15,16] and
thence the change of plant communities and groups of lower plants has not been
clearly stated since it significantly depends on the relief, the weathering processes, the
chemical composition of the parent materials, climate and the origin of the birds’ nests
and colonies [17].

Glazovskaya et al. [18] firstly reported the transformation of the parent materials under
the ornithogenic guano material in the penguin rookeries. Markov et al. [19] found that
huge deposits of guano were formed on Haswell Island in the area of Mirny station
(Queen Mary Land, East Antarctica), resulting to eutrophication in shallow lakes and
ponds with intensive growth of algae. The change in species composition of plant com-
munities in the areas of guano distribution on Lindsay Islands was previously reported by
A [20–22].

The study of the transportation of plant parts and organo-mineral material concerning
paedogenesis was actively carried out [12,23–26]. Ornithologists from the University of
Jena, Germany has been working to identify an ornithogenic trace in the environment
using drones [27]. The same group is studying the optical parameters of guano deposits
of decomposition. Biogeochemical and mineralogical studies were carried out by Brazilian
soil scientists [28,29], who assessed both the rate of phosphate mineral formation and
organic matter accumulation in soils under the ornithogenic influence. Russian studies
about the ornithogenic soils in Antarctica mainly focused on the role of penguins in
the formation of ornithogenic soils [14,24,25,30,31]. Other studies about the role of
ornithofauna in paedogenesis are less investigated [32]. In the maritime Antarctica,
skuas’ activity is very important for transporting of organic and mineral substances that
may cause biogeochemical changes in soils. The brown and south polar skuas (Catharacta
antarctica lonnbergi and C. maccormicki) are typical inhabitants of the South Shetland
Islands and arrange their nests on rocks and uplands. Their nests are numerous in the
Fildes Peninsula (King George Island, South Shetland Islands). During summer season,
approximately 27–31 pairs of brown skuas and 132–232 pairs of south polar skuas nest
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here [27]. According to previous study [3] and our field investigation, some nests were
made of the organic material, while the others are presented with the mineral material.
Normally 3–5 nests of different ages are located nearby and old nests can remain unoc-
cupied for decades. This leads to the formation of specific ornithogenic soil horizons.
Thus, the nesting activity of skuas affects soil density, nitrogen and organic substances,
elements of mineral nutrition, which was reflected on its plant cover.

The main aim of the present study was to determine the content of nutrients (phos-
phorus, potassium, nitrate and ammonium) and the total carbon and nitrogen in soils
at the nesting and feeding sites of skuas and other geochemically associated sites. To
achieve this aim, the following objectives were solved: (1) study of the soil morphology
at nesting and feeding sites of skuas; (2) determination of the content of nutrients in
soils of designated sites.

Materials and methods

King George Island is the largest in the South Shetlands archipelago with the area of
∼1400 km2 (Figure 1). However, only about 5% of its area is free of ice [33]. The Fildes
Peninsula and Ardley Island together (around 33 km2) comprise the second largest ice-
free area of the South Shetland Islands and the largest on the King George Island.
Gentle topography dominates the Fildes Peninsula with a wide central plain and
several others at different altitudes. It is a table land made up of old coastal landforms
with numerous rocky outcrops and an average height of 30 m above sea level (a.s.l).
The climate is cold, moist, and oceanic with a mean annual air temperature of −2.2°C
and mean summer air temperatures above 0°C up to 4 months [34]. The mean annual pre-
cipitation is 350–500 mm/yr. In the South Shetland Islands, permafrost is sporadic or non-
existent at altitudes below 20 m a.s.l., and occurs more or less discontinuously at altitudes
from 30 to 150 m a.s.l. Mosses, lichens, and algae are widespread, along with two vascular
plants (Deschampsia antarctica and Colobanthus quitensis). Penguins, seals, and seabirds
are common in coastal areas.

A previous investigation of morphological structure of soil profiles, their geomorpho-
logical position and their physicochemical properties allowed us to specify six major refer-
ence soil groups [35] that form the soil cover of the Fildes Peninsula and Ardley Island (in
the order of total area decreasing): Cryosols > Leptosols > Arenosols > Fluvisols > Tech-
nosols > Histosols.

Ten abandoned nests of the brown and southern polar skuas (Catharacta antarctica
lonnbergi and C. maccormicki) on the Fildes Peninsula were studied. The key sampling
points have been selected directly under the feeding sites. Soils of these habitats differ
from unaffected ones in their chemical composition and morphology. The plant species
composition tends to differ from surrounding habitats, both in species composition
and in living forms.

Ten plots with morphologically pronounced presence of birds have been selected for
investigation of ornitogenic soils. All these plots are located in central part of Fildes penin-
sula. At every plot soil catena has been established, these catenas were used for evalu-
ation of spatial effect of skuas’ feeding and nesting activity on soil chemical regime.
For each of the point, we have recorded the coordinates of the plot and made a
general environmental and morphological description. Five soil samples were sampled
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in each plot to the depth of the parent material (Т1 – the feeding site with more devel-
oped vegetation and with traces of faecal material, located 5–10 m from the nest, usually
above it in terms of elevation; T2 – the nest itself, usually in the form of a pit, sometimes
composed of lichens and remnants of mosses, usually with less developed vegetation
than at Т1; Т3 is the place located 5–10 m from the first two points, with the least devel-
oped plant cover; Т4 is the intermediate point between Т1 and Т3; Т5 is the intermediate
point between Т2 and Т3). 10 control plots were presented by Leptosols under the
lichens on the tops of the hills, composed by massive crystallic rocks (C1-C10). Morpho-
logical descriptions of soil pits were recorded. Each soil horizon was sampled. Samples
were air-dried and transported to Saint-Petersburg with scientific vessel ‘Academic
Fedorov’ under the temperature of 4°C. The depth of parent material location was
about 10-15 cm in average, parent materials were presented by massive crystallic rocks’
debris. This fact allows to classify soil investigated as Litosols. – undeveloped thin soils
on the surface of dense material. In this case sampling can be provided only from the

Figure 1. Location of survey objects (point numbers correspond to section numbers in tables).
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superficial layer of the solum. Morphological structure of soils is presented on Figures 2
and 3. The vegetation description has been made in all plots and points of investigation.
The content of nutrients was detected according standard methods [36–38] and TOC and
TON values were determined with the use of elemental analyzer Euro EA3028-HT. All
analytical procedures were performed in 5 replications. Water pH was measured in field
conditions using portative pH-meter in ponds and streams, geochemically subordinated
to catenas studied. The degree of water mineralisation has been determined by portative
salinity sensor at the same points.

Statistical analysis

The Shapiro–Wilk test and the Levene’s homogeneity of variance test was applied to check
the normal distribution of data. The spearman correlation coefficients were employed
among soil properties. Correlation is significant at 0.05 level. The difference between soil
properties was tested by one-factor ANOVA. In order to check the covariation of soil prop-
erties, the extraction factors were used through principal component analysis (PCA) using
varimax rotation. All statistical analysis was carried out in SPSS Statistics 23.

Results and discussion

Feeding and breeding sites were located mainly on the hills and slopes, composed of
massive crystallic rocks and covered by thin layer of fine earth and initial soil layer.

Figure 2. Histic Leptosol (R01-T1) on the nest of a brown skua on the Fildes Peninsula.
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These soils are quite different from those that are located in topographical depressions
and marine terraces in terms of profile thickness and soil moisture. The soils of the back-
ground plots (not ornithogenic ones) were identified as Leptosols – soils with relatively
shallow thickness of mineral profile, limited by maximal depth of 30 cm. The average
depth of soil profiles was about 10 cm, which was determined by the presence of table
of massive crystallised rock at this level. There were almost full absences of any plants
on the locations of control plots. At the same time, vascular plants and mosses were gen-
erally absent close to breeding sites. Large stones and the soil surface were free of veg-
etation or sparsely covered with poor-developed lichen thallomes (Leptogium
puberulum) (covering up to 50–70%). Soils here were mainly presented with Leptosols.
At some distance from the rookery (5–10 m) as the concentration of nitrogen and phos-
phorus and the intensity of mechanical impact decreased the communities with the dom-
inance of Prasiola crispa algae developed. The soils were presented with Histic Leptosols
Ornithic covered with a thick cover of algae and sparse abundance of Xanthoria candel-
laria and few nitrophylic lichens in these habitats. The main feature of morphological
transformation of soil in an appearance of Folic or weak Histic layer on the surface of
mineral part of Leptosol in bird-affected places. Crustose lichens occupying more than
50% of the total surface dominated in the projective cover. On the protruding stones,
lichens Lecania brialmontii and L. gerlachei cover up to 30% of the area together with
lichens Amandinea coniops and A. petermannii, Leptogium puberullum, Caloplaca sublobu-
lata, and C. sxicola, single instances of Xanthoria candellii. On the sea-facing ridges and
cliffs, lichens Ramalina terebrata and Caloplaca saxicola became abundant. At the final

Figure 3. Leptosol (R04-T3) on the nest of the south polar skua on the Fildes Peninsula.
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stages of plant succession, under sufficient moisture and relatively fine-textured mechan-
ical composition of soils, vascular plants (Deschampsia antarctica and less abundant Colo-
bantus quitensis) appeared, forming meadow-like sites. Bryophyta and lichen
communities of zonal type develop on thin ornithocoprogenic Leptosols.

At skuas’ breeding sites, the more developed and compacted vegetation cover was
similar to those in the surrounding environment (background plots without morphologi-
cally evident activity of birds). Meanwhile, the best-developed vegetation cover and the
richest lichens’ flora appeared not around the nests themselves but at the feeding sites.
They used to present as the microelevations although the degree of variance of veg-
etation cover here was small. The ornithocoprogenic and Histic Leptosols developed.
Background areas on the watersheds and gentle slopes were characterised by less devel-
oped vegetation cover and the dominance of the poorly colonised surface with very
sparse vegetation cover (areas of development of Lithic Leptosols). There were numerous
stones and boulders with sparse mosses and lichens.

The analysis of the obtained data (Table S1, Supplementary Material, Figures S1-S8)
showed the increased total organic carbon and total nitrogen content in all studied
ornithogenic and geochemically associated soils in comparison to the taxonomically
similar previously studied soils of the Fildes Peninsula that were not subjected to the
ornithogenic effect [23,24,30]. Analytical data obtained confirmed the ornithogenic
effect on soil properties that were reported earlier [23,39,40].

Data on total organic carbon and major nutrients content on soils investigated are
given on Figures 4–9 (Supplementary Figures 1–8). The comparison of soils between
various ornithogenic effect sand soils of control plots (C1-C10) (Figure 4) showed that

Figure 4. The content of total organic carbon (TOC, %) in T1-5 sites (affected by flying birds) and
control sites (C, not affected by flying birds). T1 represents the feeding site with more developed veg-
etation and with traces of faecal material, located 5–10 m from the nest; T2 represents the nest itself,
usually in the form of a pit, sometimes composed of lichens and remnants of mosses, less developed
vegetation than at Т1; Т3 is the place located 5–10 m from the first two points, with the least devel-
oped plant cover; Т4 is the intermediate point between Т1 and Т3; Т5 is the intermediate point
between Т2 and Т3. The information of sites are same below Figure 5–9.
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nearly all of the chemical parameters of background soils were significantly different from
same parameters of ornithogenic soils. This corresponds well with recently published
works [23,24]. Our new data supports the hypothesis that skuas can affect the soil for-
mation and biogeochemical transformation of the paedoenvironments not lesser than
non-flying birds (e.g. various species of penguins). Moreover, the effect of flying birds
may be more expressed in spatial scale in comparison to effect of penguins of soil for-
mation [27].

The total organic carbon content showed that ornithogenic soils were essentially
enriched by organic compounds than the background mineral soils. This was quite

Figure 6. The content of phosphorus pentoxide (P2O5, mg/kg) in T1-5 sites (affected by flying birds)
and control sites (C, not affected by flying birds).

Figure 5. C/N ratio in soils T1-5 sites (affected by flying birds) and control sites (C, not affected by
flying birds).
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typical for soils of penguin rookeries [23,24,26]. Besides, our data gave the evidence that
the role of carbon accumulation under the skuas’ effect was well pronounced in the soils
of the Fildes Peninsula. In the scale of soil profiles, the content of total organic carbon was
the highest in the topsoil and lowest in the underlying parent materials. This corresponds
well with typical distribution of organic carbon in soil profiles of the Antarctic Peninsula
region [31].

The C/N ratio (Figure 5) have shown the same distribution trend in profiles that was
obtained for carbon. Due to the increased total nitrogen content, the C/N ratio became
more narrow and was less than 10. The background soils had the values of C/N ratio

Figure 8. The content of ammonia nitrogen (NH4-N, mg/kg) in T1-5 sites (affected by flying birds) and
control sites (C, not affected by flying birds).

Figure 7. The content of nitrate nitrogen (NO3-N, mg/kg) in T1-5 sites (affected by flying birds) and
control sites (C, not affected by flying birds).
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more than 12. We suppose that this parameter can be used as diagnostic feature of soils
affected by flying birds. The intensively decreasing of C/N ratio indicates possible setting
of nitrophilous species of plants in ornithogenic and postornithogenic areas. Moreover,
the enrichment of soils with nitrogen had geochemical transformation of edaphotope
at the micro- and mesoscale.

Since the feeding and breeding sites of the skuas were located mainly on the soils
formed on hyperskeletic debris of rocks on the elevated landforms, soil profiles were
often poorly developed and were presented mainly by Lithic Leptosols consisting of
few thin skeletal horizons with low portion of fine earth. Therefore, total organic
carbon and nitrogen content were sharply decreasing, which was generally typical for
most of Antarctic soils. However, it was even more pronounced in the case of ornitho-
genic soils where superficial horizons accumulate maximum amount of organic carbon
and nitrogen. This could be the additional diagnostic feature of ornithogenic soils in com-
parison with background ones.

Two types of spatial dynamics of total organic carbon and nitrogen were observed in
the microcatena distribution of biogenic elements. The first type was with maximum
content at the feeding sites, decreasing to the nesting place along with the relief includ-
ing intermediate points. This type of distribution was typical for P1–P3 and P6–P7 areas.
The second type had the maximum content in the nesting site with slightly reduced quan-
tity at the feeding site and with the lowest values at the remote sites. This type was typical
of areas P4 and P8.

The content of phosphorous was extremely high in soils of ornithogenic environments
in comparison with background plots (Figure 6). The difference in phosphorous content in
soil of T1-T5 plots (in terms of catenas) were essential in case of plots P1, P2, P7 and P8.
Soils of plots P4, P5, P6, P9 and P10 showed lesser differentiation on phosphorous content
within the plots type. The accumulation of phosphorous under the birds’ effect was well
corresponding to the data published by Simas et al. [13,28]. The high accumulation rate in

Figure 9. The content of potassium oxide (K2O, mg/kg) in T1-5 sites (affected by flying birds) and
control sites (C, not affected by flying birds).
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the beginning of catenas T1 and T2 resulted in migration of phosphorous via soil solutions
and its accumulation in T3 locations.

The 5–6 times higher content of mobile potassium oxide was observed in the topsoil
horizons of soils at the breeding and feeding sites of birds comparing to the T3 points. The
absolute content of available forms of phosphorous was slightly less than for the potass-
ium but at the nesting sites it exceeds the background values up to 10 times. This indi-
cates a significant role of the ornithogenic factor in phosphorous accumulation in the
fine-earth material.

The contents of potassium (Figure 9) were essentially lower than phosphorous in the
investigated soils. This supports the hypothesis that phosphorous can be considered as
the more pronounced fingerprint of ornithogenic effect on soil formation than potassium.
The highest content of K2O was the highest at the feeding sites (T1), indicating less poss-
ible mobility of K2O in comparison with P2O5.

Ammonium forms of nitrogen prevailed over nitrates in the studied soils (Figures 7 and
8). The difference between the maximum and minimum values could reach 15–17 times,
indicating a well-expressed ornithogenic enrichment of soils especially with ammonium.
The highest content of nitrogen forms within the catenas was normally in soils of the
feeding sites (T1), this indicated that the mobility of nitrogen was less than ability to
migrate of the phosphorous compounds. Therefore, these three chemical compounds
could act as key indicators of recent presence of birds in paedoenvironments, namely
(1) total organiс carbon, suggesting crucial changing of environments biogeochemistry
and ecosystem functioning; (2) total nitrogen, C/N ratio could be used for clarification
of soil diagnostics; (3) phosphorous, accumulating on the top of the hills and other
elevations could essentially change the biogeochemistry of extent territories.

Field studies in the hydrochemical parameters of water streams, shallow lakes and
ponds subjected to different degrees of ornithogenic influence (close to the nesting,
feeding sites and transitional routes of birds) also revealed significant differences in the
content of dissolved substances and compounds in the composition of surface waters.
For example, in background lakes that were far from large penguin rookeries and flying
birds’ nesting sites, pH varies within 6.5–8.3 and total mineralisation varies within 15–
150 mg/l [41]. In the lakes within large penguin colonies and small stagnant rock baths
(places of flying birds’ mass feeding), pH shifted to the alkaline range and reached 8.5–
9.3, and total cations content increased to 300–600 mg/l. The pH in water varied 6.5–
8.3, which is associated with dissolved hydrocarbonates, while pH values more than 8.5
were linked to the presence of easy soluble salts in waters and saturated the soils. The
presence of highly soluble salts could be resulted from increasing of topsoil’s richness
by various cations and their further binding with ionic components of original soil sol-
utions. The largest colonies of penguins as well as the abundant nesting sites of skuas
were situated on the Ardley Island adjacent to the Fildes Peninsula where the most pro-
nounced birds’ impact can be obtained. Additionally, the impact of zoogenic allochtho-
nous organic matter may not be only direct under the vast penguin rookeries but also
under the nesting sites of flying birds and aeolian or fluvial redistribution in the environ-
ment. For example, water samples from few shallow lakes showed 2–10 times higher con-
centration of phosphates (17.8 µg/l) than those in the lakes on the Fildes Peninsula that
are not affected by birds’ activity with phosphates concentration ranged 0.4-8.1 µg/l [41].
Ornithocoprogenic Leptosols developing under the penguin rookeries showed wide
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range of pH values from slightly alkaline (8.1–8.9) at the active nesting sites to the slightly
acidic (4.9–5.6) in the adjacent areas. Samples from the horizons of Lithic Leptosols devel-
oping at the sites of brown and southern polar skuas breeding and feeding showed no
differences in the level of total mineralisation compared to background analogues (30–
40 mg/l). However, there was a small shift to the acidic range (5.8–6.3) which might be
caused by the relatively more conserved bryophyte-lichen cover and acidification of
soil solutions that infiltrate the profile.

The principal component analysis (PCA) with rotated component matrix was con-
ducted to show the similarities among the soil parameters which may indicate
common sources. Three factors for the soils of feeding and nesting were obtained.
All loading is shown in Figure 10. Factor 1 (40%) contains TOC, TN, P2O5, K2O,
mostly reflecting leaching and terrestrial sources of ornithogenic organic matter.
Factor 2 contains (25%) contained P2O5, K2O, and N-NH4, indicating the accumu-
lation of nutrients in bird-affected soils. Factor 3 (18%) includes only N-NO3 due
to nitrification process which is opposite to accumulation of N-NH4. The non-
normal distribution of the data was confirmed through the Shapiro–Wilk test.
Thus, the Spearman correlations between these measured parameters of soils
were performed Table 1.

The Spearmen correlation coefficients (Table 1) have indicated the highest corre-
lation between TOC and TN as well as K2O and P2O, which well corresponds with
data of PCA analyses. This indicates that total organic carbon, total nitrogen, potass-
ium and phosphorous are the processes, directly originated from the bird activity.
The accumulation of ammonium form of nitrogen correlated negatively with total
organic carbon increasing, while the nitrate forms of nitrogen correlated positively
with TOC increment. This confirms the hypothesis that ammonification and nitrification
are multidirectional processes, and this is typical not only for zonal well-developed
soils but even for shallow leptic soils of maritime Antarctica with weakly developed
shallow soil profiles.

Figure 10. The load intensity diagram of PCA for measured parameters in all sampling plots.
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Conclusions

Brown and south polar skua species had a significant influence on the chemical compo-
sition of soils formed on the bird feeding sites on the Fildes Peninsula where the total
organic carbon and nitrogen and the available forms of phosphorous, potassium,
ammonium and nitrates accumulated. The effect of skuas on soil morphology was less
pronounced than that from the penguins. The ornithogenic soils formed under the
influence of skuas can be identified by the narrower C/N ratio compared to that in the
background soils. The geochemical influence of skuas’ nests and feeding places on
soils was very localised. Normally, there was no significant increase in the content of nutri-
ents in the fine-earth of the adjacent subordinated geomorphological positions (mesore-
lief). High carbon, nitrogen and phosphorous contents can be recognised as geochemical
fingerprints of ornithogenic formation of soils in recently abandoned sites of birds feeding
and breeding.
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