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Abstract 
The δ15N values of stable nitrogen isotopes were determined in samples of organic matter (OM) of 
podetias of lichen Cladonia pocillums (Ach.) Grognot, collected across 10 altitudinal levels within 
the range of 1550 - 2900 m.a.s.l. of both steppes and highland meadows of the Khangai Mountains 
(Mongolia). No correlation between the δ15N values of lichen OM and the altitude range was de-
tected at the regional scale. However, there is a positive correlation δ15N values in OM C. pocillum 
with of the nitrogen content in the podetias. 
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1. Introduction 
Study of the isotopic composition of nutrients (nitrogen, oxygen, sulfur, carbon, and others) and the fractiona-
tion, i.e. changes in the ratio of isotopes during the metabolic processes in the last decade is used extensively in 
studies of animal ecology, fungi, plants [1]-[6]. Nitrogen is one of the main elements of proteins, which are the 
predominant metabolites of living organisms. This element has two stable isotopes, one of which is 14N and it 
makes up the vast majority of nitrogen in the environment (99.636%), whereas the content of the second isotope 
(15N) is 0.364% [7]. The average ratio of the heavy isotope to the light isotope on the planet is equal to 3.677 × 
10−3 [7]. However, some variations of this average ratio can be observed in nature depending on the material and 
the properties of environmental factors under which this material functions; these variations are monitored and 
used in ecological and some other investigations. If the nitrogen isotope ratio in the investigated material is less 
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than the value cited above, it is assumed that the substrate material is enriched in the 14N isotope, and conversely, 
the substrate material is considered to be enriched in the 15N isotope when the isotope ratio is above the global 
average value [7]. However, these values are so low that in practice the stable isotope ratios of substrates are 
determined relative to their ratio in the widely accepted standard (in the case of nitrogen, this is atmospheric ni-
trogen N2); this value is symbolized as δ15N and it is measured in ‰ [4]. The naturally occurring ratio of the sta-
ble isotopes of nitrogen (15N/14N) in organic matter (OM) of individual organisms as well as populations and 
other organism communities is considered to reflect, on one hand, an integral index of the nitrogen cycle inten-
sity in the investigated objects, and, on the other hand, this ratio is regarded as a marker of nitrogen sources and 
trophic relationships between organisms [3]-[5] [8]. 

The majority of studies regarding the detection of the 15N/14N ratio in OM were carried out in higher plants [2] 
[3]. The amount of similar research articles where measurements of 15N/14N ratios in OM of algae, cyanobacteria, 
and lichens were described is relatively low, even though these photoautotrophic organisms are widely repre- 
sented in both land and water ecosystems. Lichens (lichenized fungi), for example, are quantitatively abundant 
in organism communities which occupy about 8% of the land surface [9]. They inhabit soil, tree bark, leaves, 
rocks, bones, and even man-made substrates. In any habitat, lichens are a source of food for many groups of 
animals [10] [11]; this has been confirmed by direct observations [12] as well as using measurements of the nat-
ural stable nitrogen isotope ratio in OM of lichens and animals [13] [14]. Apparently, depending on the species 
compositions of groups formed by lichens and the mass produced by them, lichenized fungi are somewhat in-
volved in the nitrogen cycle of ecosystems [15]. 

Lichens are the symbiotic phenotype of nutritionally specialized fungi (mycobionts), ecologically obligate bi-
otrophs which acquire fixed carbon and in some cases nitrogen from minute cells of a population of their alga or 
cyanobacterium symbionts (photobionts) [16].  

The fungi which can form lichens are also called lichenized. They all belong to various taxonomic groups of 
the fungi kingdom. Their common feature is nutritional specialization; their name—lichens or lichenized fun-
gi—falls into the same category of terms as, for example, mycorrhizal fungi or plant pathogenic fungi. The inte-
raction of all lichen bionts results in the lichen body formation which is otherwise called thallus. 

Depending on the type of photobiont, lichens demonstrate different ways of nitrogen production. According 
to this characteristic, they can be correspondingly divided into at least two different groups [15]. The first group 
consists of chlorolichens containing two bionts (about 85% of the total number of all known lichen species), the 
primary photobiont of which is usually represented by green algae, mainly by representatives of Trebouxia spe-
cies. As other eukaryotic organisms, they are not capable of the direct assimilation of atmospheric molecular ni-
trogen. Their nitrogen supply is fully determined by the inflow of inorganic (nitrate, ammonia NH3, and ammo-
nium ions) as well as organic nitrogen compounds (amino acids, ergosterol, chitin, and others) on the surface of 
lichen thalli in the form of both solid and liquid depositions. This explains low nitrogen concentration in thalli of 
chlorolichens; this value is on average 10 µg/g of dry mass [17]. 

The second group is represented by cyanolichens consisting of two bionts (about 10% of the total number of 
all known lichen species), which contain cyanobacterium, often a representative of Nostoc species, as the pri-
mary photobiont. Similar to independently living cyanobacteria, these photobionts are able to fix atmospheric N2, 
thus providing an additional nitrogen intake in lichen thalli. Additionally, cephaloidal lichens containing three 
bionts (3% - 4% of all existing species of lichens) can also be classified as lichens corresponding to the same 
group; these lichens contain green algae of Coccomyxa, Trentepholia, and Dictyochloropsis species as the pri-
mary photobiont, whereas their third biont is represented by nitrogen-fixing bacteria that are located in specific 
formations called cephalodia. Generally the lichens of this group are characterized by high concentrations of 
thallus nitrogen; this value is on average 34 and 24 µg/g of dry mass in the case of lichens containing two and 
three bionts, respectively [17]. It should also be noted that, in the case of lichens containing cyanobacterium 
symbionts, the fixation of molecular nitrogen is just an additional source of this element intake, whereas the in-
flow of compounds containing nitrogen on the thallus surface in the form of solid and liquid depositions remains 
the main source of nitrogen supply [17]. 

The δ15N values of various lichens were determined to vary from −21.5‰ [18] to +18‰ [19]; the highest 
values were found in thalli collected from rocks near bird colonies of Antarctica. The highest values of the total 

3NO− , 4NO+  nitrogen content in lichen thalli were also detected in the same regions. 
Lichens belong to the group of poikilohydric organisms; this means that they contain no structures responsible 

for the water cycle regulation of their thalli with the environment [20]. In dry conditions, they become cryptic, 
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as there are no metabolic processes in their thalli. Chlorolichens are capable of photosynthesis in the case of a 
high percentage of water vapor in the air, that is, in the early morning after sunrise and later in the evening just 
before sunset. Cyanolichens, on the other hand, require their thalli to be saturated with liquid water to perform 
photosynthesis [21]. 

It should be noted that there are many lichen species which occupy spacious natural habitats. For example, 
more than a quarter of 400 species living in Antarctica dwell also in the Northern Hemisphere [22]. Moreover, 
similar species can reside in different organism communities. This fact together with their slow growth and be-
longing to poikilohydric organisms makes lichens a very convenient object for studying of the dependence of 
various nitrogen metabolism processes at a local, regional, and global scale; mainly, this is related to the fact 
that OM of lichens integrates the influence of different ecological factors in their specific microhabitat over a 
long period of time. 

One of the environmental factors which influence the whole complex of features of organism habitats is the 
altitude of a region since this characteristic affects dramatically the air temperature and the temperature of a 
substrate, the amount of atmospheric precipitation, the air pressure, the solar spectrum, and other parameters. 
There are many lichen species which dwell within a wide range of altitudes [23], so that the use of such species 
for measurements of the 15N/14N ratio in OM allows one to obtain useful data about variations in metabolic 
processes depending on environmental conditions on the species level. The aim of this work was to reveal the 
dependence of the naturally occurring stable nitrogen isotope ratio in lichen OM on its habitat altitude at both 
local and regional scales. 

2. Materials and Methods 
The 14N/15N ratio was measured in specimens of the lichen Cladonia pocillums (Ach.) Grognot from the herba-
rium of lichens kept at the Laboratory for Radioecological Monitoring of Nuclear Power Plant Regions and 
Bioindication, Severtsov Institute of Ecology and Evolution Russian Academy of Sciences. The lichens were 
collected by this author on the Khangai Mountains, Mongolia, in the course of research performed by the Joint 
Soviet-Mongolian Biological Expedition (table). The collection material has been repeatedly used to measure 
the ratios of stable isotopes in lichen thalli [24]-[26]. 

The Mountains are located in the central part of western Mongolia. The western and eastern edges of the 
Khangai are located near 92˚E and 106˚E, respectively; the southern edge is situated slightly to the south of 
46˚N, whereas the northern edge is located north of 50˚N. Overall, the Khangai is considered to be a typical me-
dium-high mountain country containing a combination of mountain ridges within a height range of 2000 - 3500 
m together with intermountain valleys of different width, the altitude of which is more than 1000 m above sea 
level [27]. The maximum elevation of the main mountain ridge of the Khangai, which is a part of the global wa-
ter divide, is located in the Otgon Khairkhan Nuru mountain range, the highest peak of which is called Otgon- 
tenger (3905 m.a.s.l.) and a deep layer of snow has been preserved there in summer for many decades. 

The location of the Khangai Mountains in the center of the powerful Asian anticyclone results in the extreme 
continental climate of the region. The difference in average temperatures between January and July reaches 
32˚C - 43˚C and the change in temperature from day to night is as significant. According to the system of solar 
climate zones, the Khangai is situated in the dry steppe zone between the 200 and 350 mm isohyets, −20˚C and 
−25˚C January isotherms, and 16˚C and 18˚C July isotherms [28]. Another extremely important factor is that the 
Khangai is located in the permafrost zone. However, all these common parameters are transformed quite signif-
icantly under the influence of the orography, which thus determines the specific climatic features of different 
parts of the Mountains as well as the mixed character of both top soil and plant cover [23] [28]. Here, against the 
background of zonal changes from a semidesert to a steppe and even a forest, various forms of vertical climate 
zone aspects can be observed. Taking into account both vertical and horizontal zoning, the whole territory can 
be divided into six regions: Northern, Western, Central, Northeastern, Eastern, and Southern Khangai [29]. 
Overall, grasslands such as steppes and meadows prevail on the territory under study, in which lichens play a 
specific and in some cases quite significant role [30] [31]. 

Lichen C. pocillum represented a life form of epigeic plagio-orthotropic squamous-fruticose lichens with aw-
lor cup-like podetia [32]. It should also be noted that the investigated species belongs to chlorolichens, so that its 
photosynthetic biont is represented by green algae in the thallus. In this case, this was a representative of the 
Trebouxia species. Correspondingly, this lichen is not able to N2 fixation. Thallus consists of a horizontal, 
formed into squamules of 5 - 10 mm diameter, tightly pressed against the substrate and vertical formed podetia 1 
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- 3 cm in height with cup-like correct shape. Representatives of this species in Mongolia are found mainly on the 
ground, among moss on the rocks in the steppe, meadow, forest communities of low-, medium- and high-alti- 
tude belts of Khangai, Hovsgol, Khentei, Mongolian Dauria, Hovd, Mongolian Altai, Gobi-Altai botanic-geo- 
graphic provinces [33] [34]. The presence of this species they recorded on all continents of Earth from the isl-
ands of the Arctic to Antarctica, as in the plains and in the mountains. To perform the measurements, thalli col-
lected on ground within the range of 1550 - 2900 m.a.s.l. in highland and midland meadows and steppes of the 
Central, Eastern and North-Eastern Khangai were selected from the herbarium collection (Table 1). The altitude 
during the collection process was determined using an aviation altimeter with an accuracy of 10 m. The distance 
between edge points of the material collection was about 300 km along the west-east direction. 

To determine the natural ratio of the 14N and 15N stable isotopes, four intact thalli were separated from each 
lichen sample stored after the expedition in paper bags in dry conditions, that is, in the cryptic state. The thalli 
were thoroughly washed with deionized water to remove any pulverulent particles of some other samples from 
their surface that were stored in the same herbarium bag. The thalli were then dried at 40˚C for 24 h. To perform 
the isotope analysis, a sample (1 - 2 mg) was separated from each individual thallus using a pair of metal forceps. 
It wos apical parts of cup-like podetia.  

The prepared dry samples were weighed using a Mettler Toledo MX5 scales with an accuracy of 1 µg and 
then encapsulated in tin foil. The 15N and 14N stable isotope ratio as well as the nitrogen content were measured 
in 40 samples prepared as described above and representing 10 different altitudinal levels. The measurements 
were carried out at the Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Moscow, 
using a set of equipment consisting of a Thermo Flash EA 1112 element analyzer and a Thermo-Finnigan Delta 
V Plus isotope mass spectrometer (Germany). In detail, a sample encapsulated in tin foil is first delivered to a 
reactor preliminarily heated to 1020˚C and then combusted in the presence of oxygen. The combustion products 
are catalytically oxidized to CO2 and N2, then separated on a chromatographic column in a helium flow and fur-
ther delivered to the mass spectrometer. At the next stage, ionized nitrogen molecules of different mass 
(28/29/30) are separated in the mass spectrometer in the presence of a strong magnetic field. The current inten-
sity of molecules of different mass is estimated using Faraday detectors; this procedure therefore allows one to 
determine the nitrogen isotopic composition of the investigated sample. 
 
Table 1. The locations of sampling sites of Cladonia pocillum thalli on different altitudes in the communities of the Khangai 
Mountains and average (M ± SE, n = 4) of δ15N, ‰ and N, % values in organic matter of podetia, in brackets is coefficient of 
variation.                                                                                              

Index Altitude, 
m.a.s.l. Location of site, community δ15N, ‰ N, % 

I 2900 Central Khangai, southern slope of Khuh-Nur lake basin, 47˚32'N, 98˚30'E.  
Kobresia meadow [Kobresia sibirica (Turcz.ex Ledeb.) Boeck.] with various herbs. 

−2.0 ± 0.6 
(59%) 

0.7 ± 0.1 
(16%) 

II 2800 Central Khangai, southern slope of Khuh-Nur lake, 47˚32'N, 98˚30'E. 
Sedge-kobresia meadow. 

−2.5 ± 0.3 
(27%) 

0.6 ± 0.1 
(17%) 

III 2500 Eastern Khangai, flat top of Ikh-Khairkhan Mountain, 47˚07'N, 101˚59'E.  
Kobresia meadow with slide rocks. 

−3.8 ± 0.9 
(49%) 

0.7 ± 0.1 
(30%) 

IV 2390 Eastern Khangai, flat top of peak, 47˚17'N, 101˚50'E. Kobresia meadow. −4.4 ± 0.7 
(30%) 

0.8 ± 0.1 
(18%) 

V 2080 North-eastern Khangai, the flat top of Burgut ridge, 48˚10'N, 103˚15'E.  
Kobresia meadow with various herbs and Betula fruticosa. 

−3.0 ± 0.2 
(14%) 

0.8 ± 0.2 
(38%) 

VI 2000 Central Khangai, sands valley, 48˚35'N, 96˚37'E. −3.9 ± 0.4 
(22%) 

0.8 ± 0.1 
(18%) 

VII 1900 Eastern Khangai, eastern slope of river basin, 47˚15'N, 102˚00'E.  
Petrophyte steppe. 

−4.4 ± 0.6 
(29%) 

0.6 ± 0.1 
(20%) 

VIII 1800 North-eastern Khangai, the top of peak, 49˚20'N, 104˚05'E. Petrophyte steppe. −3.2 ± 1.2 
(76%) 

0.8 ± 0.1 
(14%) 

IX 1700 Eastern Khangai, the flat top of ridge. 47˚26'N, 102˚01'E. Petrophyte steppe. −1.4 ± 0.7 
(99%) 

1.4 ± 0.3 
(36%) 

X 1550 North-eastern Khangai, southern slope of ridge, 49˚10'N, 103˚46'E. Stipa steppe. −1.8 ± 0.7 
(81%) 

0.9 ± 0.1 
(14%) 

Average for all samples (40) −3.0 ± 0.3 
(53%) 

0.8 ± 0.1 
(37%) 
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The isotopic composition (δ15N, ‰) was expressed in parts per thousand relative to a standard according to 
the following equation: 

( )15 3δ N 10Rlich Rst Rst= − ×  ‰ , 

where Rlich is the 15N/14N ratio experimentally determined in the lichen sample, and Rst is the same ratio in the 
standard, i.e., in atmospheric nitrogen: Rst = 0.0036765 [2]. 

To calibrate the equipment used in this study, glutamic acid with the annotated δ15N value (IAEA reference 
materials USGS-40, USGS-41) was utilized; acetanilide served as the laboratory standard. The analytical error 
of the δ15N value detection did not exceed ±0.3‰. 

Experimentally determined values of δ15N, total N (%), and elevation (a.s.l.) at lichen collection sites were 
processed statistically at a p = 0.05 significance level using corresponding applications in the Microsoft Excel 
2003 program package. 

3. Results and Discussion 
The results of measurements of the stable nitrogen isotope ratio (15N/14N) in OM of C. pocillum expressed in 
average δ15N values as well as the nitrogen content (%) in thalli of lichens collected at different altitudes are 
presented in Table 1. 

The average δ15N values in OM of C. pocillum lichens collected across 10 different altitudinal levels vary 
from −4.4‰ to −1.4‰, whereas the nitrogen content in the same samples varies within 0.6% - 1.4% (Table 1). 
Specific δ15N values in all 40 investigated samples cover a wider range; that is, they vary from from −6.7‰ to 
+0.1‰ with average value for all 40 samples −3.0‰ ± 0.3‰, whereas the nitrogen percentage values in this 
case were determined to be within the range of 0.5 - 1.9. 

The coefficient variation of δ15N values for all samples is 53%, and for each level of this altitude ranges is 
from 14% to 99% (Table 1). The highest values of the last parameter marked samples of the habitats in the 
range of altitudes 1550 - 1800 m (76% - 99%), while the lowest are at altitudes of 2000 and 2080 m, 22% and 
14%, respectively. The coefficient of variation of N% values in all samples is 37%, and for each level of this al-
titude ranges is from 14% to 38%. The highest value of the last parameter marked for habitat at altitudes of 2080 
and 1700 m (38% and 36%), while the lowest—at altitudes of 1800 and 1550 m (14%). 

Values of the correlation coefficient between all altitudes used for the sample collection and the δ15N values 
and the nitrogen percentage in lichen OM are very low (Table 2); this confirms the absence of any functional 
dependence of the stable nitrogen isotope ratio on these parameters at a regional scale where lichen thalli were 
collected. But it should be noted once again that the Khangai Mountains territory is characterized by spatial he-
terogeneity and as mentioned above the region-averaged climate characteristics are transformed significantly by 
the orography, which determines the specific climatic characteristics of different parts of the Mountains and, in 
the end, the mixed character of both topsoil and plant cover as well as the role of lichens in ecosystems. 

The C. pocillum samples were collected in different parts of the Khangai, such as the Central, Eastern, and 
North-Eastern districts of region, as well as in various types of grasslands, including highland meadows together 
with lowland and midland petrophyte steppes. 

One series of samples was collected in the Central district of the Khangai. If these samples were analyzed 
separately from the rest of the collected material, we would find that an increase in altitude of habitats, where 
the C. pocillum samples were collected, correlates with the heavy 15N isotope increase in lichen OM (the corre-
lation coefficient is 1.0). The correlation coefficient between the nitrogen content in thalli and the altitude was 
calculated to be −0.5 (Table 2).  

Another series of samples represents the Eastern and North-Eastern districts of the Khangai; in these cases, 
the correlation coefficient between the δ15N values in lichen OM and the sampling point altitude is significantly 
negative (Table 2). The ratio of stable isotopes in lichen thalli in this case is most probably related to the content 
of nitrogen (the correlation coefficient is 0.8 - 0.9). 

Among all the collected samples, there is also a group of specimens collected in highland meadows and in 
steppes (Table 1). The correlation coefficients between the δ15N values in OM of lichen and the altitude of 
steppe habitats of lichen were also found to be significantly negative, whereas same parameter for meadow ha-
bitats of lichen is positively (Table 2). Apparently, the δ15N value in OM of C. pocillum lichen depends some-
what on the nitrogen content in thalli, and the latter value in most cases shows dependence on the lichen habitat 
altitude (Table 2). 
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Table 2. Correlation coefficients between δ15N (‰) values or the nitrogen content (N, %) in OM of C. pocillum lichen and 
an altitude (H, m) of habitats at a regional and a local scale.                                                      

Object Parameter H δ15N 

Whole territory 
δ15N −0.1 # 

N −0.4 0.6 

Steppes, all districts 
δ15N −0.8 # 

N −0.5 0.8 

Highland meadows, all districts 
δ15N 0.6 # 

N −0.7 −0.3 

Eastern Khangai 
δ15N −0.6 # 

N −0.5 0.9 

Central Khangai 
δ15N 1.0 # 

N −0.5 −0.4 

North-Eastern Khangai 
δ15N −0.8 # 

N −0.3 0.8 

 
The data on the values of δ15N in OM C. pocillum from other regions are absent in available to me publica-

tions. I found no information about this one, and for species of the genus Cladonia similar life form. In the spe-
cies of this genus belonging to the life form of orthotropic fruticose branched lichens (C. portentosa, C. stellaris 
and other) averages δ15N values are in the range of −8.0‰ to +2.5‰ [35]. 

Nevertheless, the majority of similar studies of δ15N values in OM of vascular plants show that an increase in 
an altitude where samples for the measurement of the nitrogen stable isotope ratio were collected correlates with 
a decrease in δ15N values in plant OM. This dependence was observed for representatives of a few vascular epi-
phyte species (for example, Bromeliaceae, pteridophytes and others) of mountain forests of Mexico [36], plants 
of highland meadows of Austria [37] [38], and different vascular plants of Ethiopia collected in the altitude 
range of 930 - 4050 m [39]. 

However, there are also less unambiguous data available in the case of the distribution of δ15N values in OM 
of vascular plants. For example, plants for the measurement of δ15N values were collected at 18 different sam-
pling points in mountains near Beijing (China) in the range of altitudes varying from 400 to 2300 m [40]. The 
average δ15N values in OM of a few plant species collected at the same altitudinal level demonstrated their pa-
rabolic dependence on the sampling point altitude; that is, the average δ15N values decreased with an altitude in-
crease from 400 to 1350 m and then they increased up to the altitude of 2300 m. However, the graphs presented 
in this article, which illustrate this correlation for each species separately, confirm that some species do not 
demonstrate the above described dependence; some species are characterized by a simultaneous increase in δ15N 
values with altitude, whereas others demonstrate an inverse correlation [41]. In the above mentioned article 
about the studies carried out in the mountains of Mexico [36], the investigation of δ15N values in OM of repre-
sentatives of 98 vascular epiphyte plant species showed that there is no correlation between δ15N values in OM 
of all plants collected at a certain altitudinal level (six different levels within the altitude range of 720 - 2370 m 
were extensively studied) and the sampling point altitude (the correlation coefficient is equal to 0.15). 

The data on the altitudinal distribution of δ15N values in OM of bryophytic organisms depending on the habi-
tat altitude confirm that the nitrogen stable isotope ratio in their tissues simultaneously increases with altitude. 
The same trend was observed in the southwestern part of China where δ15N values in both young and old tissues 
of Haplocladium microphyllum moss increase with an increase in the sampling point altitude (the samples were 
collected at 990 and 3276 m above sea level) [42]. It should be noted, however, that the lowest sampling point 
was located on the territory of a city with a large population, that is, the region was enriched in nitrogen-con- 
taining compounds. In Austria, the studies of δ15N values in tissues of a few moss species, which were collected 
from 220 sampling points that were located pretty much evenly on the territory of the country (2,5 sampling 
points per 1000 km2), demonstrated the highly significant positive correlation between δ15N values in moss tis-
sues and the sampling point altitude [43]. To summarize, mosses, which, as well as lichens, belong to thallo-
phyte and poikilohydric organisms, demonstrate a different dependence of δ15N values on the habitat altitude 
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compared to the C. pocillum lichen in the Khangai Mountains. 

4. Conclusion 
Today interpretation of the results is difficult because of the lack of such data on δ15N values in OM for repre-
sentatives of C. pocillum from other regions. Undoubtedly, more research needs to be performed to fully explain 
the data. At the moment, unfortunately, the obtained values cannot be related to any specific data on the air 
temperature, the amount of atmospheric precipitation, or any other environmental parameters of sampling point 
locations since there are only poor data on climatic characteristics available for the territory of Mongolia. The 
revealed dependences allow us to speculate that the results obtained on a local scale are not always in agreement 
with those that characterize the region overall. The data on δ15N values in OM of the average sample from sev-
eral species of community at a certain altitudinal level are undoubtedly of great importance for the establishment 
of variation on altitude; however, the most important information is represented by the data on δ15N values of 
concrete species that dwell at all altitudinal levels. 
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