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1 Stable isotope analysis 
 

In 2014, all stable isotope measurements planned within the current project were 
successfully carried out at the stable isotope facility of our project partner at the Leibniz 
Institute for Zoo and Wildlife Research (IZW) in Berlin, Germany. Sample preparation was 
partially carried out at our institute (FIWI) and at the Micro-analytical chemistry lab at the 
Faculty of Chemistry, University Vienna (for CN analysis) and partially at the IZW in Berlin 
(for H analysis). 

 Altogether, we have prepared and analyzed 143 water samples for δ2H and δ18O 
(precipitation, river, water point samples; we re-analyzed all measurements from 2012), 240 
plant samples for δ13C and δ15N and over 2700 tail hair samples (cut into 1 cm increments) 
obtained from 10 Asiatic wild asses (Equus hemionus, khulan in Mongolian; 7 extant, 3 
historic), 12 Przewalski´s horses (Equus ferus przewalskii, 6 extant, 6 historic) and 6 extant 
domestic horses (Equus caballus) for δ2H, δ13C and δ15N. 

2 Tail hair growth rate determination 
 

To assign the isotope signature of our tail hair increments to Julian dates (for the 
seasonal patterns) information about the tail hair growth rate is of crucial importance. 
Therefore, an attempt was made to determine the tail hair growth rates for all three equid 
species. The tail hair growth rate was measured in 4 local domestic horses in Mongolia 
(herder Zaya) and one Lipizzaner horse in Austria (A. Haymerle), in 5 Przewalski´s horses at 
the Smithsonian Zoo (D.M. Reed, D. Pukazhenthi), USA as well as 3 domestic donkeys in 
Slovenia (S. and M. Sušnik). Variation, both between individuals and between species was 
high (Table 1). While the different growth rates observed between species were not 
surprising, high variation between individuals of the same species was not expected since 
according to literature (DUNNETT & LEES, 2003) tail hair growth rate in horses is relatively 
constant (about 2.1 cm/month) and independent of climatic changes, gender or age. 

Table 1: A compilation of the results from the tail hair growth rate measurements. 

Species Domestic horse* Przewalski´s horse Domestic 
donkey 

Mean (mm/day) 0.57 0.57 1.18 
sd between animals (mm/day) / 0.15 0.10 
max sd within animal (mm/day) 0.07 0.19 0.39 
Range (mm/day) 0.5 – 0.67 0.21 – 1.00 0.54 – 1.76 
N of animal included 1 5 3 
N of measurements/animal 4 4-9 6-7 
*Measurements from Mongolia not included in the table due to unclarified inconsistencies in the measurements.  

 Considering the results of our growth rate measurements neither the use of obtained 
mean values nor the literature value (2.1 cm/month) seemed to be satisfactory. Furthermore, 
once we had the isotope results we also observed differences in the tail hair growth rates 
when comparing isotopic δ2H, δ13C and δ15N patterns of the tail hair obtained from two 
Przewalski´s horses which were kept together at identical conditions for over a year and 
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whose isotope signatures should therefore be very similar. The results of the two horses 
indeed showed very similar isotope trends but the isotope pattern of all three isotopes 
showed different signal frequencies, i.e. compressed (or stretched) patterns which suggested 
different growth rates for the two animals. After correction for different growth rate, the 
isotope patterns (δ2H, δ13C and δ15N) of the two horses practically overlapped (Fig. 1), clearly 
indicating different growth rates. A similar approach is described in SCHWERTL et al. (2003). 
The protocol we used to assign Julian dates to the increments and the compiled data on the 
tail hair growth rate we obtained will be presented elsewhere.  

 

Figure 1: δ2H tail hair pattern of two Przewalskí s horses (13-057, 13-053) living together at identical conditions 
show similar but shifted isotope pattern. After correction for different growth rate, the δ2H isotope patterns of the 
two horses practically overlap (green line, 13-057 corr.). x axis denotes cut hair increments (mm from the root), y 
axis denoted δ2H in per mil.  

3 Short overview of the data collected 

3.1 δ2H and δ18O of precipitation and water in the Mongolian Gobi 
 

There is a huge lack of isotope data in the available literature for precipitation in 
Mongolia and therefore the data collected within our project will not only be of use for our 
project but once made publicly available will present an important contribution to other 
research groups, e.g. for Global Network of Isotopes in Precipitation (GNIP) which presents a 
basic database to inform a range of scientific disciplines (e.g. hydrology, meteorology and 
climatology, oceanography and limnology) and in studies related to the Earth's water cycle 
and climate. 

Precipitation samples collected between June 2012 and August 2013 consisted of 14 
snow samples and 14 rain samples. δ2H and δ18O values of snow varied between -243 ‰ 
and 180 ‰ with a mean value of -219 ± 19 ‰ and between -30 ‰ to -18 ‰ with a mean 
value of -26 ± 3 ‰, respectively. δ2H values of the Bij river (n=40, always sampled at the 
same location) were relatively constant and ranged between 15 and 18 ‰ for δ18O and 
between -153 % and 131 ‰ for δ2H, with a nadir in early spring, most likely as a result of 
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snow melt at higher elevations. Isotope values of various water points, including broken 
wells, lakes, marsh water, open standing water points, etc., ranged between -168 ‰ and -15 
‰ for δ2H and between -20 ‰ and +7 ‰ for δ18O and depended predominantly on the type of 
the water point with higher ratios determined for the large open standing water bodies 
exposed to high evaporation, such as lakes. Results of the samples analyzed are presented 
in Figure 2.  

 

Figure 2: δ2H and δ18O values of the analyzed water samples with local, regional and global meteoric water line. 

Local meteoric water line (LMWL) was calculated based on the obtained results of the 
precipitation samples and is compared to the regional meteoric water line (RMWL; NW 
China, Liu et al., 2009) and the global meteoric water line (GMWL).  

 

3.2 Plants 
 

Note: Unlike in the USA or Africa where most of the stable isotope studies in animal 
ecology have so far been conducted, in the cold steppes of Central Asia and Mongolia 
grasses use the C3 photosynthetic pathway whereas shrubs follow the C4 pathway (i.e. 
Haloxylon ammondendron and Anabasis brevifolia), thus the isotope pattern of browsing and 
grazing is reversed as compared to the USA or Africa. Haloxylon species have an unusual 
photosynthetic apparatus. Usually within a plant, all photosynthetic tissues have the same 
photosynthetic pathway this however is not the case with Haloxylon where cotyledons follow 
the C3 photosynthetic pathway whereas the shoots follow a C4 pathway (PYANKOV et al., 
1999). 
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We collected plant samples in 2012 and 2013 as presented in previous progress 
reports and altogether analyzed 240 samples for δ13C and δ15N. In 2012 we sampled 12 
different plant species, whereas in 2013 only 3 species (C3-Stipa sp. and Artemisia sp. and 
C4-Haloxylon ammodendron) were sampled and therefore comparison of isotope ratios 
between different years would not give reliable results, hence we combined the results from 
both years (for C3 and C4 plants, respectively). Results of the isotope analysis were distinctly 
bimodal (Fig. 3) and have mean δ13C values of C3 plants (grasses, herbs) at -25.5 ± 1.3 ‰ 
and of C4 plants (shrubs, semi-shrub) at -13.5 ± 0.5 ‰ (p<0.01). δ15N values of C3 plants had 
a mean value at 6.0 ± 2.8 ‰ and C4 plants at 8.5 ± 2.5 ‰ (p<0.01). Ranges in δ13C of 
individual plant species varied up to 5.5 ‰. This high variation is probably a result of different 
micro-environments as the plants were sampled all over the study area, encompassing 
everything between very dry areas to productive and green areas around the river beds.  

 

Figure 3: δ15N and δ13C ratios of the C3 and C4 plants in the Mongolian Gobi. Black points depict the mean values 
of C3 and C4 plants, respectively. 

 

3.3 Tail hair of extant equids 
 

As mentioned above, we have altogether analyzed tail hair samples obtained from 19 
extant equids. Average length of the tail hair was 61.5 cm (34 – 80 cm, n=6) for domestic 
horses, 51.3 cm (38 – 61 cm, n=6) for Przewalski´s horses and 45.4 cm (41 – 53, n=7) for 
khulan. The longest sampled hair was always used for the CN isotope analysis and the 
second longest for H isotope analysis. The time frames covered by the CN results are 
therefore usually somewhat larger than by the H results. 

Figure 4 presents the portion of C4 browse consumed by a typical member of each of 
the three species studied. % browse was calculated using the dual mixing model described 
in CERLING et al. (2007). Diet-hair fractionation factors for horses used in the model were 
+2.7 ‰ for δ13C and +1.9 ‰ for δ15N and were taken from AYLIFFE et al. (2004). The 
advantage of the model (as compared to SIAR model frequently used in dietary isotope 
studies) is that it takes into account three pools with different turnover rates, as follows: a 
pool with very fast turnover rate (t1/2~0.5 days) that makes up about 40% if the isotope signal, 
intermediate pool (t1/2~4 days) that makes about 15% of the isotope signal and a pool with 
very slow turnover rate (t1/2~140 days) that comprises up about 44% of the isotope signal and 
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is based on a horse controlled diet study of AYLIFFE et al. (2004).The model results clearly 
indicated differences in feeding preferences between the khulan on the one side and the 
Przewalski´s and domestic horses on the other. While the khulan is a generalist that switches 
diet seasonally (predominantly feeding on C3 diet in the summer and C4 browse in the winter, 
i.e. the time with highest competition for food with domestic animals), Przewalski`s and 
domestic horses are grazers to hyper-grazers that predominantly feed on C3 plant diet (>80 
%) but seem to also include C4 plants in their diet during extreme conditions (i.e. extremely 
harsh winters).  

 

 

Figure 4: Portion of browse (C4 shrubs) consumed by a typical member of each of the three studied species. 
Black solid lines denote % browse calculated based on the mean δ13C value of the C3 and C4 end-members, gray 
and green lines denote % browse consumed, calculated based on ±1 and ±2 standard deviations from the mean, 
respectively. 
 

We did not find a seasonal trend in the δ15N ratios for any of the three species. In 
general, δ15N values were higher in khulan than in the two horse species. This could be an 
effect of higher proportion of C4 plants in the diet of khulan as compared to horses. It might 
also be a result of different physiological responses to drought, while δ2H values are also 
highest in the khulan samples. However, there is currently a lot of controversy among the 
scientific community about the effect of stress on δ15N and δ2H of the animal tissue. 
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δ2H trends in tails were very similar for all species with highest peaks during summer 
(high ambient T, high δ2H of precipitation, high evaporation from the water points, highest 
loss of body water via breathing with preferential loss of lighter H isotopes) and nadirs during 
the winter periods (low ambient T, low δ2H of precipitation, no evaporation from the water 
points). 

 

3.4 Historic samples 
 

To compare the feeding preferences of the extant and historic equids we received an 
additional 4 khulan tail hair samples from the Zoological Institute of Russian academy of 
sciences in St. Petersburg (Table 2). Transport of the samples was kindly organized by 
Natalia N. Spasskaya from the Zoological Museum of Moscow Lomonosow State University 
and Mikhail Sabin from Zoological Institute of Russian Academy of Species (Cites import No. 
AT 14-E-1049). We selected adult animals for the isotope analysis (CNH). 

Table 2: List of historic khulan tail hair samples.  

No. Museum 
No. 

Skin 
No. 

Sex Age Year of arrival Location Collector Comments 

1 7197 3066 f ad 20.09.1889 N. Tien Shan, W 
from Lake 

Barkul 

Grum-
Grzhimailo 

G.&M. 

Transition 
(summer/winter) 

coat 
2* 7199 3065 m sad 20.09.1889 N. Tien Shan, W 

from Lake 
Barkul 

Grum-
Grzhimailo 

G.&M. 

Transition 
(summer/winter) 

coat 
3 7192 3062 f ad 24.09.1889 N. Tien Shan, W 

from Lake 
Barkul 

Grum-
Grzhimailo 

G.&M. 

Transition 
(summer/winter) 

coat 
4 5221 3079 f ad Summer 1890 West Mongolia, 

Kobdo 
Shishmare

v Ya. 
Transition 

(summer/winter) 
coat 

*Sample not included in the stable isotope analysis. 

We have now altogether analyzed tail hairs sampled from 9 historic equids, i.e. 6 
Przewalski´s horse and 3 khulan samples. Average length of the longest tail hair was 31.7 
cm (20 – 49 cm) for Przewalski´s horses and 47 cm (32 – 62 cm) for khulan. As for the extant 
samples, the longest sampled hair was always used for the CN isotope analysis and the 
second longest for H isotope analysis.  

4 International conferences and workshops 
 

We presented our first results on a poster, entitled “Ecological differences in three 
autochthonous equid species in the Mongolian Gobi inferred from stable isotopes in tail hair” 
on an European Geosciences Union General Assembly (Session: Application of stable 
isotopes in Biogeosciences) held in Vienna in April 2014. The first results presented the 
differences in feeding preferences between extant wild asses (khulan) and the two horses 
(Przewalski´s and domestic horse). We showed that khulan switch regularly between periods 
with predominantly feeding on C3 diet with low incorporation of C4 diet (summer) and periods 
with high incorporation of C4 (winter) diet, whereas Przewalski`s and domestic horses 
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predominantly feed on C3 plant diet but seem to also include C4 plants in their diet during 
extreme conditions (i.e. extremely harsh winters). 

 
 In September, M. Burnik Šturm attended the 1st International Summer School on 
Stable Isotopes in Animal Ecology organized by Berlin Brandenburg Centre for Stable 
Isotopes in Ecology and held at Leibniz Institute for Zoo and Wildlife Research (IZW) and 
Museum of Natural History in Berlin, Germany (15. – 19.9.2014). The Summer School 
hosted several eminent lecturers and instructors including the pioneers in the field of stable 
isotopes in animal ecology Kieth A. Hobson (Environment Canada) and Leonard 
Wassenaaar (International Atomic Energy Agency, Vienna). It covered broad range of 
relevant topics: 

§ Stable nitrogen and carbon isotope ratios as markers for animal diets and trophic 
positions, 

§ Analyses of stable hydrogen isotope ratios for the study of animal migration (including 
application of isoscape origin models), 

§ Use of labelled compounds in eco-physiological studies, 
§ Use of multiple isotopes in the study of food webs and trophic interactions, 
§ Use of stable isotope approaches in paleo climate reconstructions. 

Participants were involved in all aspects of sample preparation and analysis (using 
conventional gas mass spectrometers and laser spectroscopes) as well as data analysis 
(using different packages in R statistical software, e.g. SIAR – Stable isotope analysis in R 
and SIBER – Stable isotope Bayesian ellipses in R) and interpretation.  

All participants (Fig. 5) were asked to shortly present their projects which showed an 
impressing broad specter of the possible use of stable isotope analysis in animal ecology. 
The statistical knowledge obtained at the Summer School was consequently used to 
calculate the isotopic niche of the three autochthonous Mongolian equid species in our 
current project. 

 

Figure 5: Participants of the 1st International Summer School on Stable Isotopes in Animal Ecology. 
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