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Abstract. This study examines the dietary preferences of Turuchan pikas in its 

natural habitat. We found some correlations between the chemical composition 

of plants and their selection by pikas: individuals prefer nitrogen-rich plants both 

while grazing and caching; plants high in secondary metabolites primarily during 

caching and grazing in August; and sodium-rich plants mainly during grazing. 

Nitrogen is a key limiting nutrient for animal vitality, while sodium is often 

scarce in terrestrial plants consumed by herbivores. The preference for plants 

containing secondary metabolites may be linked not only to nutritional value but 

also to their medicinal properties, particularly relevant during periods of botfly 

larval infestation. Additionally, pika haypiles contain a high proportion of toxic 

plants, supporting the hypothesis that these compounds help preserve the nutri-

tional quality of stored forage. Although morphological analysis indicates that 

the choice of plants for caching is not driven by transport efficiency, the con-

ducted experiment shows that pikas maximize the amount of food carried per trip. 

These findings enhance our understanding of the foraging strategies of the 

Turuchan pika in its natural habitat. 

Keywords: Herbivore foraging behavior, Forage Selectivity, Grazing Diet, 

Caching Diet, Macronutrients, Secondary Metabolites 

1 Introduction 

Continued climate change is expected to shift plant community composition [1], posing 

risks for herbivores with limited dispersal abilities. Pikas (order Lagomorpha) are small 

herbivorous mammals characterized by low dispersal capacity [2, 3]. Early studies con-

sidered pikas dietary generalists because they did not account for the actual availability 

and accessibility of specific plants, leading to an overestimation of their feeding breadth 

[4–7]. However, more recent studies have provided evidence that pikas selectively 

choose certain plant species, particularly when caching food for winter [8-16], indicat-

ing a degree of dietary specialization. This specialization is important to consider be-

cause analyses of population declines linked to climate change show that reductions in  
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food resources are a common direct cause [17], and species with specialized diets are 

especially vulnerable under conditions of high risk and resource uncertainty [18]. De-

spite this, dietary specialization remains poorly studied even in species with well-doc-

umented diets. Pikas are also known to be sensitive to high temperatures [10, 19]. High 

surface temperatures restrict their activity on the surface, forcing them to seek shelter 

in cooler refuges and thereby limiting the time available for foraging. Thus, rising tem-

peratures due to climate change directly reduce the temporal windows for foraging be-

havior, imposing behavioral constraints in addition to the reduced availability of food 

resources [20]. Understanding pika foraging behavior is therefore essential for compre-

hending ecological relationships within ecosystems where they serve as significant pri-

mary consumers. This knowledge is also critical for predicting how these ecosystems 

may respond to ongoing climate and landscape changes.  

Two types of foraging are known in pikas: grazing on fresh plants and caching veg-

etation, usually in haypiles. Cached plants likely form the main winter diet, although 

this has been quantitatively confirmed only for the American pika (Ochotona princeps 

Richardson, 1828) [21]. All studied pika species are central-place foragers: they 

transport food to specific locations within their home ranges, primarily when caching. 

Based on studies of the subgenus Pika, the following hypotheses have been formulated: 

during consumption in the growing season, pikas act as generalists, although in some 

habitats they prefer grasses; during caching, pikas display selectivity, primarily storing 

forbs and often plants containing high levels of toxic secondary metabolites [22, 23]. 

This selective storage may reduce competition with other herbivores or help preserve 

nutritional quality over winter. According to optimal foraging theory [24], central-place 

foragers are expected to select forage items for caching that maximize energy or nutri-

ent gain per transport effort. 

The subject of our study is the Turuchan pika (Ochotona turuchanensis Naumov, 

1934), an important component of the taiga ecosystems of Eastern Siberia, a region 

undergoing pronounced climatic shifts. This species plays a crucial ecological role as 

key prey for many predators during winter and significantly influences vegetation dy-

namics through its foraging activity. Despite its ecological importance, little is known 

about the foraging strategies of the Turuchan pika. Our study addresses the following 

questions: (1) Do Turuchan pikas selectively consume forage items with particular nu-

trient profiles during grazing and caching? (2) As central-place foragers, do Turuchan 

pikas preferentially select larger plant fragments when transporting food for caching? 

2 Methods 

2.1 Study Area and Species 

Fieldwork was conducted at three Turuchan pika settlements on the Primorsky Ridge 

(Russia) during the growing seasons of 2022–2024. 
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2.2 Forage Plant Preferences 

The grazing diet of the Turuchan pika was determined based on cuticular-coprological 

analysis [25] for 12 individually marked pikas from 3 settlements, with analyses con-

ducted separately for each month over a 3-month period in 2024 to identify dynamics 

in dietary preferences. Forage items are plant fragments consumed by pikas based on 

direct observations: for all trees, shrubs, and subshrubs, as well as Veratrum nigrum 

and Hemerocallis minor, these are leaves (needles for conifers); for herbaceous plants 

(excluding Veratrum and Hemerocallis), forage items consist of stems with leaves and 

flowers. In this manuscript, the terms “forage items” and “plants” are used interchange-

ably and synonymously to refer to the plant material collected and cached by pikas. The 

proportions of forage items in the diet of each animal were compared with the abun-

dance of these forage items, assessed using method of «forage units» [26] within a 20-

meter radius centered on the shelter most frequently used by the given animal (method 

details are provided in [27]). The caching diet was determined by analyzing haypile 

composition, using the procedure described in [28]. In this study, 30 haypiles of 

Turuchan pikas from Nizhny Kochergat and 50 haypiles from Maloye Goloustnoye 

were analyzed in August of each year from 2022 to 2024. The dry weight of the ana-

lyzed haypiles ranged from 300 to 1080 grams. It is important to note that pikas usually 

create relatively small caches on the surface in the form of haypiles, and then carry the 

dried plants into rock crevices for storage. For each individually distinguishable pika, 

we analyzed at least three haypiles during August, when chemical composition data of 

plants were also obtained. Pikas usually continued caching until early October.  

To determine grazing diet preferences, we also conducted a baited trap experiment.  

From May 26 to June 20, 2024, we set one trap per site across the home ranges of 20 

individuals. Traps were baited with aspen (Populus tremula) leaves or birch (Betula 

pendula) leaves. Over three consecutive days, we recorded the number of bait removals 

and the number of pika captures. This experimental design was motivated by observa-

tions made during trapping sessions, wherein Turuchan pikas exhibited a markedly 

higher capture rate in traps baited with aspen leaves compared to those with birch leaves 

in spring. Conversely, during summer and autumn, capture rates were comparable be-

tween traps baited with either plant species.  

2.3 Chemical Analysis 

In mid-August, plant samples growing in the habitats of Turuсhan pika were gathered. 

To account for individual variability, we collected 10 specimens of each plant species, 

dried in a thermostat at 60°C, ground, then thoroughly mixed all samples using a cen-

trifuge. From the mixture, a 2-gram subsample was taken for each species and analyzed 

for the content of various chemical components. Crude fiber was determined by the 

Henneberg and Stohmann method [29]. Carbohydrates were determined by the Ber-

trand method [30]. Crude ash was determined by dry ashing. After wet ashing in a 

mixture of concentrated H₂SO₄ and H₂O₂, phosphorus and nitrogen were measured by 

photocolorimetric methods; calcium and magnesium at 550°C by complexometric 

methods; sulfur by turbidimetric method; potassium by flame photometry [30, 31]. So-

dium was determined after dry ashing of the plants at 550°C in hydrochloric acid extract 
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[30]. Identification of specific secondary metabolites present in the plants was con-

ducted based on literature data. 

2.4 Forage preferences and plant chemical content analysis 

To investigate the relationship between the Turuchan pika’s forage preferences and the 

chemical composition of available plants, we conducted a correlation analysis between 

the proportions of forage items in the pika’s diet in the August 2024 and the chemical 

content of these plants.  

Spearman’s rank correlation coefficients were calculated for each settlement to as-

sess potential associations between dietary intake proportions and specific chemical 

constituents of the consumed forage items. 

2.5 Plant morphology hypothesis 

To test this hypothesis, we conducted a "cafeteria" experiment [22], in which Turuсhan 

pikas were simultaneously offered fragments of Arctium lappa of different lengths. The 

experiment was carried out at the end of August 2024, during the caching period for the 

pikas. Two plastic tubes (see details in [22]), placed side by side in the home range of 

a particular animal, each contained 10 g of leaf fragments: (1) 10 cm long and 3 cm 

wide; (2) 20 cm long and 3 cm wide. The experiment ended after the animal made three 

visits, weighing the remaining fragments in each cup. Eleven adult animals were used: 

6 females and 5 males. To compare the weight of removed fragments of different 

lengths, the non-parametric Mann-Whitney test was applied using Statistica 13. Differ-

ences between sexes in the weight of removed fragments were not significant, so the 

analysis was conducted on the entire sample.  

Furthermore, we investigated how plant leaf morphology relates to the relative 

abundance of each species in Turuchan pika haypiles. For this purpose, we measured 

three morphological variables for each collected species: (1) leaf blade size, (2) the 

number of leaf blades per approximately 20 cm shoot segment, and (3) total leaf area 

per 20 cm shoot segment. Leaf blade size was measured by sampling multiple repre-

sentative leaves from each plant species and determining the average leaf blade area 

using digital image analysis software. The number of leaf blades per 20 cm shoot seg-

ment was counted on randomly selected shoot samples. Total leaf area per 20 cm shoot 

segment was calculated by multiplying the average leaf blade size by the number of 

leaf blades on the segment. Spearman rank correlation coefficients were then calculated 

to assess the relationships between each morphological variable (leaf blade size, num-

ber of leaf blades per 20 cm segment, total leaf area per 20 cm segment) and the pro-

portion of the corresponding plant species in the haypiles.  



 

 

 
 

         95Foraging Behavior and Food Preferences of the Turuchan Pika …    

3 Results 

3.1 Grazing Diet 

It was found that the diet of Turuchan pikas in all settlements was dominated (consti-

tuting more than 5%) by Urtica dioica, Galium verum, Rubus matsumuranus, Fabaceae 

spp., Veronica incana, Thalictrum appendiculatum, Cyperaceae spp., and Poaceae spp. 

(Table 1). Within the growing season, preferences change: Fabaceae spp. make up a 

larger proportion at the beginning of summer, as do Cyperaceae spp. and Poaceae spp. 

Thalictrum appendiculatum, Galium verum, and Veronica incana were consumed more 

in the second half of summer. Rubus matsumuranus and Urtica dioica were consumed 

throughout the entire growing season. When comparing the dietary proportions with 

the abundance of forage items, it was found that the dominant plants in the diet were 

consumed in proportion to their availability in the animals’ foraging areas, with the 

following exceptions. At the beginning of the season, Fabaceae spp., Cyperaceae spp., 

and Poaceae spp. were selectively consumed across all settlements; additionally, Cam-

panula glomerata was selectively consumed in Nizhny Kochergat. In the second half 

of summer, Galium verum, Veronica incana, and Thalictrum appendiculatum were se-

lectively consumed in all settlements, while Urtica dioica and Artemisia spp. were se-

lectively consumed throughout the entire season (Table 1). 

Table 1. Heatmap of Dietary Composition and Chemical Content in Turuсhan Pika 

Grazing Diet. The color scale changes from red to green as the value (%) increases. 

MS – monosaccharides, DS – disaccharides, A – alkaloids, Fl – flavonoids, Gl – gly-

cosides, Ph – phenols, Terp – terpenoids, Tox – toxins 



 

 

 

 
 

96             N. Borisova et al.

3.2 Caching Diet 

The following preferences were identified: Rubus matsumuranus and Veratrum nigrum 

make up 10 to 20% of the weight of haypiles in all settlements; Hemerocallis minor in 

Maloye Goloustnoye; and Sambucus sibirica in Nizhny Kochergat (Table 2). Approx-

imately 8–10% in all settlements consists of Urtica dioica; 5 to 8% comprises Spiraea 

flexuosa and S. media, various species of Artemisia, and Cirsium serratuloides. Other 

species occur in smaller amounts (less than 3%). Selective caching was observed only 

for Veratrum nigrum, Hemerocallis minor, and Urtica dioica. 

Table 2. Heatmap of Dietary Composition and Chemical Content in Turuсhan Pika 

Caching Diet. For designations, see Table 1. 

3.3 Forage preferences and plant chemical content 

The results of the correlation analysis between the proportions of forage items in the 

grazing diet of Turuchan pikas and the content of chemical components in the forage 

items are shown in Fig. 1. Significant correlation coefficients were established only for 

two settlements in Maloye Goloustnoye: the positive correlation with monosaccharide 

content is linked to the high proportion of Rubus matsumuranus consumption (about 

20%) in the diet, while the nonsignificant correlation with this component in Nizhny 

Kochergat is due to nearly twice lower R. matsumuranus proportion in the diet. Since 

R. matsumuranus is consumed proportionally to its abundance, these correlations are 

unlikely to have functional significance. The same applies to the negative correlations 

between magnesium, potassium, and sodium contents: the observed relationships are 

explained by the reduced share in the diet of pikas from Maloye Goloustnoye of forage 

items with higher contents of these macroelements (Sambucus sibirica, Campanula 

glomerata) and, conversely, higher consumption of plants with lower contents of these 
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chemical components (Spiraea media). However, these forage species were consumed 

proportionally to their abundance in the foraging areas. 

 
 

Fig. 1. Spearman's correlation coefficients between diet composition and chemical 

composition of forage items in three Turuchan pika settlements. Significant correla-

tion coefficients (p < 0.05) are shown in black. 

When considering only selectively eaten plants, Urtica dioica and legumes lead in ni-

trogen content. Galium verum, Veronica incana, and Thalictrum appendiculatum, se-
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lectively consumed in the second half of summer, contain secondary metabolites pos-

sessing antitumor and wound-healing effects in mammals [29]. Additionally, Veronica 

incana, Campanula glomerata, and species of the Artemisia genus contain high 

amounts of sodium (Table 3). 

Table 3. Success of Capturing Turuсhan Pikas in Traps Baited with Aspen and Birch 

over 3 Days in Spring 

SignificanceTraps Baited with: 

Parameter of 

Differences

 

Number of Bait Taken 
61,8±8,20 31,6±5,32 

p<0,01 (Mann-

Whitney U Test) 

Number of Animals 

Caught 
7 2 

p<0,05 (Fisher 

Exact Test) 

The results of the experiment using aspen and birch leaves as bait indicated signifi-

cantly greater interest in traps baited with aspen in Spring (Table 3). Chemical analysis 

showed that in spring, birch and aspen leaves differed in the analyzed substances (Table 

4). Aspen leaves in spring leaded in nitrogen content among all plants growing on talus 

slopes and their surroundings (Table 1). Judging by the identified differences, we sup-

pose that the preference of pikas for aspen leaves over birch leaves as bait in spring is 

explained by their higher nitrogen content. 

Table 4. Chemical Composition of Birch and Aspen Leaves in Spring and Autumn.  

S – Spring; A – Autumn; M – monosaccharides, D – disaccharides, ST – sugar total 

Forage 

item 

M D ST N P Ca Mg S K Na 

Birch, S 1,35 0,06 1,41 1,80 0,51 1,18 0,47 0,64 1,47 0,03 

Aspen, S 0,67 0,64 1,34 3,19 0,65 0,84 0,40 0,78 0,46 0,03 

Birch, A 1,29 0,05 1,34 2,11 0,50 1,19 0,49 0,33 0,75 0,02 

Aspen, A 1,39 4,11 5,72 0,95 0,35 2,15 0,37 0,54 0,80 0,02 

3.4 Plant morphology hypothesis 

It was found that pikas of both sexes significantly preferred to extract longer fragments 

(p < 0.001; Fig. 2) of Arctium lappa in the cafeteria experiment. 
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Spearman correlation coefficients between the proportion of forage plants in the hay-

piles and (1) the size of their leaf blades, (2) the number of leaf blades per approxi-

mately 20 cm shoot segment, and (3) the total leaf area on a 20 cm shoot segment were 

not statistically significant. 

 

 
 

Fig. 2. Dependence of the weight of Arctium lappa leaf fragments extracted by 

Turuchan pikas on the length of the offered fragments 

4 Discussion 

Thus, our study revealed that the Turuchan pika shows a preference for certain plant 

species in its diet, both during grazing and caching. Additionally, we identified corre-

lations between the chemical composition of plants and their selection by Turuchan 

pikas during these feeding behaviors. When given a choice, the animals prefer: (1) 

plants rich in nitrogen – both while grazing and caching; (2) plants high in secondary 

metabolites – particularly during caching and grazing in August; and (3) plants rich in 

sodium – primarily during grazing. 

Nitrogen is known to be one of the main limiting elements for animal life activity 

[32]. In black-lipped pikas, it has been shown that reproduction is blocked when the 

diet is depleted in crude protein. At the same time, a population of American pikas 

feeding exclusively on moss [11], which is extremely poor in nitrogen, was found to 

have an increased number of bacteria from the genus Melainabacteria [33]; it remains 
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unclear whether these bacteria fix nitrogen or simply extract it more efficiently. Addi-

tionally, cecotrophy – the ingestion of bacterial nitrogen-enriched contents of the ce-

cum – is known to help lagomorphs, including pikas, overcome nitrogen deficiency 

[33]. It should be noted that Turuchan pikas also selectively consume sedges; however, 

due to their relatively low abundance in the habitats, sedges do not constitute a signifi-

cant portion of this species’ diet. Sodium is a limiting macronutrient for many herbiv-

orous animals due to its low content in terrestrial plants [34]. 

One of the main factors determining the breadth of the dietary spectrum of herbivo-

rous mammals is their tolerance to plant secondary metabolites, many of which are 

toxic [35]. Pikas consume many plant species that are avoided by domestic livestock 

due to their high content of secondary metabolites. Many of these plants are used me-

dicinally [36]. Thus, it is possible that selective consumption of Veronica incana, 

Thalictrum appendiculatum, and Galium verum in the second half of summer, is related 

to the anti-inflammatory and wound-healing properties of these plants, since in the sec-

ond half of summer almost all animals in all settlements are affected by subcutaneous 

larvae of botflies. 

Haypiles of Turuchan pikas contain a high number of plants toxic to mammals. This 

aligns with data from other researchers showing predominance of toxin-containing 

plants in the caches of various pika species from different localities. It has been sug-

gested, and so far, confirmed only in American pikas, that this phenomenon can be 

explained by the fact that, on one hand, plants containing secondary metabolites better 

preserve their nutritional qualities while the toxins themselves gradually degrade during 

storage; on the other hand, such plants help better preserve other types in the haypiles, 

acting as natural preservatives [37].  

According to optimal foraging theory, during caching, plant selection may be deter-

mined not only by their nutritional and energetic values but also by factors such as the 

energetic cost of transporting the plants. Our experiment shows that pikas indeed prefer 

to carry larger fragments of plants. A similar result was obtained in a comparable ex-

periment with collared pikas (Ochotona collaris) [14]. This hypothesis was not con-

firmed in an American pika study [20], but we believe that was due to flaws in the 

experimental design. The fact that transport efficiency is a determinant of foraging in 

pikas is evident from observations: when caching, pikas try to carry as many plants as 

possible per trip – they cut several stems, fill their mouths as much as possible, etc. 

However, our analysis of the morphological characteristics of plants cached by 

Turuchan pikas indicates that the choice of plants for caching is not determined by their 

morphological traits, and thus not by transport efficiency. The latter plays a role at the 

stage of manipulating selected plants to carry them in the mouth. 

5 Conclusion 

Our study demonstrates that the Turuchan pika exhibits clear selectivity in its dietary 

choices during both grazing and caching. The animals preferentially consume and store 

plant species with higher nitrogen content, show a tendency to select plants rich in sec-

ondary metabolites – particularly later in the summer – and favor those with elevated 
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sodium levels, especially while grazing. These preferences appear closely linked to the 

species’ nutritional and physiological requirements, as well as ecological factors such 

as the availability of essential nutrients and the presence of plant toxins. 

The inclusion of plants high in secondary metabolites in haypiles suggests that 

Turuchan pikas, like other pika species, may utilize these plants for their preservative 

properties and potential medicinal benefits, particularly when facing increased parasite 

loads. Our results further indicate that, although pikas prefer to transport larger plant 

fragments when caching – thereby maximizing the volume of material carried and 

demonstrating behavioral adaptations to optimize transport – the selection of plant spe-

cies for storage is governed primarily by nutritional and chemical attributes, rather than 

morphological traits of plants that would facilitate easier transport. 

Overall, our findings highlight the complex interplay between nutritional needs, eco-

logical constraints, and behavioral strategies in shaping the foraging ecology of 

Turuchan pikas. This work contributes to a deeper understanding of pika dietary ecol-

ogy and underscores the importance of plant chemical composition in mediating plant–

animal interactions within boreal ecosystems. 
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