
  

 

 

Czech University of Life Sciences Prague 

 

 

 

Faculty of Tropical AgriSciences 

 

 

 

 

 

 

 

 

 

 

 

Effects of feeding practices on the performance of 
Eurasian elk (Alces alces) in European Zoos 

 
 

Master thesis 
 

 
 

Prague 2018 
 

 

 

Author: 

Bc. Eva Čelakovská 
 
 
Supervisor:       Consultant:  
doc. Francisco Ceacero Herrador, Ph.D.   Mgr. Barbora Dobiášová 



  

 

 

Declaration 

I, Eva Čelakovská, declare that I have elaborated my thesis independently and 

all the sources have been quoted and acknowledged by means of complete references. 

I agree that this thesis will be stored in Library of Czech University of Life 

Sciences Prague and would be used for study purposes only. 

 

 

 

         In Prague, 2018 

           

           

        …......……………………………...... 

      Signature 

   Bc. Eva Čelakovská 

 

 

 

 

 

 

 

 

 

 

 



  

 

 

Acknowledgements 

First and foremost, I would like to thank my supervisor, doc. Francisco Ceacero 

Herrador, Ph.D. for his help, sensible and precious advice and patience. Without his 

assistance and dedicated involvement in every step throughout the process, this thesis 

would have never been accomplished. 

Last but not least I would like to thank my consultant Mgr. Barbora Dobiášová 

and Prague Zoo for the preparation of the questionnaires and for her assistance and 

time which she dedicated to me. 

I would like to thank to all the zoological gardens and zookeepers, which 

dedicated their time on filling of the questionnaires. 

The main thanks belong to the members of my family, especially to my mother 

and sister for their understanding and support. 

The last and special thank belongs to my father. Even though he will not be able 

to translate this sentence I would like to thank him for his advice through my life and 

for his understanding which he always had for me. To my dad: "although I became to 

an adult one, I will always be your little girl". 

 

 

 

 

 

 

 

 

 



  

 

 

Abstract  

Eurasian elk (Alces alces) is a common species bred in European zoological 

gardens. The main problem in captive Eurasian elk is relatively low lifespan and survival 

rate of calves which are closely connected with feeding practices. Our study was 

designed to better understand the good practices in elk husbandry which may help to 

improve their performance in captivity. The data were collected in 22 zoological gardens 

in European countries, in 2016. In total, 79 individuals were included in the analysis. 

Data analysis were focused on feeding strategies and breeding management. For the 

statistical analysis based on the breeding management was also used information 

obtained from ZIMS in years 1986-2016, focused on breeding success, twinning success 

and average longevity. 70% of zoological gardens switched between the winter and 

summer diet. Tree preferences in captive Eurasian elk were as follows: willow 0.97, oak 

0.69, birch 0.67, pine 0.64, maple 0.61, aspen 0.58. Oak consumption significantly 

affected seasonal changes in faeces consistency, reported birth rate and reported 

survival rate of twins. Scots pine had a positive effect on calculated breeding success 

over the last 5 years (2012 – 2016). Use of premixes positively affected reported 

twinning rate, reported survival rate of twins and reported birth rate. Twinning rate 

over the last 5 years (2012 – 2016) was positively affected by browsing ad libitum. 

83.3% females gave a birth every year. Calculated longevity 6+ months was 4.1 years 

and calculated percentage of calves surviving up to the weaning age was 36.59%. 

Eurasian elk is very interesting animal, not only because of antlers and appearance, but 

mainly because of differences and strangeness in feeding strategies. 

 

Keywords:  Breeding success, twinning rate, feeding strategies, longevity, 

nutritional requirements, diet composition  
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1 Introduction and Literature Review  

For over than a half century, biologists have studied foraging behaviour and food 

habits of Eurasian elk (Alces alces alces; Linnaeus 1758). This species is one of the 

largest living ungulates which ranges throughout the boreal and temperate forestlands 

of the northern hemisphere of the Eurasian continent (Hoffman 1989).  

They are classified as specialist herbivores because of their browsing 

preferences which predominantly consist of one tree species (e.g. Salix) (Crawley 

1983). They are adapted for the different seasonal type of diet occurring during the fall 

and spring by changes in their digestive tract morphology and by reducing their 

metabolism (Clauss et al. 2009). Eurasian elk are mostly solitary animals and as a wild 

one also captive elk seek for the non-disturbed areas with water or marshy surfaces 

with plenty of aquatic vegetation (Anderson 1991). They browse throughout the day 

and require enough browse material all year-round. These facts make elk very special 

species which needs very high nutritional requirements.  

Although after the Second World War the number of elk in nature still increase 

(Dziezciołowski & Pielowski 1993), their longevity in captivity is low and is mostly 

connected with poor breeding management. Because of this, it is very important to 

find out the best feeding and breeding practices and thus improve management of 

captive animal populations.  
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1.1 Natural history  

1.1.1 Taxonomy 

Grubb (2005) recognized two distinct species, Eurasian Elk (Alces alces) and 

Moose (Alces americanus), which differ in karyotype, body proportions, colouration, 

form of the premaxilla, and structure and dimensions of antlers (Geist 1998; 

Boyeskorov 1999). Groves and Grubb (1987) called them "semi-species". However, 

Geist (1998) recommended their separation at the subspecies level (i.e., Alces alces 

americanus (Clinton 1822) and Alces alces alces (Linneaus 1758). In fact, there is one 

more species which may be taken as a single species. Boyeskorov (1999) referred this 

species as Alces americanus cameloides with origin from the Manchuria/ Primorye 

region.  

Hundertmark et al. (2002b) reported that analysis of mtDNA revealed three 

haplogroups, one primarily European, one entirely Asian and one primarily North 

American. Eight extant sub-species are recognized here (Hundertmark 2016): 

    Family:  Cervidae 

           Genus:  Alces; Gray 1821 

 Sub-species: A. a. alces - Scandinavia, Finland, Baltic states and Poland  

                 A. a. americanus - E Canada (C Ontario to Newfoundland) 

                A. a. cameloides - N Mongolia, Ussuriland, Nanchuria 

A. a. gigas - Alaska and Yukon 

A. a. andersoni - British Colombia to Minnesota 

A. a. buturlini - NE Siberia and Kamchatka 

A. a. pfizenmayeri - C Siberia and Stanovoy and Cherskiy  

A. a. shirasi - South Alberta to Wyoming and Utah 

Common name:  Elk, European elk, Eurasian elk, Moose, Siberian Elk 

 

This thesis is focused on Alces alces alces, which is the breeding subspecies 

common in European zoos. 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=180693
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1.1.2 History 

 The first remains of the species Alces alces were found back in Last Glacial 

Maximum, approximately 17 000-27 000 years ago in the refuge located in the north-

western Balkans, northern Italy and in the areas of the Czech Republic and the 

Republic of Moldova (Sommer & Nadachowski 2006). After the Last Glacial Maximum, 

Eurasian elk population expanded to colonize almost the whole European continent. 

The maximum range of Eurasian elk in the Holocene was from the Pyrenees and 

Central Europe to Denmark and Great Britain. Elk populations declined and died out 

most of the sub-species until the Middle ages (Schmölcke & Zachos 2005). However, 

elk population were still numerous in Eastern Europe (Filonov 1983). 

The smallest range of Eurasian elk was in the middle of 19th century and at the 

beginning of 20th century. At that time elk survived only in some areas in Poland, 

Belarus, Scandinavia, Lithuania and Latvia (Ryman et al. 1977; Filonov 1983; 

Dziezciołowski & Pielowski 1993; Schmölcke & Zachos 2005). During the 19th-20th 

centuries, the only large elk population existed in Russia (Filonov 1983). After the 

Second World War, the number of elk increased (Dziezciołowski & Pielowski 1993).  

 

1.1.3 Geographical distribution 

Nowadays, the range of Eurasian elk covers the central, eastern and northern 

parts of the European continent (Figure 1).  

 

 

Figure 1. Eurasian elk distribution (IUCN: http://maps.iucnredlist.org) 
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They are found in the Baltic states, Scandinavia, European Russia, Poland, 

Belarus and northern Ukraine. Small populations of elk exist also in the Czech Republic 

(Homolka 1998), especially in the south and north part of Bohemia (BioLib 2018). The 

species is occasionally recorded in Hungary, Germany, Croatia and Romania. The 

population range from sea level up to 1 500 meters in Europe (Henttonen et al. 2007).  

 

1.1.4 Population 

Eurasian elk is an abundant species in Europe. The European population is in the 

range of 0.5 million individuals, while global population is close to 1.5 million 

individuals (Bauer & Nygrén 1999). An approximate calculation of the population in 

European countries includes the following: Czech Republic – a maximum of 50 

individuals, Poland – 2,800 individuals, Lithuania – 3,900 individuals, Estonia – 10,000 

individuals, Latvia – 21,000, Finland – at least 110,000 individuals, Norway – 110,000 

individuals, Sweden – 340,000 individuals (Andersen et al. 2010; Ruusila & Kojola 

2010). 

1.1.4.1 Conservation 

Eurasian elk is listed on Appendix III of the Bern Convention. There is a large 

number of protected areas where Eurasian elk occurs (Wemmer 1998). Eurasian elk is 

protected under national legislation in several countries (e.g. Germany). The 

conservation sites were identified over the entire range. According to Ruusila and 

Kojola (2010), the species is also subject to intense management in some countries, 

such as Finland, through hunting quotas. The main conservation concern is extensive 

landscape and regional scale habitat change. 

 

1.2 Morphology 

1.2.1 Body description 

Eurasian elk are the largest living ungulates in Cervidae family not only because 

of their size but also because of their height. Elk are highly sexually dimorphic, with 
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females being more than 40% lighter than males (Bowyer et al. 2003). Their massive 

bodies are kept by long, slender legs. They have a large, prolonged head kept by 

humped shoulders with a thick neck. Reach a weight from 320 to 450 kg in males and 

from 275 to 375 kg in females (Hoffmann et al. 2008). Their height ranges from 1.7 to 

2.1 meters measured from the hoof to shoulders. Lengths of both sexes range from 2.0 

to 2.9 meters with a tail length up to 10 cm (Bubeník 2007; Hoffmann et al. 2008).  

 One of the most conspicuous features of the species is its bulbous, long, 

drooping muzzle. The upper lips of elk overhang the lower lips. Between the nostrils is 

a triangular patch of bare skin. Under the neck is a flap of furred skin called the bell. 

This “bell” may or may not be present in a female. Elk do not have upper incisors or 

canines. Because of it, elk must bite off plants between their lower incisors and a bony 

upper palate (Wilson & Ruff 1999; Bubeník 2007). 

 

1.2.2 Antlers 

Antlers are carried by males only and can weigh as much as 20 kg with 

spreading up to 1.5 m. They grow mostly during the spring from March to April, 

mature in time for the rut from September to November and they cast from January to 

February. Antlers can grow extremely fast with rate up to 4-6 cm per day (Hoffmann et 

al. 2008; Chapman et al. 1975). The most common type of antlers in Eurasian elk is a 

cervine-shape type (see Figure 2) mostly without palmation contrary to American 

moose which has palmate antlers (Engan 2001). The frequency of palmate antlers 

increases to the north and with increasing body size (Engan 2001; Sæther & Haagenrud 

1985). The largest antlers are found after six-years of age (Solberg et al. 2006). 
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Figure 2. Antlers of Eurasian elk (rejser.guide.dk) 

 

1.2.3 Pelage  

Pelage is generally dark brown or greyish black, with the lower legs being a 

lighter brown, greyer on flanks and underside. Pelage becomes browner during the 

summer and greyer and woollier during the winter. On their neck grow hairs 15 to 25 

cm long and serve as a thermal insulation (Novak 1999; Hoffmann et al. 2008). Young 

individuals have rich reddish pelage and do not have the spots like the other young in 

Cervidae family (Novak 1999). 

 

1.3 Reproduction 

The Eurasian elk are seasonal polyoestrous mammals. Their mating takes place 

during the autumn. During the mating females and males attract each other by scent 

marking trees and making vocalizations (Schwartz & Hundertmark 1993). The oestrus 

period occurs during late September and early October but may vary with the age of 

individuals and within regions (Malmsten 2014; Garel et al. 2009), and lasts from 24 to 

25 days. The gestation period lasts for 243 days and the female gives birth to one or 

two calves (Garel et al. 2009). Females give birth in spring, from May to June. The 

calving place is often an undisturbed area. The calves are very vulnerable during their 

first few weeks. According to AnAge (2017), the average weight of healthy calf after 
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birth is 12.8 kilos with weight gain approximately 1 kg per day. Nursing of calves occurs 

immediately within the first few hours after birth. While the offspring are young, only 

females take care of them. Calves are weaning approximately at the age of three to 

five months (100 days) with an average weight of 94 kg, and stay with the mother until 

shortly before the new calves are born (Malmsten 2014; AnAge 2017; Schwartz 2007). 

 

1.3.1 Twinning rate 

Variation in twinning has been attributed to differences in body condition of elk 

(see Figure 3). However, according to Boer (1992) and Schwartz and Franzmann (1991), 

it is supported that such a relationship is linked to indirect feature (e.g. correlation 

with habitat quality or population density). In the research done by Testa and Adams 

(1998) in Sweden, 11 (23%) from 48 pregnant females had twins. Another research 

was done by Jones et al. (2017) during the years 2014-2016 in North USA, where 

twinning rates were measured through direct observation by stalking yearlings, and 

showed a pregnancy rate of 77% with a twinning rate of 14%. 

 Low twinning rate may be caused by a poor female condition which may result 

in low yearling productivity, increased age of first reproduction and reduced fertility 

(Musante et al. 2010). 

 

 

Figure 3. Newborn twins with female (Photo: Prague ZOO archive) 
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1.4 Longevity 

 The maximum longevity of captive Alces alces has not been established yet. 

Weigl (2005) reported that record lifespan is 18.4 years in captivity. A lifespan of the 

wild elk has been recorded as 27 years as a maximum (Peterson 1974). However, 

according to Grzimek (2003), average longevity is 16 years in the wild. But still, 

because of these contradictory reports, the average of the longevity in Eurasian elk is 

classified as unknown.  

 

1.5 Social behaviour 

Eurasian elk are not a kind of social animals they are not marking or protecting 

their territory. They are mostly solitary and alert animals, except during the mating 

season, they keep distance around 100-200 hectares (Belova 2003; Andersen 2010).  

Both sexes live separately in the wild, only females have a strong attachment 

with calves and remain with them up to the new parturition. Only during the mating 

season or during the cold winter, males and females may join and create social groups 

(Boyer 2004; Malmsten 2014). Outside the mating period, males and females are 

separated temporally, spatially and/or by habitat. Boyer (2004) has hypothesized that 

social behaviour of elk is because of the nutritional needs of each sex due to body size 

differences. 

 

1.6 Feeding habitat 

 Eurasian elk is a herbivore which ranges especially in the boreal and temperate 

forestlands of the northern hemisphere. They are classified as browsers and switch 

between the winter and summer diet (Hofmann 1989). From early spring, elk select 

forbs and leaves which are easily digestible (Wam & Hjeljord 2010). During the winter 

elk switch to a diet with lower nutrient content and easier digestibility, which consist 

primarily of barks and twigs (Månsson et al. 2007; Wam & Hjeljord 2010). They 

become physiologically ready for the seasonal changes in their diet by reducing food 

intake during the fall. This reduced food intake is connected with reducing their 



  

9 

 

metabolism and with changes in the rumen physiology (Regelin et al. 1985; Hofmann 

1989). These changes depend on plant species composition, dry matter content, and 

digestibility (Cederlund & Nyström 1981). 

 

1.6.1 Eurasian elk as a specialist herbivore 

Eurasian elk are generally defined as specialists herbivores, which means that 

they consume mostly one or few plant species (Crawley 1983). However, Dearing et al. 

(2000) said that specialists also include herbivores consuming at least 60% of their diet 

from one plant genus. Regardless of the use of this definition, less than 1% of all 

mammalian herbivores are classified as specialists (Dearing et al. 2000; Shipley et al. 

2009). For example, summer and winter diets of American moose (Alces alces 

americanus) in North America consist of 75-91% willow (Salix spp.). In contrast, in 

Sweden elk consume a more varied diet in which no single plant species comprise 

more than 60% of their diet. Shipley (2010) reported that elk consume during the 

winter around 60% of Scots pine (Pinus sylvestris) in Sweden. Therefore, how elk are 

classified according to the tree preferences depend on the location and extent where 

their diet is measured.  

 Eurasian elk are also known as specialist herbivores because of their 

problematic feeding in captivity. The typical diet for herbivore is composed by grain-

based pellets supplemented with grass or alfalfa hay can cause enteritis, diarrhoea, 

and wasting in elk (Schwartz et al. 1985; Shochat et al. 1997). However, general 

herbivore diets are much higher in starch than a typical elk diet dominated mostly by 

browse because elk do not have enough enzymes for digesting starch (Schwartz et al. 

1996). Shochat et al. (1997) reported that moose only prosper in captivity when a large 

amount of supplemental browse are allowed with herbivore pellets based on aspen. 

That is why other components of browse diet, such as tannins, salicin and lignin, may 

help to the digestive health of elk.  
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1.6.2 Browsing preferences 

Eurasian elk browses, especially in young boreal forests. The highest densities 

are recorded in areas disturbed by forest fires and in mixed stands, forest harvesting, 

windfall, or insect outbreaks (Timmermann & Mcnicol 1988). These places provide 

plentiful deciduous shrubs and trees that represent the main food source for Eurasian 

elk. Elk can destroy a tree easily by twig browsing, stem breakage and leaf and bark 

stripping. Helle et al. (1987), Lavsund (1987) and Nygrén and Personen (1993) reported 

the relationship between the density of the elk population and the amount of damage, 

showing that one elk/km2 means 10% critical damage on Scots pine and two elk/km2 

corresponds to 25% critical damage in Sweden. These damages may reduce growth or 

lower steam and timber quality (Lavsund 1987). Physical barriers around small, 

vulnerable trees or forests stand (Ward et al. 2000) and reducing elk abundance by 

increasing harvesting may prevent forest damage. Nevertheless, both methods are 

costly and may have unwanted economic and ecological side-effects (Kuijper 2011). 

 

1.6.3 Seasonal changes in food intake 

Eurasian elk are concentrate selectors that react to the cyclic seasonality of their 

environment. As concentrate selectors, they eat trees and shrubs (see Figure 4), based 

on the digestive system morphology and feeding habitats (Hofmann & Stewart 1972; 

Hofmann 1989). Due to their evolutionary morphophysiological adaptation, they select 

rich cell-content plant material with short food retention time. It is because of their 

comparatively small and simple ruminoreticulum, large salivary glands (Hofmann 1988) 

and low fibre digestion capability in the rumen (Hjeljord et al. 1982), but with a very 

large caeco-colic fermentation chamber (Hofmann & Nygren 1990). Their papillated 

rumen mucosa enlarges during the vegetative growth of plants when the cell contents 

from fruits and leaves are abundant. During the summer, papillated rumen reaches 

maximum size followed by a reduction of 30-50% during fall and winter (Hofmann & 

Nygren 1990). For example, summer rumen fill of moose in Alaska is about 30% higher 

than winter fill (White 1984). Hofmann and Nygren (1990) assumed that elk are 

adapted to changeable seasonal nutrition and their digestive system is focused on a 
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strategy that maximizes growth and formation of fat deposition during the summer 

and fall. 

 

 

Figure 4. Browsing of Eurasian elk (photo: Prague ZOO archive) 

 

Eurasian elk avoid fibrous food when possible (Renecker & Hudson 1990) 

because fibrous food passes quite quickly through the elk forestomach, mostly 

undigested, representing part of “ruminal escape” (Van Soest 1982) to go through 

cellulolysis in the hindgut. Elk has a relative large reticule-omasal opening with 

numerous long papillae which makes easier passage of large fibre particles but averts 

unbroken leaves from passing. 

Year-round, Eurasian elk consume willow (Salix spp.) and birch (Betula spp.) as 

staple foods in Scandinavia but also consume approximately 40 other plant species 

(Palo & Wallin 1996). Bilberry (Vaccinium myrtillus) in autumn and Scots pine (Pinus 

sylvestris) in winter are considered important foods (Cederlund et al. 1980; Palo & 

Wallin 1996). The digestibility of plants species varies seasonally because of the 

changes in chemical composition (Stolter 2008). Changes in the species composition of 

microorganisms in the rumen by food type, seasons, and their digestive capacity may 
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be critical factors in food digestibility and utilization. Changes in nitrogen, phenols and 

fibre are the components that drastically change between plant species and within the 

season (Palo et al. 1985; Risenhoover 1989). Because of these facts, it is very important 

to understand their changes in the digestive process. Palo et al. (2012) studied two 

groups of Eurasian elks. Winter group had low nitrogen content in the digestive tract 

and high dry matter content and neutral detergent fibre. The summer group had a high 

level of nitrogen content and low dry matter content and neutral detergent fibre. 

These results indicate the seasonal changes in diet quality.  

 

1.6.4 Changes in faeces consistency 

Faeces are most easily recognizable and the most evident sign of each species 

(Liebenberg 2000). Especially mammal faeces have a social communication role 

(Gorman & Trowbridge 1989) and according to Camardella et al. (2000), several types 

of information can be obtained from them. From the faeces content we can obtain the 

most useful information such as diet composition, seasonal diet changes (Aragona & 

Setz 2001), health condition, and potential entero-parasites (Patton et al. 1986). 

Faeces consistency of Eurasian elk are changed seasonally. Also, size of the faeces 

varies among herbivores because of the differences in food intake during throughout 

the year. Especially during the spring and autumn, when different type of diet is 

consumed, faeces consistency is changed.  

 

1.6.5 Diet composition 

 Wam and Hjeljord (2010) pointed out that Eurasian elk diet is very diverse 

during the summer but more uniform in the winter. During the summer, elk consume 

shrubs and herbs and nibble leaves of deciduous trees with a higher preference for 

birch, bilberry and rowan (Wam & Hjeljord 2010). During the winter, elk consume 

predominantly twigs, barks and needles of coniferous trees (Stolter et al. 2005).  

There are few methods for analysing diets composition of Eurasian elk 

(Ortmann et al. 2006). The most applied non-invasive methods are micro histological 
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analyses of faeces, surveying bite marks on vegetation and direct observation of 

foraging animals often called bite counts (Hubbard 1952). 

 

1.6.5.1 Summer diet  

Eurasian elk switch to summer diet during spring or early summer. During this 

time, birch (Betula pendula) is an important part of elk diet when the young shoots and 

leaves are eaten (Cederlund et al. 1980). The other one and non-negligible tree in elk 

diet is willow (Salix spp.). According to Markham (1971), willow produces bitter 

phenolic glycoside, salicylates, that can discourage feeding by some other herbivores 

(e.g. brushtail possums (Trichosurus vulpecula)). From the previous information, it is 

hard to say which plant species Eurasian elk prefer, nevertheless, the following studies 

are good examples.  

The first study was conducted by Bjerga and Mysterud (1999) and was based on 

a summer diet of elk in Agder, Norway. Radio-collared animals were studied. Elk could 

choose from 35 different plant species including birch (Betula pubescent), bilberry 

(Vaccinium myrtillus), poplar (Populus tremula), willow (Salix spp.), juniper (Juniperus 

communis), bog asphodel (Narthecium ossifragum), etc. Bjerga and Mysterud (1999) 

found out that a birch (38.9%), bilberry (13.3%), and bog asphodel (10.8%) were the 

main plants eaten. Birch and bog asphodel were preferred more than bilberry and 

other plants species than expected on availability. However, bog asphodel is highly 

toxic and it has been reported that it can cause severe kidney damages in cattle (Bos 

taurus) and domestic sheep (Ovis aries) (FlâØyen et al. 1996). In Norwegian Veterinary 

Institute, elk were fed by bog asphodel and developed kidney damages similar to 

domestic ruminants. According to Provenza (1995), elk may not be able to detect toxic 

substances in big asphodel if the digestive system does not give negative feedback 

from toxins ingestion.  

The second study was based on micro histological analyses of faeces. Elk could 

browse on trees and bush plants, including birch (Betula spp.), rowan (Sorbus 

aucuparia L), aspen (Populus tremula L), willow (Salix spp.), oak (Quercus spp.) and 

other deciduous tree species. In the micro histological analyses, browse species made 



  

14 

 

up to 50% of all identified fragments per sample, ranging from 27% to 80%. Birch 

showed the highest preference compared to willow, aspen, oak and rowan. From 

these results, birch, willow and rowan made up 90% or more of the browse (Wam & 

Hjeljord 2010). The remaining contents of faeces were dominated by bilberry 

(Vaccinium myrtillus) 19.1%, grasses and grass-like plants (Poaceae and Cyperaceae 

spp.) 10.1%, and raspberry (Rubus idaeus) 9.1%. Wam and Hjeljord (2010) have been 

also pointed out that birch and then rowan were the two most frequently browsed 

plant species in field surveys.  

 

1.6.5.2 Winter diet 

At the beginning of winter, elk switch to a diet with lower nutrient content and 

easier digestibility, which consist primarily of barks and twigs (Månsson et al. 2007; 

Wam & Hjeljord 2010). Bergström and Hjeljord (1987) reported that Scots pine (Pinus 

sylvestris) is one of the most important winter food for elk in Scandinavia and at the 

same time is an important tree species for timber and pulp production. A common 

practice to reduce browsing pressure on commercially valuable trees is the use of 

supplementary feeding (Peek et al. 2002; Kalen & Bergquist 2004; Putman & Staines 

2004). Supplementary feeding of elk during the winter is also used to reduce crop 

damages (Peek et al. 2002) and increase their survival. Feeding cervids during winter 

are a common practice in some parts of Europe including Hungary, Austria, Germany, 

Denmark, Sweden and Norway (Gill 1990).  

Månsson (2007) reported that willow (Salix ssp.), rowan (Sorbus aucuparia), 

and aspen (Populus tremula) had a 14 times higher probability of being browsed than 

Scots pine (Pinus sylvestris) and downy birch (Betula pubescens), while silver birch 

(Betula pendula) and juniper (Juniperus communis) had 3.5 times higher probability 

browse than Scots pine and downy birch. Heikkilä and Härkönen (1993) mentioned 

that consumption of Scots pine increased as the availability of birch increased. Due to 

these results, we may deduce that tree preferences depend on plant species 

composition in certain areas. 
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1.6.6 Aquatic vegetation 

 Aquatic vegetation grows partially or completely in water. They require light 

and carbon dioxide for photosynthesis, water, and nutrients such as phosphorus and 

nitrogen, and oxygen for respiration. Plants with the leaves exposed above the water 

have a ready source of light, oxygen and carbon dioxide (Wersal & Madsen 2013). 

Aquatic vegetation is a nutritional resource with a high level of proteins and minerals, 

but low in fibre (Linn et al. 1975). Since, in view of the fact that fibrous cells of plants 

are quite hard for herbivores to digest (Van Soest 1994), aquatic vegetation provide 

suitable nutritional source for Eurasian elk.  

Sodium importance is well known and is required for lactation, hair production, 

buffering of body fluids, growth, and the maintenance of appetite and body weight 

(Church et al. 1971; Smith et al. 1972). Elk start to consume aquatic plants in spring or 

during the early summer when leaves and twigs are particularly nutritious (Maclennan 

et al. 1977). The elk's winter diet of twigs is poor in sodium content and availability 

during a year may be limited to elk and should be added to a diet. 

The most plausible explanation why the elk seek aquatic plants is because of its high 

level of sodium and/or other minerals (Jordan et al. 1973). On the ground of this 

hypothesis sodium is considered as a limiting factor to elk diet because it is a rare 

nutrient in northern ecosystems that do not receive oceanic salt impaction (Botkin et 

al. 1973; Jordan et al. 1973).  

 

Belovsky’s linear programming system 

 Herbivores have to make a compromise when selecting diets, a process which 

forms the principal of most models of diet selection for herbivores. Many innovations 

in optimal feeding models have been designed and tested with moose. One of the first 

foraging models for herbivores was Belovsky's linear programming system (Belovsky 

1978) based on the trade-offs for moose in the USA. These Belovsky's foraging models 

depend on the consumption of deciduous leaves or aquatic plants by moose (Figure 5). 

Deciduous leaves are less fibrous and easier to digest than aquatic plants, but because 

most of the boreal forest are depauperate in sodium, forest plants have less sodium 
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content than aquatic plants (Belovsky & Jordan 1981). Because of daily sodium 

requirements, moose need to eat a minimal amount of aquatic plants. Belovsky (1978) 

suggested that moose need to consume an adequate amount of deciduous plants or a 

large number of aquatic plants to meet their energy requirement. He also pointed out 

that elk must consume a mixture of terrestrial and aquatic plants within a close range 

of possibilities. Finally, as a browser, the species has limited rumen size which 

constraint the amount of food that the animal can consume. That means a narrow 

range of diet selection possibilities for the animals which will simultaneously supply 

adequate energy and minerals. 

 

 

Figure 5. Optimal diet choice of Eurasian elk (Krebs & Davies 1993; p. 71) 
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1.6.7 Heat stress and thermoregulation  

How elk are affected by temperature is hard to understand and it is important to 

know how climate may influence their population dynamics. Elk are well adapted to 

cold temperatures but are substantially less tolerant to high temperatures during both 

winter and summer (Giorgi et al. 2004). It may create a negative energy balance for elk 

especially during warm seasons, including late spring, summer and early autumn, when 

ambient temperature increases and their energy requirements are inhibited (Lenarz et 

al. 2009). This is associated with increased activity during the night (Dussault et al. 

2004), reducing daily travel (Demarchi and Bunnell 1995; Broders et al. 2012) and 

increasing their seeking of thermal shelter during the daytime e.g. conifer stands or 

closed canopy (Renecker & Hudson 1986; Dussault et al. 2004). The high ambient 

temperature may also increase the susceptibility of elk to the prevalence of pathogens 

(Murray et al. 2006). 

Negative ambient temperatures may also affect elk population dynamics and 

have been observed in both species Eurasian elk in Scandinavia and moose in North 

America. It may result in short-term changes in muscle mass and fat reserves (Grøtan 

et al. 2009; Lenarz et al. 2009). Renecker and Hudson (1986) suggested that threshold 

for thermal stress in elk, are approximately 14 °C during summer and 5 °C during 

winter. According to Renecker and Hudson (1990), elk between 14 °C and 20 °C 

increase their respiration rates and decrease heat stress through evaporative cooling. 

These temperature thresholds and physiological responses, especially for summer, are 

relatively low and indicate heat-stress (Hudson & White 1985; Renecker & Hudson 

1990). Consequently, we may assume that elk show some sort of thermoregulatory 

response to avoid the potential stressful effects of high temperatures.  

 

1.6.8 Seasonal migration and home ranges 

Migration behaviour and home ranges are a well-known phenomenon, however, 

there is still much knowledge lacking to understand how movement patterns are 

influenced by the surrounding environment and why the animals migrate (Bowlin et al. 
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2010). Where only partial migration occurs in some populations, there is poor 

knowledge of what determines who stay stationary and who become migratory. 

 Eurasian elk are large and highly mobile animals. They can move over large 

distances. Andersen (1991) showed that the migration routes and winter ranges of 

Eurasian elk are traditional. Calves follow their mothers to their winter ranges and it 

may take many generations to evolve a new, different route. Seasonal migrations have 

mainly been related to an adaptation to optimize food resources (Sinclair 1983) 

influenced by forage availability (Bergström & Hjeljord 1987), and snow conditions 

(Sandegren et al. 1985). Eurasian elk migrate often during the winter time when a 

nutritional value of plants is lower, but with higher browse availability when snow 

limits foraging. During the summer, elk migrate to places with a predominance of 

deciduous trees, herbs and shrubs (Månsson 2009). According to Histol and Hjeljord 

(1993), elk summer home range in a forest dominated by pine will stay relatively stable 

and are less likely to migrate. 

The distance between the winter and summer habitats of migrant Eurasian elk 

varies considerably (Ballard et al. 1991; LeResche 1974) and has been reported to 

range from a few kilometres to several hundred kilometres (Pulliainen 1974; Kuznetsov 

1987). Snow cover directly decreases the availability of food resources by burying 

(Sandegren et al. 1985), and depth of snow increases the cost of locomotion for 

foraging (Telfer & Kelsall 1984). Snow depth is affected by snow quality to which the 

animals sink into the snow and could be considered as an 'effective snow depth'. 

Effective snow depth affects the amount of energy needed for locomotion (Bunnell et 

al. 1990; LeResche 1974). From these assumptions might be both, snow quality and 

snow depth, important in habitat choice. Sweanor and Sandegren (1985) suggested 

that Eurasian elk migrate to areas with less snow for winter. 

According to Nikula et al. (2004), during the summer Eurasian elk favour mature 

forests and non-pine dominated habitats, and avoid human settlements. On the 

contrary during the winter season, the Eurasian elk seek for more pine-dominated 

forests with shrubs and clear-cut field habitats, with less snow than the overall 

landscape (Ball et al. 2001). Within the home ranges, both sexes prefer non-pine 
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dominated habitats more than mature forests. Within their home ranges, males and 

females use slightly different habitats during both seasons, suggesting spatially 

segregated habitat use by the individual sexes. The difference is more visible in winter 

when females tend to use less pine-dominated, young successional habitats than 

males (Nikula et al. 2004). 
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2 Aims of the thesis 

The purpose of the thesis was to better understand the good practices in elk 

husbandry which may help to improve their performance in captivity. 

 

 

Hypotheses of the theses: 

 

H1: According to literature review we expected that seasonal changes in faeces 

consistency will be connected with changes in diet composition over a period of 

the year in captive Eurasian elk. 

 

H2:  Following the information reported by zoos, we expected that willow and birch 

will be the main preferred three species and they will have positive effects on 

Eurasian elk health. 

 

H3: According to the feeding ecology of the species and common husbandry 

practices for other ruminants, we expected that number of tree species offered, 

use of premixes and quality of browse in winter will be practices positively 

affecting the breeding performance and longevity of captive Eurasian elk. 
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3 Methods 

The structure of the thesis was composed according to the Methodical Manual for 

the Writing of Master’s Theses of the Faculty of Tropical AgriSciences (FTA), Czech 

University of Life Sciences (CULS) Prague (FTA, 2018). References were cited according 

to the Citation Rules of the Faculty of Tropical AgriSciences, CULS Prague (FTA, 2014). 

3.1 Literature review 

  The literature review came out from the analysis of scientific publications 

(especially from the scientific database ScienceDirect and Web of Science) dealing with 

this topic. The scientific articles were searched by following keywords: Alces alces, diet, 

aquatic plants, breeding, tree preferences, and others.  

3.2 Study areas and subjects 

Data were collected in captive Eurasian elk (Alces alces) herds in European Zoos, in 

2016, through the questionnaires. The questionnaires were filled by the zoologists and 

zookeepers. From the completed data we made the data analyses focused mostly on 

the diet, a feeding strategy and breeding. Obtained data from the zoos were compared 

with the data from Species360 ZIMS (Zoological Information Management System) 

database.  

From the European Zoos, we got information about 79 Eurasian elk. 

Questionnaires contained the following chapters with information about:  

1. Animals – date of the birth of each individual; sex; average longevity; 

acclimatization problems; stress noticed by different subject (e.g. stress 

noticed by parasites, avoiding other animals or people) and stress noticed by 

changes in food intake. 

2. Inside enclosure – number and size of the stables; floor material; separation 

area used for separation by sex or each individual. 

3. Outside enclosure – use of the outside enclosure; kind of substrate of the 

surface; terrain; percentage of shade and additional shelter; presence and size 
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of pond or any other water body; aquatic vegetation; presence of trees and 

bushes; holder for branches; hay racks; automatic water supplier; information 

about fences height and material; visibility of outside enclosures. 

4. Diet – length of use of the diet; quality of hay; possibility and time to graze; 

kind of vitamins and minerals supplements; changes in faeces. 

5. Browse – feeding by branches, number of branches; type of feed during the 

winter (e.g. dried, frozen); kind of trees and their preferences depending on 

each individual; seasonally bark intake. 

6. Breeding – experiences with breeding, month of parturition; success rate (e.g. 

birth of twins and percentage of their rearing); dam separation before 

parturition; dams’ and calves’ attachment to the birthplace; allonursing. 

7. Antler cycle – separation of breeding male (e.g. feeding, rut season); breeding 

male housed with females; antler cycle (e.g. antler growing, velvet cleaning, 

antler shedding); male aggression toward the female; removing of antlers; 

consistency of faces during the rut. 

8. Veterinary care – presence and king of intestinal endoparasites; treatment; the 

cause of the death (e.g. caused by endoparasites, neonatal weakness); self-

caused injury.  

9. Transportation – a type of vehicles used for the transport; use of anaesthetics; 

use of tranquillizers.  
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Questionnaires were sent to 48 zoological gardens in Europe from which 22 

zoological gardens answered, including zoos in Germany, United Kingdom, France, 

Czech Republic, Switzerland, Denmark, Sweden, Finland and Russia. 

 

 

Figure 6. European Zoos distribution (www.google.cz/maps) 

 

3.2.1 Germany 

Hellabrunn Zoo  

Hellabrunn Zoo is located in the southern part of Germany in München. The herd 

consisted of 7 Eurasian elk in a total; four females, one male and two calves are kept in 

one outside enclosure with approximately 0.5 hectares of a total pasture area with 

grass substrate.  

Tierpark Berlin 

Tierpark is located in the east part of Berlin, in Germany. In a total, three 

Eurasian elk are bred there with one male, one female and two calves - twins. Outside 

enclosure of total area 0.7 hectares with grass substrate may be divided into two 

enclosures with five stables used for separation. 
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Wisentgehege Springe 

Zoological garden is situated in the northern part of Germany, close to Springe and 

Hannover. In total, six Eurasian elk are bred in the zoo with one male, two females and 

two calves. Animals are kept in outside enclosures with 5 hectares of a total area with 

no inside enclosure. Outside enclosures can be spread into 3 smaller enclosures for 

separation (e.g. rut season). 

Zoological Stadtgarten Karlsruhe 

Karlsruhe Zoo is situated in the south-west of Germany in Karlsruhe. The herd of 

the Eurasian elk consisted of 3 animals in a total with one male and two females. A 

total area of the outside enclosure is 1.9 hectares with forest surface and is divided 

into two outside enclosures where animals are kept separately by sex.  

3.2.2 France 

Animal Park Auvergne 

Animal park is situated in the southern part of France in Ardes. The herd of 

Eurasian elk consisted of three animals in a total with one male, one female and one 

calf. Animals are bred in two outside enclosures on a total area of 0.3 hectares. 

Substrate of outside enclosures is grass and soil substrate with predominance of soil. 

Outside enclosure contained also two stables used for separation by sex. 

3.2.3 Denmark 

Knuthenborg SafariPark 

Safari Park is located in the southeast part of Denmark in Bandholm. In a total, 

three bulls are bred there. A total area of the outside enclosure is 5.1 hectares with 

grass and marshy surface and the road in the middle. This safari park does not have 

any experiences with breeding of Eurasian elk. 
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3.2.4 Switzerland 

Stiftung Wildnispark Zürich 

 Wildpark is situated in the north part of Switzerland in Zürich. The herd of 

Eurasian elk consisted of six animals in a total with one male and five females. Outside 

enclosure is 2.6 hectares large with 5 stables.  

Tierenpark Bern 

 Zoo is located in the northwest part of Switzerland in Bern. Only one bull is 

bred there on total area 0.31 hectares of outside enclosure with grass surface. 

3.2.5 United Kingdom 

Curraghs Wildlife Park 

 Park is located on the west side of the United Kingdom on Isle of Man island 

near to Ballaugh. Only one bull is bred there on a total area of 0.5 hectares with hard 

stand substrate. 

RZSS Highland Wildlife Park 

 Zoo is situated in the northern part of the United Kingdom in Scotland, near 

Kingussie. In total, five animals are bred there with two males, two females and one 

calf. Animals are kept on a grass substrate in four outside enclosures with 7.1 hectares 

of total area.  

Wildwood Trust 

 Wildwood Trust is situated in the southeast part of the United Kingdom in 

Herne Bay. Only one female is bred there on a total area of 0.25 hectares with forest 

floor. They do not have any experiences with breeding of Eurasian elk. 

ZSL Whipsnade Zoo 

 Zoo is located in the south of the United Kingdom in Whipsnade. Two Eurasian 

elk are bred there with one male and one female on a total area of 0.8 hectares.  
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3.2.6 Sweden 

Skansen Zoo  

Zoo is located in the southeast part of Sweden in Stockholm. The herd 

consisted of four Eurasian elk in total; two females and two calves are kept in outside 

enclosure with approximately 0.42 hectares of a total area with grass and sand 

substrate.  

Slottsskogens djurpark 

 Zoo is located in the southwest part of Sweden in Göteborg. In a total, one 

male and two females are bred there. A total area of outside enclosure is 0.74 

hectares. Animals are kept on grassy and mountain surface.  

3.2.7 Finland 

Ranua Wildlife park 

 Zoo is situated in the northern part of Finland close to Ranua. The herd 

consisted of eight Eurasian elk in a total. Four males and four females are kept in three 

outside enclosures with approximately 1.7 hectares of a total pasture area on natural 

ground surface.  

3.2.8 Czech Republic 

Prague Zoo 

 Zoo is located in the middle of the Czechia in Prague. In a total, five animals are 

bred there. Three females, one male and one calf are reared in two grassy outside 

enclosures with a total area of 0.27 hectares. Enclosures included three stables usually 

used for breeding, etc. 

Prague Zoo – Dobřejov 

 In a total, three animals are bred there; one male and two females. Animals are 

kept in the two outside enclosures with natural grass substrate. Size of the enclosure 

was 2.23 hectares. 
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Brno Zoo 

 Zoo is situated in the southeast part of the Czech Republic in Brno. Four 

animals are bred in this zoo. One male and three females are kept in two outside 

enclosures of a total area 0.66 hectares. 

Hluboká Zoo 

 Zoo is situated in the southern part of the Czech Republic in Hluboká nad 

Vltavou. One male, two females and two calves (twins) are bred in outside enclosure 

with soil substrate area of a total size 0.19 hectares.  

Olomouc Zoo 

 Zoo is located in the east part of the Czech Republic in Olomouc. Two females 

are bred in outside enclosure of a total area 0.14 hectares. Substrate of the surface is 

mainly marsh with grass. 

Podkrušnohorský Zoopark Chomutov 

 Zoo is situated in the northwest part of the Czech Republic in Chomutov. In a 

total, one male, one female and one calf are bred there on grassy outside enclosure of 

a total area 0.66 hectares. 

3.2.9 Russia 

Municipal Autonomous institution of culture Zoo “Python” 

 Zoo is located in the southeast part of Russia in Komsomolsk area. Two 

Eurasian elk (subspecies Alces alces cameloides) are bred there with one male and one 

female on soil and bark substrate area.  
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3.3 Data processing 

Data extracted from the questionnaires 

1. Reported feeding practices 

For hay quality three groups were used according to the protein content as follows: 

alfalfa hay (the highest protein content), second cut + mountain hay and as the last 

one was established the first cut. The quality of winter browse was divided into 3 

categories according to the quality: fresh, frozen, dried. The length of grazing period 

was measured from 1 month up to twelve months, as maximum. The number of tree 

species offered were counted from 1 species up to 6+ different species, where 6+ 

included more than 6 tree species. The tree preferences were ranked from 0 to 1, 

where 1 was taken as the highest preference and 0 was taken as the lowest 

preference. For the use of premixes, daily feeding, browsing ad libitum, use of naked 

branches in winter and changes in faeces consistency we used a binary coding: 0 (no) 

and 1 (yes).  

2. Reported breeding performances of the animals 

The breeding periodicity was estimated into two categories. The first category was 

for animals breeding every year and the second category for animals breeding every 

second year. The birth rate, twinning rate and survival rate of twins were estimated 

into three categories, according to success rate: 0-24%, 25-74% and 75-100%. 

Breeding performances calculated from ZIMS  

The twinning rate (for last 30 and 5 years) and breeding success (for last 30 and 

5 years) were statistically analysed for all animals liveing in zoological gardens. The 

period of 5 years was chosen because most zoos used the same diet during this period. 

The period of 30 years was used to have a long-term comparison. For the average 

longevity (in 1+ and in 6+ months) were used only animals born and dead in the same 

zoo. From the average longevity in 1+ and 6+ months were excluded animals living less 

than one/six months, because of the frequent neonatal mortality. The rate of survival 

to weaning age was established at six months. In the wild, calves are weaned 
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approximately at the age of five months with an average weight of 94 kg (Malmsten 

2014) and are able to survive without mother. 

3.4 Data analysis 

The data were statistically evaluated using the IBM SPSS Statistics 22 program 

(StatSoft, Inc., 2013). For all calculations significance level α = 0.05 was established. All 

calculated numerical values were rounded off to three decimal places. All numbers 

counted per cent were rounded off to two decimal places. 

Data were statistically analysed for the normality. Shapiro-Wilk normality test was 

used because of the low number of samples (n>50).  

 

Table 1. Shapiro-Wilk normality test for continuous variables 

Independents  df p-value 

Length of grazing period W=0.945 22 0.250 
Number of tree species offered W=0.932 21 0.152 

Dependents    

Twinning rate (30 years) W=0.897 19 0.043* 
Twinning rate (5 years) W=0.618 19 <0.001*** 
Breeding success (30 years) W=0.896 19 0.042* 
Breeding success (5 years) W=0.805 19 ˂0.001*** 
Average longevity W=0.707 16 <0.001*** 
Average longevity (1+ month) W=0.918 16 0.154 
Average longevity (6+ months) W=0.927 16 0.217 
Rate of survival to weaning W=0.921 16 0.175 

 ***, ** and * indicate significance at 0.001, 0.01 and 0.05 levels, respectively. 

 

According to the characteristics of the variables (normal vs not normal 

distribution; categorical vs continuous), we applied the appropriate statistical tests for 

each analysis required. For the data which did not show normal distribution, following 

non-parametric tests were used: Kruskal-Wallis test, Mann Whiney U test, 

Spearman's correlation. For the data normally distributed Pearson correlation, One-

way ANOVA and Student t-test were used. Pearson's chi-square test was used for the 

analyses between two categorical variables. 
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4 Results 

4.1 Information reported by zoological gardens 

4.1.1 Feeding practices and digestive effects 

Feeding of Eurasian elk was influenced by the season, where two types of diet, 

summer and winter, were used. Most zoos (70%; n=20) switched between the winter 

and summer diet, and the rest of zoos (30%; n=20) did not change the diet through the 

year. Ten zoos (50%; n=20) switched to summer diet from March to April, and twelve 

zoos (60%; n=20) switched to winter diet from September to November. Due to the 

seasonal changes in diet composition, there were observed changes in faeces 

consistency (29.41%; n=17). However, seven zoos (41.18%; n=17) did not recorded 

seasonal changes in faeces consistency, when the different type of diet was fed. 

Nevertheless, the faeces consistency changed depending on the season, there were no 

significant factors affecting the faeces consistency (see Table 2). Thus, the first 

hypothesis of this thesis was rejected because it was not proved that changes in faeces 

consistency were connected with seasonal changes in diet composition over a period 

of the year. 

 

Table 2. Factors affecting changes in faeces consistency, as reported in Eurasian elk          

by 22 European zoos 

Independent Test  df p-value 

Hay quality Chi-square Χ2 = 1.534 3 0.632 
Use of premixes Chi-square Χ2 = 0.055 1 0.814 
Daily feeding Chi-square Χ2 = 2.338 1 0.126 
Browsing ad libitum Chi-square Χ2 = 1.040 1 0.308 
Use of naked branches in winter Chi-square Χ2 = 0.421 1 0.516 
Quality of browse in winter Chi-square Χ2 = 1.644 2 0.440 
Length of grazing period One-way ANOVA F = 0.895 9 0.564 
Number of tree species offered One-way ANOVA F = 1.079 6 0.427 
Seasonal changes in diet composition Chi-square Χ2 = 0.762 1 0.394 
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In the most zoos, elk could graze from early spring until the end of autumn. Elk 

could graze from January, at the earliest, but in the most zoos, elk could graze from 

April/May (45.45%; n=22). There were also some exceptions in four zoos where elk 

could graze all year-round. In elk diet, were also very important mineral and salt licking 

stones and vitamins addition which could provide them some part of the missing 

minerals and vitamins and should be available ad libitum for year-round. Seventeen 

zoos (77.27%; n=22) provided mineral supplements and salt licks. Mostly were used 

licks for deer or cattle.  

The basic component of diet was consisted of fresh browse with or without 

leaves and hay, as an Alfalfa hay or mountain hay, both presented ad libitum. The basic 

diet was completed by adding browser pellets for elk or deer (e.g. Mazuri, Biostan, 

Lundi). Feeding dose was followed by adding root vegetable usually sliced into rounds. 

The most often used vegetable were carrot, parsley and/or beetroot. The dose of 

vegetable was generally up to four kilos with average two kilos per day per animal. In 

some zoos (18.18%; n=22) was added fruits as apples into the diet. The number of 

fruits was up to half a kilo per day per animal. Feeding doses for males and females did 

not differ too much. The amount of feed was generally influenced by direct factors, 

including weight, rut season, diseases and indirect factors as a season and 

temperature.  

 

4.1.2 Browsing 

The branches were main and one of the most important supplementary feed in 

captive elk diet. Elk were fed by branches usually daily in the zoos (81.82%; n=22) and 

mostly ad libitum or from three to five branches per animal. Branches were usually 

spread on the meadow or were hanged on the trees.  

 Animals could choose from the different kind of tree branches. The zookeepers 

offered to the animals at least one tree species up to eight different tree species (see 

Figure 7). Most often elk could choose from five to six different trees species (50%; 

n=22), including the basic as a willow (Salix spp.), oak (Quercus spp.), birch (Betula 
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spp.), maple (Acer spp.), aspen (Populus tremula), pine (Pinus silvestris) and other 

species e.g. hornbeam (Carpinus spp.), hazel (Corylus spp.), ash (Fraxinus spp.), etc.  

 

 

Figure 7. Number of tree species offered 

 

4.1.2.1 Tree preferences 

From the collected data we got overall information about tree preferences. 

Willow, oak, birch, maple, aspen and pine were the main tree species used in zoos. 

Eurasian elk preferred the trees species in the following order: willow 0.97, oak 0.69, 

birch 0.67, pine 0.64, maple 0.61 and aspen 0.58. All these main offered tree species 

were ranked relatively high, the lower preferences had species which were offered 

according to availability e.g. bilberry, hazel and hornbeam. From the previous order, it 

is obvious that oak, birch, pine and maple have a same possibility to be browsed by 

captive Eurasian elk. However, we could not accept the second hypothesis, because we 

did not prove that willow and birch were the main preferred tree species and whether 

they have a positive effect on elk health.  

It was not proved that offering willow, birch and aspen affected the following 

dependent factors: changes in faeces consistency, reported breeding periodicity, 

reported birth rate, reported twinning rate, reported survival rate of twins, calculated 

twinning rate (30 years), calculated twinning rate (5 years), calculated breeding 

success (30 years), calculated breeding success (5 years), calculated average longevity, 
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calculated average longevity (1+ month), calculated average longevity (6+ months), 

calculated rate of survival to weaning.  

However, it was found out that oak significantly affected changes in faeces 

consistency (Chi-square test: Χ2 = 4.747, df = 2, p = 0.029, N = 22). In eleven zoos were 

not observed changes in faeces consistency, if oak was not offered. In five zoos were 

recorded changes in faeces consistency, when oak was offered. 

Reported birth rate (Chi-square test: Χ2 = 6.073, df = 2, p = 0.048, N = 18) was 

significantly affected by oak consumption. Reported survival rate of twins was 

marginally affected by oak consumption (Chi-square: Χ2 = 5.200, df = 2, p = 0.074 N = 

18). How oak consumption affected the birth rate and survival rate of twins see in 

Table 3. 

 

Table 3. Contingency tables showing the interactions between the use of oak tree branches 

and birth rate and survival rate of twins in Eurasian elk, as reported by 18 European zoos. 

 Birth rate Survival rate of twins 

 0-24% 25-74% 75-100% 0-24% 25-74% 75-100% 

Offered 4 3 2 4 3 2 

Not offered 1 8 0 0 6 3 

 

 

Calculated breeding success over the last 5 years (2012 – 2016) was positively 

marginally affected by offering Scots pine (Mann-Whitney U test: U = 64.000, p = 

0.086; offered: 0.365 ± 0.353, not offered: 0.121 ± 0.165).  

 

4.1.3 Breeding 

86.36% zoos had experiences with the breeding of the species. Three zoos did 

not have experiences with breeding of Eurasian elk (13.64%; n=22). In most cases 

(83.3%; n=18) females bred every year and in three zoological gardens females bred 

every other year (17.7%; n=18). As shown in Table 4, there was no significant level 

affecting reported breeding periodicity in captive Eurasian elk. 



  

34 

 

Table 4. Factors affecting breeding periodicity in Eurasian elk, as reported by 22 

European zoos. 

Independent Test  df p-value 

Hay quality Chi-square Χ2 = 2.356 3 0.509 
Use of premixes Chi-square Χ2 = 0.781 1 0.377 
Daily feeding Chi-square Χ2 = 0.257 1 0.612 
Browsing ad libitum Chi-square Χ2 = 0.660 1 0.416 
Use of naked branches in winter Chi-square Χ2 = 0.055 1 0.814 
Quality of browse in winter Chi-square Χ2 = 0.240 2 0.887 
Length of grazing period One-way ANOVA F = 0.444 9 0.876 
Number of tree species offered One-way ANOVA F = 0.480 5 0.785 

 

 

During the observation were not observed any cases of allonursing. In five zoos 

(27.8%; n=17), keepers separated dam before giving the birth. From collected data, we 

got information about specific attachment to the place, where dams gave a birth and 

where calves were born. It was observed that 73.3% (n=15) of dams had a specific 

attachment to the birthplace and only 26.7% (n=15) of born calves had a specific 

attachment to the birthplace.  

We got information about breeding success from nineteen zoos in total. The 

birth rate was measured per cent from 0% to 100% as a maximum rate. In most zoos 

(57. 89%; n=19) were average of birth rate from 50% to 99%. Two zoos had a birth rate 

equal to 100%. Three zoos had birth rate relatively low, from 1% to 24%. 

 As shown in Table 5, we found out the marginal significance level between the 

use of premixes and reported birth rate in Eurasian elk. In ten zoos (n=17) was 

observed relatively higher birth rate (25-74%), while using of premixes. 
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Table 5. Factors affecting the reported birth rate in Eurasian elk by 22 European zoos. 

Independent Test  Df p-value 

Hay quality Chi-square Χ2 = 8.745 6 0.188 
Use of premixes Chi-square Χ2 = 5.302 2 0.071† 
Daily feeding Chi-square Χ2 = 0.748 2 0.688 
Browsing ad libitum Chi-square Χ2 = 0.066 2 0.967 
Use of naked branches in winter Chi-square Χ2 = 4.406 2 0.110 
Quality of browse in winter Chi-square Χ2 = 4.353 4 0.360 
Length of grazing period One-way ANOVA F = 1.778 9 0.215 
Number of tree species offered One-way ANOVA F = 0.274 5 0.918 

          † indicates marginal significance at 0.1 level 

 

Twinning rate was relatively high in all responding zoos. In 66.67% cases (n=18) 

were a twinning rate between 25% and 74%. Two zoos had twinning rate higher 

(11.11%; n=18), between 75% and 99%. 16.67% (n=18) zoos had twinning rate lower, 

between 1% and 24%. Only one zoo (5.56%; n=18) did not have any case of twins’ 

birth.  

By the statistical analysis, we found out that the use of premixes affected 

reported twinning rate (see Table 6). In eleven zoos (n=17) was observed higher 

twinning rate (25-74%), while using of premixes. In two zoos was recorded twinning 

rate from 75% to 100%, when premixes were included into the diet. 

 

Table 6. Factors affecting the reported twinning rate in Eurasian elk by 22 European zoos. 

Independent Test  Df p-value 

Hay quality Chi-square Χ2 = 4.308 6 0.635 
Use of premixes Chi-square Χ2 = 6.679 2 0.035* 
Daily feeding Chi-square Χ2 =2.089 2 0.352 
Browsing ad libitum Chi-square Χ2 = 0.258 2 0.879 
Use of naked branches in winter Chi-square Χ2 = 0.554 2 0.758 
Quality of browse in winter Chi-square Χ2 = 4.275 4 0.370 
Length of grazing period One-way ANOVA F = 0.512 9 0.831 
Number of tree species offered One-way ANOVA F = 0.284 5 0.913 

         * indicates significance at ≤0.05 level 

 

The reported survival rate of twins was between 25% and 74% (47.37%; n=19) in 

most cases. Five zoos (26.32%; n=19) had a significantly higher survival rate of twins 
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equal to 100%, means that both calves were reared successfully. Three zoos (15.79%; 

n=19) had the survival rate of twins equal to 0%, means that one calf or both calves 

died during the rearing.  

Reported survival rate of twins was marginally affected by daily feeding. In 

fourteen zoos was recorded (n=18) positive effect between daily feeding and survival 

rate of twins. In ten zoos was survival rate of twins from 25% - 100%, when animals 

were fed daily (see Table 7). 

We found out positive effect between the reported survival rate of twins and the 

use of premixes. In twelve zoos (n=17) was observed reported survival rate of twins 

from 25% to 100%, while using of premixes. In two zoos were not used premixes and 

reported survival rate of twins decreased (0-24%). 

 

Table 7. Factors affecting reported survival rate of twins in Eurasian elk by 22 European zoos. 

Independent Test  df p-value 

Hay quality Chi-square Χ2 = 10.019 6 0.124 
Use of premixes Chi-square Χ2 = 4.958 2 0.084† 
Daily feeding Chi-square Χ2 = 5.143 2 0.076† 
Browsing ad libitum Chi-square Χ2 = 1.264 2 0.532 
Use of naked branches in winter Chi-square Χ2 = 2.049 2 0.359 
Quality of browse in winter Chi-square Χ2 = 5.242 4 0.263 
Length of grazing period One-way ANOVA F = 2.519 9 0.104 
Number of tree species offered One-way ANOVA F = 2.370 5 0.102 

         † indicates marginal significance at 0.1 level 

 

4.2 Information obtained from ZIMS 

The following results were based on the data obtained from the Species360 

Zoological Information Management System database and compared with the data 

obtained from the zoological gardens in European zoos about feeding practices.  

The calculated twinning rate for last 30 years was not affected by the hay quality, 

use of premixes, daily feeding, browsing ad libitum, use of naked branches in winter, 

quality of browse in winter, length of grazing period and by number of tree species 

offered (see Table 8).  
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Table 8. Factors affecting the twinning rate in Eurasian elk in 22 European zoos. Twinning      

rate was calculated from data extracted from ZIMS for the last 30 years (1986-2016). 

Independent Test  df p-value 

Hay quality Kruskal-Wallis  H = 4.101 3 0.251 
Use of premixes Mann-Whitney U Test U = 11.500 1 0.348 
Daily feeding Mann-Whitney U Test U = 19.000 1 0.946 
Browsing ad libitum Mann-Whitney U Test U = 16.000 1 0.705 
Use of naked branches in winter Mann-Whitney U Test U = 31.000 1 0.395 
Quality of browse in winter Kruskal-Wallis H = 0.708 2 0.702 
Length of grazing period Spearman's correlation ρ = 0.128  0.603 
Number of tree species offered Spearman's correlation ρ = 0.043  0.862 

  

 

The calculated twinning rate for the last 5 years was positively affected by 

browsing provided ad libitum (see Table 9). The rest of the independent variables did 

not affect the calculated twinning rate for last 5 years.  

 

Table 9. Factors affecting the twinning rate in Eurasian elk in 22 European zoos. Twinning       

rate was calculated from data extracted from ZIMS for the last 5 years (2012-2016). 

Independent Test  Df p-value 

Hay quality Kruskal-Wallis H = 3.144 3 0.370 
Use of premixes Mann-Whitney U Test U = 17.000 1 0.871 
Daily feeding Mann-Whitney U Test U = 12.500 1 0.279 
Browsing ad libitum Mann-Whitney U Test U = 22.000 1 0.080† 
Use of naked branches in winter Mann-Whitney U Test U = 13.500 1 0.143 
Quality of browse in winter Kruskal-Wallis H = 0.802 2 0.567 
Length of grazing period Spearman's correlation ρ = 0.304  0.205 
Number of tree species offered Spearman's correlation ρ = −0.008  0.975 

   † indicates marginal significance at 0.1 level 

  

As shown in Table 10, the calculated breeding rate for last 30 years was not 

affected by any independent variables. 
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Table 10. Factors affecting breeding rate in Eurasian elk in 22 European zoos. Breeding            

rate was calculated from data extracted from ZIMS for the last 30 years (1986-2016). 

Independent Test  df p-value 

Hay quality Kruskal-Wallis H = 1.487 3 0.685 
Use of premixes Mann-Whitney U Test U = 11.500 1 0.348 
Daily feeding Mann-Whitney U Test U = 11.500 1 0.281 
Browsing ad libitum Mann-Whitney U Test U = 19.000 1 0.344 
Use of naked branches in winter Mann-Whitney U Test U = 33.000 1 0.275 
Quality of browse in winter Kruskal-Wallis H = 0.450 2 0.799 
Length of grazing period Spearman's correlation ρ = 0.207  0.396 
Number of tree species offered Spearman's correlation ρ = 0.026  0.916 

  

 

As shown in Table 11, calculated average longevity was not affected by any 

independent variables. Calculated longevity was 1.8 year. 

 

Table 11. Factors affecting calculated breeding rate in Eurasian elk in 22 European zoos. 

Breeding rate was calculated from data extracted from ZIMS for the last 5 years (2012-2016). 

Independent Test  df p-value 

Hay quality Kruskal-Wallis H = 1.533 3 0.675 
Use of premixes Mann-Whitney U Test U = 19.500 1 0.825 
Daily feeding Mann-Whitney U Test U = 8.500 1 0.128 
Browsing ad libitum Mann-Whitney U Test U = 21.500 1 0.151 
Use of naked branches in winter Mann-Whitney U Test U = 14.000 1 0.212 
Quality of browse in winter Kruskal-Wallis H = 0.287 2 0.866 
Length of grazing period Spearman's correlation ρ = 0.477  0.309 
Number of tree species offered Spearman's correlation ρ = 0.146  0.552 

 

 

The calculated longevity of calves surviving more than one month was not 

affected by any independent variables, as shown in Table 12. Calculated longevity 1+ 

month was 3.2 years. 
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Table 12. Factors affecting the calculated longevity of Eurasian elk in 22 European               

zoos. Only animals born and died in the same zoo were included in the analyses. 

Independent Test  df p-value 

Hay quality Kruskal-Wallis H = 2.504 3 0.475 
Use of premixes Mann-Whitney U Test U = 18.00 1 1.000 
Daily feeding Mann-Whitney U Test U = 19.500 1 1.000 
Browsing ad libitum Mann-Whitney U Test U = 14. 500 1 0.925 
Use of naked branches in winter Mann-Whitney U Test U = 20.000 1 0.627 
Quality of browse in winter Kruskal-Wallis H = 1.558 2 0.459 
Length of grazing period Spearman's correlation ρ = −0.113  0.678 
Number of tree species offered Spearman's correlation ρ = −0.079  0.771 

 

 

 The calculated longevity of calves surviving more than one month was not 

affected by any independent variables, as shown in Table 13. Calculated longevity 1+ 

month was 3.2 years. 

 

Table 13. Factors affecting the calculated longevity of Eurasian elk calves surviving 1+        

month in 22 European zoos. 

Independent Test  df p-value 

Hay quality One-way ANOVA F = 0.525 3 0.674 
Use of premixes Student's t-test t = −0.178 13 0.862 
Daily feeding Student's t-test t = 0.411 14 0.688 
Browsing ad libitum Student's t-test t = −0.553 9 0.607 
Use of naked branches in winter Student's t-test t = 1.378 14 0.190 
Quality of browse in winter One-way ANOVA F = 1.871 2 0.193 
Length of grazing period Pearson correlation r = 0.018  0.946 
Number of tree species offered Pearson correlation r = −0.168  0.533 

 

 

 We did not find any factors affecting the calculated longevity of calves surviving 

more than six months (see Table 14). Calculated longevity 6+ months was 4.1 years. 
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Table 14. Factors affecting the calculated longevity of Eurasian elk calves surviving                    

6+ months in European zoos. 

Independent Test  Df p-value 

Hay quality One-way ANOVA F = 0.657 3 0.595 
Use of premixes Student's t-test t = −0.743 13 0.471 
Daily feeding Student's t-test t = 0.650 14 0.526 
Browsing ad libitum Student's t-test t = 0.487 9 0.638 
Use of naked branches in winter Student's t-test t = 0.772 14 0.453 
Quality of browse in winter One-way ANOVA F = 1.032 2 0.384 
Length of grazing period Pearson correlation r = 0.05  0.855 
Number of tree species offered Pearson correlation r = −0.141  0.603 

  

 

 As shown in Table 15, calculated weaning age was not affected by any 

independent factors. Calculated percentage of calves surviving up to the weaning age 

was 36.59%. 

 

Table 15. Factors affecting the calculated percentage of Eurasian elk calves surviving            

up to the weaning age in 22 European zoos. 

Independent Test  df p-value 

Hay quality One-way ANOVA F = 0.599 3 0.629 
Use of premixes Student's t-test t = 0.096 13 0.925 
Daily feeding Student's t-test t = −0.600 14 0.558 
Browsing ad libitum Student's t-test t = 0.223 9 0.828 
Use of naked branches in winter Student's t-test t = 1.136 14 0.275 
Quality of browse in winter One-way ANOVA F = 0.081 2 0.923 
Length of grazing period Pearson correlation r = 0.039  0.885 
Number of tree species offered Pearson correlation r = −0.135  0.617 

 

 

Even though, the use of premixes affected several factors, such as the reported 

twinning rate, reported survival rate of twins and reported birth rate, number of tree 

species offered and quality of winter browse did not affected any breeding 

performances factors.  For that reason, the third hypothesis of this thesis was rejected. 
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5 Discussion 

Husbandry and breeding of Eurasian elk is difficult in captivity, especially because 

of their complicated feeding ecology (Shochat et al. 1997; Schwartz et al. 1985). 

Shochat et al. (1997) reported that moose only prosper in captivity when a large 

amount of supplemental browse are allowed with herbivore pellets based on aspen. 

The aim of my thesis was to find out if it is possible to improve the keeping and 

breeding of Eurasian elk in zoos, and if so, how the performance and welfare of the 

captive population may be improved. That is necessary because there is a lack of 

studies focusing on management of captive Eurasian elk. On the other hand, there are 

a good amount of studies focusing on free-ranging Eurasian elk or American moose, 

which can provide relevant information about the nutritional needs of the species in 

captivity. For these reasons, our results are in most cases compared with those 

available for free-ranging elk. 

 

5.1 Summary 

In following chapters, we will discuss the most important questions. At first, we 

will focus on feeding practices and digestive effects. This chapter include changes in 

diet composition, factors affecting faeces consistency and use of premixes. The second 

chapter is focused on browsing and we will discuss the most important tree species 

offered and their positive or negative effects. The third and last chapter is focused on 

breeding performance and factors which influence the breeding performance. The last 

chapter includes data obtained from ZIMS. 

This research was focused mainly on feeding practices and on breeding 

performances affected by these feeding practices. The diet composition and feeding 

doses will be analyse in future studies. 
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5.2 Information reported by zoological gardens 

5.2.1 Feeding practices and digestive effects 

As we found out, most zoological gardens switch the diets between summer and 

winter. This fact is very important because this is the situation that free-ranging elks 

face in nature. Zookeepers mostly provide higher amount of pellets during the winter 

but, it is seems to be contradictory, because free-ranging elk reduce the food intake at 

this time (Hofmann, 1989). According to Wam and Hjeljord (2010), elk switch to the 

summer diet from early spring, which is the same period as most zoological gardens 

do. However, zoo keepers switch to winter diet quite earlier, compared with free-

ranging elk (Månsson et al. 2007). In some zoos, winter diet is provided as early as 

from September. Diet in this autumn period should be something in-between of 

summer and winter diet, when elk is gradually reducing the metabolism and food 

intake (Hofmann 1989), leading to changes in the rumen physiology (Regelin et al. 

1985). Unfortunately, we did not get enough information about the length of the 

period of transition between summer and winter diet to allow statistical analyses; 

however, we may suspect that too drastic changes among diets may lead to digestive 

disorders and reduced performance. 

Our statistical analysis did not detect if there are some factors affecting the 

faeces consistency; and unfortunately, there have been no study based on the changes 

in faeces consistency and factors affecting these changes (see Table 2). In most 

zoological gardens, changes in faeces consistency were observed both during spring 

and autumn. This period is, of course, the same as the diet composition was changed. 

However, no clear interaction between changes in diet and changes in faeces 

consistency was detected. Changes in faeces consistency were also detected in males 

during the rut season, which takes place simultaneously as the switch to winter diet 

(Chapman et al. 1975; Hoffmann et al. 2008). Milner et al. (2013) reported that 75% of 

free-ranging elk in Norway, had at least one type of gastrointestinal parasite. From the 

previous sentences, we can assume, that changes in faeces consistency could be 

caused by different factors, rut season and diet composition. However, it is evident 

that both factors are in mutual relationship, especially in males. But unfortunately, we 



  

43 

 

did not find out, whether the changes in faeces consistency are really affected by 

seasonal changes in diet composition or by other factors such as rut season. Because 

of that, the first hypothesis of this thesis was rejected. However, these changes were 

recorded in a quarter of responded zoological gardens. For that reason, more studies 

focusing on the changes in faeces consistency and the factors affecting it are still 

necessary to make clear conclusions, so that, we can better understand the feeding 

practices in captive Eurasian elk.  

The last chapter in this research was focused on breeding management where 

use of premixes showed positive effects on breeding performances. The premixes 

include mostly vitamins and minerals mainly in a form of licking stones. There is a lack 

of information about the use of premixes in captive Eurasian elk diet, however, there 

are several studies focused on American moose or free-ranging Eurasian elk. 

Tankersley and Gasaway (1983) reported that the use of licks typically occurs during 

the spring and summer in temperate ecosystems, with females using licks earlier than 

males. This fact is supported by the study made by Stepanova et al. (2017) with moose 

(Alces alces L.) in Russia. They found out that use of minerals licks occurring especially 

during the summer. They observed that monthly visiting of licks was as follows: June - 

43.3%, July - 49.2%, August - 5.8%, September - 1.7% and October - 0%. The sex ratio 

of using the licks was as follows: males - 47.6% (n=10), females - 52.4% (n=11). It was 

also reported that licks can provide supplemental elements and buffering compounds 

(Ayotte et al. 2006). Especially sodium demands, increase approximately by 40% during 

early lactation and the sodium needs are necessary (Staaland et al. 1980). Botkin et al. 

(1973) and Jordan et al. (1973) considered sodium as a limiting factor to elk diet. In the 

wild, elk maily obtain minerals from aquatic vegetation, which is a nutritional resource 

with a high level of proteins and minerals, but low in fibre (Linn et al. 1975). On the 

ground of the research done by Jordan et al. (1973), elk seek aquatic plants because of 

its high level of sodium and/or other minerals. In the zoos, and in case elk have pond, 

any of them had aquatic vegetation. Especially, elk's winter diet of twigs is poor in 

sodium content and thus, the premixes are essential replacing the pond as mineral 

source. Not only for that reason, we may assume that mineral and vitamins premixes 
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should be included in the captive Eurasian elk diet and should be provided when 

needed or, preferably, ad libitum.  

 

5.2.2 Browsing and tree preferences 

Eurasian elk is well-known as a specialist herbivore (Crawley 1983) and require 

enough browse all year-round. In our study, elk were offered with six basic kinds of 

tree species (willow, oak, maple, aspen, birch and pine, in order of preference). 

However, zoo keepers provided them also other tree species and shrubs, depending on 

availability.  

Willow was the most preferred tree species in zoological gardens. After willow, 

elk preferred oak, pine and aspen, while birch was just mid-ranked.  Because of that, 

the second hypothesis of this thesis was not accepted. Even though willow showed the 

highest preference and was consumed more than other tree species, birch was 

consumed as well as pine or oak. Nevertheless, Bjerga and Mysterud (1999) reported 

that birch is the main tree species eaten by free-ranging elk. This was also supported 

by Wam and Hjeljord (2010), who found that birch showed the highest preference 

compared to willow, aspen and oak. More surprisingly is the fact that oak consumption 

seems to have a negative effect on birth rate and twinning rate, and marginal 

significance on the survival rate of twins. Unfortunately, there is low information about 

use of oak by wild animals. However, oak was reported by zookeepers as the second 

most preferred tree species consumed in zoos, so these negative effects could be just 

due to the low sample size. One reasonable explanation why oak is used in zoos is 

because of its effects on faeces consistency. In some zoos, oaks are not offered much 

frequently, but in a nutritional way is used as a treatment to stop digestive disorders 

such as diarrhoea, when detected (Barbora Dobiášová – personal communication). It 

has been previously reported that oak can be offered in a form of fresh branches or as 

an oak bark, if possible (Homolka 1998). Due to the previous results, oak consumption 

and its effects on health are very interesting and could be a topic for further research.  
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Scots pine was well preferred tree species such as birch or maple. Shipley 

(2010) and Smeets (2014) reported that elk consume around 60% of Scots pine during 

the winter in Sweden. The second study found out that Scots pine and birch had 

similar probability of being browsed by free-ranging elk.  In our study, Scots pine was 

found to have a possitive effect on breeding success and thus it can be recommended 

to include this species in the diet of captive elk. 

 

5.2.3 Breeding 

We already discussed the effects of premixes on Eurasian elk performance (see 

5.1.2 Feeding practices and digestive effects). From the previous chapter follows that 

use of premixes has positive health effect on breeding performance.  

The reported twinning rate in captive Eurasian elk was relatively high (38.5%), 

compared with study made by Testa and Adams (1998), where the twinning rate in 

free-ranging elk was approximately 23%. Although the reported twinning rate was 

relatively high compared with other cervids (e.g. white-tailed deer, where the twinning 

rate is 21%) (Roseberry & Klimstra 1970), in research done by Jones et al. (2017) was 

twinning rate in free-ranging moose only 14%. According to Boer (1992), variation in 

twinning rate has been attributed to differences in body condition of elk and may be 

caused by a poor female condition which may result in low yearling productivity, 

increased age of first reproduction and reduced fertility (Musante et al. 2010) 

In our study was reported survival rate of twins estimated on 49.50%. 

Unfortunately, there is a lack of information based on this topic. However, Sivertsen et 

al. (2012) reported survival rate of free-ranging Eurasian elk calves between 20-40%. 

Even though, the twinning rate and survival rate of twins of captive elk are higher than 

in a free-ranging elk, survival rate of twins in captivity is very low. This fact may be 

caused by winter diet composition where, winter diet of captive elk mostly contains 

more browser pellets than summer diet. Consequently, the most credible explanation 

why the survival rate of twins is low is that, during the winter elk is reducing the food 

intake which is closely connected with changes in rumen physiology and thus low 
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survival rate may be caused by overfeeding in winter season. Nevertheless, the 

comparison between captive and free-ranging Eurasian elk are difficult, because free-

ranging elk is the predominant prey of wolves in Scandinavia (Sand et al. 2005). For 

that reason, the comparison of survival rate of twins cannot be exact.  

 

5.3 Information obtained from ZIMS  

From the Zoological Information Management System, we got information about 

calculated breeding rate, twinning rate, average longevity and about surviving up to 

weaning age. Unfortunately, majority of the results were not affected by hay quality, 

use of premixes, daily feeding, use of naked branches in winter, quality of browse in 

winter, length of grazing period and by number of tree species offered. However, 

calculated twinning rate for last 30 years was affected by browsing ad libitum. Eurasian 

elk are classified as browsers and spend majority of time by browsing (Hofmann 1989). 

Even though, the number of the tree species offered did not affect any factors, 

browsing ad libitum showed as a good practice and should be allow in captive Eurasian 

elk breeding management.  

Maximum longevity of captive Eurasian elk was established at 1.8 years. 

Unfortunately, the longevity is very low because of the frequent death of calves 

immediately after birth. Weigl (2005) reported record longevity in captive Eurasian elk 

at 18.4 years. However, maximum longevity of captive Eurasian elk has not been 

specified yet. For comparison, average longevity in free-ranging Eurasian elk was 

established at 16 years (Grzimek 2003). 
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6 Conclusions 

This research highlighted some feeding practices which could improve the 

breeding and performance in captive Eurasian elk.  

On the ground of our results, we can recommend the use of premixes, which 

showed positive effects on breeding. Next interesting practise is to allow browse ad 

libitum, and providing certain preferred species such as willow, birch and pine. 

However, not all trees species showed as a suitable browse for elk and its consumption 

is unrecommended or should be limited, as it is the case for oak. 

Further research must focus on the diet composition and other husbandry 

practices which may influence a healthy digestive tract. Moreover, the small sample 

size analysed (23 institutions) may explain why few practices were found to be 

significant in this study, and thus, it is advisable to make some effort to collect 

information from all the 48 zoological gardens in European countries breeding 

Eurasian elk.  

 

 

 

 

 

 



  

48 

 

7 References 

AnAge. 2017. The Animal Ageing and Longevity Database: AnAge entry for Alces alces. 

Available from http://genomics.senescence.info (accessed January 2018). 

Andersen R, Lund E, Solberg EJ, Saether BR. 2010. Ungulates and their management in 

Norway. Pages 14-36 in Apollonio M, Andersen R, Putman R, editors. European 

Ungulates and Their Management in the 21st Century. Cambridge University Press, 

Italy. 

Andersen R. 1991. Habitat deterioration and the migratory behavior of moose (Alces-

alces L) in Norway. Journal of Applied Ecology 28: 102-108. 

Aragona M, Setz EZ 2001. Diet of the maned wolf, Chrysocyon brachyurus (Mammalia: 

Canidae), during wet and dry seasons at Ibitipoca State Park, Brazil. J Zool 254: 

131-136.   

Ayotte JB, Parker KL, Arocena JM, Gillingham MP. 2006. Chemical composition of lick 

soils: functions of soil by four ungulate species. Journal of Mammalogy 87: 887-888. 

Ball JP, Nordengren C, Wallin K. 2001. Partial migration by large ungulates: 

characteristics of seasonal moose Alces alces ranges in northern Sweden. Wildife 

Biology 7: 39-47. 

Ballard WB, Whitman JS, Reed DJ. 1991. Population dynamics of moose in South 

Central Alaska. Wildlife Monographs 30: 6-45. 

Bauer K, Nygrén K. 1999. Alces alces (Linnaeus 1758). Pages 394–395 in Mitchell-Jones 

AJ, Amori G, Bogdanowicz W, Kryštufek B, Reijn- ders PJH, Spitzenberger F, Stubbe 

M, Thissen JBM, Vohralík V, Zima J, editors. Atlas of European Mammals. The 

Academic Press, London. 

Belova O. 2013. The Impact of Moose (Alces alces L.) on Woody Vegetation and 

Potential Role of Ecological Corridors in the Transboundary Forests. Baltic Forestry 

19(1): 67-80. 

Belovsky GE, Jordan PA. 1981. Sodium dynamics and adaptations of a moose 

population. Journal of Mammalogy 62: 613-621. 

Belovsky GE. 1978. Diet optimization in a generalist herbivore, the moose. Journal of 

Theoretical Population Biology 14: 105-134. 



  

49 

 

Bergström R, Hjeljord O. 1987. Moose and vegetation interactions in northwestern 

Europe and Poland. Swedish Wildlife Res. 1: 213-228. 

Biolib. 2018. Geographycal distribution of Alces alces in the Czech Republic. Anděra M. 

in Zicha O, editor. Bological Library. Available from www.biolib.cz (accessed January 

2018). 

Bjerga M, Mysterud A. 1999. The summer diet of moose Alces alces in Agder, south 

Norway - the link to fragile bones and kidney damages? Acta Theriologica 44(1): 

107-111. 

Boer AH. 1992. Fecundity of North American moose (Alces alces): a review. Alces 

Supplement 1: 1-10. 

Botkin DB, Jordan PA, Dominski AS, Lowendorf HS, Hutchinson GE. 1973. Sodium 

dynamics in a northern ecosystem. Proceedings of the National Academy of 

Sciences 70: 2745-2748. 

Bowlin MS, Bisson IA, Shamoun-Baranes J, Reichard JD, Sapir N, Marra PP, Kunz TH, 

Wilcove DS, Hedenstrom D, Guglielmo CG, Akesson S, Ramenofsky M, Wikelski M. 

2010. Grand Challenges in Migration Biology. Integrative and Comparative Biology 

50:261-279. 

Bowyer R, Ballenberghe V, Kie J. 2003. Moose: Alces alces. Pages 931-964 in Feldhamer 

G, Thompson B, Chapman B, editors. Wild mammals of North America: Biology, 

management and conservation. John Hopkins University Press, Baltimore. 

Boyer R. 2004. Sexual segregation in Ruminants: definitions, hypotheses, and 

implications for conservation and management. Journal of Mammalogy 85: 1039-

1052. 

Boyeskorov G. 1999. New data on moose (Alces, Artiodactyla) 

systematics. Säugetierkundliche Mitteilungen 44: 3-13.  

Broders HG, Coombs AB, McCarron JR. 2012. Ecothermic responses of moose (Alces 

alces) to thermoregulatory stress on mainland Nova Scotia. Alces 48: 53–61 

Bubenik A. 2007. Behavior. Pages 173-221 in Franzmann A, Schwartz C, 

editors. Ecology and Management of the North American Moose. University Press 

of Colorado, Colorado.  



  

50 

 

Bunnell FL, Parker KL, McNay RS, Hovey FW. 1990. Sinking depths of black-tailed deer 

in snow, and their indices. Canadian Journal of Zoology 68: 917-922. 

Camardella, AR, Abreu MF, Wang E 2000. Marsupials found in felids scats is southern 

Brazil, and a range extension of Monodelphis theresa. Mammalia 64: 379-382.   

Cederlund G, Lundqvist H, Markgren G, Stålfelt F. 1980. Foods of moose and roe deer 

at Grimsö in central Sweden: results of rumen content analyses. Swedish Wildlife 

Research 11: 167-247. 

Cederlund G, Nyström HA. 1981. Seasonal differences between moose and roe deer in 

ability to digest browse. Holarctic Ecology 4: 59-65. 

Cederlund G, Ljungqvist H, Markgren G, Stålfelt F. 1980. Foods of moose and roe-deer 

at Grimsö in Central Sweden. Results of rumen content analyses. Swedish Wildlife 

Reseach 11(4): 169-247. 

Chapman DI., Larkmead, Mills B, Bury E. 1975. Antler-bone of contention. Mammal 

Review 5: 121-172. 

Church DC, Smith GE, Fontenot JP, Ralston AT. 1971. Digestive physiology and nutrition 

of ruminants. Oregon State Univeristy Bookstore 2: 401-801. 

Clauss M, Hofmann RR, Fickel J, Streich WJ, Hummel J. 2009. The intraruminal 

papillation gradient in wild ruminants of different feeding types: implications for 

rumen physiology. Journal of Morphology 270(8): 929–42. 

Crawley MJ. 1983. Herbivory: The Dynamics of Animal-Plant Interactions. Blackwell 

Scientific Publications, Oxford, England. 

Dearing MD, Mangione AM, Karasov WH. 2000. Diet breadth of mammalian 

herbivores: nutrient vs. detoxification constraints. Oecologia 123: 397-405. 

Demarchi MW, Bunnell FL. 1995. Forest cover selection and activity of cow moose in 

summer. Acta Theriologica 40(1): 23–36. 

Dussault C, Ouellet J, Courtois R, Huot J, Breton L, Larochelle J. 2004. Behavioural 

responses of moose to thermal conditions in the boreal forest. Ecoscience 11(3): 

321–328. 

Dziezciołowski R, Pielowski Z. 1993. Łos. ANTON-5 Zoo. Warszawa, Poland. 

Engan JH. 2001. Changes in the relationship between palmate and cervine antlers in 

moose (Alces alces) in southeastern Norway. Alces 37(1): 79-88. 



  

51 

 

Filonov KP. 1983. Los: Lesnaya Promyshlennost. Moscow, Russia. 

FlâØyen A, Bratberg B, FrØslie A, GrØnstØl H, Langseth W, Mantle PG, Krogh A. 1996. 

Further studies on the presence, qualities and effects of the toxic principles from 

Narthecium ossifragum plants. Veterinary Research Communications 20: 1-12. 

Garel M, Solberg EJ, Sæther BE, Grøtan V, Tufto J, Heim M. 2009. Age, size, and 

spatiotemporal variation in ovulation patterns of a seasonal breeder, the 

Norwegian moose (Alces alces). Acta Veterinaria Scandinavica 56:89–104. 

Geist V. 1998. Moose. Pages 223-254. Deer of the World: Their Evolution, Behaviour, 

and Ecology. Stackpole Books, Mechanicsburg, Pennsylvania, USA. 

Gill RMA. 1990. Monitoring the status of European and North American Cervids. GEMS 

Information Series, 8; Global Environment Monitoring Systems, United Nations 

Environment Programme, Nairobi. 

Giorgi F, Bi X, Pal J. 2004. Mean, interannual variability and trends in a regional climate 

change experiment over Europe. II: climate change scenarios (2071–2100). Climate 

Dynamics 23: 839–858. 

Gorman ML, Trowbridge BJ 1989. The role odor in the social lives carnivores. In JL 

Gittleman, Carnivore Behaviour, Ecology and Evolution, Chapman & Hall Ltd, New 

York, p. 57-88.   

Grøtan V, Sæther BE, Lillegard M, Solberg EJ, Engen S. 2009. Geographical variation in 

the influence of density dependence and climate on the recruitment of Norwegian 

moose. Oecologia 161: 685–695 

Groves CP, Grubb P. 1987. Repationship of living deer. Pages 21-59 in Wemmer CM, 

editor. Biology and Management of the Cervidae. Smithsonian Institution Press, 

Washington and London. 

Grubb P. 2005. Order Artiodactyla. Pages 637-722 in Wilson DE and Reeder DM, 

editors. Mammal Species of the World, Third Edition. The Johns Hopkins University 

Press, Baltimore. 

Grzimek B. 2003. Artiodactyla (Even-toed ungulates). Pages 383-384 in Hutchins M, 

Kleiman D, Geist V, McDade M, editors. Grzimek's Animal Life Encyclopedia, Vol. 

15, Mammals IV, 2nd Edition. Farmington Hills, Michigan, USA. 

http://taxonomicon.taxonomy.nl/Person.aspx?id=3935
http://taxonomicon.taxonomy.nl/Reference.aspx?id=4999
http://taxonomicon.taxonomy.nl/Reference.aspx?id=4999
http://taxonomicon.taxonomy.nl/Reference.aspx?id=4999


  

52 

 

Heikkilä R, Härkönen S. 1993. Moose (Alces alces L.) browsing in young Scots pinde 

stands in relation to the characteristics of their winter habitats. Silva Fennica 27(2): 

127-143. 

Helle T, Pajuoja H, Nygrén K. 1987. Forest damages caused by moose and their 

economic value in Finland. The Scandinavian Journal of Economics 29: 7-26. 

Henttonen H, Kranz A, Stubbe M, Maran T, Tikhonov A. 2007. Alces alces ssp. alces. 

The IUCN Red List of Threatened Species. Version 2007. IUCN. Available from 

www.iucnredlist.org (accessed January 2018). 

Histol T, Hjeljord O. 1993. Winter feeding strategies of migrating and nonmigrating 

moose. Canadian Journal of Zoology 71: 1421-1428. 

Hjeljord O, SundstØl F, Haagenrud H. 1982. The nutrirional value of browse to moose. 

Journal of Wildlife Management 46(2): 333-343. 

Hofmann RR, Nygren K. 1990. Morphophysiological specialization and adaptation of 

the moose digestive system. The third International Moose Symposium Sytkyvkar. 

Abstract: 31. 

 Hofmann RR, Nygren K. 1990. Ruminal mucosa as indicator of nutritional status in wild 

and captive moose. The third International Moose Symposium Sytkyvkar. Abstract: 

136. 

Hofmann RR, Stewart DRM. 1972. Grazer or browser: a classification based on the 

stomach structure and feeding habitats of East African ruminants. Mammalia 36: 

226-240. 

Hofmann RR. 1988. Morphophysiological evolutionary adaptations of the ruminant 

digestive system. Pages 1-15 in Dobson A, Dobson M, editors. Aspects of digestive 

physiology in ruminants. Comell University Press, Ithaca, New York.  

Hofmann RR. 1989. Evolutionary steps of ecophysiological adaptation and 

diversification of ruminants: a comparative view of their digestive system. 

Oecologia 78(4): 443-457. 

Hofmann RS, Lunde D, MacKinnon J, Wilson DE, Wozencraft WCH. 2008. Eurasian elk. 

Pages 132, 458 in Smith A, Xie Y, editors. A Guide to the Mammals of China. 

Princeton University Press, New Yersey. 



  

53 

 

Homolka M. 1998. Moose (Alces alces) in the Czech Republic: Chances for survival in 

the man-made landscape. Folia Zoologica Monograpsh 1: 1-46. 

Hubbard WA. 1952. Following the animal and eye-estimation method of measuring the 

forage consumed by grazing animals. Pages 1343–1345. Treasurer Finance 

Committee, Washington, DC, USA. 

Hudson RJ, White RG. 1985. Regulation of forage intake. Pages 81-101 in Arnold RW, 

editor. Bioenergetics of wild herbivores. CRC Press, Boca Raton, Florida. 

Hundertmark KJ. 2016. Alces alces. The IUCN Red List of Threatened Species 2016. 

Available from www.iucnredlist.org (accessed April 2018). 

Hundertmark KJ, Shields FG, Bowyer RT, Schwartz CC. 2002. Genetic relationships 

deduced from cytochrome-b sequences among moose. Alces 38:113–122. 

Jones H , Pekins PJ, Kantar LE , O’Neil M, Ellingwood D. 2017. FECUNDITY AND 

SUMMER CALF SURVIVAL OF MOOSE DURING 3 SUCCESSIVE YEARS OF WINTER 

TICK EPIZOOTICS. Alces vol. 53: 85–98.  

Jordan PA, Botkin DB, Dominski AS, Lowendorf HS, Belovsky GE. 1973. Sodium as a 

critical nutrient for the moose of Isle Royale. North American Moose Conference 

and Workshop 9: 13- 42. 

Kalen C, Bergquist J. 2004. Forage availability for moose of young silver birch and Scots 

pine. Forest Ecology and Management 187: 149–158. 

Kuijper DPJ. 2011. Lack of natural control mechanisms increases wildlife–forestry 

conflict in managed temperate European forest systems. European Journal of 

Forest Research 130: 895-909. 

Kuznetsov GV. 1987. Habitats, movements and interactions of moose with forest 

vegetations in USRR. Swedish Wildlife Research, Viltrevy, Supplement 1: 201-212. 

Lavsund S. 1987. Moose relationships to forestry in Finland, Norway and Sweden. 

Swedish Wildlife Research 1: 229-244. 

Lenarz MS, Nelson ME, Schrage MW, Edwards AJ. 2009. Temperature mediated moose 

survival in northeastern Minnesota. Journal of Wildlife Management 73(4): 503–

510. 

LeResche RE. 1974. Moose migrations in North America. Naturaliste Canadien 101: 

393-415. 



  

54 

 

Liebenberg L. 2000. Tracks and Tracking in Southern Africa, Struik Publishers, Cape 

Town, 144 pp.  

Linn CC, Staba EJ, Goodrich RD, Mehtke JC, Otterby DE. 1975. Nutritive value of dried 

or ensiled aquatic plants. I. Chemical composition. Journal of Animal Sciences 41(2): 

601-609. 

Maclennan RR, Kinnear JD, Stewart RR. 1977. The relationship of plant phenology to 

Moose. Saskatchewan Department of Tourism and Renewable Resources 3: 3-15. 

Malmsten J, Söderquist L, Thulin CG, Widén DG, Yon L, Hutchings MR, Dalin AM. 2014. 

Reproductive characteristics in female Swedish moose (Alces alces), with emphasis 

on puberty, timing of oestrus, and mating. Acta Veterinaria Scandinavica 56(1): 23. 

Månsson J, Kalen C, Kjellander P, Andren H, Smith H. 2007. Quantitative estimates of 

tree species selectivity by moose (Alces alces) in a forest landscape. Scandinavian 

Journal of Forest Research 22 (5): 407–414. 

Månsson J. 2009. Environmental variation and moose Alces alces density as 

determinants of spatio-temporal heterogeneity in browsing. Ecography 32: 601-

612. 

Markham KR. 1971. A chemotaxonomic approach to the selection of opossum resistant 

willows and poplars for use in soil conservation. New Zealand Journal of Science 14: 

179-186. 

Milner JM, Wedul S, Laaksonen S, Oksanen A. 2013. Gastrointestinal nematodes of 

Moose (Alces alces) in relation to supplementary feeding. The Journal of Wildlife of 

Diseases 49 (1): 69-79. 

Murray DL, Cox EW, Ballard WB, Whitlaw HA, Lenarz MS, Custer TW, Barnett T, Fuller 

TK. 2006. Pathogens, nutritional deficiency, and climate influences on a declining 

moose population. Wildlife Monographs 166(1): 1–30. 

Musante AR, Pekins PJ, Scarpitti DL. 2010. Characteristics and dynamics of a regional 

moose Alces alces population in the northeastern United States. Wildlife Biology 

16: 185–204. 

Nikula A, Heikkinen S, Helle E. 2004. Habitat selection of adult moose Alces alces at 

two spatial scales in central Finland. - Wildlife Biology 10: 121-135. 



  

55 

 

Novak R. 1999. Walker's Mammals of the World. The John Hopkins University 

Press,Baltimore. 

Nygrén T, Personen M. 1993. The moose population (Alces alces L.) and methods of 

moose management in Finland 1975–89. Finnish Game Research 48: 46-53. 

Ortmann S, Bradley BJ, Stolter C, Ganzgorn JU. 2006. Estimating the quality and 

composition of wild animal diets—a critical survey of methods. Pages 395–399 in 

Hohmann G, Robbins MM, Boesch C, editors. Feeding ecology in apes and other 

primates: ecological, physical and behavioral aspects. Cambridge University Press, 

United Kingdom. 

Palo RT, Sunnerheim K, Theander O. 1985. Seasonal variation of phenols, crude protein 

and cell wall content of birch (Betula pendula Roth.) in relation to ruminant in vitro 

digestibility. Oecologia 65: 314-318. 

Palo RT, Wallin K. 1996. Variability in diet composition and dynamics of radiocaesium 

in moose. Journal of Applied Ecology 33: 1077-1084. 

Palo TR, Jordan PA, Pehrson A, Staaland H. 2012. Seasonal variation of phenols, 

nitrogen, fiber, and in vitro digestibility in swedish moose. Alces 48: 7-15. 

Patton S, Rabinowitz A, Randolph S, Johnson SS 1986. A coprological survey of 

parasites of Neotropical Felidae. J Parasitol 72: 517-520.    

Peek JM, Schmidt KT, Dorrance MJ, Smith BL. 2002. Supplemental feeding and farming 

of elk. Pages 614–647 in Toweill DE, Thomas JW, editors. Elk of North America, 

Ecology and Management. Smithsonian Institute Press, Washington. 

Peterson RL. 1974. A review of the general life history of the moose. Naturaliste 

Canadien 101: 9-21. 

Provenza F. D. 1995. Postingestive feedback as an elementary determinant of food 

preference and intake in ruminants. Journal of Range Management 48: 2-17 

Pulliainen E. 1974. Seasonal movements of moose in Europe. Naturaliste Canadien 

101: 379-392. 

Putman RJ, Staines BW. 2004. Supplementary winter feeding of wild red deer (Cervus 

elaphus) in Europe and North America: justifications, feeding practice and 

effectiveness. Mammal Review 34: 285–306.  



  

56 

 

Regelin WL, Schwartz CC, Franzmann AW. 1985. Seasonal energy-metabolism of adult 

moose. Journal of Wildlife Management 49(2):388–393. 

Renecker LA, Hudson RJ. 1986. Seasonal energy expenditures and thermoregulatory 

responses of moose. Canadian Journal of Zoology 64: 322–327. 

Renecker LA, Hudson RJ. 1990. Behavioral and thermoregulatory responses of moose 

to high ambient temperatures and insect harassment in aspen-dominated forests. 

Alces 26: 66–72. 

Renecker LA, Hudson RJ. 1990. Digestive kinetics of moose (Alces alces), Wapiti (Cervus 

elaphus) and cattle. Animal production 50: 51-61.  

Risenhoover KA. 1989. Composition and quality of moose winter diets in interior 

Alaska. Journal of Wildlife Management 53: 568-577. 

Roseberry JL, Klimstra WD. 1970. Productivity of white-tailed deer on crab orchand 

national wildlife refuge. The Journal of Wildlife Management 34: 23-28. 

Ruusila V, Kojola. 2010. Ungulate management in Finland. Pages 86-102 in Apollonio 

M, Andersen R, Putman R, editors. European Ungulates and their Management in 

the 21st Century. Cambridge University Press, Cambridge. 

Ryman N, Beckman G, Bruun-Petersen G, Reuterwall C. 1977. Variability of red cell 

enzymes and genetic implications of management policies in Scandinavian moose 

(Alces alces). Hereditas 85: 157–162. 

Sæther BE, Haagenrud H. 1985. Geographical variation in the antlers of Norwegian 

moose in relation to age and size. J. Wildl. Manage. 49(4): 983-986. 

Sand H, Zimmermann B, Wabakken P, Andrén H, Pedersen HC. 2005. Using GPS 

technology and GIS cluster analyses to estimate kill rates in wolf–ungulate 

ecosystems. Wildlife Society Bulletin 33(3): 914– 925. 

Sandegren F, Bergström R, Sweanor PY. 1985. Seasonal moose migration related to 

snow in Sweden. Alces 21: 322-338. 

Schmölcke U, Zachos FE. 2005. Holocene distribution and extinction of the moose 

(Alces alces, Cervidae) in Central Europe. Mammalian Biology 70: 329–344. 

Schwartz CC, Hundertmark K. 1993. Reproductive characteristics of Alaskan 

moose. Journal of Wildlife Management 57: 454-468. 



  

57 

 

Schwartz CC. 2007. Reproduction, natality, and growth. Pages 141-171 in Franzmann A, 

Schwartz C, editors. Ecology and Management of the North American Moose. 

University Press of Colorado. Colorado. 

Schwartz CC, Franzmann AW. 1991. Interrelationship of black bears to moose and 

forest succession in the northern coniferous forest. Wildlife Monographs 113: 1-58. 

Schwartz CC, Harmon DL, Hundertmark KJ, Robbins CT, Lintzeňich BA. 1996. 

Carbohydrase activity in the pancreas and small intestine ofmoose and cattle. Alces 

32: 25-29. 

Schwartz CC, Regelin WL, Franzmann AW. 1985. Suitability of a formulated ration for 

moose. Journal of Wildlife Management 49: 137-141. 

Shipley LA, Forbey JS, Moore BD. 2009. Revisiting the dietary niche: when is a 

mammalian herbivore a specialist? Integrative and Comparative Biology 49: 274-

290. 

Shipley LA. 2010. Fifty years of food and foraging in moose: lessons in ecology from a 

model herbivore. Department of Natural Resource Sciences 46: 1-13. 

Shochat E, Robbins CT, Parish SM, Young PB, Stephenson TR, Tamayao A. 1997. 

Nutritional investigations and management of captive moose. Zoo Biology 16: 479-

494. 

Sinclair ARE. 1983. The function of distance movements in vertebrates. Pages 240-258 

in Swingland IR, Greenwood PJ, editors. The ecology of animal movement. 

Clarendon Press, Oxford. 

Sivertsen TR, Mysterud A, Gundersen H. 2012. Moose (Alces alces) calf survival rates in 

the presence of wolves (Canis lupus) in southeast Norway. European Journal of 

Wildlife Research 58: 863–868. 

Smeets F. 2014. Moose (Alces alces) foraging decisions and habitat use during winter, 

at five spatial scales [Msc. Thesis]. Hedmark University College, Norway. 

Smith EA, Jones TC, Hunt RD. 1972. 1.521 pp. Veterinary pathology. Lea and Fehinger, 

Philadelphia. 

Sommer RS, Nadachowsky A. 2006. Glacial refugia of mammals in Europe: Evidence 

from fossil records. Mammal Review 36: 251–265. 



  

58 

 

Staaland H, White RG, Luick JR, Holleman DF. 1980. Dietary influences on sodium and 

potassium metabolism of reindeer. Canadian Journal of Zoology 58: 1728-1743. 

Stepanova VV, Argunov AV, Kirillin RA, Okhlopkov IM. 2017. Time-study of moose 

(Alces alces L., 1758) geophagia activity in the Central Yakutia. Russian Journal of 

Theriology 16(2): 185-190. 

Stolter C, Ball JP, Julkunen-Tiitto R, Lieberei R, Ganzhorn JU. 2005. Winter browsing of 

moose on two different willow species: Food selection in relation to plant 

chemistry and plant response. Canadian Journal of Zoology 83: 807-819. 

Stolter C. 2008. Intra-Individual plant response to moose browsing: feedback loops and 

impacts on multiple consumers. Ecological Monographs 78: 167-183. 

Sweanor PY. Sandegren F. 1985: Winter behaviour of moose in central Sweden. 

Canadian Journal of Zoology 64: 163-167. 

Telfer ES, Kelsall JP. 1984. Adaptations of some large north American mammals for 

survival in snow. Ecology 65: 1828-1834 

Testa JW, Adams GP. 1998. Body condition and adjustments to reproductive effort in 

female moose (Alces Alces). Journal of Mammalogy 79(4): 1345-1354. 

Timmermann HR, Mcnicol JG. 1988. Moose habitat needs. Forestry Chronicle 64: 238-

245. 

Van Soest PJ. 1994. Digestive flow. Pages 371-375. Nutritional Ecology of the 

Ruminant. Cornell University Press, Ithaca, New York. 

Van Soest PJ. 1994. Fiber and Physicochemical Properties of Feed. Pages 140-155. 

Nutritional Ecology of the Ruminant. Cornell University Press, Ithaca, New York. 

Wam HK, Hjeljord O. 2010. Moose summer and winter diets along a large scale 

gradient of forage availability in southern Norway. European Journal of Wildlife 

Research 56:745–755. 

Wam HK, Hjeljord O. 2010. Moose Summer Diet From Feces and Field Surveys: A 

Comparative Study. Rangeland Ecology & Management 63: 387–395. 

Ward JS, Gent MPN, Stephens GR. 2000. Effects of planting stock quality and browse 

protection-type on height growth of northern red oak and eastern white pine. For. 

Ecol. Manage. 127: 205-216. 



  

59 

 

Weigl R. 2005. Longevity of mammals in captivity. From the Living Collections of the 

world. Page 136. A list of mammalian longevity in captivity. Schweizerbart Science 

Publishers, Stuttgart, Germany.  

Wemmer C. 1998. Deer Status Survey and Conservation Action Plan. IUCN, Gland, 

Switzerland and Cambridge, UK. 

Wersal RM, Madsen JD. 2013. A review of the global status of aquatic plants. Pages 13-

26. Aquatic Plants Their Uses and Risks. FAO, Rome, Italy.  

White RG. 1984. Rumen fill in arctic ruminants, discussion topic. Pages 16-17. Proc. of 

Wildlife Bioenergetic Workshop. The sixth International Symposium on Ruminant.  

Wilson D, Ruff S. 1999. The Smithsonian Book of North American Mammals. 

Smithsonian Institution Press, Washington, D.C. 


