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Abstract 

The dissertation addresses the enduring and relevant topic of food quality evaluation in wild 

animals. Its primary objective is to assess the factors that influence the efficacy of near-infrared 

reflectance spectroscopy (NIRS) in faecal analyses, focusing on its practical application. 

The first part of the thesis research focuses on comprehensive analyses of red deer and gazelles 

in captivity, with a particular emphasis on the distinct responses of each species to nutrition 

provided. The initial studies on captive red deer demonstrate that factors such as sex, age, and 

environmental conditions, such as pasture availability, significantly impact the variability of 

nutrients in their faeces. These findings emphasise the need for initial controlled experiments to 

standardise methods for interpreting faecal data from wild populations. 

Three closely related species of gazelles were the focus of further investigation, which revealed 

how variations in faecal nitrogen and fibre levels express differences in digestive efficiency 

between species. This study emphasises the specifics of digestive processes in different species 

and highlights the influence of individual characteristics such as age and sex on nutritional 

intake. It suggests that comparing distinct species requires a detailed and careful approach. 

Further use of NIRS in a wild setting entailed comparing faecal samples from roe and red deer 

in the Bohemian forests. This endeavour aimed to determine the specific dietary patterns of two 

different specialists by analysing the nutrients found in their faeces. However, the presence of 

external factors, such as supplementary feeding and predation, impacted the clear identification 

of species-specific dietary patterns. This emphasises the difficulties faced when conducting field 

studies in uncontrolled environments. 

Lastly, the dissertation offers a succinct summary of the research on Andean bears, utilising 

NIRS to explore the nutritional makeup of bromeliads in southern Ecuador. This addition 

demonstrates NIRS's adaptability to various ecological studies and species, including non-

ruminant herbivores, thereby expanding the scope of dietary analysis in conservation science. 

Together, these studies contribute to our comprehension of herbivore nutrition and ecological 

interactions, providing valuable insights for managing wildlife and conservation endeavours. 

This dissertation connects controlled experiments and field applications, laying the groundwork 

for future environmental research using advanced analytical techniques such as NIRS. 
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Abstrakt 

Tato disertační práce zkoumá způsoby výběru potravy volně žijících sudokopytníků s využitím 

spektroskopie blízké infračervené oblasti (NIRS) pro analýzu vzorků trusu. Tato metoda 

poskytuje cenné informace o nutriční ekologii mnoha druhů v různých prostředích. 

První část výzkumu se zaměřuje na komplexní analýzy jelenů a gazel, s důrazem na odlišné 

reakce každého druhu na poskytovanou výživu. Počáteční studie na jelenech chovaných v zajetí 

ukázaly, že faktory jako pohlaví, věk a environmentálni podmínky, jako je dostupnost pastvy, 

významně ovlivňují variabilitu živin v jejich trusu. Tato zjištění zdůrazňují potřebu počátečních 

kontrolovaných experimentů, které by standardizovaly metody interpretace dat o trusu z volně 

žijících populací. 

Další výzkum se soustředil na tři úzce příbuzné druhy gazel, který odhalil, j ak rozdíly v úrovních 

dusíku a vlákniny v trusu vyjadřují rozdíly v účinnosti trávení mezi jednotlivými druhy. Tato 

studie zdůrazňuje specifika trávicích procesů u různých druhů a poukazuje na vliv 

individuálních charakteristik, jako jsou věk a pohlaví, na příjem potravy. Naznačuje, že srovnání 

jednotlivých druhů vyžaduje detailní a opatrný přístup. Další použití NIRS ve volné přírodě 

zahrnovalo porovnání vzorků trusu srnců a jelenů v českých lesích. Cílem této snahy bylo určit 

specifické stravovací návyky různých druhů pomocí analýzy živin nalezených v jejich trusu. 

Avšak přítomnost vnějších faktorů, jako je doplňkové krmení a predace, ovlivnila jasnou 

identifikaci druhově specifických stravovacích návyků. To zdůrazňuje obtíže, kterým čelí 

provádění terénních studií v nekontrolovaných prostředích. 

Závěrem disertace nabízí stručné shrnutí výzkumu andských medvědů s využitím NIRS pro 

prozkoumání nutričního složení bromélií v jižním Ekvádoru. Tento dodatek ukazuje 

přizpůsobivost NIRS různým ekologickým studiím a druhům, včetně nepřežvýkavých 

býložravců, čímž rozšiřuje rozsah analýz stravy ve vědě o ochraně přírody. 

Společně tyto studie významně přispívají k pochopení výživy býložravců a ekologických 

interakcí, poskytující cenné poznatky pro řízení volně žijících živočichů a pro snahu o ochranu 

přírody. Tato disertace spojuje kontrolované experimenty a terénní aplikace, čímž klade základy 

pro budoucí environmentálni výzkum s využitím pokročilých analytických 

technik, jako je NIRS. 
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1. INTRODUCTION 

Examining the dietary patterns and feeding behaviours of large herbivorous vertebrates, 

especially ungulates, is crucial for understanding and tackling ecological and socio-economic 

challenges that are worsened by the rapid changes in climate. These challenges have a significant 

effect on the variety of species and the interactions within ecosystems at various levels, 

ultimately affecting the populations of hoofed mammals that play a crucial role in maintaining 

ecosystem stability (Naiman, 1988; Hodgman et al., 1996; Searle and Shipley, 2008). Nutrition 

is a crucial factor in determining the health of animals, impacting various aspects such as the 

growth rate of young individuals, the survival of adults, and their reproductive success (Simard 

et al., 2008; Monteith et al., 2014; Lamb et al., 2023). Although recognised as crucial, the 

incorporation of nutritional information into wildlife management and conservation strategies 

frequently lacks sufficiency (Wisdom et al., 2020; Morgan et al., 2021). 

This thesis in its part discuss the intricate interaction of various factors that affect the choice of 

diet among ungulates. Dietary choice is not only important for their survival and ability to 

reproduce, but also for the maintenance of population dynamics and ecological balance in forest 

habitats (Christianson & Creel, 2007; Felton et al., 2017). Food quality, environmental changes, 

and physiological diversity among species have a direct influence on their dietary selection 

behaviours and broader ecological consequences. 

Ungulates demonstrate advanced food selection behaviours, which indicate their ability to 

respond to a wide range of chemically diverse resources. The selection of food is influenced by 

various factors, such as the nutritional quality, chemical defences of plants, and overall food 

availability. These factors are further complicated by variables like the specific part of the plant, 

the timing of plant growth and development, and variations within and between different species 

(Cook et al., 1962; Hanley, 1982; Zweifel-Schielly et al., 2009; Severson et a l , 2021). 

This research is not solely focused on academic pursuits, but rather it is a crucial undertaking 

that seeks to improve the effectiveness of management and conservation efforts. This is 

particularly important due to the substantial socio-economic and ecological impacts associated 

with the dietary patterns of ungulates, especially in the face of current climate changes (Gordon 

et al., 2004; Milner et al., 2014; Champagne et al., 2021). The study utilises advanced 

methodologies, specifically near-infrared reflectance spectroscopy (NIRS) and detailed faecal 
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analysis, which are considered significant advancements in ecological research. NIRS is a highly 

advantageous technique for rapidly and inexpensively estimating the composition of plant and 

animal tissues. Additionally, it facilitates ecological studies by enabling rapid, non-invasive 

quantitative analyses (Foley et al., 1998; Counsell & Vance, 2016; Vance et al., 2016). 

Finally, this dissertation seeks to understand how these external factors and internal 

physiological processes influence ungulate feeding preferences, as well as their implications for 

ecosystem health and conservation efforts. By combining NIRS and faecal analysis, the study 

not only fills a gap in our understanding, but also emphasises the importance of looking at these 

issues from multiple angles in order to improve conservation efforts and management practices. 

The findings will shed light on ungulates' complex dietary patterns and their critical role in 

ecosystems. 

4 



2. AIMS AND OBJECTIVES 

This doctoral dissertation aims to deepen our understanding of animals dietary patterns, 

both in captive and free-ranging contexts, leveraging near-infrared reflectance spectroscopy 

(NIRS) and adding knowledge to the research applying faeces as a proxy. It elucidates how 

environmental, morphophysiological, and individual factors affect faecal nutritional 

composition and discusses NIRS's effectiveness and limitations in quantifying content of 

nutritional components in faeces and discuss it further in the context of its suitability to explain 

complex dietary patterns. 

The particular objectives are: 

(i) To measure the impact of factors such as pasture availability, season, and individual-specific 

characteristics, such as sex, age, reproductive status, body mass, and body condition, on the 

nutrient composition of red deer faeces. This is done in controlled settings to improve the 

accuracy of ecological assessments of wild populations. 

(ii) To measure the influence of sex and age, along with morphophysiological specificities, on 

the faecal nutrient profiles of three captive gazelle species using NIRS, and to demonstrate the 

method's precision and applicability in controlled experimental conditions. 

(iii) To determine the applicability of faecal near-infrared reflectance spectroscopy (fNIRS) in 

distinguishing nutritional components in the faeces of free-ranging roe and red deer in the winter 

season. 

iv) To see how well and how flexible NIRS combined with faecal microhistological analysis is 

at predicting the nutritional makeup of bromeliads and answering the complex ecological 

question of species nutrition-induced habitat selection patterns. A study focusing on this 

objective, while significantly deviating from the primary focus on ungulate dietary analysis, 

provides valuable insights into the broader applications of NIRS in various ecological settings.. 
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3. SHORT LITERATURE REVIEW 

3.1. Overview of Herbivory and Large Herbivores 

Herbivory significantly impacts ecological and evolutionary processes, playing a crucial 

role in the complex interactions within the biosphere. Richard Owen coined the term "herbivore" 

in 1854, derived from the Latin words herba, which refers to small plants, and vora, which 

means to consume or to eat. This term expands upon the fundamental concepts proposed by 

Charles Lyell, highlighting the essential function of herbivores in the ecosystem. Herbivory, the 

act of consuming autotrophs, which are organisms that can produce their food through 

photosynthesis, is a necessary evolutionary adaptation that originated around 470 million years 

ago, coinciding with the colonisation of land by plants (Kenrick & Crane, 1997). 

Herbivory occurs in many organisms, such as protists, bacteria, and fungi, frequently resulting 

in plant diseases or harm. Phytophagy refers to the plant-consuming behaviour observed in 

insects, particularly those in the Coleoptera order. This behaviour reflects their specialised 

ecological niches, as observed in groups such as the Phytophaga (Strong, 1984). Animals of 

various sizes, including small rodents and large mammals like moose and elephants, have 

essential ecological functions. They notably affect the process of nitrogen cycling and contribute 

to the formation of ecosystem structures (Ritchie & Olff, 1999; Lovegrove & Haines, 2004). 

Recent research has highlighted that herbivory plays a crucial role in expanding ecological 

niches and promoting intricate interactions between plants and animals. This process drives 

evolutionary changes and contributes to the overall diversity of species. The emergence of 

arthropods in the Carboniferous period, as well as the development of new feeding strategies by 

tetrapods, took advantage of these ecological connections, which are vital for maintaining 

environmental equilibrium and deepening our understanding of biodiversity. 

Large herbivores are critical elements and primary consumers in terrestrial ecosystems. They 

facilitate necessary energy transfers that impact the dynamics of plant communities and the 

overall structure of food webs (Owen-Smith, 1988). They have a role beyond just consuming; 

as ecosystem engineers, they change habitats in ways that can significantly impact biological 

diversity and ecosystem function. This involves the generation of physical disruptions by 

trampling, which can improve soil and water infiltration aeration, and selective grazing, which 
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can enhance plant diversity by reducing the dominance of competitive plant species (Liu et al., 

2015). 

Ruminants, found in the Artiodactyla order, possess specialised digestive systems that 

efficiently break down fibrous plant materials, thus obtaining nutrients inaccessible to other 

animals (Hofmann, 1989; Flint et al., 2008). Their unique capability emphasises their essential 

role in the cycling of nutrients, which is crucial for preserving the health and resilience of 

ecosystem processes (Augustine & McNaughton, 1998). In addition, large herbivores play a 

vital role in indicating the overall health of an ecosystem. Their population dynamics and habitat 

preferences reflect their environment's underlying conditions and long-term viability (Beschta 

& Ripple, 2009). 

3.1.1. Nutritional needs and ecological impacts 

The nutritional welfare of large herbivores is vital for their physical well-being, 

reproductive efficacy, and ability to adapt to environmental pressures. Optimal nutrition 

underpins crucial aspects of their lives, including growth, development, immune function, and 

resilience against diseases. Parker et al. (1999) and Barboza and Parker (2008) highlight that the 

availability of nutrients directly impacts energy reserves and survival strategies, effectively 

linking dietary intake to overall physiological health. 

Proteins, as Robbins (2012) emphasised, are particularly crucial during the growth and 

reproductive stages. Millan et al. (2022) also emphasise the connection between consistent 

access to high-quality forage and maintaining optimal body condition and reproductive rates. 

The diversity of the gut microbiome also plays a significant role in determining these animals' 

health and ecological adaptability, influencing their home range sizes and habitat usage, which 

in turn impacts their survival capabilities (Wolf et al., 2021). Herbivores require a balanced 

intake of energy, proteins, minerals, water, and fibre to sustain health and critical physiological 

functions that affect behaviours necessary for survival and adaptation. For example, Barboza et 

al. (2024) describe how caribou modify their migration and foraging behaviours in response to 

seasonal changes in high-energy forage availability, a strategy crucial for accumulating fat 

reserves for winter survival. Findings from Blum et al. (2023) and Darker (2022), which 

emphasise the significance of minerals like calcium and phosphorus for bone health and 

metabolic processes that affect movement and habitat selection, support this point. 
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Schmied nee Stommel (2024) showed that water scarcity significantly impacts territorial 

behaviours and population densities, highlighting the need for efficient water management in 

conservation strategies. Moreover, the fibre content of the diet is critical for ruminants, who rely 

on microbial fermentation to break down cellulose-rich plant material. Dietary changes can 

substantially alter the gut microbiota, affecting these animals' overall health and well-being, as 

shown in the study by Fresno Rueda et al. (2023). 

Ruminants like deer and elk, with complex multi-chambered stomachs, and non-ruminant 

herbivores like horses and zebras, which have simpler digestive systems, exhibit varied nutrient 

absorption efficiencies due to their specialised digestive adaptations (Hofmann, 1989; 

Duncan & Gordon, 1999). These adaptations necessitate flexible management and conservation 

strategies that respond to different species' changing environmental conditions, life stages, and 

ecological demands (Kartzinel & Pringle, 2020; Tyler et al., 2020). 

Understanding the interactions between large herbivores and plant communities is critical for 

effective wildlife and habitat management, especially in the face of climate change and 

anthropogenic pressures. Conservation strategies should consider the specific needs of herbivore 

types within their climatic contexts to support natural feeding behaviours and sustain 

biodiversity (Orr et a l , 2022; Gordon et al., 2004). 

3.1.2 . The overall socio-ecological importance 

Large herbivores, including giraffes, elephants, bison, and deer, play a vital role in 

preserving ecological equilibrium and shaping habitats worldwide. Their discerning foraging 

behaviours have a crucial influence on the regulation of plant communities, subsequently 

affecting the structure of vegetation and fostering biodiversity (e.g., Rivadeneira-Canedo, 2008; 

Lendrum et al., 2014; Akesson et al., 2021). These activities are vital in managing plant 

succession, determining the types of species present, and promoting efficient nutrient cycling. 

These processes ultimately improve the ability of ecosystems to withstand and recover from 

disturbances (Rooney & Waller, 2003; de Boer et al., 2015). In addition to managing vegetation, 

these herbivores significantly impact soil fertility by affecting the nitrogen cycle and other 

biological interactions. This contribution greatly influences the structuring of habitats (Owen-

Smith, 1988; Augustine & McNaughton, 1998). Their role in seed dispersal and plant 

regeneration is crucial for the long-term viability of forest and grassland ecosystems, bolstering 
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these habitats' ability to adjust to environmental fluctuations (Janzen, 1984; Ratajczak et al., 

2022). Large herbivores have a crucial impact on fire prevention by their grazing behaviour. 

This leads to a decrease in the occurrence and intensity of wildfires, which is particularly 

important for global climate change (Archibald et al., 2005). Nevertheless, they make a 

substantial contribution to the process of carbon sequestration, which involves capturing and 

storing carbon dioxide. This leads to increased plant biomass growth and carbon storage in the 

soil. These actions are crucial in reducing the impact of climate change (Teague et al., 2016; 

Berzaghi et al., 2023). 

Large herbivores play a crucial role in indicating the quality of a habitat. These umbrella species 

play a vital role in safeguarding a wide variety of biodiversity in their habitats (Carranza & 

Mateos-Quesada, 2001; Forbes, 2021; Afonso et al., 2023). Contemporary conservation 

strategies emphasise protecting large herbivores to uphold their crucial ecological services, 

which are indispensable for the health of natural ecosystems and human societies (Putman, 

2012; Pringle et al., 2023). We must implement comprehensive strategies to ensure these critical 

species' effective administration and conservation. These measures include protecting the 

natural environments where they reside, revitalising the ecological pathways connecting 

different habitats, and involving nearby communities to reduce conflict between humans and 

wildlife. Using these strategies is essential to protecting herbivore populations and the 

ecosystems they support, encouraging peaceful coexistence, and making natural systems better 

able to handle environmental changes (Reimoser & Putman, 2011; Ahrestani et al., 2012; Puri 

et a l , 2019). 

3.1.3. Challenges in conservation and management 

The conservation and management of large herbivores pose significant challenges, 

primarily due to habitat degradation, fragmentation, urban expansion, and the changing climate 

(e.g., Asner et al., 2009; Lovschal et al., 2017; Bardgett et al., 2021). These factors collectively 

jeopardise their survival and ecological functions. Human activities worsen these challenges by 

speeding up habitat destruction and disrupting critical environmental networks that support these 

species' ecological functions. The changes in vegetation patterns caused by climate change 

significantly impact the eating habits and migration behaviours of large plant-eating animals. 

This highlights the need for adaptive management strategies to address these changing 
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ecological landscapes effectively (Bissonette and Storch, 2003; Gordon et al., 2004; Parker et 

al., 2009; Ripple et a l , 2015; Rudnick et a l , 2012). 

Nutrition plays a critical role in preserving large herbivores, as sufficient forage availability is 

required for their survival and reproductive success. Alterations in the habitat that influence the 

accessibility and excellence of food resources can directly impact these animals' well-being and 

population dynamics. Urbanisation and the construction of roads and fences disrupt migration 

routes and alter animals' natural behaviours. This also affects their ability to access traditional 

feeding grounds, making it challenging for them (Ascensao et al., 2019). Due to closer contact 

between humans and wildlife populations, these barriers lead to higher mortality rates, lower 

genetic variation, and increased chances of diseases (Mackenzie et al., 2013; Muehlenbein, 

2016; Esposito et al., 2023). 

The connection between the migratory patterns of animals and their food search emphasises the 

significance of incorporating nutritional factors into conservation frameworks. Preserving and 

repairing migratory corridors is critical for allowing animals to freely move and access areas 

that provide essential nutrients. These corridors play a significant role during critical life stages, 

such as calving and rutting (Holechek, 1989; Barboza et al., 2008; Post et al., 2008; Berg et al., 

2019). 

To effectively conserve large herbivores, a comprehensive strategy is necessary that tackles the 

diverse challenges they encounter. This encompasses safeguarding crucial habitats, regulating 

herbivore populations to minimise their effects on biodiversity, and conserving ecosystem 

services like carbon and nitrogen cycling in grasslands (Speed et al., 2020; Sitters et al., 2020). 

Moreover, to enhance the resilience of herbivore populations and preserve ecological balance, 

conservation efforts need to be flexible enough to accommodate different global conditions and 

incorporate ecological, social, and cultural aspects (Gosnell et al., 2020; Zhang et al., 2020; L i 

and Pirn, 2020). 

The practical preservation of large herbivores relies on comprehending their ecological 

functions and nutritional requirements and having the capacity to monitor these factors 

proficiently. In this context, technological advancements and data collection are crucial. Our 

approach harnesses real-time data and non-invasive techniques to effectively monitor large 

herbivores, ensuring their sustainable management and conservation (e.g., Arnon et al., 2021). 

By integrating advanced technologies like GPS tracking and unmanned aerial vehicles, we 
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optimize environmental monitoring to support the long-term viability of these species across 

diverse ecosystems (Prosekov et al., 2020). 

3.1.4. The significance of dietary monitoring 

Monitoring techniques are critical in wildlife conservation to effectively manage and 

preserve large herbivores. The presence of giraffes, elephants, bison, and deer is essential for 

safeguarding ecological equilibrium and improving the health of habitats. They achieve this 

through their interactions with plant communities and involvement in nutrient cycling 

(Rooney & Waller, 2003; de Boer et al., 2015). Precisely observing these animals is crucial for 

comprehending their behaviour and requirements and guaranteeing the long-term viability of 

the ecosystems they uphold. 

Contemporary conservation initiatives greatly profit from technological advancements like GPS 

tracking and satellite imagery, which enable meticulous monitoring of animal movements across 

vast landscapes. This ability is essential for the cartography of migration patterns, the 

examination of habitat utilisation, and the administration of spatial utilisation to avert conflicts 

between animals and human activities. GPS telemetry has examined elephants' migration 

patterns and habitat preferences. This data is vital for creating wildlife corridors 

that help reduce conflicts between humans and wildlife (Beier et al., 2008; Wittemyer et al., 

2008). 

Conservationists are increasingly using non-invasive methods to minimise the impact of 

monitoring on animals. Techniques such as near-infrared reflectance spectroscopy (NIRS) are 

increasingly being employed to evaluate the nutritional composition of herbivore diets using 

faecal samples (e.g., Rodriguez-Hernandez et al., 2023; Vera-Velez et al., 2023). This method 

offers valuable insights into the quality of forage animals consumed, removing the need for 

direct interaction (Staaland & White, 2001). Furthermore, the analysis of D N A found in faecal 

matter is being used increasingly to assess genetic diversity and the overall health of populations. 

This method provides a significant amount of valuable information essential for effectively 

managing populations, all without the need to capture and handle animals, which can be stressful 

and invasive (Kohn & Wayne, 1997, Zemanova, 2021). 
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Integrating data from multiple sources is critical in conservation to understand wildlife well-

being and habitat needs comprehensively. Conservationists can develop sophisticated 

management strategies by combining movement data with genetic, nutritional, and ecological 

information. These strategies can effectively address both immediate conservation needs and 

long-term sustainability goals. We can link spatial movement data with botanical surveys by 

identifying critical foraging areas essential for species survival throughout the seasons. This 

enables the implementation of more targeted conservation measures (e.g., Tedonzong et al., 

2018). 

The ecosystem's health is intricately linked to the welfare of large herbivores, making these 

approaches critical for their preservation. By utilising these sophisticated techniques, 

conservationists are more prepared to create successful plans that uphold the sustainable 

existence of these species and the broader range of ecological benefits they offer, thereby 

advancing the preservation of biodiversity and the resilience of ecosystems. 
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3.2. Faecal Analysis Using Near-infrared Reflectance Spectroscopy (NIRS) 

Faecal analysis has been a fundamental aspect of ecological research for a considerable 

period, providing valuable information about large herbivores' eating habits, well-being, and 

environmental relationships. This method yields essential information regarding the nutrients 

ingested, digestion efficiency, parasites' presence, and stress indicators, all obtained from faecal 

matter. Diverse biochemical assays and microbiological techniques are employed to extract and 

analyse this abundant information, accurately representing the animals' overall health condition 

in their native environments (Landau et al., 2022). 

Near-infrared reflectance spectroscopy (NIRS) is a non-invasive analytical method that 

improves the capabilities of conventional faecal analysis. NIRS employs the near-infrared 

portion of the electromagnetic spectrum, specifically ranging from 800 nm to 2500 nm. The 

mechanism behind its function is that the absorption of near-infrared light triggers molecular 

vibrations, resulting in unique spectral patterns. These patterns offer a quick and thorough 

analysis and measurement of different organic compounds in faecal samples. This method 

enables the rapid evaluation of food's nutritional value and digestion effectiveness without the 

need for complicated and time-consuming chemical analysis. 

Herbivores' ability to swiftly assess the nutritional composition of forage exemplifies the 

efficacy of NIRS in ecological research. Villamuelas et al. (2017) utilised NIRS to effectively 

assess the nutritional status of herbivores through faecal indicators, notably faecal nitrogen. 

Their study developed a multispecies NIRS calibration that demonstrated high accuracy across 

various herbivore species, significantly enhancing our ability to evaluate the diet quality and 

overall health of these animals efficiently and cost-effectively. Furthermore, NIRS was utilised 

to analyse faecal nitrogen and phosphorus across a diverse dataset from multiple ruminant 

species including cattle, bison, deer, elk, goats, and sheep. While NIRS calibrations for faecal 

nitrogen showed high accuracy, the development and validation of faecal phosphorus 

calibrations demonstrated varying levels of effectiveness, indicating a need for further research 

(Tolleson & Angerer, 2021). These findings highlight the potential of NIRS as a versatile tool 

for non-invasive nutritional monitoring in wildlife management and ecological studies. This 

information is essential for comprehending how herbivores adjust to changes in food availability 
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throughout different seasons. It is valuable for managing conservation efforts that align with 

natural feeding behaviours and ecological dynamics. 

Furthermore, incorporating NIRS alongside conventional faecal analysis techniques provides a 

comprehensive method for comprehending an animal's dietary ecology and overall health. This 

integrated method can significantly enrich and enlighten conservation strategies. Barbero-

Palacios et al. (2023) successfully utilised faecal NIRS to assess stress and gut health by 

examining hormonal and microbiota profiles in faecal samples. This methodology yielded 

significant knowledge about the physiological reactions of herbivores to environmental 

pressures, emphasising the efficacy of NIRS for faecal analysis as a potent instrument in wildlife 

management and conservation endeavours. 

3.2.1. Nutritional information obtained from faeces 

Analysing faecal matter is crucial in nutritional ecology, as it offers valuable 

information about large herbivores' diets and ecological relationships. This method is beneficial 

for evaluating essential dietary elements like nitrogen (N), acid detergent fibre (ADF), and 

neutral detergent fibre (NDF). These components provide a comprehensive overview of the 

animal's nutritional intake and its impact on ecosystem health. 

The nitrogen content found in faeces serves as a fundamental measure of protein intake, 

providing insight into the nutritional value of consumed forage. Examining the nitrogen content 

in faeces allows for measuring both utilised and leftover nitrogen, giving insight into the amount 

of protein accessible in the herbivore's diet. Awuma (2003) demonstrates the effectiveness of 

using NIRS combined with geostatistical techniques to predict diet quality in livestock across 

sub-Saharan Africa (SSA). By analyzing the diet and fecal samples from multiple species and 

covering vast geographical, the study developed robust NIRS equations that accurately predicted 

crude protein and digestible organic matter in the animals' diets, with the precision matched with 

the one of traditional wet chemistry methods. This capability enables the creation of detailed 

diet quality maps across landscapes, providing a valuable tool for improvement of management 

and conservation through nutrition in the region. A precise understanding of these values is 

essential, particularly given the influence of plant secondary metabolites such as tannins, which 

can attach to proteins and significantly impact their bioavailability. Although there are 

difficulties, faecal nitrogen remains a dependable indicator of dietary quality, especially when 
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studying how herbivores adapt their diets to counteract the impact of tannins (Palo & Robbins, 

1991; Leslie et al., 2008; Robbins, 2012; Landau et al., 2022). 

Examinations of A D F and NDF offer valuable information about the fibre makeup and 

digestibility of the plant matter ingested by herbivorous animals. A D F primarily quantifies 

cellulose and lignin levels, which are critical for assessing the energy that herbivores can obtain 

from their diet. On the other hand, NDF encompasses hemicellulose and acts as an indicator of 

the overall fibre mass that influences the speed of digestion in the gut. The combined evaluations 

of A D F and NDF aid in assessing the effectiveness of herbivores in extracting energy from their 

diets. This is crucial for maintaining their luminal health and overall well-being (Van Soest et 

al., 1991; Van Soest, 1994). In addition to N , ADF, and NDF, faecal analysis can also detect the 

existence of parasites, stress hormones, and even small amounts of environmental toxins. Each 

of these findings offers additional information about the health and ecological challenges 

experienced by herbivores. Cortisol, a stress hormone, can reveal an animal's response to 

environmental stressors such as habitat disruption or the threat of predation. At the same time, 

parasites can serve as an indicator of the health difficulties faced by a population. We can 

monitor the presence of environmental toxins, such as heavy metals, in herbivores using faecal 

samples. This method allows assessing herbivores' exposure to polluted environments (Clauss 

et al., 2003b). 

By incorporating a range of different measurements of faecal matter, researchers can evaluate 

the appropriateness of habitats in terms of their ability to sustain herbivores' populations. 

Conservationists can develop strategies to optimise habitat management, improve forage 

quality, and reduce potential dietary stressors by examining the relationship between dietary 

fibre and protein intake and broader ecological data. This all-around approach makes it easier to 

come up with conservation plans that are both reactive and proactive, since it addresses 

nutritional deficiencies before they hurt herbivore populations (Felton et al., 2021; Merems et 

al., 2020). These analyses provide crucial knowledge for effectively managing and conserving 

herbivore populations, ensuring their continued role in maintaining ecological equilibrium and 

biodiversity. 
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3.2.2. Enhancing wildlife nutrition study and conservation with NIRS 

Near-infrared reflectance spectroscopy (NIRS) has become essential in wildlife nutrition 

studies and conservation efforts, providing a non-intrusive and accurate technique for analysing 

dietary components in large herbivores. NIRS is based on its capacity to identify molecular 

vibrations which is valuable for analysing the chemical makeup of biological substances. This 

spectral data is highly efficient in quantifying the bonds of organic compounds, such as C-H, N -

H , and O-H, which are prevalent in plant and animal tissues (see Appendix N.5: Principles of 

NIRS). It enables a thorough analysis of dietary intake, allowing for detailed examination (Foley 

et al., 1998; Shenk and Westerhaus, 1991).The potential of NIRS was initially investigated in 

agricultural contexts, where it played a crucial role in analysing the chemical composition of 

pastures, feedstuffs, and food products (Offer et al., 1998; Kays et al., 2000). This method has 

grown to include wildlife research, particularly in studies that analyse the nutritional value of 

ruminants' diets using faecal samples. These studies evaluate parameters such as crude protein, 

diet digestibility, and energy values (Lyons and Stuth, 1992; Leite and Stuth, 1994; Pumomoadi 

et al., 1996). In addition, NIRS has been used to determine the mineral content and botanical 

composition of diets, which has improved our knowledge of dietary habits in various species 

(Petersen et a l , 1987; Volesky and Coleman, 1996; Walker et al., 1998). 

Within the realm of conservation, NIRS plays a crucial role in examining the nutritional 

condition and dietary choices of herbivores through the analysis of their faecal samples. This 

analysis helps monitor health indicators and nutritional trends at individual and population 

levels. This capability is essential for developing well-informed conservation policies and 

efficient strategies for managing wildlife (Mahipala et al., 2010; Decruyenaere, 2015; Schiborra 

et al., 2015; Righi et al., 2017). NIRS can detect pathogens and monitor health, making it 

valuable for non-destructive biological research (Ezenwa, 2004; Tolleson et al., 2007; Dixon et 

a l , 2013; Morgan et a l , 2021; Qin et a l , 2021; Kho et al., 2023). 

The efficacy of NIRS relies on developing precise calibration equations that establish a 

correlation between spectral data from faecal samples and known dietary compositions 

(Andueza et al., 2017). The creation of extensive spectral databases, backed by the meticulous 

calibration process, ensures the dependability of dietary analyses and improves the model's 

accuracy in various species and ecosystems (Walker et al., 2007; Glasser et al., 2012; Serrano 

et al., 2020; Berauer et al., 2020). The databases are crucial for enhancing NIRS calibration 
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models and broadening their use in ecological research (Tigabu and Felton, 2018; Herrera-

Sanchez et al., 2023). 

NIRS and its faecal application (fNIRS) demonstrate how technological innovation can be 

smoothly incorporated into ecological research, greatly enhancing our comprehension of the 

connections between large herbivores and their surroundings. This technology helps maintain 

the quality of habitats and improves our ability to manage and protect biodiversity effectively. 

It promotes conservation strategies based on data, which are crucial for the sustainable 

management of wildlife populations (Jenks et al., 1994; Lahoz-Monfort and Magrath, 2021). 
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3.2.3. Faecal NIRS - a multilevel ecological perspective 

Using Near-Infrared Reflectance Spectroscopy (NIRS) in examining faecal samples has 

significantly transformed our methodology in investigating large herbivores at the individual, 

population, and ecosystem scales. This method's non-invasive and precise nature makes it 

essential for modern wildlife ecology and conservation strategies. 

Individually, faecal near-infrared spectroscopy (fNIRS) is a valuable tool for understanding 

herbivores' health and nutritional condition. Through the analysis of faecal samples, faecal near-

infrared spectroscopy (fNIRS) can accurately assess nutrient consumption and detect possible 

deficiencies or imbalances. It is essential to monitor reintroduced or captive animals to ensure 

their optimal health, which is crucial for their survival and ability to reproduce. For instance, 

research has employed fNIRS to modify diets in captive breeding programmes, improving 

reproductive success and overall health by customising nutritional provisions to the specific 

requirements of various species (Prather et al., 2020; Gonzalez et al., 2018; Jayne, 2020; Morgan 

etal.,2021). 

Faecal NIRS (fNIRS) enables researchers to observe herbivore populations' well-being and 

eating habits from a broader perspective. This tool can identify differences in the composition 

of diets among a population (e.g., Jarque-Bascunana et al., 2021). It provides data on how 

environmental factors, such as habitat quality and food availability, affect nutrient intake (Petit 

Bon, 2020). By examining these patterns, conservationists can detect populations susceptible to 

nutritional strain or decline, enabling prompt interventions. Redjadj et al. (2014) and Bison 

(2015) demonstrated the application of fNIRS in assessing herbivore populations' overall health 

and nutritional sufficiency across diverse habitats. This information can help guide management 

decisions to reduce the impact of environmental changes. 

At the ecosystem level, functional near-infrared spectroscopy (fNIRS) enhances our 

comprehension of food web dynamics and trophic interactions. The dietary information 

derived from herbivore faecal samples provides insight into their function within the ecosystem, 

including their influence on the composition of plant communities and the cycling of nutrients. 

This information is essential for effectively managing ecosystems while preserving biodiversity 

and ecological function. Corlatti (2020) and Landau et al. (2021) employed fNIRS to investigate 

the impact of herbivore foraging behaviours on plant species diversity and structur, with the 

findings providing important insights for habitat conservation and restoration. 
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By incorporating fNIRS at various levels, a comprehensive conservation approach considers the 

intricate interactions between herbivores and their surroundings (e.g., Tuomi, 2020). fNIRS 

enables comprehensive and expandable evaluations of dietary health, thereby aiding 

conservation policies based on solid ecological data. Furthermore, as changing climate 

conditions affect the quantity and quality of food sources, fNIRS becomes essential in adjusting 

management strategies to ensure the long-term viability of herbivore populations (Garnick et 

al., 2018; Landau et al., 2021; Petit Bon, 2023). The utilisation of fNIRS, combined with 

comprehensive data on dietary patterns and health markers, enables the implementation of 

proactive conservation strategies that proactively tackle potential ecological imbalances 

(Schlägel et al., 2020; Schweiger et al., 2015). Overall, the utilisation of fNIRS showcases the 

integration of technological progress with ecological studies, offering a powerful instrument for 

enhancing our comprehension of the intricate connections within ecosystems (Stolter et al., 

2006; Vasseur et al., 2022). This approach contributes to the broader objectives of conserving 

biodiversity and strengthening the resilience of ecosystems. By conducting meticulous and non-

intrusive examinations of diets, fNIRS enables researchers and conservationists to make well-

informed choices that align with both immediate conservation requirements (e.g., Ward et al., 

2022) and long-term ecological sustainability (e.g., Ludwig et al., 2002; Jean et al., 2014; 

Berauer et al., 2020). 
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4. METHODOLOGY 
(Summarised key methodological steps; for the full methodology, see Appendicces) 

4.1. Research Planning 

The thesis presents a thorough investigation into the nutritional patterns of various 

species, both in controlled captive settings and in natural habitats, arranged into two phases. The 

first phase focused on captive populations of red deer and gazelles at the University of Castilla-

La Mancha's deer experimental facilities in Albacete and "La Hoy a" Experimental Farm of Arid 

Zones in Almeria, Spain, respectively. This section of the study sought to determine the effect 

of specific individual and environmental factors, such as pasture presence and animal 

physiological states, on the digestibility of dietary components. Red deer samples were collected 

over four trials along the year to investigate seasonal effects, while gazelle samples were 

collected in a single trial to highlight species-specific, age-, and sex-related dietary differences. 

The second phase of the research involved moving the study into natural settings. This included 

studying free-ranging roe and red deer in the Bohemian Forest, Czech Republic, and Andean 

bears in the cloud forests of Ecuador, to understand more about their dietary habits and how it 

affects their ecological strategies. This phase was intended to capture the nuances of nutritional 

adaptation and efficiency in uncontrolled environments, employing NIRS in distinct ways to 

dissect dietary compositions and the role of environmental factors in shaping nutritional intake. 

4.2. Research Organisation and Sample Collection 

In our first comprehensive study, faecal sample collection from captive Iberian red deer 

was meticulously planned across four seasons - February (late gestation), May (births), July 

(mid-lactation), and September (late lactation and rut) - to ensure the highest data accuracy while 

minimising animal stress and adhering to ethical standards for animal research. During biweekly 

routine handling sessions, samples were collected directly from the rectums of 43 calves and 

yearlings, 23 stags (aged 3 to 7), and 30 hinds (aged 3 to 21, with 22 pregnant), ensuring 

comprehensive coverage within a 7-day window for each designated season. This study focused 

on the dietary habits of these deer, using a Total Mixed Ration (TMR) that varied seasonally to 

mimic natural food transitions closely. The TMR was composed of up of oats, barley, alfalfa 

meal, cereal straw and citrus pulp, and was intended to meet the deer's altering nutritional needs. 
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In addition to the TMR, stags were given a high-protein pellet diet during all seasons except 

September to meet their specific dietary requirements. To keep the animals hydrated, water was 

provide ad libitum. In addition to managing dietary intake, the study documented animal weight 

and body condition scores alongside with biweekly handling sessions. This detailed monitoring 

process was critical for gathering a large dataset on individual health and nutritional status, 

which improved the study's analytical capabilities. Furthermore, the preparation of four 

subsamples of TMR and feed pellets for each season, ground but not dried, and frozen for later 

analysis demonstrated the thorough approach taken. Such a methodical approach to dietary 

management, combined with precise data collection practices, demonstrated the study's 

commitment to investigating the intricate effects of diet on faecal nutrients in a strictly 

controlled environment, providing invaluable insights into the nutritional ecology of captive 

Iberian red deer. 

For the second study, we employed a nuanced approach to analyse the dietary patterns of 193 

individuals belonging to three species of gazelles: dama, Cuvier's, and dorcas. The animals were 

fed a carefully planned diet of fresh lucerne, wheat straw and herbivore-specific feed pellets, 

supplemented by unrestricted access to water and mineral licks, to closely mimic their natural 

dietary intake and ensure their health and well-being in captivity. This regimented nutritional 

management was critical, especially in the month preceding faecal sample collection, to 

maintain dietary consistency and accurately assess the impact of various factors on digestive 

efficiency. To minimise stress and contamination, faecal samples were meticulously collected 

directly from the rectum during routine veterinary inspections, and then processed according to 

a standardised protocol. 

Collection of faecal samples from free-ranging roe and red deer in the Bohemian Forest, Czech 

Republic, was designed to investigate these species' winter dietary habits. The forest, with its 

mixed vegetation of Norway spruce, European beech, silver fir, and larch, as well as a bramble 

understory, provided an ideal habitat for both deer species. The study area of approximately 

2,500 hectares outside the Sumava National Park (Bohemian Forests) was chosen for its 

biodiversity and the presence of meadows and forested areas conducive to the different dietary 

preferences of our target species. We collected samples in December 2016 and January 2017, 

taking advantage of the snow cover to identify and collect fresh faecal pellet groups. A total of 

156 pellet groups were initially collected along predefined transects, with snow reducing soil 

contamination and ensuring sample freshness. The morphological characteristics of the faeces, 
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as well as nearby animal tracks, aided in distinguishing between the two deer species, with a 

senior expert validating the identification to ensure the dataset's accuracy. This process yielded 

94 confirmed samples for analysis: 59 from red deer and 35 from roe deer. This careful selection 

and collection process was critical to achieving our study's goal of investigating species-specific 

dietary patterns and their ecological implications. Given the differences in feeding strategies 

between roe deer (concentrate selectors) and red deer (intermediate feeders), the Bohemian 

Forest's mixed forest environment provided a unique opportunity to observe how available 

vegetation influences dietary preferences. Our study sought to shed light on how these feeding 

specialists navigate their environment, particularly during the winter, while also contributing 

valuable data to the larger field of ungulate nutritional ecology. 

The ecological study, which took place in southern Ecuador in June and July 2017, used 

meticulous sampling and analysis methodologies to investigate the ecological impacts on the 

nutritional value of bromeliads and their influence on Andean bear diet selection. The study area 

included six sites in montane forest and paramo ecosystems, providing a diverse range of 

bromeliad species, which are an important food source for Andean bears. To assess the 

abundance and nutritional value of bromeliads, 550-m x 50-m plots were created, each with two 

10-m x 10-m subplots for detailed analysis. The most abundant bromeliad species in each 

subplot were identified and quantified, allowing us to better understand the availability of this 

critical food source. Furthermore, all faeces found in these plots were collected to highlight the 

bears' presence and dietary preferences using faecal microhistology. This analysis distinguished 

between the bromeliad species consumed by the bears, providing insights into their foraging 

behaviours in relation to bromeliad availability and nutritional value. The nutritional analysis of 

bromeliads concentrated solely on their meristematic components, using NIRS in conjunction 

with traditional wet chemistry analyses. This comprehensive approach allowed for the 

determination of protein, fat, starch, fibre, acid detergent fibre (ADF), neutral detergent fibre 

(NDF), and ash content, revealing the nutritional profile of bromeliads from various ecosystems 

and species. This methodological framework, which combined the study of bromeliad 

abundance, nutritional analysis, and faecal microhistological examination, provided a 

comprehensive understanding of Andean bear dietary habits and preferences. The nuanced 

understanding of how ecological factors such as ecosystem type, flowering, and recent fire 

events affect the nutritional value of bromeliads adds to the overall research design. 
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4.3. Sample Processing and Data Acquisition with NIRS 

In our studies, the use of NIRS was critical for the integrity and uniformity of sample 

analysis, which included a wide range of materials, from the faeces of captive and free-ranging 

species to plant specimens such as bromeliads, which are essential for dietary evaluation of the 

Andean bear. To prevent contamination and degradation, samples were immediately placed in 

plastic or paper bags and then frozen to preserve their composition. This preparation phase was 

critical for protecting the samples' natural state, followed by a meticulous drying process at a 

controlled temperature to optimise moisture levels before grinding. The goal was to maintain 

the nutritional and chemical integrity of the samples so that the NIRS analysis would accurately 

reflect their true nature. 

Grinding the samples to a fine, uniform particle size was critical for ensuring homogeneity, a 

key factor in NIRS analysis, because it increased the interaction between infrared light and 

sample components, improving the accuracy of the spectral data collected. We then stored the 

samples in carefully labelled containers for NIRS scanning, where meticulous sample 

preparation aided in collecting high-quality data. This stringent sample processing protocol, 

applied to faeces and plant samples, demonstrated our commitment to methodological 

consistency and scientific rigour. It laid the groundwork for accurate nutritional composition 

analysis and enabled us to compare the examined materials. 

Our study used the FOSS NIRS DS 2500 analyser, which used pre-built and already existing 

advanced calibration models to precisely determine nutritional constituents in both faecal and 

plant samples. The faecal calibration model, which are critical for accurate faecal nutrient 

estimation, used a diverse set of samples, including over 100 faecal samples from red deer. We 

improved the models' reliability by including more study samples, accounting for variables such 

as age, sex, and body condition, and validating them using wet chemistry analysis. This all-

around method ensured that the calibration models were robust and accurate, with high 

prediction power, as evidenced by the ND and HD values. This demonstrated that the NIRS 

analytical strategy worked effectively in this large nutritional study. 

In the captive red deer and gazelle experiments, as mentioned, NIRS was used to collect and 

analyse data, quantifying key nutritional components in faecal samples. The analysis, supported 

by calibration models designed specifically for red deer, resulted in high predictive accuracy (R 2 

> 0.98), allowing for detailed interpretations of faecal nutrient content regarding variables like 
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seasonality, diet, and physiological states. The gazelle study, as well as roe and red deer from 

the wild, also benefited from a calibration set refined with red deer faeces, which ensured the 

accuracy of nutritional content analysis. 

4.4. Statistical Analysis 

The statistical methodology employed in the study of captive red deer aimed to ascertain 

the manner in which diverse variables affect the variability of faecal nutrients. The study used 

General Linear Mixed Models to analyse data, with fixed factors such as season, age, 

reproductive status, pasture availability, body mass, and body condition score, and response 

variables faecal nitrogen (fN), neutral detergent fibre (fNDF), and acid detergent fibre (fADF). 

The analysis was tailored for different sex classes (stags, hinds, and young), and models were 

developed for each class to investigate the factors influencing faecal nutrients separately. The 

normality of the variables was confirmed using Kolmogorov-Smirnov tests, and a structure with 

ID as the subject and factor of season as a repeated measure was used. We refined the initial 

models, which did not include interactions, using a stepwise backward selection procedure to 

include only significant factors and interactions that had a significant influence. The Variance 

Inflation Factor was used to assess multicollinearity among independent variables, and it was 

found to be low, indicating that the models were robust. The models for each dataset and 

response variable were chosen using the Corrected Akaike's Information Criterion (AICc), with 

an emphasis on the models that provided the most plausible explanation for the observed data. 

This statistical methodology enabled a more nuanced understanding of the factors influencing 

faecal nutrient variability, shedding light on the complex interactions between various 

physiological and environmental factors and their impact on the nutritional ecology of captive 

red deer. 

The statistical analysis for the research on three species of Saharan gazelles, focusing on inter­

species differences in faecal nutritional components under a standard feeding regime, employed 

a Multivariate General Linear Model. This model aimed to elucidate the effects of species, sex, 

and age on the same faecal constituents as in previous research. Inclusion of the interactions 

between species and sex, and species and age, was informed by preliminary data inspection 

suggesting sex-related differences within at least one species. The analyses were carried out 

using IBM® SPSS® Statistics software, version 29.0. 
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In the study of roe and red deer winter faeces in the Bohemian Forest, Czech Republic, a 

statistical analysis approach based on the independent sample t-test was used to identify 

potential species-specific differences in nutritional components. This method sought to detect 

differences in faecal nutrients between and within species across different habitats (forest and 

meadow). Pearson correlations revealed relationships among the same faecal nutrients studied, 

with lignin added in this experiment. 

To reduce dimensionality and better understand data variance, Principal Component Analysis 

(PCA) was performed on these faecal nutrients, with a focus on two components with 

eigenvalues greater than one. The PCA sought to investigate the overlap or discrimination 

between species and habitats, taking into account variables that had a strong correlation with the 

components for interpretation. Despite the initial hypothesis, the analysis found no significant 

differences in faecal nutritional components between roe and red deer, or between samples from 

different habitats. The PCA findings revealed a strong reliance on the quality of ingested 

nutrition, particularly fibrous components, highlighting the complexity of diet and nutritional 

intake during the winter. This method emphasises the difficulties in distinguishing the dietary 

habits of free-ranging animals using faecal analysis alone, given the numerous uncontrollable 

environmental and physiological factors in natural settings. 

The impact of ecosystem type, fire frequency, bromeliad species, and flowering on the 

nutritional value of bromeliads and, by extension, the dietary preferences of Andean bears was 

investigated in a study. To accomplish this, a series of Generalised Linear Mixed Models were 

used to investigate the effects of various ecological variables on bromeliad nutritional 

composition. We chose this methodology to accommodate the data structure by treating sites as 

subjects and subplots as repeated measurements. We included ecological variables as factors in 

the models we used to test linear responses. We refined the models using a stepwise backward 

selection procedure, excluding non-significant variables and identifying the models that best 

explained the observed variation in nutritional composition. We used the Akaike Information 

Criterion to determine the best models. This statistical process revealed that ecosystem type, fire 

events, and flowering all significantly impacted bromeliad nutritional value, with notable 

differences between species. Mann-Whitney U-tests, Kruskal-Wallis tests, and Spearman's rank 

correlations were used to investigate the relationship between bromeliad abundance, nutritional 

quality, and Andean bear presence. These analyses addressed bear presence in different 
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ecosystems, the frequency of bear signs and bromeliad occurrence across study sites, and the 

relationships between bear signs and bromeliad abundance and nutritional composition. 
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5. RESULTS 

5.1. Inter-Specific Induced Differences Of Faecal Nutritional Components Under 

Controlled Settings 

Published as „Cupic, S., Garcia, A.J. , Holä, M . and Ceacero, F., 2021. Evaluation of factors 

inducing variability of faecal nutrients in captive red deer under variable demands. Scientific 

Reports, 11(1), 2394." 

https ://doi.org/10.1038/s41598-021 -81908-v 
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Summary: 

The study investigates the variability in the nutrient content of faeces in captive red deer 

(Cervus elaphus) across different seasons and under various physiological states. Utilizing near-

infrared reflectance spectroscopy (NIRS), the research analyzed the content of nitrogen, neutral 

detergent fibres (NDF), and acid detergent fibres (ADF) in the faeces of 43 calves and yearlings, 

23 stags, and 30 hinds (including 22 pregnant individuals). This comprehensive study was 

carried out at the experimental deer research facilities of the University of Castilla-La Mancha 

in Albacete, Spain. 

The core objective of the research was to quantify the impact of several variables - including 

diet availability, season, sex, age, reproductive status, body mass, and body condition - on faecal 

nutrient content. These insights are crucial for the accurate interpretation of faecal analysis 

results, especially when such analyses are used to infer the diet and nutritional status of wild 

populations based on faecal samples, which often lack detailed background information on the 

sampled individual. 

The findings reveal significant variability in faecal nutrient content, attributed to individual 

animal factors such as pregnancy (affecting variability by around 4%), age, and weight (inducing 

up to 18% variability). Environmental factors, notably the presence or absence of pasture, 

contributed to approximately 13% variability. Seasonal changes were associated with an average 

variability of 17%, peaking at 21% under certain conditions. These variabilities underscore the 

complex interaction between the deer's physiological needs, environmental factors, and dietary 

availability across different times of the year. 

This study highlights the significant challenge in interpreting faecal nutrient data from wild 

samples without detailed knowledge of the animals' individual characteristics and environmental 

context. We advocate for conducting preliminary investigations using captive animals of the 

species of interest before embarking on wild sample collection. Such preparatory work can 

enhance the understanding of potential variabilities in faecal nutrient content, leading to more 

accurate interpretations of dietary and nutritional assessments in wildlife ecology and 

management studies. 

Given research underscores the necessity of considering a broad range of factors when using 

faecal analysis to assess the nutritional ecology of wild herbivores. The study's findings are 

particularly relevant for species experiencing significant seasonal and physiological changes in 

dietary requirements, offering valuable insights for future research in wildlife nutrition and 

ecological management. 
28 



5.2. Intra-Specific Induced Differences Of Faecal Nutritional Components Under 

Controlled Settings 

Published as: „Cupic, S., Cassinello, J., Kusta, T. and Ceacero, F., 2023. Differences in Faecal 

Nutritional Components in Three Species of Saharan Gazelles on Standard Diets in Relation to 

Species, Age and Sex. Animals, 13(21), 3408." 

https://doi.org/10.3390/anil3213408 
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Summary: 

The study explores a digestive efficiencies across three Saharan gazelle species - dama 

gazelle (Nanger dama), Cuvier's gazelle (Gazella cuvieri), and dorcas gazelle (Gazella dorcas) 

- housed under similar feeding conditions. Utilizing near-infrared reflectance spectroscopy 

(NIRS) for the analysis, this study meticulously examines faecal samples from 193 captive 

individuals to assess the concentrations of faecal nitrogen (fN) and fibres (ADF and NDF), 

thereby shedding light on the nutritional absorption and digestive process efficiencies within 

these species. 

The primary motivation behind this research is rooted in the understanding that faecal 

component analysis can serve as a reflective measure of diet quality and digestibility in 

herbivorous mammals. The investigation reveals pronounced inter-specific variations in faecal 

nitrogen and fibres, indicating differing digestive efficiencies among the gazelle species studied. 

Notably, Cuvier's gazelle exhibited a markedly lower faecal nitrogen content in comparison to 

the dama and dorcas, suggesting a reduced digestive efficiency. Such findings are pivotal, as 

they underscore the influence of species-specific physiological and ecological traits on 

digestion. 

Furthermore, the research delves into the roles of age and sex as moderating factors influencing 

faecal nutrient content. Although these factors exhibited a moderate effect on the nutritional 

components, particularly faecal nitrogen, their impact was not uniformly observed across the 

three species. This points to the complexity of digestive strategies and the necessity of 

considering species-specific factors in ecological and conservation studies. 

Consistent across species, the study found that faecal fibre content remained relatively stable, 

indicating that diet quality was not a variable factor. This stability suggests that the observed 

variations in faecal nitrogen content likely stem from differences in digestive efficiency rather 

than dietary composition. 

This study emphasizes the critical need for species-specific considerations when analyzing 

faecal nutritional components to understand feeding ecology and digestive efficiency. The 

findings offer valuable insights into the dietary management and conservation strategies for 

these gazelle species, highlighting the nuanced differences that exist even among closely related 

species under similar dietary conditions. This research not only contributes to our understanding 

30 



of gazelle physiology and ecology but also enhances the applicability of faecal analysis in 

wildlife nutrition and management studies. 
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5.3. Free Ranging Roe And Red Deer Settings Beyond Power Of NIRS 

Published as „Čupič, S., Ježek, M . and Ceacero, F., 2023. Are they both the same shit? Winter 

faeces of roe and red deer show no difference in nutritional components. Journal of Forest 

Science, 69, 114-123." 
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Summary: 

The study delves into the dietary habits of roe deer (Capreolus capreolus) and red deer 

(Cervus elaphus) within the Bohemian forests of the Czech Republic. Utilizing near-infrared 

reflectance spectroscopy (NIRS), the research aims to detect species-specific differences in 

faecal nutrients, reflecting the animals' dietary choices and digestive efficiency under natural 

winter conditions. 

This investigation was prompted by the understanding that faecal composition can offer insights 

into ungulate nutritional ecology, potentially influenced by various environmental, 

physiological, and species-specific factors. Roe and red deer, differing in morpho-physiological 

traits and ecological preferences, were expected to exhibit distinct faecal nutrient profiles, 

particularly in terms of nitrogen and fibres. A total of 94 faecal samples from both species were 

analyzed for nitrogen, acid detergent fibre (ADF), neutral detergent fibre (NDF), and lignin 

content. 

Contrary to expectations, the study found no significant differences in the winter faecal nutrient 

content between the two deer species, challenging the hypothesis that NIRS could differentiate 

between their dietary habits. The analysis suggested that both species relied heavily on the 

quality of ingested nutrition, particularly fibrous components, during the winter. The study 

hypothesizes that supplementary feeding practices common in the area, designed to support 

ungulate populations during nutritionally challenging periods, might have contributed to the 

observed dietary overlap. 

The findings highlight the complexity of interpreting faecal nutrient data without detailed 

knowledge of individual animals' diets, physical condition, or environmental factors. This study 

underscores the need for caution in using faecal nutrient analysis as a standalone tool for 

assessing dietary preferences and nutritional status of free-ranging ungulates, especially in areas 

where human management practices, such as supplementary feeding, may influence natural 

feeding behaviors. 

While NIRS and faecal nutrient analysis (fNIRS) hold promise for studying wildlife nutrition, 

it's application in uncontrolled natural settings requires careful consideration of external factors. 

This research adds valuable insights into the feeding ecology of roe and red deer, with 

implications for wildlife management and conservation practices, particularly regarding 

supplementary feeding strategies during winter. 
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5.4. Integration of Methodologies for Dietary Patterns of Free-Ranging Herbivorous Bear 

Published as: „Bernatkova, A. , Pafikova, A. , Cisneros, R., Cupic, S. and Ceacero, F., 2021. 
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Summary: 

The research explores the interplay between Andean bears, bromeliads, and their 

ecological contexts in southern Ecuador. Conducted in June and July 2017 across six areas 

within forest andpäramo ecosystems, this study aimed to elucidate how environmental variables 

such as ecosystem type, plant flowering stages, and fire incidents impact the nutritional 

attributes of bromeliads and subsequently affect the foraging behaviors and habitat preferences 

of Andean bears (Tremarctos ornatus). 

Employing a comprehensive methodological framework, the researchers set out to document 

bear activity and bromeliad availability within designated plots in each study area. Signs of bear 

presence, including feces and footprints, were recorded to gauge bear activity. Simultaneously, 

the team quantified the prevalence of bromeliads within the plots, collecting specimens of the 

dominant species for nutritional analysis. The nutritional analysis focused on the meristematic 

parts of the plants, which bears are known to consume, assessing their content of proteins, fats, 

starch, fiber, acid detergent fiber (ADF), neutral detergent fiber (NDF), and ash through a 

combination of near-infrared reflectance spectroscopy (NIRS) and wet chemistry. 

Additionally, fecal microhistology techniques were applied to further scrutinize the bears' diet, 

specifically identifying the consumption rates of Puya sp. and Tillandsia sp. bromeliads. Despite 

finding that the nutritional content of bromeliads varied across ecosystems and species, likely 

influenced by the investigated environmental factors, these variations did not directly correlate 

with the observed bear presence or their dietary choices. Notably, even though päramo 

ecosystems presented bromeliads with higher nutritional value, evidence of bear presence was 

predominantly found in forest areas. This suggests that other factors beyond the immediate 

nutritional value of bromeliads might be guiding the bears' habitat selection and foraging 

decisions. 

This study sheds light on the complex dietary preferences and adaptability of Andean bears, 

underscoring the need for a holistic approach in conservation efforts that considers a wide range 

of ecological and nutritional dynamics. The findings imply that while bromeliads are a 

significant component of the Andean bears' diet, their foraging behavior and habitat use cannot 

be solely explained by the nutritional quality of these plants. The research emphasizes the 

importance of integrating ecological and nutritional perspectives in developing effective 

conservation strategies for Andean bears, aiming to mitigate human-wildlife conflicts and 

safeguard the rich biodiversity of the Andean region. 
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6. DISCUSSION 

6.1. Insights From Captive Populations 

6.1.1. Intra-specific factors inducing differences in faecal nutrients of red deer 

Red deer's faecal constituents exhibited substantial variation, even in a controlled 

environment with healthy animals and comparable food sources. Age/age class, body mass, sex, 

reproductive status, body condition, season, and pasture availability all contributed to the 

diversity in faecal nutritional content, which occasionally surpassed 25%. These findings are 

critical for interpreting ecological studies of wild faeces in the absence of individual data. 

Faecal nitrogen is assumed to correlate with dietary nitrogen (Holechek et al., 1982; Robbins 

2012). In young animals, faecal N matches dietary N , but not always in adults. While hinds 

choose quality, stags prefer low-quality food at nutritionally challenging times (Staines et al., 

1982). Even when given with small amounts of high-protein feed pellets in all seasons except 

September, stags' fN levels matched seasonal forage nitrogen concentrations in all four 

measurement periods. This suggests that the fN did not reflect the increased protein intake. 

However, the dietary-fN mirroring in stags is more complex than it appears. Larger stags have 

higher requirements than pregnant or lactating hinds (Dryden, 2011). Stags eat more in 

proportion to their size to compensate for their mouth's ability to retain larger, more fibrous food 

particles with less nitrogen on a dry weight basis (Staines et al., 1982). High-fiber diets impair 

digestibility and increase retention time, leading in more dry matter and nitrogen loss (Hungate, 

2013; Thompson & Barboza 2017). Stags had higher fNDF (Thompson & Barboza, 2017) than 

hinds in our sample, with the exception of July, possibly due to their high lactation demands and 

increased selectivity for high-quality food. Stags did not gain weight on a reduced diet over the 

summer, unlike lactating hinds on identical diets (Thompson & Barboza 2017). Stags' winter 

rumen nitrogen levels are lower than hinds' (Staines et al., 1982). These findings are consistent 

with ours, indicating that stags had lower fN concentration in February than hinds, despite 

ingesting protein-rich pellets. In our study, stags on pasture had lower fN levels, indicating that 

they ate more low-quality food to balance their N intake (Timmons et al., 2010). Stags use feed 

pellets to exceed their daily protein and calorie requirements, rebuilding body reserves and 

compensating for the low-quality food they consume in abundance. High digestive efficiency 
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could have prevented excess N absorption from impacting fN during the three supplemented 

periods that corresponded to antler growth (Gaspar-Lopez et al., 2010). 

Unlike males, hinds showed higher fN than predicted based on dietary N . This may seem odd 

given that reproduction is most active in February and May (Oftedal, 2000; Dryden, 2016), 

therefore digesting efficiency should be higher. However, from February to May (late 

pregnancy), red deer hinds reduce rumen volume (Bruinderink & Hazebroek, 1995), 

resulting in decreased food consumption. This may have enhanced the need for 

protein-rich meals (Ceacero et al., 2012). Hinds consume the least from February till parturition 

(Bruinderink & Hazebroek, 1995), indicating a preference for high-quality food. Lactation-

related nutrient demands increase following parturition (Moen, 1973), resulting in increased 

rumen, abomasum, gut, and liver weight and size. Summertime, large herbivores eat more and 

gain weight to cover breeding energy expenses (Thompson & Barboza, 2017). Following 

weaning, hinds rebuild their digestive tracts and increase rumination (Monteith et al., 2014), 

which may have aided them in obtaining nitrogen from grass. Reindeer consume more and digest 

more efficiently while breastfeeding (Barboza & Parker, 2008). Forages with high digestible 

energy (e.g., high nonstructural carbohydrates) ferment quickly (Robbins, 2012; Schwann et al., 

2009), hence consuming high-quality forages increases faecal nitrogen through fermentation, 

microbial bio-mass absorption, and nitrogen bypass (Van Soest, 1994). Later, protein excretion 

was reduced between July and September, when hinds' rumen volume is usual (Bruinderink & 

Hazebroek, 1995). 

The lack of rumen nutrient content data complicates fN interpretation for hinds and stags. 

Rumen nutrition would have shown undigestible nitrogen, which fermentative processes can 

only digest. Future studies could look into N bound to A D F in faeces (NDF-N, Van Soest 1994). 

Using this index, fN minus fNDF-N represents faecal metabolic nitrogen (MFN). 

Secondary metabolites such as tannins may slow protein digestion (Hobbs 1987; Barbehenn & 

Constabel 2011). Because the study only employed typical livestock feeds with minimal plant 

secondary component (PSC) content, this issue is unlikely to have influenced our findings. Other 

researchers have noted that deer's tolerance to low diets restricts fN as a nutritional measure 

(Monteith et al., 2014). Lactating hinds might absorb more plant proteins from cell wall surfaces 

and digest smaller particles more efficiently by mastication (Gross et al., 1996). Lactation-

induced gastrointestinal tract remodelling (Zimmerman et al., 2006) improves N absorption 
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while decreasing N excretion (Monteith et al., 2014). For these reasons, fN may misrepresent 

dietary quality. It is worth noting that the rumen microbiota and nitrogen recycling into the 

rumen are difficult to control in wild investigations, which may explain the diversity in faecal 

nutrients (particularly fN) and sex variations in operating processes (Staines et al., 1982). 

Faecal fibre fractions (fNDF and fADF) also indicate diet and food quality differences 

(Robbins, 1987). Dietary N is difficult to detect in wild research, thus it should be investigated 

to support fN interpretation. A D F and NDF lower voluntary food intake and digestion (Van 

Soest, 1994). Dietary N and fibres in our principal feedstuff (TMR) have an inverse effect on 

our study, as expected. However, neither fNDF nor fADF adequately reflected diet. NDF and 

A D F levels fluctuated on a regular basis, but fNDF and fADF varied very slightly across seasons 

and age/sex classes. Food fibres, like fN, match faeces in calves but not in adults. 

The findings also reveal that several particular factors influence fN for each age/sex group. We 

also discovered a significant effect on body condition: stags in poor health had a lower fN, 

indicating that they exploited meal protein more effectively. We found considerably lower fN 

values in hinds during reproductive limits (pregnancy or lactation), albeit this effect was minor, 

as we hypothesised that reproductive constraints would only affect fN by 4%. Age and other 

factors showed different variability between hinds and stags, corroborating previous findings. 

In hindsight, age class explains just 4% of faecal nutrients, whereas age accounts for 10% of 

total fN, fNDF, and fADF in stags. In stags, older people had lower fN, which supported 

previous findings. Antler investment and requirements increase with age (Gomez et al., 2011; 

Dry den, 2016), whereas hind reproductive investment remains constant. 

The findings are significant for wild research that use this strategy. Faecal nitrogen is a popular 

food quality measure in nutritional ecology research (Leslie et al., 1994; Hamel et al., 2009). 

However, the variability found for individual parameters such as age, body mass, body 

condition, and reproductive and antler growth restrictions cannot be quantified in wild faeces 

samples, which may lead to incorrect conclusions based on data that do not account for these 

factors. Our findings also indicate that pasture and season influence physiological status. First, 

as previously stated, faecal fibres might be imprecise, resulting in mistakes in estimating food 

quality. In our investigation, pasture generated a 13% change in fN and fNDF, primarily in hind 

faeces. The seasonal effect is significant across all nutrients and sex/age groups. The season 

created a 10-21% variation in a highly consistent feeding regimen. Faeces samples from wild 

38 



animals from different seasons and locations should be compared with caution due to seasonal 

variations in diet selection (Dixon and Coates, 2009; Palacios et al., 1989; Alvarez et al., 1991; 

Garcia-Gonzalez & Cuartas, 1992; Bugalho et al., 2001; Villamuelas et al., 2017). The 

previously reported fact that tannins or other PSCs increase fN (Barbehenn & Constabel, 2011) 

may be significantly greater in natural diets, raising the uncertainty of the findings. 

6.1.2. Inter-specific factors inducing differences in faecal nutrients of gazelles 

In a controlled research context, we observed inter-specific variations in the faecal 

content of three nutrients (N, ADF, and NDF) across three closely related species (dama, dorcas, 

and Cuvier's gazelles) under a regulated feeding regime. The Cuvier's gazelle had a notably 

reduced quantity of fN compared to the other species, indicating a lower level of digestive 

efficiency. The faecal level of nutrients, particularly fN, was moderately influenced by 

individual characteristics such as sex and age. However, it is important to note that these effects 

were not consistent among the three species that were tested. In contrast, faecal fibres exhibited 

a high degree of constancy, indicating their dependence on the quality of the diet. Given that the 

feed was uniformly administered to all the animals under investigation, the findings indicate 

variations in digestive efficiency rather than variations in diet choices. 

The previous intra-specific study conducted on red deer revealed that various individual factors, 

such as sex, age, reproductive status, body mass, body condition, season (which is associated 

with distinct nutritional needs for each sex), and the presence or absence of natural pasture, had 

a significant impact on faecal nutrients within a comparable experimental context involving 

captive red deer. In the aforementioned study, distinct examinations were undertaken for males 

and females owing to the significant sexual dimorphism associated with varying nutritional 

needs within the species during different stages of the annual cycle. However, the disparities in 

faecal nutrients between animal of different sex can be verified as distinct reasons that account 

for these variations. Sex did not have significant importance in gazelles. Nevertheless, the 

interaction with the species was noteworthy: there were no disparities between the sexes of 

Cuvier's gazelle; females of dorcas gazelle exhibited higher fN and fNDF; and males of dama 

gazelle had higher fADN and fNDF. Overall, the observed disparities were minimal when 

compared to the findings of the prior investigation on red deer. This disparity could potentially 

be attributed to the relatively lower sexual dimorphism in body size observed in gazelles in 
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comparison to deer (Loison et al., 1999; Perez-Barberia et al., 2002). Remarkably, there were 

no observed disparities between sexes in Cuvier's gazelle, a species characterised by sexual 

dimorphism and high reproductive productivity (with twins being prevalent). Therefore, it is 

reasonable to anticipate greater efficiency in females of this species, even if pregnant or 

breastfeeding females were not included in this study. Therefore, additional research is required 

to comprehensively comprehend the disparities in digestive efficiency between sexes in gazelles 

and other ungulates, as well as its association with sexual dimorphism. 

The variable of age was also examined as an individual factor. Faecal nitrogen levels rose as 

individuals aged, while fibre levels remained unchanged. This outcome diverges once further 

from the one documented in red deer. In the aforementioned species, a decline in fN was seen 

as individuals aged, indicating an increase in efficiency. Additionally, alterations in faecal fibres 

were noted. Typically, the protein needs of ruminants decrease as they get older (Owens and 

Bergen, 1983), which appears to be the most straightforward reason for the observed increase 

in fN in our study. 

The primary objective of this study was to examine the variations in faecal nutrients among 

species that share similar ecological traits, while being subjected to a controlled feeding regime. 

The observed variation in digestive efficiency among the studied species was evident in the case 

of fN. However, the impact on faecal fibres was found to be weak, as indicated by the low R2 

values in the models. Conversely, faecal fibres were found to be strongly influenced by diet 

quality, which was consistent across all three species. Therefore, the emphasis was placed on 

the outcomes achieved for fN. 

Dorcas and dama gazelles exhibited similar characteristics, however Cuvier's displayed lower 

values, indicating a reduced digestive efficiency in this particular species. The higher fNDF 

provides additional evidence in comparison to the other species. This result may be attributed to 

the reproductive performance of Cuvier's gazelles, as previously mentioned. Undoubtedly, the 

dama gazelle would have exhibited the lowest fN. The retention duration, a species-specific 

measure influenced by body mass (Van Soest, 1996), is closely linked to digestive efficiency. 

This relationship enables larger species to endure with food supplies of lower quality (Clauss 

and Hummel, 2005). Although the three species are classified as browsers with some ability to 

choose their diet, dama gazelle exhibits a greater inclination towards grazing (Groves et al., 

2015), which could potentially account for the variations in digestive efficiency reported among 
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the species. Water requirements could possibly be an additional ecological element that accounts 

for the observed outcomes. Certain species or individuals may have employed diverse tactics in 

water utilisation, varying the degree to which they combine it with water derived from food. 

This approach is frequently adequate for gazelle species in their natural habitat to meet their 

requirements. Cuvier's gazelle has the highest water requirements among the three species. 

Given that the majority of these needs are met by the water content of plants in their natural 

habitat, it can potentially impact the selection of the natural diet. Hence, it is plausible that the 

species exhibits a preference for the protein content of the plants over the water, perhaps leading 

to the observed decline in digestive efficiency. 

6.2. Insights From Free-Ranging Animals 

6.2.1. Free-ranging roe and red deer show no difference in faecal nutritional constituents 
by M R S 

Despite numerous environmental, species-specific, and animal-specific factors 

(susceptible to continuous spatiotemporal changes) directly or indirectly related to red and roe 

deer diet selection, the hypothesis of different winter faecal nutrients was not supported. Four 

faeces nutritional components clustered on two axes were utilised to compare roe and red deer, 

but no difference was found. Animals depend heavily on nourishment, since fibrous components 

accounted 48% of variance. In the Czech Republic and elsewhere, winter supplementary feeding 

of large animal herbivores is a popular management practice to promote healthy populations, 

productivity, and trophy sizes. Hunters in the research region provided that, although minimal 

amounts given cervid density. Consequently, a significant effect was not anticipated; in fact, all 

prior investigations in this field furnished insights into this methodology. Given that both 

species' nutritional outputs are practically the same, which is mostly due to food quality, the role 

of that extra feed should be examined. 

Long retention times should benefit ungulates in hard winters. Ruminants with higher body mass 

have larger relative gut fill , which increases mean retention time (Demment and Van Soest, 

1985; Illius and Gordon, 1992; McNab, 2002). Browsers like roe deer have smaller digestive 

tracts and shorter retention durations than grazers or intermediate feeders (red deer have three 

times more rumen per body weight than roe deer; Prins and Geelen, 1971). Interspecific 
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differences also increase fibrous forage tolerance (Hofmann and Stewart, 1972; Hofmann, 1989; 

Clauss and Lechner-Doll, 2001; Clauss et al., 2003c). Since ungulates must spend more energy 

avoiding hunting and predation, this benefit is greater. Movement and stress might raise 

maintenance needs 200-300% (Weiner, 1977). Thus, huge ungulates must choose between 

refuge and nourishment. Due to its body size and morpho-physiological traits, red deer should 

be better at balancing that trade-off than roe deer. When animals must rely solely on natural feed 

sources, roe deer behaves as a typical browser, choosing high-protein diets and avoiding high-

fibre diets. Due to the species' morpho-physiology, increased energy demands (e.g., winter heat 

production) lower locomotor activity and enhance hunting and predation. When more carbs are 

available as a supplementary feed, roe deer may ingest more since they are more vital than red 

deer. Thus, supplemental feed may assist both species, especially roe deer, survive the winter 

while eating on low-nutrition plants (Davis et al., 2016), resulting in more comparable diets and 

faeces. 

Predators and hunting pressure affect the distribution, habitat preference, and nutritional ecology 

of roe and red deer in the study area, supporting the previous explanations. The area's major 

predator, the Eurasian lynx (Lynx lynx), relaying on roe deer and young red deer (Heurich et al., 

2012). Red deer are hunted more due of their appealing trophies, but both species are under risk. 

Stress may cause both species to dedicate less time to search for food and ingestion, and 

compensate with extra feed relatively easily accessible. Roe deer prefer supplementary feeders 

on forest and meadow margins in the research region (Heurich et al., 2015). This same study 

found that Bohemian forests roe deer prefer unprotected regions despite the substantial impact 

of shooting over protected parts of the park due to supplementary feeding by hunters outside the 

park. To the contrary, red deer prefer deep forests with 70% cover (Heurich et al., 2015). Red 

deer can exploit the winter shrub plant cover in certain regions. Red deer likely rely more on 

this resource than roe deer due to their big rumens requiring a particular fibre threshold 

(Bauchop, 1979; Gebert and Verheyden-Tixier, 2008), resulting in reduced dependency on 

additional diet. 

Supplemental feeding, hunting, and predation are probably the main causes of both species' 

nearly comparable faeces production. That doesn't mean the two species' food composition or 

natural food quality were similar; rather, NIRS was unable to detect the protein source. In the 

captive red deer experiment, the inability to detect luminal N made fN interpretation 
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challenging. N bound to A D F in faeces can be used to determine metabolic faecal nitrogen 

(MFN) and dietary N (Van Soest, 1994). 

6.2.2. Determining dietary patterns of free-ranging Andean bear using NIRS 

Neither bromeliad availability nor nutritional value seemed to affect bear presence or food 

selection. Contrary to expectations, Andean bears were nearly entirely in the forest habitat and 

not in paramo during the study. The investigated bromeliads' nutritional value varied by habitat. 

It is widely known that all Ursidae prefer fruitful areas (Schoen, 1990). Bromeliads in the 

paramo were more nutritious than those in the woodland habitat, yet bears were most commonly 

found in the woodland areas. This suggests that factors other than the immediate nutritional 

value of bromeliads might influence the habitat preferences of Andean bears. Bromeliads are 

epiphytic in forests but terrestrial in paramo, hence their nutritional composition may vary due 

to their tactics. 

Fibre content, which was higher in forest bromeliads, should be prioritised. Foods high in fibre 

have little nutritional value because herbivorous mammals like bears lack enzymes to degrade 

fibre. To meet their nutritional needs, they can form a symbiosis with cellulose-hydrolyzing 

microbes in their gut. Bacteria families Lachnospiraceae and Ruminococcaceae discovered in 

Andean bear faeces indicate their gut microbiota may break down cellulose, hemicellulose, and 

lignocelluloses (Borbon-Garcia et al., 2017). 

Ecosystem changes altered bromeliad nutrition. Fire negatively impacts bromeliads (Rocha et 

al., 2004), as shown by this study's decreased fat, fibre, ADF, and NDF. However, burned 

bromeliads have more starch, which should boost their nutritional value for an omnivorous 

forager like the Andean bear. Ariani et al. (2004) suggest that the plant's water may help protect 

the meristem, which stores soluble carbohydrates (Paisley, 2001; Rivadeneria-Canedo, 2008), 

and aid in vegetation recovery after a fire. 

Andean bears may change habitats due to food source changes (Cuesta et al., 2003). Andean 

bears use paramo and forest settings year-round, however their frequency varies. Both 

environments had bromeliads, but contrary to our assumptions, bears were unaffected by their 

nutritional content or quantity. This shows that bromeliads were not a major food source during 

our study period, as in prior studies in this area (Ontaneda & Armijos, 2012). The relative 
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homogeneity of forest research locations may help explain that outcome. Seasonal fluctuations 

in bromeliad nutrition, not ecological factors, may explain this outcome and warrant more study. 

In the vibrant tapestry of ecological research, the application of NIRS in this study stands out 

not only for its exploration into the dietary habits of wildlife but also for its application in 

analyzing plant material, a notable pivot from its use in evaluating faecal samples in other 

studies. This innovative approach underscores the versatility of NIRS, offering unprecedented 

insights into the complex interplay between fauna and flora within uncontrolled natural settings. 

By examining the nutritional content of bromeliads across different habitats, NIRS reveals the 

nuanced dietary strategies of Andean bears and their remarkable adaptability to ecosystem 

changes, such as those induced by fire. 

6.3. Brief General Discussion 

An important step forward in ecological study has been the use of near-infrared 

reflectance spectroscopy (NIRS) in the quest to understand the herbivorous ungulates' 

nutritional ecology. Dietary preferences, physiological adaptations, and environmental 

consequences have been revealed by NIRS's painstaking integration of controlled research in 

captivity with the dynamic uncertainty of the wild. Dryden (2003), Tolleson et al. (2005), and 

Gonzalez et al. (2018) conducted groundbreaking studies on ungulate species in controlled 

environments. These studies proved that NIRS was accurate in detecting dietary subtleties and 

highlighted the importance of these types of studies in identifying factors that affect ungulate 

diets. Insights into the role of age, sex, reproductive state, and seasonality in ungulate nutrition 

ecology have laid the groundwork for subsequent studies in ecological and conservation biology. 

After examining the dietary patterns of Andean bears and free-ranging roe and red deer, the 

application of NIRS in the wild has broadened our understanding of its capabilities and 

limitations in the face of the capriciousness of nature. Carefully planned research objectives are 

crucial when using NIRS in uncontrolled environments due to the presence of unexpected 

dietary overlaps and complex challenges caused by environmental changes (e.g., Kamler et al., 

2004; Kamler & Homolka, 1995; Corlatti, 2020), such as forest fires influencing the diet of 

Andean bears. Transforming the conversation to a more systemic level, NIRS is an essential tool 

for group investigations into intricate ecological systems, helping us make sense of things like 
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species richness, trophic relationships, and the dynamics of plant communities (Landau et al., 

2021). 

Studying animals in captivity and in their natural habitats side by side highlights the necessity 

of a holistic strategy that takes into account the complex character of ecological systems. In 

order to fully utilise NIRS, which can provide invaluable information about herbivores' dietary 

patterns and nutritional status, these types of research are essential. This, in turn, can improve 

species management in their natural habitats and inform more targeted conservation efforts. In 

order to preserve our natural legacy for future generations, it is crucial to use extensive analysis 

and predictive modelling in this effort to integrate insights for large herbivore conservation and 

management. Schimann et al. (2007), Serrano et al. (2020), and Charmley et al. (2023) all agree 

that keeping herbivorous ungulates and their ecosystems healthy and diverse for future 

generations is our shared responsibility. 
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7. CONCLUSIONS AND FUTURE PROSPECTS 

This dissertation has advanced our understanding of the nutritional ecology of large 

herbivores, particulary ungulates, through the adept application of near-infrared reflectance 

spectroscopy (NIRS). It bridges the gap between controlled environments and the multifaceted 

dynamics of the wild, underscoring the technology's invaluable role in unraveling the complex 

dietary preferences and nutritional strategies of these species. Through meticulous research 

spanning red deer, gazelles, roe deer, and bear, this work unveils a landscape rich in dietary 

variability, intricately woven from individual, physiological, and environmental threads. 

At the heart of our findings is the validation of NIRS as an important tool for exploring ungulate 

diet and nutrition. However, our journey has underscored the critical need for comprehensive 

preliminary studies in controlled settings to refine this innovative technology. Such preparatory 

efforts are crucial for isolating the myriad factors - particularly those unique to each species -

that influence the interpretation of data from free-ranging animal and wild populations. This 

preliminary phase is essential not just for honing NIRS calibration models but also for 

developing effective sampling strategies and improving the analysis of wild populations. 

Moreover, our investigations spotlight the urgent necessity for further controlled experiments 

involving captive animals. By examining a wider array of species in such conditions, we can 

better assess how faecal indices detected by NIRS can serve as reliable indicators for extensive 

studies in natural habitats. 

In sum, this dissertation not only contributes profoundly to the scholarly discussion on ungulate 

nutritional ecology but also lays the groundwork for future exploration in this field. Leveraging 

NIRS technology, this research not only fills existing knowledge voids but also heralds the 

advent of innovative conservation tactics aimed at supporting the sustainability of ungulate 

populations. Looking forward, the ongoing refinement of NIRS, paired with a holistic approach 

to studying wildlife, will be crucial for dissecting the intricacies of ecological systems and 

safeguarding natural legacy. The promise of NIRS in contributing to a deeper understanding of 

ungulate nutritional ecology and the broader ecological implications stands as a testament to the 

power of integrating novel technology with ecological research, highlighting a path toward more 

informed and effective conservation strategies in the complex web of natural ecosystems. 
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Key future prospects: 

• Developing methodologies to accurately assess metabolic faecal nitrogen (MFN), 

aiming to surmount the present constraints in detecting protein sources. This refinement 

is crucial for improving the diagnostic precision of NIRS, such as in the context of 

supplementary feeding practices or (nutritional) habitat alteration by forest fire. 

• Enhancing the application of NIRS in wildlife conservation and management by 

establishing it as a routine analytical tool. This advancement will enable conservationists 

to formulate more targeted interventions, underpinned by detailed insights into the 

dietary composition and nutritional status of wildlife populations. 

• Integrating NIRS with traditional conservation strategies, thereby crafting a holistic 

approach that addresses the dietary needs of ungulates amidst escalating human-induced 

environmental changes. 

• The future of ungulate conservation and management lies in the innovative application 

of technologies like NIRS to accuratelly asess and process large amounts of data, 

coupled with a deepened understanding of processes determining herbivores nutritional 

ecology. As we progress, the adoption of tracking technologies and the continuous 

refinement of analytical methodologies will be critical in developing comprehensive and 

scientific-based conservation policies. 
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Based on ttie assumption thatdietary and faecal nitrogen correlate, the number of studies using 
faecal samples collected! in the wild to understand diet selection by wild herbivores and other 
ecological patterns has been growing during the last years, especially due to the recent development 
o f cheap tools for analysis of nutrients like Near-Infrared Reflectance Spectroscopy (N IRS ) . Wrthinthe 
-annual reproductive cycle, cervids (members ofthefamilyCervidae) face strong seasonal variations 
in nutritional demands, differe-ntfor hinds (gestation and lactation} and stags (antlergrowth) and 
reflected in differential patterns of seasonal diet selection. Inthis study we aimed to quantify how 
pasture availability, season and individual factors l ikesex r age, reproductive status, body mass 
and body condition affect faecal nutrients in captive red! deer with the goal of understanding how 
these factors may influencethe- interpretation of results from samples obtained in the wild with 
little or no information aboutthe animals who dropped those faeces. We used N I R S for analysing 
nitrogen, neutral and acid detergent fibres in faeces.The relative influence of some individual factors 
like pregnancy was low (around ^%}, while age and weight may induce a variability up to lB%LThe 
presence or absence of pasture contributed to a variability around 13%^ while the season contributed 
to an average variability around 17% (and up to 2 1 % i n certain situations}. This high variability in 
faecal nutrients was observed in a controlled setting with captive animals and controlled diets.Thus r 

in natural situations we suspect that there would be even greater variation. According to the results,, 
we recommend! that preliminary research with captive animals of the species of interest shou Id be 
conducted before collecting samples in the wild, which should help in the interpretation of results. 

Faecal samples ire commonly used to estimate Ltie nutritional value ot the diet1. Ihc nutritional composition of 
feces is related to the quality ot the unvested diet:,~> and thus faecal N is commonly used as -an index of dietary 
quality in nutritional ecology studies^-'. On the other h an d h knowing the nutritional value ot the available food, 
the analysis of faecal samples may reveal the digestive efficiency of an animal; i.e., sometimes high fN may not 
mean high diet quality but low digestive efficiency. I ;OJ example, Low quality diet may wash down the rumen 
micTobiome arid lead to a higher taecal. EJowevcr, this fact is surprisingly not considered in most studies. Ihc 
content of neutral detergent fibre (NDEO in forage and faeces may bring some light about i i , since fibre frac­
tions inform about feed quality of ungulates'" and influences their performance". E3oweverj Ln studies in thewild 
researchers often have Mule or no information about the individuals who deposited a sample, and sources of 
variability related to it. Moreover, food quality and availability are constantly changing, which makes difficult Lo 
accurately interpret faecal nutrient values.On thecontrarv. working with semi-c-aptivc or captive animals ensures 
that diets arc controlled,, and variations of feed quality are less pronounced* allowing to study Lhe confounding 
factors affecting faecal nutricnLs. E:urLhcrmorC:. handli ng and collection of sec urate individual data is easier. 

The red deer [Cer^us elapnus) is a versatile feeder in -Mediterranean habitats*;, with grasses being commonly 
consumed when the availability is high from Late autumn to early summer. In southern Europe during the sum­
mer; when grasses are seance, deer mostly become browser1 : . 1 liferent seasonal nutritional demands by hinds 

1 Department of Game Management and Wildlife Biology, Faculty of Forestry and Wood Sciences. Czech Uni^rersrty 
of Life Sciences, Prague. Czech Republic, department of Science and Agroforestry Technology and Genetic;. 
ETSIAM, University of Castilla-La Marsha. Albaeete, Spain. ^Department of Animal Science and Food Processing.. 
Faculty of Tropical AgriSciences^ Czech University of Life Sciences. Frague. Czech Republic. : : email: cupic@ 
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and stags (driven by different physiological needs) also aJfect the dilfcrcntial seasonal use of resources between 
H O B , as well as by young animals 1* 1 5. 

]he species is also a --.-J i : M . h r i . c . r I lines enter jesiras r-eUi-een September anc February . testation and 
lactation place the greatest nuLritional demands on females'7, and thus, births occur in the period with greater 
food avail-ability1*. During this period, growing mothers {otr.cn primiparous ones1*) have higher nutritional 
requirements since they have to invest energy boLh for rep rod act ion. and for their own growth. Births occur 
around May and lactation demands are max i mum during the tirst month. decreasing there after and becoming low 
around September*3 when Lhe new reproductive cycle starts. ]n males,, antler g i c^ lh is nLLriuonallv expensive2-

with increased nitrogen demands". However, the period of high, nutritional demands in males (early stages of 
antler development) is not synchronized with that of females {gestation and lactation*). 

This study aims to examine how the faecal nutrients vary in captive [berian red deer with very simiLar feed­
ing regime along the seasons {connected to their annual reproductive cycle and physiological status}, and how 
sex,, age,, reproductive status,.pasture availability, and body traits aifect the observed seasonal variations in faecal 
nutrients, in order to highlight die variability explained by these factors and discuss the adequacy of the technique 
in studies in the wild when this information ismissing. 

M a t e r i a l s a n d m e t h o d s 
This study was carried out at the experimental decrresearch. facilities of the University of Caslilla-La Mancha in 
Albacete (Spain) during (bur sampling trials (thereafter Scas&ns) distributed along the reproductive cycle of Lhe 
species: February (Late gestation}, May (births X luly (mid-lactation) and September (Late Lactation and ruU. dur­
ing 2017. Forty-three calves and yearlings;. 23 stags ranging from 3 to 7 years nf age, and 3fl hinds were studied, 
out of which 22 were pregnant, the hinds ranged between 3 and 21 years of ageh and were divided into three 
categories: subaduJts (aged <-a" at mating; n= LI),, adults (aged 4- l ^ at mating; n= 12}, and senescent (aged> I J 
at maLing> n = ? \ A l l the animals used in this experiment (except one founder female} were born in captivity 
Animals were kept in seven l-ha paddocks, either with bare soil or with irrigated pasture based on tail fescue 
(Fesluca amndinatea, 52.4ft), cocksfoot [Dactylis glomerate:, 2£.6%)-, lucerne [Medicago sativa,. 14.1%), and 
while clover (.Trrfolium r€pens,4.3.%"J. Al l paddocks- used were similar in size and kept a similar (low) density of 
animals. Irrigation and adequate densities ensured that the pasture quality varied insign ificantly along seasons. 
An Lmals were assigned to diifemnt paddocks and rotated accordi ng to management needs (re.* a given animal 
could be in a pasture with paddock in one season, but in one with bare soil in another season). A l l animals were 
ad Libitum fed a Total Mixed Ration (TMR"J> in order to avoid strong competition for fecd ! :. T M R tried to imi­
tate the transition of foodin natural conditions,.and the ratio of fcedslLnTs included in the T M R (based on oats, 
barley,, alfalfa meal, cereal straw and citrus pulp) was changing according to the animals' different nutritional 
requirements along the year. Stags were also supplemented during all seasons except ScpLcmbcr with a small 
daily amount of high protein pellets. Water was provided ad libitum for all animals. 

D a t a co l l ec t ion a n d p r o c e s s i n g , laccal samples were collected directly from the rectum curing routine 
handling in indoor handling premises11 and afterwards stored in labelled paper bags. Routine handling occurs 
every week, being every animal handled every second week. 1 hush samples from each studied animal were col -
lected within two handlings {i.e., all animals were samples within 7 days during each season}. Simultaneously, 
body mass and body condition score1 5 were recorded, in order to achieve uniform it)1 of the faecal samp Les» they 
were dried to a constant weight in a hot air dryer at 40 "C for 43- h. Afterwards^ they were ground with a mil l to 
pass through a l-ram sieve. Thereafter the samples were thoroughly mixed to achieve maximum homogeneity 
and dispensed into sample cups for analysis through near-infrared reflectance spectroscopy (N]RS). Four sub-
samples of the TMR., and feed pellets were obtained for each season. Feed samples were similarly ground [but 
not dried} and frozen until further analysis (n = 4 for each feedstuff and season}. 

Al l the samples were scanned with the NERS D-5 2500 FOS5 analyser undec the ISlscan Routine Analysis 
Software U :oss. EJillcrotL. Denmark), lo r studies based on faecal samples* an extensive sampling of feed and 
faeces is inevitably needed. Traditional wet-chemistry methods are time-consuming and expensive, and thus, 
KIRS technology has become a widely used method that overcomes these drawbacks and allows rapid, low-
cost, chemical-free;, and n on -destructive analysis of a large number of samples2*. Ihus. the technique is already 
commonly used for measuring food quality through faecal indices in ungulates'':~-:ri. lhe analyser automatically 
calculates the average of -B successive scans at a resolution of 0.5 nm which gives the spectrum of each sample, 
recorded as the logarithm of the reciprocal of reflectance (amount of radiation reflected from the sample2^, 'lhe 
software displays the ciicvc of the reciprocal Logarithm of rctlcctance and a curve of absorbing component in a 
close-to-linear relationship, l h e peak values of the two curves occur at wavelengths that correspond to absorp­
tion bands in the sample (r.e.. lower reflectance^-3'}, fly this method, the contents of nN (faecal Nitrogen )> fNDF 
(faecal Neutral Detergent Fibre), andfADF (faecal Acid Detergent Fibre) were caJc idated with Winl-Si 4 -Calibra­
tion Software (Foss, HiHerodj Denmark) according to a calibration set previously developed for red deer faecal 
samples ( ] 1 based on 100 samples,, and showing very high predictive power R.3>rj.93.)_ T M R calibration from 
the Ruminant Feed Piwkstgc (l^ss, HiLlcrad Denmark") was used for every set of sub samples > and mean value 
was calculated. All the values obtained with these calibrations showed adequate C11 (distance to the population 
average) and N] I (distance to theclosest sample*] values. 

Piutera, A D F and N D F in pellets for stags were analysed through standard wet chemistry methods in an 
specialized lab ? ,\ Pasture was not collected for this study; since it has been analysed for several previous studies 
in the experimental facilities. l h e nutritional composition of pasture (average from previous analyses^ T M R , 
andpelletE is shown in Table I. 
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Table- 1. Nutritional composition (dry matter) oftbc supplemented total mixed ration (TMH)> feed pellets and 
pasture used along the study.1 supplemented cm])" ta stags during February May, and July. 

Sampling frequencies-and handling procedures 'were- designed to reduce tbc stress- of the animals-, according 
to the European and Spanish, laws -and current guidelines for ethical use of animals in research^ andSpanis-h 
and European guidelines and Laws in the use of animals in research. The research protocols were approved by 
the Comm.ittw ot l-ilhict in Animal Kxpcri mentation from the University of CasLilla-La Mancha. 

S e l e c t e d f a e c a l i n d i c e s . fNis an important parameLei Tar research on diet-quality since it shows positive 
linear relations-hip with dietary nitrogen^ - 7 j T . t"N is also stable for few weeks p o 11-defecation in well preserved 
samples'*". However* other authors warn about its limitations because the presence of secondary metabolites Like 
tannins decrease protein digestion in ruminants"^ 0, which max lead to misinterpretation ofdiet qua lily based 
on fN. 

fibre fractions (NDE : and A[>E:J are among the faecal constituents that inform about food quality o f 
ungulates31'. Itie faecal fibre fractions- (fA[>E; and fNDF) are sensitive to tluctnations in food-quality, so they 
should be included to support irJ as a proxy for nutritional arialyse s ..especially when diets arc expected to c an tain 
high amounts of tannins NE>F [which consists predominantly othemkcl]ulosc> cellulose and lignin) reduce 
voluntary food intake when in high dietary levels. A D F is a subset of N[>F which includes the least digestible 
compounds for herbivores: Iignin, cellulose andcutin. As the content of ADE : in a diet increases,, digestibility 
and available energy decrease-, while, on the other hand, sufficient tlbre Levels arc required in the diet tc maintain 
normal rumen function*. 

Sta t i s t i ca l analy&IS, Analyses were performed niingEBM SPSS Statistics (version 25.0 tor Windows, IBM, 
USA"). Since factors affecting faecal nutrients are different among sci classes, three-data set s were created and 
analysed individually: stags> hinds, and young (calves + yearlings). 

General Linear M i i e d Models [GLM.M; normal distribution with identity link) were used for each datascL 
Normality of the variables used for each of the models were previously confirmed by EioLmoga-rov-Smirnov 
tests-. A data structure based on ID as subject and Seasopr as repeated measure was used. Season, Age (young 
and stags-' datascts}, Age CJass (hinds' datasct)-. Reproduetive sJiíftťs (hinds' datawľl), Pmhire, Body Mass, and 
Body Condition Score entered the model as fixed factors; fN, fbl[}F andfADF were the response variables of the 
models (response variables). For hinds it was possible to- use both variabLes Ag£ and Age Ciass; thus, preliminary 
models for the three faecal nutrients were created using the whole set of independent variables plus Age or Age 
Cľflssvand the models with Age Class had always lower Corrected Aka ike's Information Criterion (AECc). Thus r 

Age Class was used in the models for hinds. Absence of multicollinearity was tested for the independent vari­
ables used through the Variance Inflation Factor, which was always low. Initial models were built as described, 
without including interactions,, and were subsequendy solved ih rough a siepwi^ backward sclvcLion procedure. 
'1 hereafter, a number of interactions were identified as potentially interesting for at least nne of the datasels: 
ReproduetŤorťAgc Class, ReproducIfon'Body Mass, Reprodudfon*Body Condition Score* RepmduetŇ?n'Pfl5iurev 

RepmduítŤorťSeasoTi; Season'Age Class-, Season 'Body Mass, Season'Body Condition Score-, Sta son 'rias túre and 
Season ''Sex. Since the sample size did not allow to include all of them at once in Lhe models for any of the data-
sets* each onewas Individually tested together with the variables previously described. Only those interactions 
significant in these preliminary models (£<0.0!i) were selected tor further analyses. For hinds, thcsclccled inter­
actions were: RcprodnctiorťPasture (p =0.01 B), Reproduction *SctTscipf (p = 0.017), Seaion'Body Mass (p Í 0.001) 
andSnreon'W/Cona'jrrcin Score [p = 0.013) forMiiíepf^ucJJ'DPr'Síiaiwr [p = Season'Age Class (£ = 0.021) 
and Season 'Body Mass (p*. 0.001) for fNDF; Rcproduction'Pasture ^ = 0.009), Reproductiorr'Szasarr (p = 0.003)r 

Sin ion 'Body Mass (p = 0.001) and Season 'Pasture (p = 0.003-) for fADF. For males,. Season 'Age was selected for 
FN [p = 0.004) and fNDF [p = O.003)h while no interaction was selected for tADF. For calves, only Secj50FrJ5ejr 
was selected for tAt lF [p= O.045\ while no interaction was sclented for irJ and irJDl" New -CIl.MWs were built 
including these selected interactions, and solved as previously indicated. Thus-, for each datasct and response 
variable three models were built: full initial model without interactions (with nobackward selection procedure 
implemented}, solved initial model (with backward selection but without interactions)-, and solved model includ­
ing the previously selected interactions. A l C c m used for selecting the most plausible models. 1 hereafter,, only 
the selected models are shown and discussed. 

Finally, the coeilicicnLs of variation for each faecal nutrient and datasct was calculated in order to understand 
the variability of the data collected.'] hereafter, and considering the mean values for each variable, ranges and the 
coefficients obtained i n the G L M M s, the variability induced by each significant i ndependent variable studied 
wasalso calculated foreach deca] nutrient and datasct. 
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Table- 2. Corrected. Altaike's1 nformatlon Criterion (AECs) values ofcach ot ihc three models prepared, for 
each datasel and faecal nutrients (nitrogen—FN; neutral detergent fibre—t"NDE;; aciddetergent tibrc—l"ADE: J. 
The selected models, those with Lower AlCc value, are hiu hi iqhtc J in bo ld OnLy these models- are described 
anddiscuEscd. "The solved model "was the same as "the saJvedTmodel without interactions. 

R e s u l t s 
For each datasel (hind5» stags and young), one model was selected for each dependent variable according to A lCc 
(Table 2). The significant variables in the selected models (Table 3) are described below. 

Faeca l nu t r i en ts in h i n d s . "Ihc fN was lower in hinds under reproductive constraints (t =-2.359, 
P = — Q_L L9>. Hinds Living in paddocks with pasture had higtier fN (1=41549. |J= 0.399). Body mass also had a 
negative effect on fN (t= - 5.693, $ = -0.006). Season was an important source of variability (Fig. 1): fN was sig­
nificantly higher in E:cbruary compared to July [t = 2 .15° , (3 = 0.23Q:. p = 0.030), in E^ebruary compared to Septem­
ber (t = 2 . ^ ] ̂  |J = 0 .3^, p = 0.004)^ in May c o ^ a r e d to ] uĥ  
to September (t = 1 ] .039, |J = 0.592, £ < 0.001). 

'Ihc INDE : was hie her in heavier hinds (t=2.66^:. fJ = 0.109). Elinds in paddocks with pasture had lower 
fNDF(t = - 4 . £ 5 3 , p = -6.134). Adult hinds hadhigher ir^DF t l ^ subadidk U = 2.] = ],[J= ].342 hf = 0.034) arid 
senescent (t = 2.453, (3 = l-£79,f = 0.016). Season wasalsoa source of variability (Fig. 2): fNE>E: was significantly 
higher in Puly compared to February [t = 3.546, £1 = 9.102, p*. 0.001), in Jutv compared to May (l = 6.0B6, p= 7.125, 
^•-cO.OOl), in July compared to September (t = 5.415;. p = 4.96£, p^O .OOl^ and in Septemher compared to Way 
(L = 2_542,p = 2.157,^=0.01 J). 

The fADF was lower in hinds under reproductive constraints (t= - 2.171, £•= -1 .392). As for fNDF> aduJt 
hinds had higher fADF than subadulls (L= 2.123, p = 1.268» p = 0.037) and senescent (t= 5.530h (J=4.03B, 
p<0.001), and subadults had higher fAi>F than senescent (t = 4.00B, jj = 2.771, p<0.001). Contrary tofN and 
fH?F. season was a weaker source of variability (Fig. 3): even if it was overall significant, no pairwise comparison 
was significant itself. This is probably due to the significant interaction SeLTSOFr'i^rrnjre. When the animals were 
in paddocks with pasture,, significanLly Lower fADF was found in September compared to all the other seasons; 
on the contrary, in bare-soil paddocks the fADF was higher in September compared to February and May. Ihc 
interaction Season'Body Muss showed a significant positive correlation of body mass and fADF in February, but 
a significant negative correlation between them in May. 

Faecal nu t r i en ts in s tags . Ihc fN was lower in older stags (t= -2.993, |J = -0.051). Stags living in pad­
docks with pasture had lower fN (t = 2.00L, 0 = 0.15:3). Body condition had a positive effect on fN (t = 2.037, 
£1 = 0.159). Season was also a source of variability (Fig. ]}: fN was significantly higher in Way compared to Febru­
a r y =4.426>(S= 0.230,0 <0.00l), and September (t = 4.^94 ; [J = 0.3O2,p <0.001),andin ]ulv compandlo E=ebru-
ary(L = 2.151, pi = 0 .157^ = 0.03.5)» and September (t = 2.888, f= 0.1 75, p = 0.006). 

'Ihe tKl)E : wis higher In older stags [t= 1.303;. [3 = 1.104) and marginally lower in heavier ones (t= - 1.950, 
£1 = -0.066,p = O.054j. Season was an important source of variability (Fig. 2): fNDF was significantly higher in 
September compared to E^ebruary <t = 4.Q62> (3 = 7.544,p<0.001) r May (t = 2.467, p =4.057,^ = 0.013) and |uly 
(L= 2.389» £1 = 3.538*^ = 0.021), higher in [uly comparccf to February (t = 2.547» £1 = 4.006, p = 0.014'h and higher 
in May compared to February (t = 2.291, p= 3.488, p = 0.027). 

Ihc fADF was higher in older stags (l = 2.752, £1= 1.009, p = 0.009) and lower in heavier ones (l= -2 .391, 
[3= - 0.065, j? = 0.021). Season was also a source of variability (E:ig. ?): fADF was significantly higher In Septem­
ber compared to February (t= 0 8 9 , p= 7.102,^-=0.001)» May (t = 3.691»0 =5.245, p = O.O01) and July (l = 4.526» 
p= 5.922, p< 0.001). 

Faeca l nu t r i en ts in y o u n g . line fN was higher In calves compared to yearlings (t = 7.620, f3 = 0.406}. Season 
was also a source of variability (Fig. 1): fN was significantly higher in May compared to February (t = 12.400, 
p = 0.54l,p< 0.001) and September (L = 6.740, (J = 0.314, p<0 .00l), In July compared to February (L =10.051, 
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Table 3. General Linear mixed mo J cis . j ip l i in ing the- content of faecal nutrients- in red deer hinds-, s-tajs arid 
yo-ung (niljogen—fN; neutral determent fibre—fiN DF; acid detergent fibre—fADF; Me Table 2 for more details 
about the selection process.'). Dasher indicate variables, not included in a certain m o d ř i "indicate variables 
included in a certain mode],. buL not s-igniticanl. Stati-A\cally significant differences at O.OJ-. 0.O1, andO.OOl are 
indicated by ", ' * and ***•, respectively. 

fl = 0.474, pcO.OOl) and September (l = 4.cj57h £1 = 0.247,. pz 0.OO1), and m ^eplcmbcr compared bo Februarv 
l;t = 4.71S,£ = 0.227,^0.001). 

The frJDF was-lower in young living in paddock •with pas-tune (t = - 2.5&J, ^= - £j.9£7). Season was an impor­
tant source of variabi litv (Rg. I): nNDF was signi ficmtly higher in September compared to February [ t = 2.372, 
f = 2^833, p = 0.OO5)h May (t =5.978, f= 5.597, p < 0.001) and Jiily ft =4.355, 0 =3.489, p O.OQI), in February 
compared to May (t = 3.131 h(J = 2.759,. £ = 0.002), and in July compared to May (t = 2.431, p" = 2.107, p = 0.017). 

"]he fADF was- Lower in calves than in yearlings (t= -4.392, |>= -4.082,0*; Q.O01). Season was also a source 
Crf variability (Fig. 3}: fADF was significantly higher in September com pared to February (t = 5.07E,, £J = 3.732, 
p < 0.OO1), M a r * l = 6 - 1 4 S - F1 = S - 2 2 1 ' P < 0 0 0 1 * W July {t=&51 U p = 6.550>p< 0.001 X and in February pconpared 
to July (t = 4.13*» f = 2.61B, p < 0.001). 

V a r i a b i l i t y i n d u c e d by t h e s t u d i e d f a c t o r s o n t h e o b s e r v e d f a e c a l n u t r i e n t s v a l u e s , 'ihe coef­
ficients- of vj.ri-ii.ii.in (C.Y.) af Lhe faecal nutrients analysed in hinds, s-tags and young showed Low values (most 
of them below LF-%; Table 4). These were much Lower in young thin in aduhs. (7.3% vs. 12J&%c/n ave r a g e a n d 
much higher in February (] J.4%} than in the other seasons (^.ti^n, 9.7%, and 9.2% for May, July and September 
re spec lively)-. On the other hand, fN in hinds, and fADF in hinds and 5tags. during February even eitceeded a 
20%c.v. 

According to the average faecai nutrient values- rcccrrded and the ccHErhcicnts (^! oPlained in ih-e models for 
the significant variablesh we calc ulatcd the variability induced by them (Tabled). While the relative influence 
of some factors- like pregnancy is low (around 4% variation beLween pregnant and not pregnant hinds-), other 
individual characteristics like age and weight induce a variability up to- c.g.t it can be expected that, even 
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nt l ind: M v i x m TMA 

September 

Figure I . Faecal nitrogen content for rod deer hinds, slags, arid young along tJic4 studied periods (seasons'!. 
']he line indicates the percentage of nitrogen found in the fecdstuJf [TMR total mixed ration} that animals were 
provided during the study Males-were supplemented with extra small amounts of 20% protein feed pellets in 
February, May and luxy. 

Febru sry Spptenbpr 

Figure 2. FaecalNDF content for red deerhinds t siasist and young i lonj the 4 studied periods (seasons!1. 'lhc 
line indicates the percentage of NDF found in the tecdstulf [TAtR toLal mixed rations that animals were provided 
during the study. 

under the same diet, the heavier and the lighter hinds in a population will vary in their f\" values with. 16%. The 
presence or absence of pasture induce a variability around 13-%h while the season induce a variability around 
]7% (on average} and in certain situations up to 21%. 

D i s c u s s i o n 
Even under a controlled environment with healthy animalsajid very similar feeding sources, red deer showed a 
relatively high, variability in the analysed faecal nutrients: fN. fNDMind fADEL [his variability jumped in some 
situations above 25%-, and all the individual factors studied [age/age class, body mass, sex, reproductive status, 
body condition) as-well as season and pasture availability significantly contributed to explain such variability in 
the faecal nutrient content to a certain degree. These results have important implications for the interpretation 
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Table4. kloeJiicicnts of variation <c.v. "J of the studied faecal nutrients (nitrogen—fN; neutral detergent fibre— 
fND] : ; add detergent fibre— fADF) for each datasct (hinds, stags- and vouna J and each sampling period. 

of ecological studic^ based on faecal nutrients conducted in the wild, with Law or any information about the 
individuals being sampled. 

Faecal H has-teen widely accepted to correlate with the N content of the diet55-3*. However,, while faecal N 
appear to- mirror dietary N in young individuals (see ] :ig. 1}, this seems lo not always be the case for adults. Stags 
and hinds are known Lo- adopt different feeding strategics which certainly reflect their physioLogic-al adaptations;, 
especially during nutritionally demanding periods: while hinds- select for quality, stags opt for-a greater amount 
or poorer quality food41. In stags-, the variation in fN appears to minor the seasonal variation in iorajc nitrogen 
content in all the four sampling periods even if stags- were additionally supplemented with small amounts of 
high protein feed pellets in all sc-asons eitccpt September. Ibis suggests- that thcexlra protein ingestion was-not 
reflected in the fN. However ibis mirroring between dietary anoTrN observed in stags i s- more complex than it 
seems at first glance. Because of their larger 5-izc> stags- have greater total requirements compared to pregnant 
or laclating hinds4". With their mouths, stags can ingest larger, more fibrous- food particles with Less nitrogen 
on a percentage dry weight basis, and they compens-ale this lower-quality food by eating more relative to their 
siie*r High fibre diets- decrease the digestibility"11, and increase the retention time 4 4, which leads to increased 
faecal loss of dry matter and N . But also to increased fNDF" , which in our study was always higher for stags 
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Table- 5, Variability induced by the individual arid nutritional factors studied in the faecal nutrient 
(nitrogen— FN; neutral detergent fibre—tNDE;; aciddetergent fibre—fADF; Etc Materials and Methods tor 
marc details about the calculations). 

compared to hinds, except in Idly (probably due to their high lactation demands- and increased, selectivity of 
good -quality food}. It has- been reported that when placed on a poor-quality diet,. stags did not increase their 
body mass during the summer which was in contrast to Lactating hinds, despite consuming diets ot identical 
quality4 3. Lower contents of N in rumen of slags in winter compared to those of hinds have also- been reported*1. 
These are consistent results with ours and support lower concentration otfrJ in .February for stags compared Lo 
hinds* despite stags being provided feed pellets rich in protein. In our research,, stags on pasture had lower iM 
which supports Lhe hypothesis of increased intake of Low-quality food in order to balance the final N intake"1'". 
Feed pellets seem?: to he important source for stags to exceed daily maintenance reejai rcments for protein and 
energy to replenish body reserves and to compensate for the inability to do so From the lower-quality food which 
they eat abundantly. Alternative explanation is that extra N ingestion was not reflected in the fN due to a high 
digestive efficiency at least during the three supplemented periods which match with the antler growth period4*. 

Contrary to males, in hinds fN was always higher than expected based on the amount ot dietary N . This result 
might seem surprising since February and May arc periods with highest demands because of reproduction | T J I , 
and thus* greater digestive efficiency would be expected. On the other hand,, tram February to May (late preg • 
nancy) red deer hinds tend to decrease the volume ot rumen17,, which means decreased food intake. 'Ihis may 
have led to a greater selectivity for the feedstujr items with greater protein content". Lowest ingestion by hinds 
from February until the approximate time of parturition has been reported'1'7,, indicating higher selectivity tor 
good-quality food. After parturiLion,demands for nutrients associated with lactation rise which is followed by 
increased weight and size ofthe rumen, abomasum, intestines,, and liver'^ 3 0 . Large herbivores tend to eat more 
and incrcascbody rnassduring the summer months to- support breeding energy expenses^. Furthermore,, after 
weaning hinds remodel the digestive tract and increase rum i nation -71 which may have enhanced their ability to 
extract nitrogen from their forage. Reindeer have been reported to have increased digestibility and tood intake 
during increased lactation demands^1. Forages with high Levels of digestible enen^y (like high non-structural 
carbohydrates^ generate high rates of fermentation1 1"' therefore, high rates ot intake and consumption of high-
quality forages result in high values of faecal nitrogen via increased fermentation-, absorption of microbial bio-
m as Sr and bypass of nitrogens Later on, the elevated protein excretion was not pronounced in |uly and-September 
as much as in previous seasons, which correspond to the period of norma] volume of hinds" rumenH r . 

The difficult interpretation of fN for hinds and slags is mostly associated with the lack of information about 
concentration of nutrients in rumen. The nutritional value ofrumen content would have aJlowed calc ulalion of 
unebgestiblc nitrogen that can only be digested by fermentative processes. Analysing N bound to A D F in faecal 
samples (NDF-N*} may be an interesting alternative for future studies. This index allows to calculate metabolic 
faecal niLrogen (MFN) as fN minus fNl)E :-N. 

5ome authors have warned about the influence of secondary mcLabolitcs like tannins* which may decrease 
protein digesLibility 3^D. Ihis factor is unlikely to have affected our results since only common fcedsturfs for 
livestock wiLh low content of plant secondary compounds (PSCs) were used in the study. Other authors have 
also warned of limitations of fN as dietary index due to adaptations by the deer to relatively poor dicLs' . Ihey 
showed thaL lacLalin^ hinds have an ability to more thoroughly process the food via mastication, extracting more 
plant proteins from cell wall surfaces and increasing digestion of finer particles'1. Also, the ability to remodel the 
gastrointestinal tract during Lactation30 contribute to increase N absorption, resulting in additional reduction 
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in N excretion1"'. For these reasons, fN may provide- an incorrect impression or." the- relative quality of the diet. 
At this- stage-. iL is necessary Lo hichlighl that the rumen microbiomc and nitrogen recycling into the rumen are 
factors difficult to control in studies in the wild that may explain the variability in faecal nutrients- found in this 
study (especially fN), but also even the differences in functioning mechanisms among sexes.41. 

Similarly, faecal fibre fractions (fNDE : and fADF) are considered to reflect diet quality and to be sensitive to 
: .L.iuv.Li:".-: :n fiwd qt-iliLv'". Ihei --y^-.j-i Lo hi: imlv^od morder Lo support Lhe interpretation of fS", 
since in studies in the wild it would be dithcult todetcrmine the dietary N . Both NDF and A D F reduce voluntary 
food intake and digestibility*. Indeed* as expected, dietary N and fibres in our main feedstuff (TMRJ are inversely 
related in our study (see Figs. ]> 1 and i\ Nevertheless^ neither fNDF nor fADF fairly reflected dietary levels: 
while dietary Levels of NDF and A D F varied seasonally, very low variability across seasons and age/sex classes 
were observed for fNDF and fADF. -Similarly lo fN> dietary fibres seem to match faecal ones jus-L for calves* but 
not in adults. 

Our results also highlight the influence of several individual factors on frJ for each of the agc/sex class studied. 
MurtruT than the previously discussed Low fN with high dietary N during an.tier growth, we found a significant 
effect of body condition: stags in lowcondition had lower fN; that is* they were more efficient using the dietary 
protein. Indeed* we also found a signifjeanttv lower fN values in hinds under reproductive constraints (pregnancy 
or Lactation); however, this effect was quitelow since we estimated that the variability in fN due to reproductive 
constraints is just 4% (Table 5}. Other studied factors like age also showed sources of variability ditfercnL for hinds 
and stags, which further support Lhe previous observations. Age is an important source of variability in stags, 
around 10% tor all nS* fNDF. and fAi>F, while age class was not a significant factor explaining faecal nutrients 
in hinds* just around 4% for faecal fibres. In sLags-. fN" was lower in older individuals, which fits with the results 
previously discussed: while antler invesLm en t and requirements increases with age3'1*5, the reproductive invest­
ment is relatively constant for hinds, independently of their age. 

Our results have important implications for studies using this technique in the wild. Faecal N is commonly 
used as an index of dietary quality in nutritional ecology studies*1*. However, the variability observed for some 
individual factors Like age, body mass, body condition, and reproductive and anLlcr growth constraints can 
hardly be estimated in faecal samples collected in the wiLd. and thus may mislead the conclusions drawn from 
the results obtained without considering these factors. Furthermore, our results also showimportant influence 
of the presence of pasture and the season (physiological status). First, as already explained, diet quality deter­
mination through faecal fibres in certain situations (it not approached carefully) can be quite inaccurate and 
induce errors. Moreover, the presence ofpasture in our study induceda variability around 15% in fN and fNDF, 
especially in faecal samples from hinds, 'lhe seasonal effect is also evident, being significant for all the studied 
nutrients and sexVage classes. The variability induced by the season ranged from 10 up to 21% in a set up with 
relatively stable feeding regime. This fact suggest that one should be cautious when comparing faecal samples 
from wild animals from different seasons and locations, especially considering Lhe important seasonal varia­
tions in thediet selection by the species in Lhe wild l , , J l i j r . I :urt her consideration is also necessary for thealready 
highlighted fact of increased fN when diets arc rich in tannins or another PSCs 4 3: these maybe much higher in 
natural diets* increasing the degree of uncertaintyof the results obtained. 

Our results also confirm that N1RS is a powerful Luol to investigate feeding and nutrition of herbivorous ungu­
lates. However, our results clearly suggest that Lhorougb preliminary studies with the target species of interest 
under controlled conditions are necessary in order to previously validate the technique and determine the degree 
how multiple factors (mainly linked Lo individual characteristics} may affect the interpretation of data obtained 
from samples collected in the wild. That may help for defining sampling strategics in the wild and to interpret 
the results obtained. Definitely, the results highlight that more studies with captive animals (other taxa) under 
controlled conditions are needed to evaluate i f faecal indices can be used as a proxy* for studies in the wild. It 
would be also interesting toperform a similar study in the same species in different latitudes: in Mediterranean 
habitats* summer is commonly the season with low feed availability, while it is winter in temperate climates. That 
may greatly influence the results in experimental sellings similar to ours, 
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SimpLE- Summary; The sludy examines liow different factors Influence tlie nutritional content of 
faeces from three- gazelle species, with particular interest in the inter-specific factor. Through the 
contents of nitrogen and fibre, faeces can tell us about their dLges-tive process The research focuses, on 
1Q3 captive individuals of three gazelle species and applied Hear [nrraJ?!cd Spectroscopy technology, 
"fit lesults sJiow tliat different species have varying faecal nutrient leveLH. CZuvier's gazelle had lower 
nitrogen content, suggesting Jess erne lent digestion than other gazelles. Factors Like sex and age also 
played a role, but their effects were not the same for all species. Fibre confcnJ, related, to diet quality 
remained consistent This study shows that factors allectLng: faecaL nutrients are spedes-sr^dfic. 

Abstract Various environmental individual, and species specific factors may affect digestive erh-
cienLy in wi ld runuriants. The study of faecal nurri dona J comportnts is a commonly used techniLTue 
to understand these elrects, assuming that faecaL uit io^-n and fibre contents reflect the diet'H-nu­
tritional qualitv- and digestibiLity. Hecent studies have highlighted the relatively liigh influence of 
factors like sex, age, weight or bod}' condition on d l^s t ive efficiency This manuscript is focused 
on the inter-specific variability in faecal nuljitionaL components under the same feeding regime, 
using three captive populations of closely related gazelles as model species. Faecal samples from 

individuals were analysed through. Near InfiaKcd Spectroscopy Species, sex and age influence 
on faecal nitrogen and fibres (ADF and NDF)were investigated. Vfc found inter-specific differences 
In the raecaJ content of tlie three studied nutritional components. Cuvie r s gazelle sliowed lower 
faecal rutror^-ri contnt, suggjestityi; lower di^Hriv'eetticiericv tltaiidmcas and dam a gazelles. Sex and 
age also had a moderate cttcct. especiaiiy in faecal nitrogen, but these effects w ere not constant across 
the three studied species. O n the contrary, faecal fibres were highly constant (ie., dependent on diet 
quality). These results confirm that -individuaL factors aJfecting faecaL nutritional components are also 
species- sped He. 

Keywords body size; digestive efficiency; feeding ecoLogy; fibre; nitrogen 

1, In t roduct ion 

A n i m a l Luudua^uCulutfy is J Cumplex fiuld due to £hu numerous foctorc JrfuCtifi^ it 
and thfc! cuuntkjsfi inttTactiona amunf^ t h t m . Th^st! can bu divideid unbo Lnvi runrn tn ta l 
()^bilat^p4JCLric), i nd iv idua l (animal-bpeiziflc) and speiciL.'s-ripuCLric (marphk>phyJ>I<Jk>gkL4l) 
fJCturs 111. VariuuLS tuchnitjuuri dru uy^d tu undcrvtund the: ftxjdirij^ *jcx)lu^y uf w i l d ypcckis. 
Arnonj^ bhuni, thi! ytudy uf faeical nutr i t ional corriponunbd hat buun an usa^nbal approach 
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t o s t u d y i n g the n u t r i t i o n a l q u a l i t v of a n i m a l d i e t s to r decades , h e r b i v o r o u s m a m m a l i a n 
species in pa r t i cu la r 12 \. u n d e r the a s s u m p t i o n that faecal nitn>gen (fN) a n d fibre (ac id deter­
gent fibre ( f A D F ) . a n d neu t ra l detergent fibre ( f N D F ) ) contents reflect d ie tary ones \l,Al a n d 
thus food qua l i ty c an be es t imated . liven if this v i e w is w i d e l y accepted | 2 , ^ | . o the r s tudies 
h a v e s u g g e s t e d that f N m e a s u r e s feed d i g e s t i b i l i t y | 6 | . N e v e r t h e l e s s , u n d e r Controlled 
set t ings w i t h fixed a n d e q u a l diets, i n d i v i d u a l a n d specif ic differences i n food d iges t ib i l i ty 
arise, i n f o r m i n g about d iges t ive efficiency [ 11. Tor samples Collected i n the w i l d , researchers 
of ten have little o r n o i n f o r m a t i o n about the i n d i v i d u a l a n d the feed |7] and , by ex t ens ion , 
a b o u t the v a r i a b i l i t y r e l a ted to e n v i r o n m e n t a l , i n d i v i d u a l o r spec ies - spec i f i c factors as 
d e s c r i b e d above , m a k i n g it c h a l l e n g i n g to reach s o u n d c o n c l u s i o n s |8J. 

In a p r e v i o u s s t u d y o n c a p t i v e r ed d e e r (\ \, w e d e m o n s t r a t e d h o w e n v i r o n m e n t a l 
a n d i n d i v i d u a l factors s t r o n g l y affect f N , f A D F a n d f N D F u n d e r a Controlled f e e d i n g 
r e g i m e . In th i s m a n u s c r i p t , w e focus o n in te r - spec i f i c v a r i a b i l i t y i n faecal n u t r i t i o n a l 
Components u n d e r a Common f e e d i n g reg ime, u s i n g three c a p t i v e p o p u l a t i o n s o f gaze l l e s 
f r o m the S a h e l - S a h a r a n r e g i o n as m o d e l species : d a m a g a z e l l e (Nanger Jama), C u v i e r ' s 
g a z e l l e {Gazeila curieri). a n d d o r c a s gaze l l e (Gazella dorcas). l i v e n i f c l o s e l y re la ted , these 
three spec ies i n h a b i t e c o l o g i c a l l y d i s t i n c t hab i ta t s ( F i g u r e 1), use di f ferent f o o d sources , 
a n d e x p e r i e n c e d i f fe rent n u t r i t i o n a l d e m a n d s a n d cha l l enges d u e to the i r d i f ferent b o d y 
s i z e a n d l i fe h i s t o r y t ra i ts f*-*— 111- T h u s , p r e d i c t i n g spec ies -spec i f ic s t ra tegies i n t he i r 
d i g e s t i v e f u n c t i o n a n d e f f i c iency is r easonab le . F o r e x a m p l e , l a rge body s ize u n g u l a t e s 
m a y h a v e l o w e r re la t ive ene rgy r e q u i r e m e n t s d u e to t he i r i nc reased gas t ro in tes t ina l tract 
c apac i ty a n d l o n g e r inges ta passage rates [ . 1 | o r as a n a d a p t a t i o n to the feed q u a l i t y a n d 
a v a i l a b i l i t y u n d e r different ecological c o n d i t i o n s 112-|; o n the contrary, it has been suggested 
that forage q u a l i t y p l a y s an e s p e c i a l l y c r i t i c a l n>Ie i n the n u t r i t i o n a l r e g u l a t i o n o f s m a l l -
h e r b i v o r e spec ies [ I4 | (but see 11 ^ | ) . T h e r e p r o d u c t i v e effort is a n o t h e r factor a f fec t ing 
faecal n u t r i t i o n a l c o m p o n e n t s at the i n d i v i d u a l l e v e l 111. 

Figure 1. Dis t r ibut ion map of the studied species Gazeila cuvieri, Nanger dama and Gazdla dorcas 
(source: I U C N SSC Antelope Specialist C r o u p |16-18^ respectively). 

D a m a gaze l l e selects a m i x e d d ie t based o n g r a z i n g he rbaceous p l a n t s a n d b r o w s i n g 
the fo l iage o f w o o d y spec ies i n c lose a s s o c i a t i o n w i t h a c a c i a w o o d l a n d s 111-211. It is the 
larges t o f the three s t u d i e d species . C u v i e r ' s g a z e l l e f a v o u r s g r a » e s , v o u n g leaves o f 
l e g u m i n o u s plants , pe renn ia l s a n d p lan t s associated w i t h m a q u i s |22-24). A m o n g the three 
s t u d i e d species , it is the o n l y one that m a y d e l i v e r t w i n s [2^]. M o r e o v e r , i t i s the o n l y 
d i u r n a l one, a n d thus, m a v have inc reased wa te r r equ i remen t s t h a n the o ther t w o species . 
IX<rcas gazelle ' is d i s t r i b u t e d a l o n g a w i d e r va r i e ty o f habi ta ts ac ross the reg ion , a n d the i r 
needs for f o o d a n d w a t e r v a r y s i g n i f i c a n t l y ac ross that range. It c an s u r v i v e i n areas w i t h 
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n o surface w a f c r t h r o u g h o u t the Year. T h e y p re fe r h a b i t a t s w i t h trees a n d s h r u b s , b r o w s i n g 

o r a c a c i a g r o v e s [26-29] . 

N I R S fcchnolopy hay b e c o m e J w i d e l y u s e d m e t h o d tha t a l l o w s l o r the r a p i d , l uw-Cus t 

a n a l y s i s o f the n u t r i t i o n a l Con ten t o f l a r g e a m o u n t s o f s a m p l e s a n d is a l r e a d y C o m m o n l y 

u s e d tor m e a s u r i n g f o o d q u a l i t y t h r o u g h faecal i n d i c e s i n u n g u l a t e s T h e three s t u d y 

s p e c i e s are t h r e a t e n e d i n the w i l d . T h u s , t h i s s t u d y a n d the v a l i d a t i o n o f the t e c h n i q u e 

i n c a p t i v i t y c a n l a y the f o u n d a t i o n s f o r f u r t h e r s t u d i e s u n these s p e c i e s ' f e e d i n g a n d 

n u t r i t i o n a l e c o l o g y i n the i r areas o f o r i g i n C o n s i d e r i n g a l l the p r e v i o u s l y s t a t ed d i f fe rences 

b e t w e e n the three spec ies d e s c r i b e d , w e a i m e d to s t u d y i n t e r - s p e d f i c d i f fe rences i n d i g e s t i v e 

e f f i c i e n c y u n d e r the s ame feeding regime b y a n a l y s i n g ; faecal n u t r i t i u n a ] C o m p o n e n t s af ter 

c o n t r o l l i n g f o r i n d i v i d u a l fac to rs l i k e sex a n d age. 

1 M a t e r i a l s a n d M e t h u d s 

11. Dele Collection and Processing 

T h e s t u d y w a s c a r r i e d o u t i n M a y 2 0 1 7 d u r i n g the y e a r l y h a n d l i n g o f the a n i m a l s 

f o r regular h e a l t h c o n t r o l at " L a H o y a " E x p e r i m e n t a l F a r m ( F E H ) o f the I ' j t p e r i m c n -

tal S t a t i o n o f A r i d / o n e s ( ] [ ] [ / . A - C S I C ) i n A l m e r i a , S p a i n . O n e h u n d r e d a n d n i n e t y -

three he a l t h y a n i m a L s wie re s t u d i e d , O u t o f w h i c h l O O wie re d a m a g a z e l i es (37 m a l e s a n d 

63 females ) , 21 C u v i e r r s gaze l i e s {7 m a l e s a n d 14 females) a n d 72 d o r c a s g a z e l l e s (38 m a l e s 

a n d 34 females ) . T h e a n i m a l s u s e d i n t h i s research r a n g e d f r o m 1 t o 14 y e a r s o l d f o r d o r c a s 

a n d C u v i e r ' s , a n d 1 t o 17 for d a m a g a z e l l e , [Vicgnant i n d i v i d u a l s w e r e n o t C o n s i d e r e d fo r 

t h i s research to a v o i d c a u s i n g eve n t u a l s t ress . 

A l l a n i m a l s w e r e k e p t i n s p a c i o u s p a d d o c k s w i t h b a r e s o i l a n d n o p a s t u r e p r o v i d e d , 

m i n i m i s i n g s o i l i n g e s t i o n a n d the t r a n s m i s s i o n o f n e m a t o d e s , w h i c h c a n be a C o n f o u n d i n g 

f a c t o r i n n u t r i t i o n a l s t u d i e s [(}]. A n i m a l s o f d i f f e r e n t s p e c i e s w e r e a s s i g n e d to s e p a r a t e 

p a d d o c k - s a n d s u b d i v i d e d a c c o r d i n g to p o p u l a t i o n m a n a g e m e n t n e e d s , f r o m i s o l a t e d 

a n i m a l s bo s m a l l b r e e d i n g g r o o p s . A n i m a l s wie re f e d d a i l y w i t h a C o m b i n e d d ie t o f f r e sh 

a l f a l f a ifyiedicago Sflffiw), w h e a t a n d feed p e l l e t s f o r h e r b i v o r e s ( C o m p o s i t i o n s h o w n i n 

Tah i t i 1). E a c h feeds tuff , w a t e r a n d m i n e r a l l i c k s wie re p r o v i d e d a d l i b i t u m to a v o i d 

C o m p e t i t i o n a n d s e l e c t i o n [31]. T h i s C o m b i n a t i o n o f feedstuff has b e e n s u c c e s s f u l l y u s e d 

f o r m a n y y e a r s at 111 I, e n s u r i n g C o n s t a n t p r o t e i n a v a i l a b i l i t y a n d a n a d e q u a t e s o u r c e o f 

fibre, w h i c h is i m p o r t a n t for p r o p e r ^rut f u n c t i o n . The r a t i o o f p r o v i d e d feedstuffs c h a n g e d 

s l i g h t l y O v e r the y e a r a c c o r d i n g to s e a s o n a l n e e d s . S t i l l , i t w a s C o n s t a n t f o r the p r e v i o u s 

m o n t h before the s a m p l e s fo r t h i s research w e r e Co l l ec t ed . M o fur the r m e a s u r i n g o f l e f tovers 

a n d the e x a c t a m o u n t o f e a c h feed C o m p o n e n t i n e a c h p a d d o c k w a s p o s s i b l e s i n c e the 

h u s b a n d r y p r o t o c o l s are d e s i g n e d to m i n i m i s e Contac t w i t h the a n i m a l s to r e d u c e s l ress . 

Tab le L Nutri t icaial oonfrnt c?f the feedstuff p rov ided to Hie study animals i n percentage of d ry matter. 

P ro te in <%) A D F (%) \ D F ( % ) 

Fresh a l f a l f a 19.7 45.2 51.5 
Wheat 26.4 20.3 2S.9 
Pel lets 17.9 1 4 3 34.6 
D r y - . \ . \ - : 9.5 47.3 n .•• 

H a n d l i n g a n d s a m p l i n g p r o c e d u r e s c a r r i e d Out at the f a r m w e r e d e s i g n e d d u r i n g the 

r o u t i n e y e a r l y h a n d l i n g u f the a n i m a L s for v e t e r i n a r y i n s p e c t i o n u n d e r the e x p e r t i s c a n d 

s u p e r v i s i o n o f the v e t e r i n a r i a n i n charge , w h o C o m p l i e s w i t h the a u t h o r i s a t i o n s e s t a b l i s h e d 

b y S p a n i s h r e g u l a t i o n s o n a n i m a l we l fa re . A n i m a l s w e r e h a n d c a p t u r e d b y net, i m m o b i l i s e d 

i n the g r o u n d w i t h C o v e r e d e y e s , i d e n t i f i e d , a n d v i s u a l l y i n s p e c t e d as d e s c r i b e d a n d 

a d v i s e d i n the s t u d b u o k o f C u v i e r ' s g a z e l l e \?-2\. T u r e d u c e C o n t a m i n a t i o n , the f aeca l 

s a m p l e s w e r e C o l l e c t e d ( turn the rectum w h i l e a n i m a l s w e r e i m m o b i l i s e d , just after r o u t i n e 

b l o o d s a m p l i n g . S a m p l e s wie re d r i e d t o a C o n s t a n t w ie igh t i n a h o t a i r d r y e r a t 40 

f o r 4S h , g r o u n d w i t h a m i l ] bo p a s s t h r o u g h a 1 m m s i e v e , a n d t h o r o u g h l y m i x e d to 

a c h i e v e m a x i m u m h o m o g e n e i t y . T h e s a m e a p p r o a c h w a s u s e d f o r fou r s u b s a m p l e s o f 
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e a c h feedstuff previously described. A l l the s a m p l e s were subsequently scanned with 
bhe N I R S ™ D S 2500 F O S S analyser under bhe I S I s c a n ™ 4 .10 R o u t i n e A n a l y s i s Sof tware 
{ [ • ' ; ^ , E l i l l c r u d I X n m a r k ) , w h i c h is a rapidy Low-Cost, chc mical-frcc, arid non-destructive 
analysis m e t h o d rapidly developing |7,33]. B y t h i s m e t h o d , the Contents u f f N , f N D F 
a n d f A D F w e r e calculated u s i n g W i n l S l 4 C a l i b r a t i o n Sof tware (Fuss, H i l l e r u d , I>mmark) 
according to a calibration Set previously d e v e l o p e d from a subset o f the main sample 
Set, w h i c h w a s analysed u s i n g Conve ntional we t c h c m istry m e t h o d t ( N l : N - I S O 5933-2 fúr 
protein; K N - F N - I S C ) 16472:2006 for N D F ; M K N - E N - I S O " l 3906:2008 for A D F ; [34]). F o r 
the calibration, w e chose 34 samples' uu t o f the 193 s a m p l e s collected (14 from d a m J 
gaze l l e , 12 from dorcas gazelle a n d S t r o m C u v i c r ' s gazelle), w h i c h is representative o f the 
d atasct regarding animals -' body weight; a ^ a n d sex. The wet chemistry Confirmed tha t 
n e i t h e r s a n d n u r a n y other Contaminants o r dust affected the p u r i t y o f the samples . A l s o , 
the accuracy u f the calibration set w a s Strengthened b y a d d i n g faecal s a m p l e s From r e d 
dee r |331, reaching adequa te goodncss-of-f i t indicators for the samples ana lysed (average 
G U I = 0.912; M i l = 0.165). The nutritional content o f fccdsturfs w a s c a l c u l a t e d using 
standard calibration p a c k a g e s (Foss, l l i l l c r u d l>ennnjrk}. 

2.2. Síiiííffríiií Aiidiynn-
The normaLity of the Continuous- variables s tud ied w a s Confirmed through Kolmogorov— 

S m i m o v tests, a n d the homogeneity o f variances w a s confirmed t h r o u g h ljcvcnc's test. A 
multivariate gene ra l l i nea r model w a s Conducted to understand the effects o f Species, Sex 
a n d A g e o n the s t u d i e d faeca l nutritional Components: f M , f A D F and f N D F The intu Tac­
tions S p c c i c ť S e j í a n d S p c c i c s ^ A g c were a l s o i n c l u d e d i n the model since the preliminary 
inspection o f the d a t a sugges t ed scs - rc la tcd differences i n at least o n e species. A n a l y s e s 
w e r e performed u s i n g I B M * S P S S ® Stat is t ics (version 29.0 for W i n d o w s , I B M , U S A ) . 

A l í c so Its 

Species ( W i l t s ' * = 0 . = 13.592; p < 0.001), the inte raction Spec ieS 'Se* ( W i l k s ' 
A = 0.844; F S J 6 4 = 5.374; p < 0.001), a n d A g e (marginally; W i l k s ' A = 0.962; F 3 J 1 8 I = 2.397; 
p — 0.070) s h o w e d a significant influence i n the Studied faecal nutritional Components, 
w h i l e S C Í ( W i l k s ' i \ = 0.995: F J j ] M = 0.307: p = 0.S20) and the interaction Species* A g e i W i l k s ' 
A = 0 . 9 r J 5 ; F 4 M 4 = 1.091; ft = 0.367) were not. 

T h e model w a s quite robust for ftV ( R 2 = 0.493), w h i c h w a s affected b y Spec ies , A g e 
a n d the interaction Spcc ies*Scx . H o w e v e r , the m o d e l s w e r e relatively w e a k for f A D F 
( R 1 = 0.125, significantly affected o n l y b y Species) a n d f N D F ( R 1 = 0.111, significantly 
affected b y Spec ie s—margina l ly—and the interaction Species"Sc)(). T h a t i n d i c a t e s tha t 
individual factors moderately influence faecal nitrogen, while faecal fibres are wieakly 
in flue need b y individual characteristics but strongly d e p e n d e n t o n d i e t Quality. The effects 
o f these factors o n e a c h of the Studied faecal nutritional Components are s h o w n i n Table 2. 
Spec ies significantly affected f N (lower in C u v i c r ' s gazelle than in dorcas and dama g a z c i l c ; 
F i g u r e 2). Species a lso affected the faecal fibres ( f A D F and f N D F ; F igures !5 and 4), although 
the differences w e r e much smaller (6.9% for f A D N a n d 2 .2% for f N D F ; differences between 
the largest a n d smaller ave rage values across the three s t u d i e d species) Compared to f N 
(27.9%). The effect o f Sex w a s difterc n t across species -. I n d a m a gazel le , faecal fibres were 
l o w e r i n females {t = - 2 0 1 0 , p = 0.046 for A D F ; t = - 2 7 7 1 , p = 0.006 for N D F ) . In durcas 
gaze l l e , F N (t = 3.380, p- 0.001) and f N D F ( t= 252B , p - 0.012) w e re higher i n females. In 
C u v i e r ' s gaze l l e , n o sex- reLa led differences i n faecal nutritional components were found. 
F a e c a l nitrogen Significantly increased w i t h A g e (t = 2 9 2 1 , p = 0.004), while faecal f ibres 
w e i e n o t affected. 
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Table 2. Influence of the selected factors on each of the s tudied faecal nutri t ional components. 

Significance is indicated at p < 0.001 (••*), p < 0.010 (**). p < 0.050 (') and p < 0.100 (+) levels. 

fN E M M t N D f 

R : 0.493 0.125 0.111 
Intercept F = 4669 *** F = 10344 *** F = 17067 *~ 
Species F= 34530 — F =6.606 ** F = 2.637 t 
Sex F= 0769 F = 0.086 F = 0.001 

F = 6.355* F = 0.681 F = 0360 
Species*Sex F= 1 4 5 9 * F = 2.200 F = 6.613 ** 
Species* A{"e F = 0398 F = 0.622 F = 0.064 

Figure 1 Influence of species and sex (dark bars correspond to females) on the measured faecal 
nitrogen dry matter) was lowest i n C u v i e r ' s gazelle w i t h respect to the other two studied species. 
Sex differences were found only for dorcas gazelle. Means ± S D (bars) are shown. Significance is 
indicated at p < 0.001 (***) and p < 0.010 (**) levels; ns indicates a lack of significance. 

Figure r Influence or species and sex (dark bars correspond to females) on the measured faecal A D F 
(% dry matter), which was significantly different for each species. Sex differences were found only in 
dama gazelle. Means ± S D (bars) are shown. Significance is indicated at p < 0.001 (***) and p < 0.050 
(•) levels; ns indicates a lack of significance. 

88 



Air Jrals T l fiotff 

Figure 4, Influence af species and sex (dark bars correspond to fcmales) on the measured faecal 
N D F Oil dry matter], w h i c h was only significantly different between donras and dama gazelles. Sex 
differences were found in the same two species but not in C u v i e r ' s gazelle. Means i S D (bars) 
are sluown Significance is indicated at p ^ O.OlO (**) and p Q.05Q (*) levels; ns indicates a lack 
of significance. 

4 D i s c u s s i o n 

In a Con t ro l l ed research se t t ing w i t h three c lose ly lu la ted species (dama, C u v i e r ' s a n d 
D o r c a s gazel les] u n d e r the same f eed ing regime, we f o u n d infer-specif ic differences i n the 
faecal Cuntent o f three s tud ied nu t r i t i un j ] Compunents : h i , A D P d n d N D F . C u v i e r ' s gajxj lie 
s h o w e d a s ign i f i can t ly l o w e r a m o u n t o f f N t h a n the other species, sugges t ing l o w e r r u m e n 
m i c r o b i a l a c t i v i t y a n d t h u s l o w e r d ige s t i ve eff iciency. I n d i v i d u a l factors l ike sex a n d age 
a l so m o d e r a t e l y inf luenced the faecal Content o f n u t r i t i o n a l Components , e spec ia l ly f N , but 
these effects we re n o t Constant ac ross the three s t u d i e d spec ies . O n the Contrary, faecal 
fibres we re h i g h l y Constant (Le., h i g h l y d e p e n d e n t o n d ie t Qual i ty] . S ince the d ie t w a s the 
same for a l l the s t ud i ed an imals , the results s h o w differences i n d iges t ive efficiency bu t not 
d Let sele Ct ion n o r d igest ibi l i ty . 

SeCent intr-a-specific research 11| f o u n d that i n d i v i d u a l factors, l ike sex, ae^j, r ep roduc­
t ive status, b o d y mass , b o d y Condi t ion , season ( l i n k e d to different n u t r i t i o n a l requ i rements 
for e a c h sex) a n d p r e s e n c e / a b s e n c e o f n a t u r a l pasture, s i g n i f i c a n t l y affected faecal n u t r i ­
t i o n a l C o m p o n e n t s i n a s i m i l a r ex r x i r i m e n t a l s e t t i ng w i t h cap t ive red d e e r In that s tudy, 
separate a n a l y s e s w e r e C o n d u c t e d for m a l e s a n d females d u e to the la r^e s e x u a l d i m o r ­
p h i s m l i n k e d to d i f f e ren t n u t r i t i o n a l r e q u i r e m e n t s i n the species at d i f ferent p e r i o d s o f 
the y e a r l y cyc l e . S t i l l , d i f fe rences i n faecal n u t r i t i o n a l C o m p o n e n t s b e t w e e n sexes C o u l d 
be C o n f i r m e d since these wen_i e x p l a i n e d b y d i f fe ren t factors. In ejaztl les, sex w a s ndt an 
i m p o r t a n t factor p e r se. H o w e v e r , it w a s s ign i f ican t in in teract ions w i t h i n each species: n o 
d i f fe rences b e t w e e n sexes o f C u v i e r ' s gaze l le ; h i g h e r f N a n d 1 N D I 3 i n f ema le s o f do rcas 
gaze l le ; and h igher f A D N a n d f N D I : in males o f d a m a e^Lzelle. In eeneral , these signif icant 
differences w e r e l o w c o m p a r e d w i t h o u r p r e v i o u s s tudy o n red deer, w h i c h m a y be related 
to the sma l l e r sexual d i m o r p h i s m i n b o d y s ize a m o n g gaze l les C o m p l i e d w i t h deer [36,37]. 
Su rp r i s ing ly , n u sex differences w e r e f o u n d i n C u v i e r ' s gazel le , w h i c h i s a species w i t h cer­
t a i n s e x u a l d i m o r p h i s m a n d greatest r e p r o d u c t i v e ou tpu t s ( twins are Common) , so greater 
e f f i c iency i n females o f th i s spec ies c o u l d be expec ted e v e n i f w e d i d no t use p r e g n a n t or 
lactatinej f ema le s i n t h i s s tudy. T h u s , fur ther s t u d i e s are necessary tu fu l ly u n d e r s t a n d 
s e x u a l d i f fe rences i n d i ^ s t i v e e f f i c iency i n ^a-zelles a n d o ther ungu l a t e s , a n d h o w i t is 
Linked to sexua l d i m o r p h i s m . 

A g e w a s the o ther i n d i v i d u a l factor s tudied . Ajre had a s ign ificantly pos i t ive effect o n 
f N" but not o n faecal fibres. T h i s result is a g a i n d i ffeient t o the one o b s e r v e d in r e d deer | . |. 
In that species, f N decreased w i t h a ^ (i.e., l o w e r ef f ic iency) , a n d c h a n t s Ln faecal f ibres 
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w e r e ubserved. In genera L, the protein refundments in rummanbs decrease with Jj^t H ^ L 
which seems tu be the easiest explanation fur the r N increase observed in this ytudy. l i may 
be arjnjed that theye differences may be due to the prusenCe of t a n n i n s a n d other p l a n t 
secondary Compounds i n the teed, which may decrease prutein dijjjestibilitv and increase 
its excretiun [39,401. H o w e v e r , thai is unhl^ly i n our yetting since unly cummon fcedytufrs 
for livestock with low Content uf plant secondary Curn.puu.nda were used. 

ThLy s t u d y aimed tu inve ytigatu species-sptiaEc dLf^reneey in faecal nutritional com­
ponents i n related species with dirnjrunteCulojncal characteristics under the same feeding 
Ttmlnne. T h i s way clearly observed for fN, w h i c h indicates, different dij^eytive efficiency 
amunjr, the studied ypecies but nut fur faecal fibrey, Cunfirrnine; that they are w e a k l y affected 
by specific or individual factors (low R 2 i n the models) but strongly dependent o n diet q u a l ­
ity, which way the same for the three species. Thus, we w i l l fuCus un bhe results ubtauied 
fur r \ . Theye were yimLlar fur dorcas and da ma gazelles but Luwer for C u v i e r s> yiU^eyting 
a lefwer ruminal ac t iv i ty and dij^stive efficiency in thly species. T h i s is fur ther supported 
by the ftieaLtT f N D F observed compared to the uthe r speciey. The previously cumniented 
greater reproductive performance o f C u v i e r r s gazelles may explain this result. Indeed , 
the Luweyt fN" would have b e e n ex peeled i n d a m J j^a/eLle. I^ie^stive efficiency is directly 
related tu retention t ime , a specks-ypeoific parameter d e t e r m i n e d by body mays |4 LI. W h i l e 
the three speciey are Considered browsers w i t h a Certain flexibility i n d ie t seleCtiun, the 
d a m a gazelle s h o w s a higher deejee of e^a/Lng [42],, w h i c h may also explain the different 
dL^ytive efficiency observed anaonu; species. F i n a l l y water requirements may be anuther 
ecological factor explaining the results. Amonjj; the three species, C u v i e r r y jiazjelle has 
greater water requirements. I n the wild, yinCe mus t of these requirements are satisfied by 
the water Content of plants, it may affect the n a t u r a l d i e t seleCtiun. T h u s , the species may 
prioritise the water uver the protein Content o f the plants, which may explain the decreased 
di j^ j sbve efficiency that the results sus^est. 

:•. Cuncluyiuny 

These reyulty Confirm our previouy f i n d i n g u n i n d i v i d u a l factury affecting faecal 
nutritional Components bu t a lso s h o w that these individual factory may w o r k differently for 
different unjrulate species, e v e n if taxunomically closely related. Moreover , the reyulty s h o w 
that while faecal fibrey are a leliable indicator o f diet quality across Species, faecal n i trO^n is 
nut because of species-specific differences in di^eytive efficiency. Thus , Cumparative studies 
bayed un faecal nutritional Components for different species sharing distribution may be 
Cunyidered carefully and may bene fit from preliminary s t ud i e s with captive individuals 
and Control Led diets. That seems the only reasonable way t o interpret s a m p Ley ColleCte d i n 
the wild adequately. 
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Abstract: Herbivorous ungulate diets affect population performance and overall forest health through balanced inter­
actions on plant-herbivore relations; therefore, understanding them is critical. Faeces are frequently used in ungulate 
nutritional ecology because they can provide information about animals' digestive elficiency. fioc deer [Criprvolus 
caprcuius) and red deer (Cervas ciaphus) have different morpho-physiological and ecological constraints, and these 
differences should be reflected in their faeces. On the other hand, the lack of information about the animal (sex, age, 
reproductive status, diet selection, etc.) may be challenging for such studies. This study aimed to detect species' dif­
ferent susceptibility to these factors reflected in animals' faeces. Thus, we hypothesised that near-infrared reflectance 
spectrometry (NIRS) could distinguish between the faecal nutrients of two cervids. We collected 94 usable faeces from 
both species along the forest transect in Bohemian forests in the Czech Republic, covering 2 500 ha. Roe and red deer 
overlap was determined using the four faeca] nutritional components on rv/o axes. N o discrimination occurred, refut­
ing our hypothesis and highlighting that out-of-control variables are critical for faecal studies in uncontrolled settings. 
Fibrous parts ciplained tile most variance (43%), indicating animals' strong reliance on nutrition quality. Apparently, 
uncontrolled supplementary feeding produced similar faecal nutrient outcomes during the nutrition-limiting, winter, 
which was theoretically supported by the animal's response to predation and hunting pressure. The inability of N1RS 
to identify the source of N in faeces may also explain the Lack of discrimination. 

Keywords: Capreolus caprculu:- CervHS ciaphur, diet overlap: faecal nutrients: ňbre; n Ltrogen; nutritional ecology 

The nutr i t ional quali ty of the feed ingested deter­
mines w i ld ungulate populations' performance and 
well-being, which is, at the same t ime, essential for 
maintaining healthy forest habitats {Parker et al, 
1999, 2009: Chr is t iansen , Cree l 2007: Felton et al. 
2017). Unders tanding the ungulates' feeding behav­
iour and the drivers o f diet selection regarding nu­

tr i t ional quality, chemical defence, and availability 
has been o f high interest to scientists (Na iman 1988: 
H o d g m a n et al. 1996; Barboza et al, 2009; Lambert , 
Rothman 2f l lS ; Cor la t t i 2020) but is often over­
looked dur ing management and conservation deci­
s ion-making (Morgan et a l . 2021). After Raymond 
(1948) and L inces te r (1949) described how the or-

<Ě> The authors. This wcirk Is LicensEd under a Creative Commons Altribnlion-NonCommercial 4.0 JntsrnatujnaL (CC BY-KC 4.0). 
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gan ic mat te r d i g e s t i b i l i t y o f pas tu re c o u l d be c a l c u ­
l a t ed f r o m the n i t r o g e n con ten t o f the faeces, the 
use o f faecal n i t r o g e n ( fN) as a research p r o x y has 
been ex tens ive ly a p p l i e d i n e c o l o g i c a l research , a n d 
e s p e c i a l l y i n studies re la ted to trie n u L r i t i o n o f w i l d 
r u m i n a n t s ( P u t m a n 1984: L e s l i e Jr, S t a rke y 1987: 
O s b o r n , Jenks 199S; D r y d e n 2003: L e s l i e Jr e t a l . 
2008) , C e r t a i n l y , there are c i r c u m s t a n c e s i n w h i c h 
f N i s l i m i t e d as a n u t r i t i o n a l q u a l i t y i n d i c a t o r for 
w i l d l i f e ungu la t e s i n n a t u r a l set t ings due to n u m e r ­
o u s i n t e r a c t i n g factors tha t d i r e c t l y o r i n d i r e c t l y 
affect a n i m a l n u t r i t i o n . Fo r ins tance , h i g h paras i te 
l o a d a l te rs N m e t a b o l i s m a n d inc reases f N o u t p u t 
( G a l v e z - C e r d n e t a l . 2013) , o r t a n n i n s can d i r e c t l y 
o r i n d i r e c d y affect f o o d in take , d iges t ive eff iciency, 
o r p r o t e i n d i g e s t i b i l i t y t h r o u g h b i n d i n g to d iges t ive 
e n z y m e s ( R o b b i n s et a l , 1987). F u r t h e r m o r e , r ecen t 
s tud ies have s h o w n that faecal n u t r i t i o n a l c o m ­
p o n e n t s c a n also be i n f l uenced by i n d i v i d u a l fac­
to r s a t the in t r a - spec i f i c l e v e l [factors tha t c a n n o t 
be c o n t r o l l e d for i n s tudies i n the w i l d ( C u p i c et a l . 
2021)J a n d by spec ie s - spec i f i c di f ferences i n d iges ­
t i ve c a p a b i l i t y ( M o u l d , R o b b i n s 1982: Redjadj et al . 
2014) . Neve r the l e s s , a s i m u l t a n e o u s s tudy o f o t h e r 
faecal n u t r i t i o n a l f r ac t ions l i k e l i g n i n ( fLig) a n d 
a c i d ( f A D F ) a n d n e u t r a l de te rgent fibre ( f N D F ) 
m a y he lp to d r a w a be t ter p i c t u r e o f the d i e t q u a l ­
ity. N o w a d a y s , th i s c an be a c h i e v e d t h r o u g h a fast 
and cheap t e c h n i q u e l ike nea r - in f r a red ref lectance 
s p e c t r o m e t r y ( N I R S ) { P u t m a n 1984; Le i t e , S t u t h 
199£f F o l e y e t a l . 1998; D r y d e n 2003: T o l l e s o n 
et a l . 200S ; L a n d a u e t a l . 2006 ; S h o w e r s et a l . 20O6: 
G a l v e z - C e r d n et a l , 2013: V i l l a m u e l a s et a l , 2017) . 
Indeed , the t e c h n i q u e has a l r eady b e e n success fu l ly 
used for e s t i m a t i n g the d ie t q u a l i t y o f roe a n d red 
dee r i n the C z e c h R e p u b l i c ( K a m l e r e t al . 2004) . 

These large ungu la t e s are c o m m o n l y c lass i f ied 
a l o n g the b r o w s e r - i n t e r m e d i a t e - g r a z e r c o n t i n u ­
u m i n the con tex t o f b o t a n i c a l d i e t c o m p o s i t i o n 
(Clauss et a l . 2 0 0 « , 2010 ; C o d n i n e l al . 1019) . Hoc 
dee r (Capreoha capreolm) a n d r e d deer {Cerviu 
elaphui) are the t w o m o s t w i d e l y d i s t r i b u t e d c e r v i d 
spec ies i n E u r o p e (Tix ie r , D u n c a n 1996; B u r b a i t e , 
C s a n y i 2 0 0 9 , 2010}. T h e roe deer is a s m a l l - b o d i e d 
concen t r a t e se lec tor ( b r o w s e r ) tha t se lec t ive ly i n ­
gests the vegetat ive par ts o f he rbaceous a n d w o o d y 
p lan t s (leaves, b u d s , a n d twigs ) , f ru i t s , a n d forbs 
( H o f m a n n 1988; T ix i e r , D u n c a n 1996), A s pre ­
d i c t e d f r o m the d iges t ive m o r p h o l o g y a n d b o d y 
size o f t h i s concen t ra t e selector , t hey t e n d to de­
p e n d o n h i g h - q u a l i t y l o w - f i b r e f o o d i t e m s (IfJius, 

G o r d o n 1992) a n d c o n s u m e p l a n t s w i t h l o w c e l l 
w a l l c o n t e n t s ( Jung , A l l e n 1995), G r a s s e s u s u ­
a l ly d o not f o r m a large par t o f the roe deer dicL 
d u e to the l a rge v o l u m e o f p o o r l y d iges t ib le f ibre 
( D a n e l l et a l . 1994). O n the con t r a ry , the r e d deer 
is c lass i f ied as an i n t e r m e d i a t e feeder (general is t ) . 
T h e y c a n adap t to e i t h e r b r o w s i n g or g r a z i n g , shift­
i n g a c c o r d i n g U J p l an t a v a i l a b i l i t y ( H o f m a n n 1989: 
L a n g v a t n , H a n l e y 1993), T h e i r genera l pa t terns 
o f d i e t s e l e c t i o n focus o n m a x i m i s i n g the ene rgy 
in take rate a n d m i n i m i s i n g the i n t a k e o f a n t i n u -
t r i t i o n a l o r t o x i c c o m p o u n d s ( H a n l e y 1997). R e d 
dee r select concen t ra t e food i t ems w h e n the over­
a l l b r o w s e q u a l i t y a n d a v a i l a b i l i t y are h i g h ( d u r i n g 
the vege t a t i on season) a n d s w i t c h to a g ra s s -based 
d i e t i n r e sponse to the d e c l i n e o f c o n c e n t r a t e f o o d 
ava i l ab i l i t y w h i c h usua l ly o c c u r s d u r i n g w i n t e r 
( D u m o n t et al . 2005 ; V e r h e y d e n - T i x i e r e t a l , 2008) . 
In the B o h e m i a n Forest (Cen t r a l E u r o p e ) , b o t h 
deer species d isplay t he i r t y p i c a l feeding strategies 
( B a r a n č e k o v á et al, 2010: K r o j e r o v á - P r o k e š o v á e t al . 
2010). M e a d o w s are the favouri te si tes p r o v i d i n g 
a d ivers i ty o f p r o t e i n - r i c h p lan ts s ignif icant for the 
w i n t e r diets o f b o t h species (Zwe i f e l -Sch i e l l y 2005; 
H e w i s o n et al . 2009: B o n n o t et al . 2013), but sp ruc e 
[Picea abies) a lso const i tu tes a n i m p o r t a n t p o r t i o n 
o f t he i r d ie t s ( H o m o l k a 1995: M y s t e r u d e t al . 1997, 
2002; B a r a n č e k o v á e t a l . 2010; K r o j e r o v á - P r o k e š o v á 
e t a l , 2010) . F u r t h e r m o r e , m e a d o w s , as a p a r t o f the 
c o n t e m p o r a r i l y frequent f ragmented m o s a i c na tu ra l 
habi ta ts across Europe , are p a r t i c u l a r l y favourable 
sites for roe deer ( H e w i s o n et al . 2001; Jepsen, T o p -
pi ng 2004), w h i c h often v i s i t t h e m i n sea rch o f p lants 
o r p lan t parts that are ind i spensab le for the i r m o r e 
se lect ive d ie t w h e n c o m p a r e d to the o n e o f r e d deer. 

Desp i te the ce r ta in s imi la r i t i e s in the w i n t e r die ts 
o f roe a n d red deer (Sp i tze r et al . 2020), p a r d y due 
to the l o w f o o d qua l i ty and ava i lab i l i ty , species-spe­
c i f i c factors l i k e differences i n t he i r d iges t ive t rac t 
a l l ow to p red ic t the existence o f differences i n the 
faecal nu t r i en t s : in fibres due to the different qua l i ty 
o f the se lec ted d ie t , a n d i n n i t rogen because o f the 
species-speci f ic d iges t ive eff ic iency ( H o f m a n n et al . 
1988: H o f m a n n 1989; C l a u s s , Rossner 2014) . Fur­
t h e r m o r e , d i s t i n c t l i f e -h i s to ry t ra i t s o f these two 
species s h o u l d be the source o f var ie ty regard ing 
n u t r i t i o n a l needs and the capab i l i t y to fulfi l t hem. 
' Iherefore, w e hypo thes i se tha t the set o f ove ra l l i n ­
f l uenc ing factors w i l l be c lear ly reflected i n spec ies ' 
faecal samples - roe a n d red deer w i l l excre te d i s t i n ­
guishable faeces in thei r c o m p o s i t i o n o f f N , f A D F , 
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f N D F , a n d f L i g . C o n s e q u e n t l y , we w i l l test the N I R 5 
a n d p rov ide an i n s i g h t in to its a p p l i c a b i l i t y level for 
w i l d l i f e , game, a n d Forest m a n a g e m e n t a n d w h e t h e r 
it ean d e p i c t these f luc tua t ions tha t reflect the u n g u ­
late-feed i n t e r a c t i o n a n d the difference i n the i r m o r -
p h o p h y s i o l o g i c a l - i n d u c e d differences. The p o t e n t i a l 
differences i n faecal nu t r i en t s be tween samples c o l -
l u a u d i : i m u d d i e s a n d I'd rusts w o u l d M1S<: b - tested 
( O s s i et a l . 2017), H o w e v e r , c o n s i d e r i n g the s ize -
scale o f the area i n th i s e x p e r i m e n t , its assoc ia ted 
mosa ic l andscape s t ruc ture , the large h o m e range 
o f these species , a n d t he i r l o n g f o o d re ten t ion t ime , 
w e d i d not set o u r hypo thes i s based o n p rev ious ar­
gumen t s , but ra ther i n c l u d e th is analys is as s u p p o r t 
to the m a i n research hypo thes i s . 

M A T E R I A L A N D M E T H O D S 

The study area is s i tuated in the B o h e m i a n Forest , 
ou t s ide the Š u m a v a N a t i o n a l Park in the C / e c h Re­
publ ic , This is a forested m o u n t a i n area a n d the mos t 
c o n t i n u o u s m o u n t a i n range i n C e n t r a l Europe , ap­
p rox ima te ly 130 k m l o n g a n d 60 k m wide . E l eva t ion 
ranges f r o m 370 m i s . L to 1 456 m a.s.L, a n d the c l i ­
mate is con t inen ta l w i t h a l igh t m a r i t i m e inf luence. 
T h e mean a n n u a l t empera ture is 6.5- °C i n the val leys 
a n d 2 °C it h i g h e r e levat ions , A n n u a l p r ec ip i t a t i on 
ranges f r o m 4 0 0 m m to 2 500 m m w i t h o u t a d ry pe­
r i o d , but a cons ide rab le a m o u n t o f p r ec ip i t a t i on o c ­
curs as snowfa l l . S n o w cove r persists for 7 - 8 m o n t h s 

h t t p s ; r / d o i . o r g / 1 0 . 1 7 2 2 i y i 9 ™ 2 3 - | F S 

at h i g h e r e leva t ions and 5 - 6 m o n t h s i n the val leys 
(this might have unde rgone ce r ta in changes due 
to the g lobal c l ima te c o n d i t i o n s changes in the last 
years) . C o l d a i r pocke t s are often present i n the va l ­
ley bo t toms , l e a d i n g to a n i nve r s ion o f the t h e r m a l 
gradient , especia l ly i n win te r . The coldes t p e r i o d 
is D e c e m b e r a n d January, w h e n tempera tu res c o u l d 
d r o p b e l o w - 1 5 " C ( H e u r i c h e t a l . 2015), 

T h e area i s d o m i n a t e d b y N o r w a y sp ruce (Picea 
abies) w i t h E u r o p e a n b e e c h ( f i ieus sylvttlica), s i l ­
v e r fir [Abies alba), a n d l a r c h (Larix sp.) . T h e r e are 
s o m e o the r tree spec ies , such as w h i t e b i r c h (Betula 
pendula), s y c a m o r e m a p l e ( A c e r pseitdoplatanns), 
a n d c o m m o n r o w a n (Sorbiti aucaparia) ( W i l d 
et al, 2004) . W e also n o t i c e d the p resence o f a s p e n 
[Salix sp.) a n d p o p l a r {Populus sp.) i n the area. T h e 
u n d e r s t o r e y is d o m i n a t e d b y b r a m b l e s [Rubus sp.) , 
w h i c h we re f o u n d to b e a n i m p o r t a n t f o o d r e sou rce 
for roe deer ( M o s e r et al . 2006), c o m m o n h o n e y ­
s u c k l e {Lonicera eryclimenurn), i v y {Hedera helix) 
a n d bu tche r ' s b r o o m [Ruseits aculeatus). Fores t 
c o v e r e d m o s t o f the s tudy area {F igure 1), w h i l e 
the p r o p o r t i o n o f m e a d o w s w a s a r o u n d o n e - t h i r d 
( M a š k o v á e t al . 2009: V o ž e n f l k o v á e t a l . 2010) . 

T h e roe a n d r e d deer c o - o c c u r i n the a rea , 0.6 
a n d 2.9 i n d i v i d u a l s per k m 3 , r e spec t ive ly ( K o š n á ř , 
R a j n y š o v á 7012) , W i l d b o a r (Sus scrofa} is a l so 
w i d e l y d i s t r i b u t e d i n the a rea , w h i l e moose (Alces 
akes) is f o u n d o n l y i n s m a l l n u m b e r s i n the sou th ­
e r n par t . The m a i n large p r e d a t o r is the E u r a s i a n 

Figure 1. Study area, situ­
ated outside the protected 
zone in the C z e c h part 
or Bohemian Forests, en­
compassing approximate­
ly 2 500 ha, with meadows 
compris ing around one-
third of the area (yellow 

L^rfmatEsystsii iWGSSl o cauectiDii points dots represent sampling. 

spots) 

J l o 

95 



Journal of Forest Science, 69, 3023 (3): 114-123 Original Paper 

httpsrf /uoi .org/10. 17221/19/2023-JFS 

l y n i {Lynx lynx) w h i c h preys, m a i n l y o n roe deer 

and , t o a m u c h lesser extent , o n r e d deer ca lves 

( H e u r i c h et a l , 2012) . N e v e r t h e l e s s , a w o l f appear ­

ance has b e e n r e p o r t e d i n the area r e c e n t l y ( D v o r a k 

2 0 1 « ; I a n i t 2020 j , a l t h o u g h that happened after 

the samples for th i s s tudy w e r e c o l l e c t e d . The re 

is n o s ign i f i can t a g r i c u l t u r a l a c t i v i t y nearby ; c r o p 

f eed ing is the re fo re not c o m m o n i n the area. 

W e c o l l e c t e d 156 faecal pel le t g roups f r o m roe 

a n d r e d deer a l o n g 51.97 k m o f t ransec ts w h i c h c o v ­

e red a n area o f a p p r o x i m a t e l y 2 5 0 0 h a (F igure 1) 

at e leva t ions b e t w e e n 782 m a.s.l. a n d 1 0 7 9 m a.s.l. 

T h e c o l l e c t i o n o f the samples w a s c o n d u c t e d i n D e ­

c e m b e r 2 0 1 6 a n d the f o l l o w i n g January. S n o w cover 

w a s present d u r i n g the days o f s a m p l i n g , w h i c h fa­

c i l i t a t e d the c o l l e c t i o n o f f resh ( r ecendy exposed) 

faecal samples a n d a v o i d e d so i l c o n t a m i n a t i o n . 

Sample s i n the c lo se s u r r o u n d i n g s o f p r e v i o u s l y 

c o l l e c t e d s a m p l e s we re d i s c a r d e d to avo id repeat­

e d s a m p l i n g o f the same i n d i v i d u a l s . D i s c r i m i n a ­

t i o n b e t w e e n roe a n d r ed deer samples w a s d o n e 

b y en sitit v i s u a l i d e n t i f i c a t i o n o f m o r p h o l o g i c a l 

features (shape a n d s ize) , fu r the r s u p p o r t e d b y a n i ­

m a l t r acks i n the s n o w i n the a p p r o x i m a t e v i c i n i t y 

o f the s amp le g roup . O n c e i n the lab, we ca l cu l a t ed 

the l e n g t h / w i d t h ra t io to classify the samples ac­

c o r d i n g t o t h e i r shape [ f o l l o w i n g C h á m e (20O3)] 

a n d d i s c a r d e d samples w i t h o u d i e r v a l u e s (p robab ly 

ca lves / fawns) . The r e m a i n i n g samples were fur ther 

c o n f i r m e d b y a s e n i o r expe r t researcher (Prof . Ja­

roslav Č e r v e n ý ) . A l l samples tha t we re unc l ea r 

to d e t e r m i n e o r d i d not pass the p r e v i o u s m e t h ­

o d o l o g i c a l c r i t e r i a we re d i s c a r d e d . T h u s , we f inal ly 

ana lysed 9 4 c o n f i r m e d samples , 59 for red deer and 

35 for roe deer. 

T h e fresh faecal pe l le t g r o u p s were s to red 

i n p las t ic bags a n d l abe l l ed . A f t e r w a r d s , we air-

d r i e d the samples at 5 0 " C for 4 8 h , g r o u n d t h e m 

to pass a 1 - m m sieve, a n d m i x e d t h e m u n t i l b e i n g 

h o m o g e n e o u s l y d i s t r i b u t e d . W e u s e d N I R S ™ D S 

2500 F O S S ana lyse r u n d e r the I S I s c a n ™ R o u t i n e 

A n a l y s i s Sof tware (Foss, D e n m a r k ) for s c a n n i n g the 

samples a n d o b t a i n i n g t h e i r near - in f ra red spect ra , 

f o l l o w i n g Č u p i č e t al . (2021). T h e con ten t s o f fN, 

fiíDF.fADF znAfLig we re c a l c u l a t e d w i t h W i n l S I 4 

C a l i b r a t i o n Sof tware (Foss, D e n m a r k ) , a c c o r d i n g 

to a c a l i b r a t i o n set p r e v i o u s l y d e v e l o p e d for r e d 

d e e r faeca l s amples ( H o l á et al . 2016) b a s e d o n 100 

samples , w h i c h s h o w e d a very h i g h p r e d i c t i v e p o w e r 

(J?3 > 0.98), T o increase the robus tness o f the resul ts , 

21 s a m p l e s w i t h at least o n e faecal n u t r i e n t s h o w i n g 

h i g h g loba l a n d n e i g h b o u r h o o d d i s t ances ( G H 1 a n d 

N H 1 ) we re d i s c a r d e d . T h u s , the f inal dataset c o n ­

s is ted o f 4 5 r e d deer a n d 2 8 roe deer samples , 

S t a t i s t i c a l a n a l y s e s . The independen t samples 

t-test was used to de tec t differences i n faecal n u t r i ­

ents be tween the s tud ied species and, w i t h i n e a c h 

species , be tween forest a n d m e a d o w loca t ions . 

Levene 's test for equa l i t y o f va r i ances was a p p l i e d 

i n th is p rocedure . Pearson co r re l a t ions s h o w e d the 

re la t ionships a m o n g the four faecal nu t r i en t s ana l ­

y sed IjXjADF.jtiDEjLigi S ince these we re highly-

co r r e l a t ed , p r i n c i p a l c o m p o n e n t analys is ( P C A ) 

w a s c o n d u c t e d based o n these four faecal nu t r i en t s 

to ob t a in t w o axes. V a r i m a x r o t a t i o n w i t h K a i s e r 

n o r m a l i s a t i o n w a s u s e d as a n e x t r a c t i o n m e t h o d 

to m i n i m i s e the n u m b e r o f c o m p o n e n t s ext racted. 

O n l y those c o m p o n e n t s w i t h e igenvalues above 1 

w e r e selected. These axes w e r e used to d e t e r m i n e 

the over lap or d i s c r i m i n a t i o n b e t w e e n red a n d roe 

deer samples a n d b e t w e e n forest a n d m e a d o w sam­

ples. Fo r the in t e rp re t a t ion o f the selected axes, o n l y 

the var iables co r r e l a t i ng > 0.7 were c o n s i d e r e d , 

R E S U L T S 

T h e t- test ana lyses fa i led to d e t e c t d i f ferences 

i n the w i n t e r faecal n u t r i e n t s b e t w e e n r e d a n d 

roe deer ; (2.54% vs 2.50% re spec t ive ly for r e d 

a n d roe deer ; t = - 0 . 6 3 7 . P = 0.526), fNDF ( 5 6 , 4 * 

vs , 5 6 , 3 * ; t = 0 ,043, P = 0,965), fADF (38,3% vs. 

38.7%; t = - 0 , 3 1 5 , P = 0,754), JLig ( 2 9 , 3 * vs 30,2%; 

I = - 1 . 2 4 3 , P = 0,218), S i m i l a r l y , n o di f ferences 

w e r e d e t e c t e d i n the w i n t e r faeca l n u t r i e n t s o f r e d 

a n d roe deer c o l l e c t e d i n m e a d o w a n d fores t 

hab i t a t s , w i t h just a m a r g i n a l l y s i g n i f i c a n t differ­

ence i n / r V con ten t i n roe d e e r (2.48% i n forest vs. 

2 .67% i n m e a d o w ; t = 1.941, P = 0,064). 

T h e fou r faecal n u t r i e n t s ana lysed were s i g n i f i ­

c a n t l y c o r r e l a t e d i n the 69 s a m p l e s ana lysed , ex-

Table ] . Pearson correlations o f the studied faecal nutr i ­

t ional components [N = 94) 

Faecal nutritional components fit fADF fNDF 

fADF -0.36B" - -
fNDF - Q . Ě 5 B - 0 . B 3 1 - -
ß-ig 0 . 5 7 7 - -0.0B3™ -0 .323" 

" Ft 0.01, , H P i Q.DGli - non sienif icantiJÍV- faecal nitro-

%en,fADF- faecal acid dťte[E ,entfibrt-,j5VÍJ5- faecal neutral 

detergent fibre 
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-A - 3 - 2 -1 0 1 2 
Component I (4S_55tt) 

- 3 - 2 - 1 0 1 2 
Component 1 (4fl,5ířX) 

Figure 2. Graphical representee ion of the samples studied 
for red deer and roe deer along two axes based on faecal 
nutrients; a • mponent 1 is linked to the fibrous components 

fADFa.nAJNDF, whiJe faecal Itgnin and nilrogeri are-linked 
to component 2 

Red - red deer^ b l u e - roc deerifADF - faecal acid detergent 

fibrc-i^'Df - faecal neutral detergent fibre 

Figure 1. Graphical representation of tKe samples studied 
based on the collection habitat along two axes based on fae­
cal nutrients; component 1 is linked to the fibrous compo-
n e n t s ^ D F a n d y ^ ' U F , while faecal lignin and nitrogen are 
linked to component 2 

• a r t -green - forest; light green - meadows ;^ DF - faecal 

acid detergent fibre-,^JDi7 - faecal neutral detergent Fibre 

- 5 - 4 - 3 - 2 - 1 0 I 2 3 4 
Component I (4S_55tt) 

- S - 4 -3 - 2 -1 0 1 2 3 4 
Component 1 (4B.55*) 

Figure 4. Graphical representation o f the samples studied for (A] red deer and-(E) roe deer along, two axes based on faecal 
nutrients; component 1 is linked to the fibrous components fADFanáJNDF, while faecal lignin and nitrogen arc linked 
to component 2 

Light green - samples collected in meadow habitats^ dark green - samples collected In forest habitats; fADF- faecal acid 

detergent fibre, ftlDF - faecal neutral detergent fibre 
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cept fLig znAfADF (Tab le 1). T h e P C A s e l e c t e d t w o 

c o m p o n e n t s (axes) w i t h e i g e n v a l u e s a b o v e 1, w e l l 

r e p r e s e n t i n g the o r i g i n a l da t a se t o f faeca l n u t r i ­

en t s . T h e first c o m p o n e n t (e igenvalue = 1.942) ex­

p l a i n e d 48 .55% o f t h e v a r i a n c e a n d c o r r e l a t e d w i t h 

fADF(r = 0 .963) andfNDF(r = 0 .904) . T h e s e c o n d 

c o m p o n e n t ( e igenva lue = 1.609) e x p l a i n e d 4 0 . 2 2 % 

o f t h e v a r i a n c e a n d c o r r e l a t e d w i t h fLig {r = 0.934) 

a n d Jhi'(r = 0.781}. T h e p lo t s o f the s a m p l e s s t ud i ed 

o n these t w o axes d o n o t a l l o w for d i s c r i m i n a t i o n 

b e t w e e n r e d a n d roe d e e r s a m p l e s ( F i g u r e 2 ) , a n d 

n e i t b e r b e t w e e n s a m p l e s c o l l e c t e d f r o m the for­

es t a n d m e a d o w h a b i t a t s (F igu re 3). W b e n ana l ­

y s e d sepa ra te ly for e a c h spec ie s , i t w a s n o t p o s s i b l e 

to d i s c r i m i n a t e b e t w e e n s a m p l e s f r o m the fores t 

a n d m e a d o w hab i t a t s n e i t h e r i n r e d ( F i g u r e 4 A ) n o r 

r o e dee r ( F i g u r e 4 B ) , 

D I S C U S S I O N 

E v e n u n d e r the n u m e r o u s e n v i r o n m e n t a l , spe­

c i e s - s p e c i f i c , a n d a n i m a l - s p e c i f i c fac tors ( suscep t i ­

b l e t o c o n t i n u o u s s p a t i o t e m p o r a l changes) d i r e c t l y 

o r i n d i r e c t l y c o n n e c t e d t o the diet, s e l e c t i o n o f r e d 

a n d roe deer, o u r h y p o t h e s i s o f d i f fe rent w i n t e r fae­

c a l n u t r i e n t s b e t w e e n b o t h spec i e s was n o t s u p p o r t ­

ed . T h e four faecal n u t r i t i o n a l c o m p o n e n t s g r o u p e d 

i n t w o axes were u s e d for d e t e r m i n i n g t h e o v e r l a p 

b e t w e e n roe a n d r e d deer, b u t n o d i s c r i m i n a t i o n 

w a s o b s e r v e d . T h e c o m p o n e n t tha t e x p l a i n e d the 

h i g h e s t p o r t i o n o f v a r i a n c e (4*%) c o r r e l a t e d w i t h 

f ibrous c o m p o n e n t s , i n d i c a t i n g a n i m a l s ' s t r o n g re­

l i a n c e o n t h e q u a l i t y o f i n g e s t e d n u t r i t i o n . 

In t h i s r e sea r ch , the w i d e va r i e ty o f e n v i r o n ­

m e n t a l , m o r p h o p h y s i o l o g i c a l ( s p l a t ' s - s p e c i f i c ) , 

a n d a n i m a l - s p e c i f i c fac tors a n d the c o m p l e x ­

i ty o f t h e i r i n t e r r e l a t ednes s a r e u n k n o w n , w h i c h 

is i n d e e d a gene ra l c h a r a c t e r i s t i c o f m o s t r e sea rch 

c o n d u c t e d i n n a t u r a l se t t ings . A c c o r d i n g t o o u r 

p r e v i o u s s t u d y ( C u p i c et a l . 2 0 2 1 ) , f ac to rs such 

as p r e g n a n c y , pas tu re ava i l ab i l i t y , a n d e v e n p h y s i ­

c a l c o n d i t i o n o r b o d y w e i g h t c a n i n d u c e s ign i f i can t 

v a r i a t i o n s i n faecal ou tpu t , e v e n w h e n a n i m a l s 

c o n s u m e a s i m i l a r d i e t " lhus , u n d e r c o n t r o l l e d 

o r c a p t i v e e n v i r o n m e n t s , i n t r a - a n d i n t e r - s p e c i f i c 

d i f f e rences i n faeca l n u t r i e n t s a re i n d e e d o b s e r v e d . 

H o w e v e r , i n na tu re , w h e r e a l l these f ac to r s a re u n ­

k n o w n , a n d a n i m a l s have free access t o a g rea te r 

d i v e r s i t y o f p lan t spec ies , i t is e x t r e m e l y i m p r o b ­

ab l e tha t t h e i r d i e t s i m i l a r i t y w i l l b e e v e n c lose 

to that o f p o p u l a t i o n s i n a c o n t r o l l e d e n v i r o n m e n t . 

D i f f e ren t r a t i o n s o f e v e n the few s o u r c e s a v a i l a b l e 

d u r i n g the n u t r i t i o n a l l y - l i m i t i n g w i n t e r s e a s o n 

a n d the a t t e n d a n t spec i f i c m o r p h o p h y s i o l o g i c a l 

r e sponse d u r i n g t h e p rocesses o f i n g e s t i o n , re ten­

t i o n , d i g e s t i o n , a n d e x c r e t i o n s h o u l d shape t h e i r 

f ina l o u t p u t . T a n n i n s , a l r e a d y m e n t i o n e d , c o u l d 

fu r t he r s u p p o r t t h i s i n t e r s p e c i f i c d i e t d i s s o c i a b i l -

i ty. S i m u l t a n e o u s l y , i n s u c h a c o n t e x t , i t i s e v e n 

m o r e d i f f i cu l t to p r e d i c t a n i m a l s ' e n e r g y e x p e n ­

d i t u r e , as w e l l as in te r - o r i n t r a - s p e c i f i c v a r i a t i o n 

i n r e q u i r e d e n e r g y a n d , c o n s e q u e n t l y , i n t r a s p e c i f i c 

d i e t a r y p re fe rence . W i n t e r s u p p l e m e n t a r y f e e d i n g 

o f large m a m m a l i a n h e r b i v o r e s i s a c o m m o n m a n ­

a g e m e n t t o o l i n t h e C z e c h R e p u b l i c ( C o n o v e r 2 0 0 1 ; 

H o t h o r n , M i i l l e r 2 0 1 0 ; M o s t et a l . 2 0 I S ) a n d else­

w h e r e , m a i n l y a i m i n g at p r o m o t i n g h e a l t h y p o p u l a ­

t i o n ^ a n d i n c r e a s i n g p r o d u c t i v i t y a n d t r o p h y s izes . 

H u n t e r s i n o u r r e sea rch area p r o v i d e d tha t , b u t 

i n l o w a m o u n t s c o n s i d e r i n g t h e dens i t y o f c e r v i d s . 

W e w e r e u n a b l e t o o b t a i n exac t i n f o r m a t i o n e i the r 

a b o u t the a m o u n t o r abou t t h e ra t io o f s u p p l e m e n ­

tary f e e d i n g p r o v i d e d s ince it is a n o n - p r o t e c t e d 

area . T h e d e c i s i o n - m a k i n g p r o c e s s is i n the hands 

o f l o c a l h u n t e r s w h o d o not have s t r i c t p r o t o c o l s 

to fo l l ow regarding s u p p l e m e n t a r y feed o r a d e f i n e d 

l a w to c o m p l y w i t h . I n d e e d , none o f t h e p r e v i o u s 

research i n th i s a rea p r o v i d e d i n f o r m a t i o n a b o u t 

th i s p r o c e d u r e . H o w e v e r , w e d i d no t e x p e c t a s t r o n g 

i m p a c t o f s u p p l e m e n t a r y feed, t a k i n g in to c o n s i d ­

e r a t i o n the en t i r e set o f p r e v i o u s l y m e n t i o n e d p o ­

t en t i a l i n f l u e n c i n g fac tors a n d e x p e r i e n c e f r o m o u r 

p r e v i o u s research w i t h cap t ive a n i m a l s . G i v e n t h e 

a l m o s t to ta l over lap o b s e r v e d i n t h e n u t r i t i o n a l 

o u t p u t s o f b o t h spec ies , p r e d o m i n a n t l y e x p l a i n e d 

b y the f o o d q u a l i t y inges ted , t h e r o l e o f t h e s u p p l e ­

m e n t a r y feed s h o u l d be fu r ther d i s c u s s e d . 

T h e l o n g retention t i m e s s h o u l d be a d v a n t a g e o u s 

for u n g u l a t e s p e c i e s d u r i n g h a r s h w i n t e r c o n d i ­

t i o n s . R u m i n a n t s w i t h h i g h e r b o d y m a s s a r e p r o n e 

to h a v i n g a l a rge r relative gut fill, w h i c h leads to i n -

c r ea sed m e a n r e t e n t i o n t i m e ( D e m m e n t , V a n Soes t 

1985; I l l i u s , G o r d o n 1992; R o b b i n s 1993; M c N a b 

2002) . M o r e o v e r , b r o w s e r s l i k e roe dee r have s m a l l ­

er d iges t ive t rac t s a n d s h o r t e r r e t e n t i o n t i m e s t h a n 

g raze r s o r i n t e r m e d i a t e feeders [ three t i m e s l a rge r 

r u m e n as a p e r c e n t a g e o f b o d y w e i g h t i n r e d dee r 

c o m p a r e d t o roe d e e r ( P r i n s , G e e l e n 1971)]. H i g h e r 

t o l e r a n c e t o f i b r o u s forage has a l s o b e e n a t t r i b u t e d 

to t h e same i n t e r s p e c i f i c d i f f e r ences ( H o f m a n n , 

S t ewar t 1972: H o f m a n n 1989: C l a u s s , L e c h n e r -

D o l l 2 0 0 1 : C l a u s s e t a l . 2003) . In h a b i t a t s w h e r e u n -
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gula tes m u s t a c c o u n t for expens ive ac t iv i t i e s such 
as a v o i d i n g h u n t i n g a n d p r e d a t i o n , t h i s benef i t 
is i n c r e a s e d as ene rgy e x p e n d i t u r e s a re h ighe r . The 
main tenance r e q u i r e m e n t s may increase w i t h move ­
men t and stress by as m u c h as 2 0 0 - 3 0 0 % ( W e i n e r 
1977), Therefore , large ungula tes o f ten find t h e m ­
selves i n a t rade-of f b e t w e e n shel ter a n d food search. 
A c c o r d i n g to th is , tha t t rade-off s h o u l d be easier 
to so lve by r ed deer c o m p a r e d to roe deer, g iven its 
b o d y size a n d previous ly d i scussed m o r p h o - p h y s i o ­
log i ca l charac te r i s t i cs . In a scenario where an ima l s 
m u s t re ly exc lus ive ly o n na tu ra l feed sources, roe 
deer acts as a t y p i c a l b rowser , se lec t ing d ie t s w i t h 
a h i g h e r n u t r i t i o n a l va lue i n te rms o f h i g h p r o t e i n 
con ten t a n d a v o i d i n g h igh- f ib re diets (Drescher -
K a d e n , Seifelnasr 1977; H o f m a n n 1989; D u n c a n 
e t a l . 199S}. G i v e n the m o r p h o - p h y s i o l o g y o f the spe­
c ies , i n t imes o f inc reased energy d e m a n d s (e.g. heat 
p r o d u c t i o n d u r i n g win te r ) , th is means r educed l o ­
c o m o t o r ac t iv i ty a n d h ighe r exposure to h u n t i n g 
a n d preda t ion , H o w e v e r , w h e n inc reased a m o u n t s 
o f carbohydra tes are avai lable in the f o r m o f supple­
men ta ry feed, these may b e m a i n l y c o n s u m e d by roe 
deer since tha t may be o f h i g h e r v i t a l i m p o r t a n c e 
for t h e m than for red deer. The supp lemen ta ry feed 
may thus he lp b o t h species , b u t especia l ly roe deer, 
to su rv ive the w i n t e r w h i l e feeding o n natural p lan t 
species w i t h l o w n u t r i t i o n a l va lue ( M i r a n d a et a l . 
201 &), l ead ing to m o r e s i m i l a r d ie t s t h a n in i t ia l ly ex­
pected a n d thus to s i m i l a r faecal nutr ients . 

T h e a b o v e e x p l a n a t i o n s c a n be s u p p o r t e d by fur­
the r i n c o r p o r a t i n g the i m p a c t o f p reda to rs a n d 
h u n t i n g pressure o n the d i s t r i b u t i o n , habi ta t pref­
erence , a n d n u t r i t i o n a l e c o l o g y o f T O C a n d red 
d e e r i n the s tudy area , The E u r a s i a n l y n x (Lynx 
lynx) is the m a i n p r e d a t o r i n the area, p r e d o m i -
nan t ly p r e y i n g o n roe deer b u t a l so o n y o u n g red 
d e e r i n d i v i d u a l s . A s a l r eady c o m m e n t e d , hun t ­
i n g pressure i s r e la t ive ly h i g h i n the area for b o t h 
species , w i t h grea ter e x p l o i t a t i o n o f r e d d e e r due 
to t he i r a t t rac t ive t roph ies , That m a y i n d u c e stress 
i n b o t h spec ies , a n d the c o n s e q u e n c e m a y be l o w e r 
t i m e s e a r c h i n g for food , l o w e r feed q u a l i t y a n d i n ­
c reased c o m p e n s a t i o n t h r o u g h the s u p p l e m e n t a r y 
feed. In the s tudy area , s u p p l e m e n t a r y feeders are 
usua l ly s i tua ted o n the edges o f forests a n d m e a d ­
o w s , the habi ta t p re fe r red b y roe deer ( H e u r i c h 
et a I. 201 !>}. Indeed , t h i s same s tudy s h o w e d that 
roe d e e r i n B o h e m i a n forests prefer u n p r o t e c t e d 
areas, despi te the h i g h i m p a c t o f h u n t i n g , o v e r p r o ­
tec ted areas o f the park due to the s u p p l e m e n t a r y 
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feed ing p r o v i d e d b y h u n t e r s o u t o f the n a t i o n a l 

p a r k . In con t r a s t , r ed deer prefer vege ta t ion -dense 

forest hab i t a t s o f a r o u n d 70% o f c o v e r ( H e u r i c h 

et a l . 2015) . In these areas, the s h r u b v e g e t a t i o n 

layer, w h i c h r e d deer c a n use, s tands d u r i n g win te r . 

R e d d e e r p r o b a b l y keep feed ing o n th i s r e sou rce 

m o r e ex tens ive ly t h a n roe deer due to the necess i ty 

to reach a c e r t a i n t h r e s h o l d o f fibres for s u p p o r t i n g 

the p r o p e r f u n c t i o n i n g o f t he i r large r u m e n s (Bau -

c h o p 1979: G e b e r t , V e r h e y d e n - T i x i e r 2001) , t h u s 

s h o w i n g less d e p e n d e n c e o n s u p p l e m e n t a r y feed. 

C O N C L U S I O N 

"Ihe inab i l i t y o f N I R S to iden t i fy the sou rce o f N 
i n faeces may be ano the r r eason b e h i n d the l ack 
o f d i s c r i m i n a t i o n be tween free-ranging r o c a n d r e d 
deer faecal samples. The d i f f icu l t i n t e rp re ta t ion offiJ 
has b e e n m e n t i o n e d i n p rev ious research ( C u p i c 
et a l . 2fr21). T h i s p r o b l e m m i g h t be so lved i n future 
studies b y ana ly s ing the a m o u n t o f N b o u n d to A D F 
( V a n Soes t 2018), w h i c h w o u l d a l l ow the c a l c u l a t i o n 
o f m e t a b o l i c faecal n i t r o g e n ( M F N ) . l h a t w o u l d i n ­
f o r m about the p r o p o r t i o n o f N b e i n g u sed b y the 
a n i m a l ce l l func t ion a n d not o n l y excre ted by it . 
S u c h analysis w o u l d c o n f i r m i f there w a s a n ac tua l 
l ack o f differences i n the d i e t c o n s u m e d b y b o t h spe­
c ies or i f o u r hypothes i s was rejected just because 
o f the inab i l i ty o f N I R S to de tec t the sou rce o f p ro ­
t e i n excreted. Even i f the second reason was co r rec t , 
c e r t a i n d i s c r i m i n a t i o n at the axis e x p l a i n e d b y fibres 
c o u l d s t i l l have b e e n found . 

A l t o g e t h e r , the r e su l t s t h u s suggest tha t N IRS a n d 
the analys is o f faecal n u t r i e n t s s h o u l d not be e m ­
p l o y e d for t h i s t y p e o f research d u r i n g p e r i o d s w h e n 
d i e t a r y over laps ac ro s s spec ies c a n b e expec t ed , 
b u t e s p e c i a l l y w h e n we have ne i the r o the r sou rces 
o f i n f o r m a t i o n about w h a t the a n i m a l s c o u l d have 
c o n s u m e d (e.g. c a m e r a t raps , d i r ec t o b s e r v a t i o n , 
o r G P S co l l a r s ) , n o r i n f o r m a t i o n a b o u t e a c h i n d i ­
v i d u a l . T h e s u m of u n c o n t r o l l e d factors may eas i ly 
l e a d to n o n - s i g n i f i c a n t resul t s , w h i c h , t heo re t i ca l ly , 
s h o u l d have b e e n expec ted . T h a t may subsequen t ly 
l e a d to m a k i n g i n c o r r e c t m a n a g e m e n t d e c i s i o n s , 
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Ecological effects on the nutritional value of bromeliads, and its 
influence on Andean bears' diet selection 
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Francisco Ceacero 1 , 1 
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Abstractr P rev ious studies have recogn ized bromel iads 
as a key food resource for A n d e a n bears (Tremarclos or-
nalus) throughout their range. However , it is s t i l l not clear 
how abundance and espec ia l ly the nutri t ional value o r 
bromel iads inf luence habitat and diet se lect ion. Under ­
standing this i s essential because confl ic ts such as crop 
damage occu r when avai lable natural resources cannot of­
fer an adequate nutr i t ional supply . Ehrring June and J u l y 
2017 . we s tudied 6 forest and paramo areas i n southern 
E c u ador for sig ns o f bear prr sence. the abu nd ance and nu-
t r i l iona l value o r bromel iads . and diet se lect ion by feeal 
mic roh i s to logy . The nutr i t ional c o m p o s i t i o n o f b r o m e l i ­
ads was affected by f lowedng and recent f i rcevents but we 
found greater var iabi l i ty across species and ecosystems, 
w i t h h igher protein and lower fiber in paramo. However , 
bears were more often present i n the forest ecos y s l e m . and 
moreover , thei r presence was not affected by abundance 
nor c o m p o s i u o n o f bromel iads . Fur ther s imi l a r studies 
must focus, on other key resources, such as temporary 

I |T_I i I S. 

Key words: A n d e a n bear, bromel iads , diet, habitat 

use, montane foresL M R S . nut r i t ional c o m p o s i l i o n , 

paramo. Tremarctos omatus 

Resiimen: Estudios previos ban rcconoc ido que las 
bromel ias son in: recurs* c lave para los osos andinos 
(Trewarclos omalust a lo largo d c su area de d i s o i b u -
c ion . S i n embargo, aiin n o e s l l c laro c o m o l a abundaneia 
y especialmente e l valor nu t r ic lona l de las bromel ias i n -
fluyen en l a s e l e c t i o n de habitat y d ic ta . C o m p r e n d c d o 
es fundamental, ya que conf l ic tos c o m o el dafio a cu l t i vos 
sc producen cuando los recursos naturales d i s p o n i b l c s no 

email: reaccro<Ml7..czu.cz 

p u c d c n o f r c e c r u n a p o r t c n u t r i c i o n a l adecuado. S c c s t u d i -

aron seis areas de bosquc y paramo en el s u r d e E c u a d o r 

en husea d c signos d c prcsencia d c osos, abundaneia y 

vaJor nutne ional de bromel ias , y se lecc ion de dieta por 

m i c r o h i s t o l o g i a fecal. L a c o m p o s i c i o n n u l r i c i o n a l de las 

bromel ias se v i o afectada por l a f loracion y los ineendios 

recienles. pero ademas e neontramos una al la va r iab i l idad 

entre especies y ecosis lemas, con mas proteina y menos 

fibra c n las bromel ias de paramo. S i n embargo, las signos 

d c prcsencia de osos fucron mas abundanles en c l ecosis-

l e m a forestal, y ademas l a prcsencia no se v i o afectada 

por la abundaneia n i l a c o m p o s i c i o n de las bromel ias . 

Otros cstudios si m i l ares deben ccntrarse en otros recur­

sos c lave , c o m o Jos frutos. temporalcs. 

Palabras clave: bosque m o n l a n o . b rome l i a s . c o m p o s i ­

c i o n nu tne iona l . dicta . N E R S . oso andino. paramo. 

Tremarcios ornatus, uso del habitat 

D O I : 1O.2L92/URSLS-D-2O-O002I.2 
Vrsas 32:arttcH ell (2021) 

The A n d e a n bear ijremarclos onmlusl, also known as 
the spectacled bear, is the on ly species o f the Urs idac 
f a m i l y still present i n South A m e r i c a . It is ca tegor ized 
as vulnerable and the popula t ion is decreas ing ( I U C N 
3019) , m a i n l y because o f habitat destruct ion and frag­
mentat ion, poaching , and h u m a n - w i l d l i f e eon diet (Pey­
ton 1999. V c l c z - L i e n d o and G a r c i a - R a n g e l 2017) . W h e n 
there is not sufficient food in thei r native habitat, A n d e a n 
bears may attack l ives tock or feed on crops, leading lo 
confl ic t w i t h local farmers ( G a r c i a - R a n g e l 2012) . 

A l t h o u g h the A n d e a n bear has been descr ibed as 
an o m n i v o r o u s species, sw i t ch ing between habitats and 
potential food sources (Peyton [980, Pa is ley 2001), 
most o f the literature on the diet o f A n d e a n bears 
states that b romel iads are one o f the most important 
food sources f f ab l e ]}. i f not the most important. A n ­
other very important food source is r ipe fruit, w h i c h 
is c o n s u m e d seasonally, wi th the time per iod va ry ing 
a m o n g different regions o f South A m e r i c a < Peyton 1980. 
R o d r i g u e z et a l . 19S6 L A l t h o u g h some authors c l a i m 
that fruit is the most important part o f A n d e a n bear 
diet du r ing specific seasons (Peyton 1980. l9StJ : R o ­
dr iguez e t a l . 1986), i n the highlands o f Ecuador , A n d e a n 
bears feed a lmost exc lus ive ly on bromel iads thorough the 
ycar (Suarez 1988, On tanedaand A r m i j o s 2 0 l 2 ) . S i m i l a r 
diet preference o f A n d e a n bears was reported i n B o l i v i a 
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2 S H O R T C O M M U N I C A T I O N S 

Table 1. S u m m a r y o f p r e v i o u s s t u d i e s d o c u m e n t i n g the u s e of b r o m e l i a d s b y A n d e a n bea r s {Tremarcrcs orno-
tus), i n c l u d i n g s t u d y a r e a a n d p e r i o d , r e p o r t e d use of b r o m e l i a d s . a n d m e t h o d u s e d t o s t u d y it, 

Reference Location Study period Use of bromeliads (method) 

Peyton 1960 Peru (whole country) Year round 46.8% (feeding sign) 
Goldstein and Yerena 1086 Venezuela NcH indicated 50% (feces, not indicated) 
Suárez 196B Ecuador (Anfjsana) Year round 96% (feeding sign) 

30% (feces—volume per scat) 
Rivadeneira-Canedo 2008 Bolivia (Apofobamba) Jul. Oct. Apr. 57.5% (feeding sign and feces—frequency of 

Jun feces with bromeliads) 
Rios-Ltzeda et al. 2009 Bolivia (Apolobarnba and Year round 47.3-76.8% [feces—frequency of occurrence in 

Madidi) feces) 
Ontaneda and Armijos 2012 Ecuador (Podocarpus NP) Year round 70% (feces—frequency of occu rrence in feces) 
Figueroa 2013 Peru (whole country) Year round SB.5% (feeding sign), 45.5% (feces—frequency of 

occurrence in feces) 
Hernani-Li nenos 2016 Bolivia (Cotapala) O d - N a v 36-60% (feces—frequency of occurrence in feces) 
Ardila-Montaria 2020 Colombia (Chingaza) Year round 34—37% (feces—frequency of occurrence in feces) 
Caceres-Maninez et al. 2020 Colombia (Tama) Year round 39% (feces—frequency of occurrence in feces) 
Hernani-Li neros et a I. 2020 Bolivia (Cotapala) Oct-Nov 33-46% (feces—frequency of feces wilh 

bromeliads) 

(R ivadene i ra -Canedo 2008 . R i o s - U z e d a et a l . 2009 . 

He rnan i -L ine ros e l a l . 20201. Moreove r , A n d e a n bears 

feed a lmost exc lus ive ly on bromel iads i n Podocarpus 

Na t iona l Park. Ecuador , du r ing June and Ju ly ( O n -

lancda and A r m i j o s 2012: t ime and p lace correspond­

i n g to our rrseanch). A l t h o u g h some authors have sug­

gested that bromel iads arc a good food source—high 

i n carbohydrates, fat, and protein ( G o l d s t e i n 1990)— 

o l h c . 'MH : . ' C i > t - i - L i i o l il".;il hroincl i j .d : i :c."isicni^ h . ; . v lou. 

nutr i t ional va lue in the form o r so lub le carbohydrates 

and s m a l l amounts o f proteins and l i p id s (Pa i s l ey 2 0 0 L. 

R i v a d c n e r i a - C a n c d o 2008) . Nevertheless, substantia] i n ­

format ion on the nutr i t ional value o f bromel iads is lack­

ing , and their c h e m i c a l c o m p o s i t i o n has been studied 

mos t ly in relat ion to their potential med ica l and mechan­

ica l properties ( Y l c i r a - d c - A b r e u e l a l . 2005 . X i c et a l . 

2005 , Errast i c t a l . 2 0 I S ) . 

A s a consequence o f thei r feeding behavior . A n d e a n 

bears an.' a keystone species, w i t h a fundamental role in 

ihc dynamics o f the ecosystems in w h i c h they l ive as 

dispersers o f seeds ( R i v a d c n e r i a - C a n c d o 2008) and by 

co:uririLifi:i2 !•• Ihj formation nl •una 11 i l k in i i j iL ikL ^ . - L ^ 

suitable for the g rowth o f new vegetation ( O s o A n d i n o 

2020*. Thus , for the successful protect ion o f the species, 

knowledge on habitat use. food preferences, and nutri­

t ional requirements is essential. Cer ta in studies have fo­

cused some o f these topics i n several local i t ies (Peyton 

1980. Pa is ley and G a r s h c l i s 2006 . R i o s - U j t e d a e l a l . 2006, 

R i v a d c n e r i a - C a n c d o 2008) : however, there is a not ice­

able lack ot"research c o m b i n i n g a l l these aspects, espe­

c ia l ly e co log i ca l s ludies cons ider ing Ihc nutr i t ional value 

o f bromel iads . In this study, we investigated the e c o l o g ­

ica l factors affecting the nutr i t ional value o f b romel iad 

species used by A n d e a n bears i n southern Ecuador , and 

ihc influence o f the avai labi l i ty and nutri t ional qual i ty 

o f b romel iads on the bears ' habitat use and foraging 

preferences. 

Study area 
W c c o l l e c t e d dataat 6s tudy s i l e s—3 i n A n d e a n paramo 

(a t ropical alpine vegetation ecosys tem above the tree 

line [Cleef 1979 ] i and 3 i n monlanc forest ecosys lcms i n 

L o j a P r o v i n c e , southern Ecuador , du r ing June and July 

2017 ( F i g . 1)—because A n d e a n bears arc active i n both 

paramo and forest ecosystems dur ing this per iod o f the 

year, accord ing to C i s n e r o s - V i d a l (2013) . 

Podocarpus Nat ional Park (montane forest) is located 

above 2 ,800 m above sea level between the provinces 

o f L o j a and Z a m o r a C h i n c h i p c In this area, the centers 

o f endemism o f the Nor thern and Southern A n d e s over­

lap ( N a r v a e / 201.1). Podocarpus Nat ional Park covera 

approximate ly 1.460 k n r and possesses an except ional 

flora. A phylogeographic study i n the area descr ibed up 

lo 1S7 vascular plant genera ( L o z a n o e l a l . 2009) . O f 

Ihcse. A n d e a n bears arc k n o w n to consume on ly few 

species, such as Pi/ya eryngioidei, Puya mactilata, Be-

jaria matlie*i-sii, Pemettya proslraia, Macleania satapa, 

Micoaia sp.. Macleania sp., Hespervmeles oblttsifolia., 

Ctusia ducoides, Cuzmania gloriosa, and Titlandsia sp. 

(Onlaneda and A r m i j o s 2012) . Bo th paramo (ranging 

from 2,800 lo 3.800 m : L o z a n o e l a l . 2009) and montane 

Units i2:article e2i {2021) 
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Ecuador 

V o l c a n o L ; i 

El Ti ro 

Loja 

• 
b C a r m e n 

Madr iga l p a r a m o " - ^ ^ a d h 9 a l 

Podocarpus 

forest 

F i g . 1 ^ M a p o f s t u dy s i t e s i n the a re a o f L o j a , s o ut h-
e m E c u a d o r (forest i s r e p r e s e n t e d in d a r k e r c o l o r , 
p a r a m o is r e p r e s e n t e d i n l i gh te r co lor} , w h e r e w e 
s t u d i e d 6 fo re s t a n d p a r a m o a r e a s in J u n e a n d 
J u l y 2017 for s i g n s o f A n d e a n hear {Tremarcios 
omaius} p r e s e n c e , the a b u n d a n c e a n d nu t r i t i ona l 
v a l u e o f b r o m e l i a d s , a n d d ie t s e l e c t i o n by f e c a l 
m i c r o h i s t o l o g y . 

forest ecosystems arc found there. T h e poor acces s ib i l ­

i ty l ed us to stratify Ihc study area f o l l o w i n g the touristic 

pathways and roads. 

M a d r i g a l i s a private reserve o f 8 0 0 h a , inc.]uding m o n ­

tane forest and paramo ecosystems. The reserve is part 

o f a micnobas in located north o f Podocarpus Na t iona l 

Park, at elevations f rom 2.200 to 3,300 m . A n d e a n bears 

are c o m m o n i n the area, accord ing to previous research 

t C i s n e r o s - V i d a l 20L3t . In N o v e m b e r 2 0 1 6 there was a 

fire i n the paramo area o f the reserve. 

V o l c a n o is a montane forest located above 2.0OO m. It 

is an open area bounded by meadows w i t h no or ins ign i f ­

icant human disturbance. T h i s forest is ve ry s i m i l a r to 

forests i n Podocarpus NationaJ Park and M a d r i g a l i n its 

plant compos i t i on , but there arc no pathways and roads. 

The margina l parts o f the forest arc not very dense and 
there is a h i g h abundance o f b romel iads . whereas the core 
o f the forest is almost impenetrable and less suitable for 
the bears. 

E l C a r m e n i s a paramo located i n the west s lope o f the 
M a d r i g a l del Podocarpus border. It is an art if icial p ä r a m o 
(man-made. I i re- induced ecosys tem | H o b . and Grads te in 
2005]) at a lower elevation than that at w h i c h natural 
paramo ecosys tems arc found. T h i s area is surrounded 
by farmlands and meadows in the south and by forest o n 
other sides. T h e plant communi ty , e levat ion, c l ima te , and 
sJope arc very s imi l a r to M a d r i g a l , but there was no in f lu ­
ence o f fire for dozens o f years. O n the uppermost part, 
many b r o m c l i a d species are abundant i n large numbers. 

E l T i r o is a natural p ä r a m o ecosys tem loca ted i n the 
northern p a n o f die Podocarpus Na t iona l Park. S ince 
2009 . industrial, changes, such as power l ine const ruct ion 
and road cv lens ion . have slartcd in this area and generated 
a great disturbance o f Ihc natural ecosys tem. However , 
even after the construct ion o f the road and cont inuat ion 
o f the industr ia l management . A n d e a n bears have been 
observed i n E l T i r o (Cisncnos-VidaJ 2013) . 

Materials and methods 
In each study site, we selected 5 5 0 - m x >0-m plots . T o 

ensure independency i n the data c o l l e c t i o n , a l l the plots 

i n each site were >2>0 m apart. 

Presence of Andean bears 

M o s t studies focus ing on habitat use o f A n d e a n bear 

were based on the evaluat ion o f signs o f presence (Cucs ta 

e l a l . 20031. W e d i d this i n the plots i n a l l 6 study sites. 

A team o f 2 - 3 people searched every plot t ho rough ly 

S igns recorded inc luded feces, g round nests, part ly eaten 

plants, scratch marks, hairs , and footprints. W e counted 

data as number o f signs per hectare. 

Abundance of bromeliads 
I n each o f the plots, we placed 2 10-m x 10-m subplots 

i n opposi te comers . We evaluated on ly the most abundant 

b r o m c l i a d species a l each subplot , and counted the exact 

n u m b e r o f each o f these species and recorded them as 

b romel iads per hectare. W c adopted this method because 

the most abundant species o f each subplot a lways repre­

sented the vast major i ty o f the b r o m c l i a d species at each 

place and other bromel iads were rather scarce. 

Collection of bromeliads 
In each subplot , w e co l lec ted 3 specimens o f the most 

abundant b r o m c l i a d species. W c co l lec ted 3 species f rom 

Unna 32:articlc c21 (2021) 
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subfamily Pilcainiioideae: Pava eryngioides, P. nilida, 

and P. parvifiora; subfami ly Tiltandsicideae was repre­

sented by Tillandsia sp. 

Diet selection 
W c co l lec ted a l l the feces thai we found i n the plots, 

placed them into z ip - l ock bags, and stored them i n a 

f reezer Once the samples were unfrozen, we filtered them 

through a 1 . 5 - m m sieve, so on ly the largest part icles were 

obtained. W c p laced the retained particles in to plastic 

vessels and preserved them i n a l c o h o l . W c pJaced the 

samples into large plast ic dishes and spread out a l l the 

part icles equally. U s i n g 2 measur ing sucks , we selected 

every tenth part icle and placed it in a dish, to obtain the 

percentage representation f rom ihc o r ig ina l sample. W e 

measured the fragments i n the feces us ing 10 nonover lap-

pirig opt ica l fields, in w h i c h we identif ied undigested par­

ticles on [0 sl ides. W e careful ly placed the selected frag­

ments i n Ihc middle o f the slide us ing sterile lab tweezers 

( 1 0 0 o p t i c a l fields per samp] c l . W e d i v i d e d these particles 

into those w i t h b romel iad o r ig in and unknown by m i c r o -

h i s lo log iea l analysis (Car r i c re 2002) . W e dis t inguished 

b romel iad particles into Piiya sp. and Tillandsia sp. by 

mic roscop ica l c o m p a r i s o n w i t h a reference co l l ec t ion o f 

bromel iads found in the study area, w h i c h w c made to 

identify the unique characterist ics o f the plant species. 

W e made the reference co l l ec t ion by mash ing Puya sp. 

and Tillandsia sp. into sma l l part icles in a blender, so 

Ihcy w o u l d resemble plants digested by A n d e a n bears. 

W c preserved the reference co l l ec t ion i n a lcohol . Wc 

counted the percentage representation o f the bromel iad 

species i n every sample ( D a v i t l and N e l s o n 19&0. 

B r e u e r 2 0 0 5 ) . 

Nutritional composition of bromeliads 
W c on ly used the m c r i s l e m a l i c parts o f plants for the 

nutri t ional analys is . W e hot-a i r -dr ied a l l forage samples 

at 4 0 D C for 4 S hours, g round them w i t h a m i l l to pass 

through a 1-mm sieve, and thoroughly m i x e d them to 

achieve m a x i m u m un i fo rmi ty and homogenei ty . Just be­

fore the nutr i t ional analysis , w c dispensed the samples 

into sample cups (Fo ley et a l . 1998). W e used the Nea r -

Infrared Reflectance Spectroscopy ( M R S ) method in 

combina t ion w i t h wet chemis t ry analyses, so we scanned 

a l l the samples w i t h the N I R S ™ D S 2500 F O S S an­

a lyzer under the I S I s c a n ™ Rout ine A n a l y s i s Software 

( F O S S A / S , H i l l c n S d . D e n m a r k I and obtained spectra for 

all bromel iads . W e predic ted a l l spectra w i t h ex is t ing c a l i ­

brations for plant-based food ingredients: Vegetal Prote in 

M e a l v3000 and v200Q. and Vegetal B y - P r o d u c t s v 2 0 0 0 

( F O S S ) . W e discarded the latter as a result o f inappro­

priate protein range. T h e output contained several inade­

quate C H ( G l o b a l distances) and/or N H (Ne ighborhood 

distances) values, so we selected IS samples for c lass ica l 

wet chemis t ry analyses and used the results to improve 

ihc ca l ibra t ions . B y this m c l h o d . we calculated protein, 

fat. starch, fiber, a c id detergent fiber ( A D F ) . neutral de-

l e rgcn l fiber ( N D F t , and ash con lcn l s for each sample. We 

used the mean o f the 3 plants co l l ec ted at each subplot i n 

further analyses. 

Statistical analysis 
W c conducted a l l analyses i n I B M " ' S P S S ' Statistics 

25 ( I B M . A r m o n k . N e w Y o r k ) . W c evaluated normal i ty 

by S h a p i r o - W i I k (S—W) and K o l m o g o r o v - S m i m o v < K -

S) tests, depend ing o n the samp] c size avai l able for the di f ­

ferent data sets Nut r i t iona l c o m p o s i t i o n (pro le in , starch, 

l iber, A D F . N D F . fat. and ash) o f bromel iads showed a 

normal d is t r ibut ion (al l K—S 3-O.20O), whereas the abun­

dance o f b romel iads . signs o f A n d e a n bear presence, and 

percentage rcprese nlation o f Pirca sp. and Tillandsia sp. 

i n feces d i d not (al l S - W <0.0501_ T h i s condi t ioned the 

subsequent statist ical approach. 

W c designed a set o f genera l ized l inear m i x e d models 

lo test the inf luence o f the recorded eco log i ca l variables 

(ecosystem, fine occurrence, b romel iad species, and f low­

ering) o n the nutri t ional c o m p o s i t i o n o f b romel iads used 

by the A n d e a n bear. W c determined data structure by site 

as subject and subplot as repealed measure. T h e o ther 

eco log i ca l variables entered the mode l as factors. W c a l ­

ways used I ine ar response. T o d i scard nons igni ficant van -

ables, we used the t radi t ional stepwise backward selec­

t ion procedure, and we used the A k a i k c Informat ion C r i ­

terion lo detect the best m o d e l . W e used analysis o f v a r i ­

ance w i l h post-hoc T u k e y test lo determine differences i n 

nutr i t ional compos i t i on among the 4 studied bromel iads 

species. 

W c designed a seeond set o f analyses lo determine 

ihc influence o f the occurrence and nutr i t ional value 

o f b romel iads on bear presence W e used the M a n n -

W h i l n c y [/-test for the analysis o f bear presence aetoss 

ecosystems and the K r u s k a l - W a l l i s lest to detect d i f ­

ferences in frequency o f bear presence and occurrence 

o f b romel iads a m o n g the different study sites. W c used 

Spearman 's rank correla t ion to delect c o r n : I a Lion be­

tween s igns o f presence o f A n d e a n bears and abun­

dance o f bromel iads . between signs o f presence o f A n ­

dean bears and nutr i t ional c o m p o s i t i o n o f bromel iads . 

and between percentage representation o f bromel iads in 

feces and nutri t ional compos i t i on o f b romel iads i n the 

area. 

Vrsus 32.article eZ I (2621) 
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Tab le 1. M u l t i v a r i a t e a n a l y s i s of f a c t o r s af fec t ing the 
nu t r i t i ona l v a l u e of the b a s a l part o f b r o m e l i a d s , 
w h i c h is the part u s u a l l y c o n s u m e d b y A n d e a n b e a r s 
{Tre /narc ros o r n a r u s ) . in J u n e a n d J u l y 2017 i n s o u t h ­

e r n E c u a d o r A D F a c i d de le rge t i t f iber : N D F ne u­

tral de te rgen t f iber . 

Factor F P P­value 

Protein 
Ecosystem 3 2.933 2.673 L .•>:'[ 
Species h 32.646 -LO.001 

Flowerings 2..382 2.­C 1 0.095 

Ecosystem 6.453 1.720 0.014 
Burrwd d 3.379 ­ 1 7 4 7 0.072 
Species 11.447 -LO.001 

Slarch 
Ecosystem 6.434 1.215 0.005 
Burned 6.242 1.420 0.026 
Species 33.349 tO.001 

Fiber 
Ecosystem 6.403 2 . " 5 0.024 
Burned 6.341 ­ 3 . 9 0 6 0.006 
Species 7,366 ­ 4 . 5 3 0 ^0.001 

ADF 
Ecosystem 16.473 ­ 6.884 ^0.001 
Burned Ů.S53 ­ 6.823 0.003 
Species 14.943 ^0.001 
Flowering 4.177 2.81 C 0.046 

N D F 

Ecosystem 14.909 ­ 7.850 tO.001 
Burned 5.867 ­ 6 . 8 4 6 c. •'<•<:• 
Species 19.273 ^0.001 
Flowering 4.300 ­ 3 . 8 0 4 0.043 

Ash 
Species 6.922 0.001 

"Forest was used as category of reference. Therefore, positive 
p means higher content in paramo compared with forest. 

b

ft values are not indicated because the nutritional com position 
of each spedes isshown in Tabled. 

cNonflcwsring plants were used as category of reference. 
d U nburned conditions were used as category of reference. 

Results 
The effects o f the ceo log ica l factors we examined on 

the nutr i t ional value or the studied bromel iads arc shown 

in Table 2. B r o m e l i a d s i n paramo ecosys tem had higher 

protein (fl = 2.673), fat (fi = L.726). and starch (fi = 

1.215* than in forest, but l ower fiber (p = ­ 2 . 1 1 5 ) , A D F 

(P = ­ 5 . 3 8 4 ) , and N D F (p = ­ 7 . 3 5 0 ) . In burned ar­

eas, bromel iads had l o w e r fat (p = — i .747) , f iber (P = 

­ 3 . 9 0 6 1 , A D F <& = ­ 5 . 8 2 8 ) . and N D F (P = ­ 6 . 8 4 6 1 . 

but higher starch (p = 1.420». F l o w e r i n g bromel iads had 

higher protein content (fl = 2.1011, but l o w e r A D F (p = 

­ 2 . 8 1 0 ) and N D F (0 = ­ 3 . 8 0 4 ) . 

However , we found the m a i n var iab i l i ty i n nutr i t ional 

compos i t i on was among bromel iad species, w h i c h was 

Vrsus 32article ell (2021) 

a lways the most significant factor affecting a l l the stud­

ied nutrients (a lways P < 0.001). Tdlaadsia and Pu\a 

nilida were nutr i t ional ly s imi lar , w i t h greater contents 

o f protein, fat. fiber, and ash. but w i t h l o w e r content o f 

starch compared with Paya eringyoides and Paya parvi-

fiora (Table 3) . 

D u r i n g our study per iod, signs o f the presence o f A n ­

dean bear were signif icant ly more abundant in forest than 

i n p á r a m o . where the presence was very l o w (V = L2.5: 

P •-. 0.001). T h u s , the rest o f analyses are focused on 

the bear 's presence i n the forest ecosys tem. The presence 

(abundance o f signs) was si m i l ar across the 3 forest study 

sites (H = 2.784 , P = 0.249). as was the abundance o f 

bromel iads iH = 2.215; P = 0 . 3 3 0 ) , However , the pres­

ence o f A n d e a n bears i n the forest was not correlated to 

the abundance o f bromel iads <p = —0.070; P = 0.81 11. 

nor to the nutr i t ional value o f the bromel iads i n that area 

(al l P > 0.243). 

T o investigate feeding preferences o f A n d e a n bears, we 

ana lyzed the occurrence o f brornch ads i n feces. T h e aver­

age percentage o c c u r r c n c c o f b r o m c l i a d s i n feces samples 

differed between the 2 studied ecosys tems In forest the 

frequency o f occurrence o f Pirya sp. was 1.38% ( ± 4 . 2 9 1 

and o f Tillandsia sp. was 26 .62% ( ± 1 3 . 5 ° ) . In p á r a m o . 

we Tound Tiltandsia sp. in 8 % ( ± 8 . 0 0 1 o f the feces, but we 

found no Pina sp. T h e percentage o f feces w i t h b r o m e l i ­

ads was not correlated w i t h the abundance o f bromel iads 

i n the area (p = —0.SOO; P = 0.104) . nor to the nutr i t ional 

value o f the bromel iads i n that area (al l P > 0.148). 

Discussion 
O u r results s h o w that eco log i ca l factors l i ke ecosystem 

type, f lower ing , or recent fire events have a s t rong ef­

fect on the nutri t ional c o m p o s i t i o n o f bromel iads , w h i c h 

also differs a m o n g the bromel iad speeies used by A n d e a n 

bears i n southern Ecuador . However , neither the ava i l ­

ab i l i ty nor the nutr i t ional value o f bromel iads seemed to 

influence the presence or the diet select ion o f the bears. 

Moreover , contrary to what w c expected. A n d e a n bears 

were present almost exc lus ive ly i n the forest ecosystem, 

but not i n paramo dur ing the study per iod . 

The nutr i t ional value o f the studied bromel iads d i tiered 

between ecosys tems. It is w e l l ­ k n o w n that all the m e m ­

bers o f fami ly Urs idae favor habitats w i t h the most pro­

duct ive condi t ions (Schoen 1590). However , i n the forest 

ecosystem (where bears were most often present) the nu­

tr i t ional value o f bromel iads was l ower than i n paramo. 

These differences i n the nutr i t ional c o m p o s i t i o n may he 

dr iven b y differences i n strategies for the acqu i s i t ion o f 
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Tab le 3 L N u t r i t i o n a l v a l u e (I s t a n d a r d er ror ) o f the b a s a l par t o f 4 s p e c i e s o f b r o m e l i a d s k n o w n to b e c o n s u m e d 
b y A n d e a n bea r s (TVemarc fos o rna fus , as d e r i v e d f r o m f e c a l s a m p l e s ) i n t h e s t u d y a r e a i n s o u t h e r n E c u a d o r 
i n J u n e a n d J u l y 2017 . 

Puya eringyoiftes Puya rartria Puya parvrffora TüSandsia sp. 
Nutrient Maan ± SE Haan ± SE Mean ± SE Haan ± SE 

Protein [X] 5 . 9 2 ± 0 _ 2 1 B 6.75 ± 0.32* 4.40 ± 4 .02 c 6.47 ± 0 . 4 1 4 8 

Fat [X) 5.60 ± 0.10* 6.95 ± 0.4O* 4.47 ± 6.6B* 6.32 ± 4.4S B 

Starch [X] 7.26 ± Off* 5.62 ± O.S5 B 9.63 ± 1.40* 3.42 ± LOOP 
F i b e r s ) 17.61 ± 0.4B B 20.66 ± 1.11*B 18.72 ± 4.04 B 23.66 ± 1.92* 
A D F W 19.08 ± l . 0 f l P 27.71 ± 0.90* 20.63 ± 5 .00 s 30.56 ± 3 . 6 1 * 
NDF (%)b 46.26 ± 2 .25 c 54.62 ± 2.38 B 44.69 ± 6.6B C 63.22 ± 4.46* 
Ash [%) 6.72 ± 0 . 4 6 * * 10.29 ± 0 . 5 1 ^ 8.42 ± 1.44B 10.60 ± 1.74* 

" A D F = acid detergent fiber. 
b N D F — neutral detergent fiber. 
* B C Superscripts indicate significant differences after analysis of variance with Tukey (est 

nutrients by bromel iads (i.e., b romel i ads are m a i n l y e p i ­

phyt ic i n forest, but terrestrial i n paramo [ B e n z i n g 2000]). 

Spec ia l attention should be given to f iber content, 

w h i c h was h igher i n bromel iads i n the forest ecosys tem. 

Herb ivorous mammal s , such as bears, do not possess en­

zymes for fiber degradation, w h i c h means that foods with 

h igh fiber content have l o w nutr i t ional value for them. 

However , they can establish a s y m b i o s i s w i t h ce l lu lose -

h y d r o l y r i n g mic roorgan i sms i n their gastrointest inal tract 

lo be able to meet thei r nut r i t ional requirements ( Z h u c t a l . 

2 0 1 1 . X u e e l a l . 2015) . Bac te r i a f ami l i e s L a c h nospi raecae 

and R u m i n o c o c c a c c a e have been found i n w i l d A n d e a n 

bear feces, suggest ing that the gut m i c r o b i o l a o f A n d e a n 

bears possess the ab i l i ty to break down constituents such 

as ce l lu lose , hemieel lu lose, and 1 ignoce l lu loscs ( B o rhdn-

G a r c i a e t a l . 2017) . 

Al te ra t ions i n the ecosys tem also affected the nutr i ­

t ional va lue o f b romel iads . P rev ious research has sug­

gested a strong negative impact o f fire <Rocha et a l . 

2004) . w h i c h is supported by our s tudy: b romel iads in 

burned areas had l o w e r fat. fiber. A D F . and N D F . H o w ­

ever, the starch content o f bromel iads f rom burned areas 

was higher, w h i c h should a lso increase the nutr i t ional 

value for an o m n i v o r c forager l i k e ihc A n d e a n bear. T h e 

mcr is temat ic part, i n w h i c h soluble carbohydrates a c c u ­

mulate (Pais ley 2001 , R i v a d c n c r i a - C a n c d o 200S) . is en­

c i r c l ed by water: and accord ing Lo A r i a n i ct a l . (2004), 

Ihc water ins ide the plant may assist i n the conservat ion 

o f the mer i s l em, and thus o f the carbohydrales , he lp­

i n g i n the vegetation recovery o f the plant f o l l o w i n g 

Ihc fire. 

A n d e a n bears may change their habitat use as a result 

o f changes i n the ava i lab i l i ty o f different food sources 

( C u e s l a e l a l . 2003) . A l t h o u g h the frequency o f presence 

o f A n d e a n bears may vary between habitats, they use both 

paramo and forest ecosystems year-round. B r o m e l i a d s 

are avai lable in both ecosystems but. cont ra ry lo our ex­

pectations, the presence o f bears was not affected i n ci ther 

o f them by the nutr i t ional c o m p o s i t i o n nor the abundance 

o f b romel iads . T h i s suggest that b romel i ads were not a 

key Tood source d u r i n g our study per iod , a l though that 

was Tound i n previous studies i n this same loca t ion and 

per iod (Onlaneda and A r m i j o s 2012). T h e relative h o m o ­

geneity a m o n g the forest study sites may also exp l a in that 

result. Seasonal variations affect ing the nutr i t ional c o m ­

posi t ion o f b romel i ads . rather than the e c o l o g i c a l factors 

studied i n this w o r k , may be also b e h i n d this result and 

deserve to be studied i n the future. 

[n summary , o u r results, show that the nutr i t ional c o m ­

posi t ion o f bromel iads i s species-specif ic and affected 

by e co log i ca l factors l ike ecosys tem, fire, and [ lowering 

per iod Nevertheless , neither nut r i t ional va lue nor abun­

dance seem signif icant factors in f luenc ing the habitat use 

o f A n d e a n bears. T h u s , the interpretation o f potential 

l i nks between the nutr i t ional value o f bromel iads and 

- : • • ! ' Andean is c . • n i p l i a i l c c . >vluLpN as ;i 

result of the relat ively h i g h homogenei ty of forest and 

paramo habitats, or due lo the fact that bromel iads arc 

indeed not a nut r i t iona l ly key resource for A n d e a n bears. 
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9.5. Principles of NIRS 

The foundation of NIRS is the creation of a calibration equation that depicts the 

relationship between the components of the sample and NIRS spectral data. It includes 

collecting the light reflected from or transmitted through a specific material in the near-infrared 

(NIR, 750 nm to 1000 nm) and short-wave infrared (SWIR, 1000 nm to 2500 nm) regions of the 

electromagnetic spectrum, which are often referred to as near-infrared (NIR, Pasquini, 2003). 

Because NIR light is frequently absorbed by C-H, N - H , and O-H chemical bonds, which 

compose the vast majority of organic compounds (plant and animal tissues), it is particularly 

useful for quantitative analysis of these materials (Foley et al., 1998). When radiated, chemical 

bonds vibrate in reaction to their atomic connections and energy level when they spin, flex, and 

stretch. These vibrations absorb electromagnetic radiation at wavelengths corresponding to their 

energy level, producing observable overtones and harmonics in the nearinfrared (NIR) range 

(Kokaly & Clark, 1999). Given that various materials have distinct chemical ingredient 

combinations, and therefore the patterns of reflected and absorbed light differ between materials, 

NIRS may be used to determine the chemical composition of a sample (Shenk & Westerhaus, 

1991; Westerhaus, 1993; Foley et a l , 1998; Shenk et al., 2007; Cen & He, 2007). Furthermore, 

NIRS and the accompanying chemometrics can identify correlations between complex features 

that are not determined by any single chemical compound but rather by several interacting 

effects and different wavelengths throughout the electromagnetic spectrum (Foley et al., 1998; 

Moore et al., 2010; Marsh et al., 2014). However, the underlying mechanism driving those 

relationships is not always known (Tolleson et al., 2005; 2012). For instance, the ability of NIRS 

to distinguish males from females in some species may be attributable to sex-based changes in 

diet choices that result in samples from males and females having a distinct chemical 

composition rather than wavelengths related to the chemical bonds of sex hormones (Dixon and 

Coates, 2009). However, the standard five-step procedure for NIRS consists of acquiring 

spectra, processing them to remove noises (chemometrics, thus common mathematical pre-

treatments and statistical methods for the qualitative and quantitative analysis of NIRS data), 

creating a calibration model by analysing a subset of samples with known analysed 

concentration obtained via wet-chemistry methods, verifying/validating the calibration, and 

predicting unknown samples (Cen & He, 2007). 

A collected spectral data (spectrum), in addition to chemical information, also contains noises 

or non-useful information that reflect the physical properties of the sample, such as particle size, 
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as well as the conditions under which samples were scanned, such as temperature and humidity 

(Stuth et al., 2003; Cen & He, 2007). The following step includes some common mathematical 

and statistical pre-processing treatments, such as standardisation (i.e., centring and scaling, 

Bro & Smilde, 2003), for qualitative and quantitative analysis of NIRS data contained by 

chemometrics. Furthermore, multiplicative scatter corrections (Geladi et al., 1985; 

Martens & Naes, 1991) and detrending, or standard normal variate transformations (Barnes et 

al., 1989) are among common pre-treatment methods available for minimising the impact of 

particle size (scatter). The effects of overlapping absorption bands can be eliminated, and the 

spectral resolution can be improved by calculating the first and second derivatives of the spectral 

data (Savitzky & Golay, 1964; Cen & He, 2007). 

After pre-treatment, the spectra can be used in model development. The calibration process 

establishes a correlation between the chemical information contained in a substance's spectral 

properties and the chemical information obtained through more conventional wetchemistry 

techniques. The latter is applied only at the beginning, while calibration is intended to create a 

predictive regression equation so that the constituents of interest may be assessed using NIRS 

alone, eliminating the need for extensive application of expensive and timeconsuming wet-

chemistry procedures (Stuth et al., 2003). The primary goal of any calibration technique is to 

ensure that the initial sample subset chosen for calibration accurately represents the overall 

spectral variance present in all samples (Foley et al., 1998). The calibration involves any of 

Multivariate Regression Procedures, e.g., Multiple Linear Regression (MLR), Principal 

Component Regression (PCR) or Partial Least Squares Regression (PLSR, Martens and Na?s, 

1991; Shenk & Westerhaus, 1991; Foley et a l , 1998; Cen & He, 2007). PCR and PLSR are the 

most popular approaches for calibrating NIRS data because they reduce massive, multivariate, 

and frequently highly correlated datasets to focus on relevant variables (Wold, 1975; 

Shenk & Wasterhaus, 1992; Na^s et al., 2002). Both techniques allow models with more 

variables than samples and integrate independent variables into factors to minimise data 

dimensionality and eliminate co-linearity. Nevertheless, both procedures yield comparable 

results, although PLSR requires fewer principal components (PCs). A model may be overfitting 

if it can predict training data but not independent data. A high number of PCs decreases 

variability not accounted for by the model (Lawler et al., 2006). For this reason, PLSR is the 

preferred method for determining the linear combination of wavebands to explain the response 

variable. However, overfitting can still occur with any of these models. Discriminate analysis 
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can be performed with PC and partial least squares techniques for categorical response variables. 

Machine learning methods, including Artificial Neural Networks (ANN), Random Forests (RF), 

and Cubists are becoming more popular for constructing non-linear models, although they are 

still new for NIRS calibrations (Perez-Marin et al., 2006). 

Cross-validation, also known as Standard Error of Cross Validation (SECV) or the "leave one 

out approach", is the most often used method for verifying the calibration model. It is used to 

estimate the error of prediction for unknown samples by simulating the prediction process by 

leaving a portion of the data set out (the validation samples), developing the calibration model 

on the remainder of the data matrix, and making predictions for the samples left out using 

previously developed calibration models (Foley et al., 1998). This procedure is often performed 

numerous times, such that each sample is excluded once. Although cross validation is often 

employed in developing NIRS models, the ability of the model to fit new data depends on 

whether the training data are spectrally representative of the total data population. Cross-

validation alone is sufficient for feasibility studies, but independent data should be used to 

validate model performance before applying it to a specific real-world application 

(Na?s et al., 2017). Cross-validation can also hint at a model's performance on future datasets by 

comparing the similar standard errors of training and cross-validation testing. If they are 

dissimilar, it suggests that the amount of spectral diversity in the population may exceed the 

capacity of the training dataset. After this penultimate step in the mentioned procedure, the 

spectrometer is calibrated, and it is possible to analyse around 100 samples daily for various 

components/constituents simultaneously (Rothman et al., 2009). 

A l l the samples used in this thesis were scanned with the NIRS™ DS 2500 FOSS analyser under 

the ISIscan™ Routine Analysis Software (Foss, Hillerod Denmark), and desirable constituents 

were calculated with WinlSI 4 Calibration Software (Foss, Hillerod Denmark) according to 

different calibration sets. The analyser automatically calculates the average of 8 successive scans 

at a resolution of 0.5 nm, which gives the spectrum of each sample, recorded as the logarithm 

of the reciprocal of reflectance (amount of radiation reflected from the sample - Dryden, 2003). 

The software displays the curve of the reciprocal logarithm of reflectance and a curve of 

absorbing components in a close-to-linear relationship. The peak values of the two curves occur 

at wavelengths that correspond to absorption bands in the sample (i.e., lower reflectance - Norris 

et al., 1976; Hruschka, 1990). 
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