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Abstract

The knowledge of adgiate nutritional requirements and health statukrgje free ranging
herbivores is limited, especially inthe West African regionMany studiesarefocused to South

Africa and diet quality and mineral status of herbivores in other regions are notgatebin

depth. Lack of these essential information lawening issugrimarily for endangered species.

The present dissertation theaimedto fill this gap byexpanding our understanding of et

guality and mineral status of large herbivores in Vidistan savanna ecosysteme®. in sem

arid and subthumid savannagyith special focus on the critically endangered Western Derby
eland (WDE).An integral partial aim was to explore tfiexibility and clarify the positiof
Common eland regardirits classificationasi mi xed f eeder o feeding tyyg
introduced into the community of large herbivores in two wildlife reserveSeanegal,
regardless its South African origifio determine mineral status and diet quakigmples of

blood seum, faeces and hair were collected from Western Derby eland frorasemind sub

humid areasTo test whether the flexibility of Common elatzdbrowse vs. grass diet is linked

t o a -téycpaetét | oert yap efidmofoosree st o mac h p hmyeaniraehntorgy by
time of different digesta phases in a standard experiment on a Common eland breeding farm
was doneFaecal samplder diet quality determinatiowere collecte@ltogethefrom buffalo,

zebra, common eland, roan antelope and Wester Desibg @easonatiata collection) from

the same senrarid and sudhumid areas.

Mineral status of Western Derby eland was determinaitly from the blood serum sintieere

was not found anyorrelation betweemineral concentration in hair and faecal samples
Therefore, analysis of faeces and fur cannot stand alone for the assessment of the mineral status
and the determination minemficiencies but may serve as useful supporting evid@&iced

mineral profile of Western Derby eland wilereforecomparedo other Tragelaphineae and
appeaed lower in almost all elements, which may reflect most likely the limited mineral
background irthe local environment. Neverthelesssted individuals of WDHElid not show

clinical problems, which may baue todietary a@ptation of WDE to such mineral limited
environmentCo mmon el and was, based on resul-ts of
typ e Bnalysis of mineral concentrations and diet quality indicators (ADF, NDF, lignin,
cellulose, hemicellulose, nitrogen) fmofaeces of five herbivore species in two localities
provided information about herbivores adaptation to sami and sudhumid eavironment.

Mixed feeders and grazers maintained the quality of their diet in most of the principal
parameters, especially the content of nitrogen and fibres, regardless the savanna ecosystem
type, while browser showed significantly lower nitrogen amotef in the semarid
environment in comparison to the skhbmid one.The diet quality indicated by the
concentration of nitblgen was higher in Derby and common elands in comparison to zebra and
buffaloes at both sites. Despite the fact that all spec@stamned their diet quality above level

of deficiency, semarid conditions required feeding behaviour adaptation of alispecross
feeding typesFrom conservation perspective, all feeding guilds may become threatened by
changing ecosystems, evenedich one by different way, if they are forced to change food
resources, and a conservatom | ent-edr ateexg y & shbutdrbe sopceived ®
address these threats, including the strengthening the ecological connectivity in savanna
landscapes.
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1. Introduction

To protect nature and endangered species of mamaomadservationists have to work with
actual and accurate information and ddtae scientific knowledge o wildlife nutrition and
mineral stata has a lot of gaps. Reference values of mineral concentrations for many selected
species are completely missingspecially forspecies inhabitingegion of West Africa.
Situation of trace minerals is even wqraed beside nutrition of livestock for pnaction, trace
elements do not have a lot of scientific attentidespite they are involved in many essential
metadolic, physiological, and reproduction processes, thus in fitrdsat is why, mineral
status determination becomes very import&ot. somespecies, mostly domestidyere are
known limits of mineral status evaluation from blood serum, hair and faecegvdr, authors

differ in their opinion in using different samples at different species ([@upaszek &

Ko p c zy (EsSkast 1280; Herdt &off 2011).Consequently, assessment of mineral status
determination means in term of efficiency, accuracy, amlability in concrete species and
environment is essentidllaintenance of certain mineral levels in animal bodies depend on
concentration®f these minerals in the environment where animal lives and feeds. Therefore,
forage quality is essential for méaming animals in good health condition when they can also
reproduce it means overall fitness of the individuaHowever, forage quality @nquantity
changes with changing bioméddrtens et al. 2020Recent metanalyses have already shown

s p e ¢ inge shifts be@ause of climate change during the last century for both animal and plant
taxa (Parmesa& Yohe 2003; Root et al. 2003). Thoseifth are going to continue also on
levels of ecosystems and biomes (Engelbrecht & Engelbrecht 2016). The influence of changing
climate, especially rainfall conditions, on mammal distributions and abundances has been
widely documented in Africa (OweB8mith 1990; Mills et al. 1995; OweBmith & Ogutu

2003, Martens et al. 2020). For instance, in the Kruger Park in South Africa, almost all of the
ungulate species seem extremely sensitive to lack of rainfall during the dry,se&sth is
projected to be exadmated into the future (Hulme et al. 2001). Dry season rainfall may be
directly important by influencing the retention of some green forage during this critical period
when malnutrition takes hold (OwSmith & Ogutu 2003)Another aspect of global climate
change is warming, which has impact on temperatures around the workpegitically,
African continent is warmer than it was 100 year ago (Hulme et al. 200this perspective,

the global climate change processelichincreasancidenceand severityof droughts(Lyon
2004;Knapp et al. 20083ignificantlyimpact the African savanna ecosystems, nanmeliyeir
vegetationstructureand fire regimes, hencén their overall ecological functionality and
availability of food resource$or herbivores (Hulmeet al. 2001;Thuiller et al. 2006) Under
droughts, grass biomass significantly declines, grasses belmymant and unavailable, while
adulttreesas primary resource for browsers semore variablen responsandmayretain a

certain level of availabily (Ryan et al. 2016Augustine2010;Walker et al. 198)( Altered

plant growth interacts with changes in fire regimes, and direct enhancement of tree seedling
growth rates under elevated €icreases the likelihoothat young trees survive fires. This
might lead to a positive feedback, where initial increase in woody vegetation supresses grasses,
thereby reduces fire activity, which in turn benefits woody plants (Midgley & Bond 2015).
Savannaand grasslandss opa biomes, are particularly vulnerabl® toiome changes. Woody



encroachment into grasslands and savannas in Africa is a major threat for their biodiversity
(Bond 2016) and change soil carbon storage, ground water recharge and grazing potential
(Stevens etla2017).

Such changes in environmeobnditions activate behaviours that secure the resilience of
herbivores communities across feeding guilds. Mixed feeders cope with drought by widening
their diet breath and eating more browse, whereas gtarer o shift their range of distribution

by tracking movingclimate zones (Parmesan & Yohe 2003; Root e2@0.3) and migrate to

less severely affected areas (Abraham eP@l9; Staver 2(8). Migration to more suitable

areas is constrained strongly byman settlements, agricultural fields, roafis)ces etc.
Thereby, animals may also be forced to stay where they are and use a delimited space only, for
instance within protected areas. The competition for changing resources may become critical
and may lad topopulation declines and extinctiomsugustine 2010Thuiller 2006;Craigie et

al. 2010).Let us note at this point that most of findings related to African wildlife ecology,
management, and conservation are dominated by experience from southsautaedstern

parts of Africa Bauer et al. 20@), while West African region has started relatively recently to

fill these gapsand the present dissertation thesis is part of that. We expect the present
dissertation thesis to provide a part of missing mfation critical for the conservation of
mammaian herbivores in face of potential habitat changes resulting from global climate change
in the West Africa.For instance,aan antelope interactions with and adaptations to the diverse
environmental conditions throughout its geographic range remainlylang&nown Most

studies have taken place in southern Africa, near the range limit for the species; few studies
have been conducted on the historically large Central and West AfricalapopsiHavemann

20149).

The conservation and managementofwildlifa t he resul tant 6i sl andd
of global warming is challenging due to the isolation and reduced size of the ecosystems and
hence the scale over which ecosystemsga®es can operate (Ogetual.2012)

2. Aims

The aim of the thesiwasto provide aninsight in the diet quality and mineral status of large
herbivores in West Africasavanna ecosystems with special focus on the critically endangered
Western Derbgland(abbreviate hereafter also as WHAH to reveal potentideficiengesin
mineral nutrition and/or quality of dieTo achieve tis aim, following objectives have been
formulated:

1) To evaluate the meams determinghe mineral statusn large herbivordodies taking
specifically Western Derby eland as a model spearesyder toidentify appropriate
methods with minimal effects dheanimals in the wild during any future conservation
action.This objective was dividenhto two parts: ato determinghe concentrations of
macro and selected microelements in the blooghsehair and faeces ¥¥YDEsbred in
the reserveso provide the baseline data for furtheanagement&andb) to explorethe
correlations amonthe conceantrations of elements in blood serum, hair and faeces.

2) To determine mineral status/profile of Westemrny eland through the mineral profiles
(Ca, P, Mg, Cu, Fe, Zn, Se, K, S) in blood seragoncompare them with available

2



3)

4)

reference values from closelglated(i.e. Eastern Derby/ Giant eland) and other large
herbivore species (e.gcommon eland kuddy, and to identify potential mineral
deficienciesif any, which might assist to interpretation of differences in reproduction in
two wildlife reserves

Toexpand our wunderstanding of the fl exibi
feeder 0 f essiftcationgas thiygpeziesavhsantroduced into the community of
large herbivores in two wildlife reserves in Senegal, regardless itk 8fican origin.
Specific objective was ttest whether thflexibility of Common eland to browse vs.
grass diets | i nk ed t-toy paer66 a a i tylpfraswmach physiology by
measuring the mean retention time of different digesta plasesandard experiment

on a Common eland breeding farm.

To evaluate the diet quality of five large herbivore speciesvonwildlife reserves
representing tw@est African savanna ecosystems, specifically in samdi Sahelian

and subhumid Sudandsuinean savannas, those as a proxy for a potential extreme shift
of habitats under changing climaM/e examined specifically wkiger herbivores of
different feeding guilds demonstrate distinct or the same diet quality inras&rand
subhumid savannaswhich implicitly differ in plant species composition and
abundance. Namely, we tested the differences in fibre fractions, maa
microelements among five large ungulates belonging to grazers, mixed feeders, and
browsers and then we compared their dietlity in these two savanna types in wet, dry,
and late dry seasons of the ydaegarding that both reserva$ood supplemenin the

late dry season, we expected therefore to depict the contribution of food supplement in
the overall quality of diet durg the period of most limited resources.



3. Review

In African savannagssuperabundance of green vegetation at one time of thechileages
sharply with the sparse dry remnaatdibrous plants inlater stagef dry seasonIn savanna
regions of Africa, this is representetbstly by the annual or twicannual alternation of wet
and dry seasonslerbivore populations are usually réaged by the amount of forage retained
in key resource areas providing adequate forage threlighperiod of plant dormancy
(Yoganand & OwerSmith 2014)Animals persist by responding to this variability in numerous
ways: adjusting what thesat the habiats they occup and when they reprodu¢@/atson &
OwenSmith 2002) The way how herbivorous spiesevolved unique feeding strategies to be
able tocoexisttogether areof high scientific interestThis review provides description and
explanation of thosteeding strategies arfdeding guilds. Basis of all feeding differentiation
among herbivorouspecies is a need to maintain certain level of nutrient intake. That is why
diet quality andforage quality are essential.

3.1 Diet quality

Diet quality is gquite complex indicator of animal nutrition. Food and its quality can be evaluated
from aspect of energy intake, mineral contamdfibre content. As well as from perspective of
animal need, what is high quality food for one species caridve quality diet for anotheone

and even it is specifiat individual level according to physiological statey lactating female

has higher requirements than nonlactating one.

Foods supply energy and essential nutrients in the form of protein,ingtaand minerals.
Essential nutrients include energy, minerals, vitamins, and amino acids, which are usually
considered under the general nitrogen requirement (as crude protein) because the rumen
bacteria are capable of synthesizing them.

Most common way fodiet quality ewaluation is nutritive value of fogdvhich explores food
contribution to the nutrient content of the diBiet quality depends on amount of essential
nutrients (protein, fat, carbohydrate, minerals, vitamins) which it contains (Van19&d3t

Nutritive value is conventionally classified into three general components: digestibdity
balance of matter lost in passage through the digestive tract, feed consumption, and energetic
efficiency. Vegetation quality is commonly expressed in terms of percedé @rotein (mg

g'Y), or nitrogen (mg'g) (Beeri et al. 2007).

3.2 Forage quality

Quiality of forages greatly influenced by the amount of dietary fibre (plant cell wall) it contains,
because the lignified part of fibre is indigestible. The primaaniptell wall is a complex

structure composed of lignin, cellulose nieellulose, pectin, structural and other proteins,
lignified nitrogenous substances, waxes, cutin, mineral components (Soest 1982), mixed

| i n k agweans, Cheteroglucans, glucuronanabiylans and heteroxylans. During the
maturation process of plant, sea dar y wal | deposition and | ign
the major polysaccharide deposited in the secondary wall (Cooper &-Smvegh 1985). As

maturation process reaches diffdrparts of plant body diversely, similarly different nutrients

vary intheir concentrations within plant tissues. The digestive release of all of the nutrients



contained within cells is constrained to some extent by their encapsulation within the cell walls
(complex polysaccharides, lignin etc.). A high proportion of cell e@mponents ultimately
control the food ingestion rate, and hence the rates of assimilation of all nutrients (Van Soest
1967).

The fibre component of grasses contains particularly high percentages of hemicellulose and
cellulose. Browse typically has agher lignin content but also contains rapidly fermentable
fibre such as pectins (Claus et al. 281@onsequently, grass has fundamentally different
fermentation characteristics than browse with a slower fermentation rate but potentially higher
total digestibility, which means that grass can profitably be retained in the fermentation
chamber longer than browse. Browse often contpliaist secondary metabolitéisat require
neutralization/detoxification. However, grasses are physically more demandingwiaiem
browse (Archer & Sanson 2002; Clauss et al. 2008; Kaiser et al. 2010).

The nutritional value of consumed herbage depends on the proportion of cell wall fibre relative
to cell contents and on the concentrations of protein, soluble carbohydratesarals in the

cell contents (Robbins 1998an Soest 1994). For grazers, nitrogen derived the breakdown of
plant protein can be especially limiting, both in relation to the protein requirements of the
herbivores and by restricting microbial fermentatiéthe cellulose content of plant cell walls
(OwenSmith 1982). On certain soil types, phosphorus (P) may also become a limiting nutrient
(Robbins 1993). Nutrient concentrations in plant tissues decline during the dry season as plants
become dormant andegen leaves become brown (Georgiadis & McNaughton 1990; Owen
Smith 2008). Hence, for large herbivores, the late dry season is typically the critical period for
survival.

3.3 Mineral status of animals

Mineral status of animal is concentration of minerathie body of the animal, which can be
measured by concentrations of mineral in the blood, faeces, hair, liver and other tissues (Kincaid
1999; Herdt et al. 2000; Mills 1987All animal and plant tisss contain widely varying
amounts and proportions ofimeral elementg-inite amounts of alnineralsvary for different
elements and speciaadcan therefore change with time amghusbandrchangeThe clinical

and pathologicahdbnormalities associated with most mineral imbalances are rarely specific and
often bear a clinical similarity to other nutritional disorders and parasitic or microbial infections
of the gut(Suttle 2010) Determination of mineral status serves as indicaigresence or
prevalence of nutrientleficienges (or toxicities) within goopulation (Kincaid 1999)The
biologic availability of dietary minerals is variable and difficult to predict because mineral
availability can be affected by mineral source, civaiform of the mineral and interactions
among dietary constituents (Herdtr8off 2011)

3.4 How to assesmineral status ofanimals

Evaluation of diet quality by chemical analysis of available standing forage plants is
complicated method since nutrient content differs not just on levels of plant species, but
particular parts oplant bodies differ in their nutrient content and minenailability as well
(Hanley 1982). Determination of diet quality by method of chemical analysis of forage plants
in condition of large open space of natural reserve and elusive animal SpemiFemely



difficult. Another limitation of plant mineral ahgsisis, that it is not sufficient indicator of diet
quality. Huge attention must be given to amitritional compounds or secondary plant
compounds like tannins, lignin, siliedac. which reducenutrient utilization or make them
completely unavailableotthe metabolism and may decrease food intake of plant foods. That is
why different methods of diet quality y&ato be involved Another indirect method of animal
mineral status determination is emgvestigation of soil mineral concentrations. Howeveanyn
factors can interrupt the flow of minefedm soilinto the animala) accessibilityi the potential
access of the plant mineral to the absorptive mudgsdysorbabilityi the potential trarfer of
absorbable mineral across the mucomggnt chemical form of the mineral to be able to absorb
c) retainability i the potential retention of the transferred minedjl;functionality i the
potential for incorporatin of retained mineral into functiahforms. The limited diagnostic
value of measures of soil and plant mineral status means that focus must be placed onlthe anima
(Suttle, 2010).

3.4.1 Faecal samples

Assessment of diet quality based on minerals inefsiscwidely used and studied in tes of
assisting in wunder st andi(Wrgnchaeh al 1997). €lsemicalu t r i t i
characteristics of faeces are related to the quality or quantity of ingested diets (Heleghek

1982). Researchers have used faecal nutrient levels for diffspecies e.g. elk (Lesli&

Starkey 1985), blackailed deer (Jenks et al. 1989); duiker, eland, hartebeest, mule deer,
Thomsonés gazelle (Robbins 1983).

Faecal endogenous losses ahmost entirely of salivary origin and thus related to dietary
intake.The faeces contain not only the undigested diet but also metabolic products including
bacteria and endogenous wastes from animal metabolism (Soest 1982).

The quantity of a mineral exeted in the faeces is the sum of the unavailable dietary mineral,
available but unabsorbed dietary mineral and endogenous mineral. The dietary mineral
available for absorption is the amount released during the processes of digestion and appears to
be in the same pool as the endogenous mineral at the absorptive sites istthéngestinal

tract Primary Industries Standing Committ2@07).

3.4.2 Blood samples

Blood measures are frequently used in assessment of animal response because they are
significantly correlated to nutritional status of some trace elements such, &oCGund Zn
(Levander 1986; Mills 1987, Herdt et al. 200@nalysis of bloodcalcium concentration,
however, is generally an ineffective means of assessing calcium status, probably because of the
sensitive homeostatic mechanism for regulation of blootiural concentration and the large

store of calcium in bone. Blood serum phogpisacconcentration is a good tool for nutritional
monitoring, although there are several confounding variables that must be considered. The
characteristics of magnesium metabolistake serum magnesium concentration a relatively
good indicator of nutritionadtatus(Herdt et al. 2000)

Blood is less invasive to sample than liver or other internal tidsuigs is subject of many
limitations and results must be interpreted witlred&terdt& Hoff 2011).Whole blood, serum,

and plasma are widely sampled, aetdum is usually chosen for analytical analysis because it

is easy to obtain and it avoids possible analytical complications of adding an anticoagulant (as
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to the plasma) and g#g a more stable form for transportation as long as it is free of products
of hemolysis.However, bobod sample collection requires training to prevent hemolysis and
contamination of plasma/serum and sample storage outside the laboratory may be problematic
(Sach et al. 2020Results for plasma and serum have been assumed to laetbebait serum
invariably contains less copper than plasma (La&ehivesey 2006). Results for serum or
plasma samples generally reflect the mineral status of the transpoxffbel element, and

low values indicate onset of the deficiency. Blood minkratl often does not correspond to
their contents in the whole body, because the composition of plasma results from
supplementation of deficiencies by different homeostatic am@sms(Bland 1984).Those
homeostatic mechanisms controlneral concentratias in the body, even when intake is
insufficient Kincaid 1999. And fluctuation in dietary intake may affect plasma mineral levels
too slowly or too rapidly to demonstrate trugritional status in the animatérdt et al. 2000

Mills 1987). Homeostatic control mechanisms can limit changes in concentrations of some trace
minerals in plasma until endogenous reserves are substantially depleted (MillerCi®es).
factors than nuition and homeostatic forces are known to affect serum mineralsleas
physiological state (pregnancy, lactation, etc.), inflammation etc. may influence serum trace
mineral concentrations (Herdt Hoff 2011). Moreover, the bloodnineral concentrationd
relatively low and depends on the current diet, thus the diigvatue of the analytical results

may be fairly smalBland 1984) During periods of inadequate dietary intake depletion of
storage pools and transport forms of trace elements occue lleéodevelopment of measurable
dysfunction and/or disease. Funtivre, some elements dothave recognizable storage pool

and for several minerals the transport and functional pools o&ilgpl.)

100 Storage Transport

\ \ Functlon

Marginal supply

Mutrient pool

Depletion Deficiency Drysfunction Disease

Time

Fig. 1. Schema of pathophysiological changemineraldeprivedlivestock There are four
possible phasebgginning with depletion and ending with disease, related to changes in body
pools of mineral that serve storage (#wgr), transport (e.g. plasma) or functional (e.g. muscle
enzyme) purposed.here is usually a zone of margiraaka(shadd) where stoes are all but
exhausted and minerdependent functions begin to fail, but the animehains outwardly
healthy (upper limit on the y axis represents maxinsumormalattainable pool size§ o wer: ¢
Underwood& Suttle1999.



3.4.3 Hair samples

Usage ofanimal hair as indicator of animal mineral status is still question of scientific debate.
Beside fact thathiere are very limited data on the elemental composition of wild animal fur
(Dlugaszek& Kopcz y Es ki 2014) , sui tabil i tiogofmiherasuch n
levels in animal body is controversial. Some authors (Dlugagzeko pc zy Es K i 20:
Passwate& Cranton 1983Bland 1984 assune that the fur of wild animals can provide an
information on the bioavailability of elements and environmental exposure and camasiices

useful biomarker in animals and environmental studi#kile others (Combs et al. 1982,

Combs 198; Fisher et al. 185) consider hair analyses as not precise indicattimeomineral

status of animals. And recommend its applicaBsrsupportive mean faletecion of severe
deficiencies of some required minerals or exposure to some heavy e arearguments

for both groups of scientists. Advantages of hair anagygisa) thahair samples reflect longer

term patterns of dietary intake, over weeks or mon8oiiheimer et al. 2003&nd hair

collection is less invasive than ferg. blood samplesb) animal and humarhair is a stable,
biologically and chemically iraive tissue made up froma protein (keratinand significant

amounts of syghur amino acids. Sulfhydryl groups of these comqutsubind metals, including

toxic elementCombs 198Y. During formation of hair, it is exposed to circulating blood,

lymph andextracellular fluid. As the hair approaches the skin surface, it is removed from sites

of metabolic activity and undergoes keneation (Hinners et al. 1974; Hopps 19/7@)mineral
concentrations in hair reflect dietary intake of these minerals (Mitlat. 1966; Miller 1970;

Anke 1996)

Disadvantages of hair analysis are:l& tontent of elements in fur can be affected by such

factors aspecies, seasosex, age, colar, diet and health state and the environment in which

animal exist (Combs 198Wren 1986)b) the concentration of elements in animal hair is often

much highe than found in body fluids and some tissues (Dlugagzé&ko p ¢ z y Es; k)i 2014
there is effect of body location on mineral content of hair. That may be due to differences in
suiface contamination (faeces, sweat, feed, airborne matters), differencesgrohdir cycles

and texture of the hair; d) concentrations of minerals in hair are not affected by dietary intake

of these minerals (Combs et al. 1982).

3.5 Feeding types

Herbivorous mammals are sensitive to the quality and quantity of tbeige and show
different dietary specializations (Janis et al. 208{@rbivores in general araorphologically
classified as foregut fermenters (primary fermentation chamber proxitha sonall intestine)

and hindgut fermenters (primary fermentatioarcer distal to the small intestine) (Clauss et
al. 2010a)That classification is based on two rules: 1) fermentative digestion of fibre requires
more time than fermentative digestion e&sily digestible substrate) auteenzymatic
digestion of easilydigestible substrates is energetically more efficient than fermentative
digestion of these substrates: hindgut fermenters can pursue both strategies, either high
intake/lowefficiency or bw-intake/highefficiency. Nonrruminant foregut fermenters,
however,cannot adopt the higimtake/lowefficiency strategy, because they lose the easily
digestible nutrients to the foregut microflora but would not achieve thorough fibre fermentation,
havingonly the disadvantages of both ways (Clauss et al. 2008).
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Foregutfermenters subsequently divide to ruminants and-roamnant. The selection of
natural diet of herbivores can be described in botanical terms (browser/grazer) or in terms of
diet quality 6elective/unselective) (Clauss et al. 2010a)

There arewo main groupsalong a feeding type continuurgrazers and browser&razers

mainly eat_ = 9 O foliage of monocotyledons (such as grasmes sedggswhereas
browsers mainly eat the foliage of digledons g$hrubs forbs andvoody plants)and portion

of consumd grass is _<10%d( Toit & OIff 2014. Woody food plants have a iy of
physical and chemical defences against herbivory, towards which grasses are comparatively
tolerant (Gordon& Prins 208). Some mammglsuch as bovids, cervids and rhinos are
represated in both groups, and some such as equids (grazers) and giraffids (browsers) are
exclusive to eitherongroup Some species known as fAmi xed f ¢
mainly grazingwhen green grass is available and browsing when the grass turns brown or
disappeam the winter or dry season. The numerous large herbivore species that are specialized
for either grazing or browsing represent two groups recognized as being behaviandally
functionally distinct within their ecosystemSdrdon & Prins 2008 The digestion of fibre by
ruminants is constrained by two factors: (i) the efficiency of the ruminal iiiodigestion fibre;

(ii) the time that the fibre is exposed to the chemaxdion of the ruminal flora (Van Soest
199).

First groundbreakingclassification of herbivores was done Bpfmann (1973,1989)vho
classified herbivorous mammals into thregjonalasses based on their feeding preferences
(Table 1.)

Table 1.: Feeding strategies of herbivores

Class Ruminants Nonruminants
Concentrate selectors
Fruit and foliage selectors Duikers Rabbits
. Sumatran  and blac
Tree and shrub browsers Deer,giraffes, kudus :
Rhinoceros

Intermediate feeders
Prefer forbs or towsing Moose, goats, elands
Prefer grass Sheep, impalas

Bulk and roughage eaters

Buffaloes, cattle, kobs
oribis

Roughage grazers Harebeests, topis Horses, elephants, zebras
Oryxes, camels, roa
antelope, sable antelope
Source: Adapted and extended fromfidann 1973, 1989; Hansen et H985.

Fresh grass grazers Hippopotamus

Dry regiongrazers Kangaroos

Hofmann (1973,198%asedhis classificatioron morphological differences. However, there

are several limitatonsfo Hof mannds approach. Hof mann (197
body weights for most individuals and gave just data fronhtdrature, furthermore he did not

provide a scheme by which the classification of a ruminant species into a feeding typescould b
deduced from the recorded data Al s o, Hof mannds classificati:
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statistical analyses that correlaterphometric data with feeding type (Clauss et al. 2003).
Many authors(Gordon & lllius 1996; Robbins et al. 1995; Clauss et28l03) disproved
Hofmanndos <c¢cl| assi f i cfiadingscand thatmsdvhylhis thesig \widllowrthese

recent classicaions (Clauss et al. 2003; Clauss et al. 2810

Clauss et al. (2001) observed that that the rumen contents ofrariggegbrowsers were not
stratified in contrast to grazers rumen conte(@auss & LechnerDoll 2001). Such
stratification in rumen is caused by tendency of grass to fractionate into longistikigbre
particles that form a fibrous raft. Browsers have smallarens and are therefore not capable

to handle longish, fibréike particles sch as grass or lucerne. Due to the potentially faster
passage from the reticulorumen, browsers absorb more nutrients from the small intestine that
are, in grazers, fermented imetreticulorumen (Rowebbcltfer et al. 2001)The presence or
absence of stitified reticulorumen contents is decisive for the evolutionary adaptation of
ruminant feeding types to their forages. Browsers, who rarely in nature face a situation where
theirreticulorumen contents stratify, did not need to evolve a particularly stetinglorumen
muscles, whereas intermediate feeder and grazers, who have to deal with stratified contents and
the fibrous raft, needed stronger reticulorumen walls (Clauss28tQ8).The tendency of grass

to form a fibrous raft, and thus have longertioke retention and more thorough fibre
fermentation, allows grazers to rely nearly exclusively on reticulorumen fermentation for their
energy requirements. On the other hasrdysers cannot meet their energy requirements only
from reticulorumen fermenti@n and therefore have to rely on additional strategies (Prins et al.
1984 Gordoné& lllius 1994) like compensatory hiigut fermentation (Hofmann 198Brins&

Kreulen 1991), andigestion of nutrients directly in the small intestine (Rovi&at?fer et al

2001).

Freeranging browsers avoid, on average, grasses to a much higher degree than grazers avoid
browsenot only for its different digestion mechanisms but also for physhaaiacteristics of

grass. Athoughgrazersare limited in their ability to cope with the allelochemicals in browse
(OwenSmith 1982, 1997)there is no mechanical problem for its gut in processing browse
material; bufor browsers to process grafisere igClauss et al. 2003)

And therefore Class et al. (2008) came up with new classificationvidfl ruminant feeding

types and changed classification of Hofmann (1973, 1988) ruminantscan be divided to
fimoose typefi rumi nant i\ thd nwmen bnd are mastly eestrtedrta t i f i
br owse ni chtey)p eafin dr vAnciantatnites (wi th high degree
and fuid layers in rumen and are more flexible as intermediate feeders and dcémess)et

al. (2008)ii Mo etype 0 r umi nant s can -ghrea zzeéhras ,a cvirtew pi eseesd fa
might add varying proportions of browse to their natural diet of grass (Clauss et al. 2003).
Feeding types of herbivoroystrict browsers and strict grazemslammals evolved from
ancestral intermediatetype ruminans (Codronet al. 2008; DeMiguel et a2008). According
that, we consypeo &haédt yfipheeoo Bbeocattht laes extr emes
ruminant digestion types.

Classification of herbivores feeding type stbnbt be taken as strict boundaries with no chance

to incorporate other feeding stuff into animal diet. Feeding type categories are more as
continuum(Gagnon & Chew 2000s demonstrated in study of Claussle(201®) on free

ranging muskoxenCvibos mgchatu¥ where captive animals performed different feeding
behaviour than freeanging ones. Muskoxen are classified as grazers (Hofmann 2000; Clauss
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et al. 2006), however population of muskoxen in CanadianicAhad to be considered as
intermeliate feedes (Clauss et al. 2010b)

3.7 Herbivorous species

The African savannas support high species richness and biomass of mammalian herbivores
(Prins & OIff 1998; Olff et al. 2002 Assemblages of large mammalierbivores share limited
resources (& spae and forage) and niche partitioning facilitate their coexistence (Kartzinel et

al. 2015).Resource partitioning is defined as the differential use of resources such as food and
space (Begomet al. 1990) Among native herbivores, overlap in resource usetsexpected

based on evolutionary segregation. In a native assemblage to which an exotic species has been
introduced, however, overlap in resource use can occur undedifutetl conditims and
consequently implies competition (Voeten & Prins 19€%)npetition is considered to be the
major selective force causing this differential use of resources, although processes like
predation or different responses of species to environmental gigdiay also lead to resource
partitioning (Schoener 1986Feverd complementary mechanisms have been identified,
including differential consumption of grasses versus nongrasses and spatiotemporal
stratification in use of different parts of the same plahus,herbivorescan achieve dietary
separation along a spectrdram pure grazers to pure browsé@srtzinel et al. 2015)n other

words grazing succession involves herbivores of different size feeding in the same sward at
different times, whereas ibrowsing stratification the differerstized herbivores feed at
different heights at the sartiene (Farnsworth et al. 2008u Toit & OIff 2014).

A second set of insights liskdietary niche structure to body size, morphology, and digestive
strategy (i.e., ruminant vs. nonruminant). The JairBafll Principle holds thatarger species

and hindgufermenting nonruminants subsist on larger quantities of lower quality forage than
do smaller species and ruminantdgynhans et al. 2031du Toit & OIff 2014;Arsenault &
OwenSmith 2008) A further complication of using body ®zalone to predict resource
partitioning is that resources within and ecosystem are not static but varypbttilys and
temporally.Grass and browse plant spe@asompass enormous taxonomic, phylogenetic, and
trait diversity, yet few studies have ewated resource partitioning at the plapecies level
(Kleynhanset al. 2011; de longh et al. 201habitat choice (Jarmalia Sinclair 1979); selection

for plant heighArsenault& OwenSmith 2008) and plant part or growth stéilgleirray & lllius

1996.

For large grazers such as wildebeest, zebra and cattle, the grass layer does not eassist of
distinguishablatems and selection for individual grass leaves is difficult. However, grass has
several characteristics related to quantity (such as biocamalsgrass height) and quality (such

as mineral concentrations and digestibility) for whiahge grazers can select (Prins 1996,

He i t k& OwergSmith 1998).Differences in digestive system and forage selection and
differences in the morphology oftheama | 6 s mout h wi | | afProblent f eed
may occuy whenspecieqgrazer)of similar body weightand sizeinhabit same aredecause
differences in feeding site selection related to allometric relationship are not exjvaxtéezh

& Prins 199; Kartzinel et al. 2016 That is why five large herbivore species with conapée

weights across feeding type spectrum were investigated. Each species is shortly described in
following chapters in term of its feeding strategy and feeding habits.
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3.7.1Western Derby eland(Taurotragus derbianus derbianys

Our study wasconducted on the Western Derby elgii@urotragus derbianus derbianys

which is a critically endangered antelgpe CN 2017)with the current distribution restricted

only to the NiokoloKoba National Park (wild population) and two wildlife reserves hgsiin

small managed population for conservation breeding purposes in Senegal

The Western Derby eland (WDE) is a large WaBtcan savannaidwelling antelope with

fewer than 200 remainingndividuals in their last refuge in Senegal. Apart from the wild
population in the Niokolo Koba National Park, there is a small semi captive populatemd

100 individuals) heldn the Bandia and the Fathala wildlife reseras9art of a conservation
breedi ng pr ogreaam29t7). (WBH isabblsenargdisersediet composes
mainly of | eaves, shoots of woody plants anc
diet in the wild, while in the Bandia reserve it represents 77.5% ofvdiete, because of
supplementy feeding byAcacia albidapods, groundnut hay, and livestock feed. Animals in

the Bandia reserve are fedgularly and in larger amount®mpared to the Fathala reserve

( Hej c mat al.800®.Despite WDE's browsing feedjrstrategy, animals usually ltarct

dry, senescent leaves dérminaliaspp. from the groundOther plant species preferentially
selected by WDEs in their diet do not stand
et al. 2019).

i

i w7 i N ; %,
Fig. 2: Western Dday elan

ianu®hot o by LudbDk Lul

i) 3% du

d(Téurdt;agus derbianus derb

3.7.2Roan antelope Hippotragus equinu¥

Roan antelope are most abundant in moist or dystrophic (dark gray) savannas where soils are
predominantly infertile. They prefer lightly woodsavannah with open areas and avoid closed

canqgy woodland (Schuette et 4998; Martin 2003). It is able to tolerate lmmality food and

use plant parts not used by othaniun ant s ( He i-$nkt®1998)dRoa& antelope is
considered as mixei@ede (Schuette et al. 1998ery 2016) with wide range of distribution

in Africa and different foraging strategies through the continégegetation preference of roan

antelope are influenced by local conditions as topography, vegetation type, water layailabi

and the presence of competitors (Havemagm4).St r uct ur e of roan ant e
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diverse thatGagnon and Chew (2000) classifitdas variable feederExample of roan

antel opeds wi deMatin (@d03) slgntdied roanuantelopes highty setective

feeders, with two or tlee grass species in their diet in Namilvidile Tyowuaet al. (2013)

recorded 26 grass species and 19 species of woody plants consumed by roan antelopes in
Nigeria. Schuette et al. (1998) observed roan antelopes in Burkina Faso, which were able to
switchfrom strict grazing (>95% grass) strategy to mixed ifegp(<50% grass) strate@y case

of low quality of grazingforageand Sout h African popul ations W
and OwerSmith (1998) as pure grazers, with no browsing during any sed®oan antelope

are considered to be delicate feedetitising the higher grass parts from 15 to 150 cm above

ground. Thereforethey are sensitive to habitat changes caused by natural distuidnashce
anthropogenic disturban¢®lartin 2003).

-

G}

F‘|g.3: Roan antelopgHippotragus equingsP h ot o blyu IL2ukd.D k

3.7.3 African buffalo ( Syncerus caffey

African buffalo isgrazing ruminantependent on wateand it is considered as bulky feeder
which prefers green grasses even when they are fibrous (Mugoshi2914). Biffalo select

grass speciadifferent from grasses preferred by other ungulates (Sinclair 1977) and avoid grass
species high in secondary plant compounds (G8mith 198B2). It's feeding habit appear to

vary in different environment¥ariability of feeding habit of buffalos goes beybbeing just

a grazer. According to GagnamdChew (2000) buffalo belongs to variable graZé 90%

of their diet consist of monocots, but with seasonal and geographic variability) with 0 % of
fruit, 22.5 % ofdicots and 77.5 % of monocots in its didgbwever, population of buffatoin
Tanzania (Beekman 1989) consumed only 5% broMsgoshi et al. (2014) recognised 42
grass species in buffalo diet and observed that buffaloes spend 20% of feeding time browsing.
Macandza et al. (2004) however, did nbserved any browsing at buffaloes nor in dry season.
Animals rather selected different plant species, than start to brBuf$alo prefers green leaf,
while browsing and new growth after fire help compensaté&low nutritive value of pasture
during te dry seasoragnon & Chew 2000
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"Photo by LudBDk Lul 2Kk

b S A Al et s s
Fig. 4: African buffalo Syncerus caffér

374Bur c h el | Egwus quagbarbarchéll)i

Plains zebra ianon-selective grazing hirdut fermenter@uncan et al1990; Hack et ak002

andit is pure grazer, consuming 100% of grass (Mandlate et al. Z0di®a £ed on taller

grass and Mandlate et al(2019) recorded 24 plant species in diet of plains zebra in
Mozambique. Thereforeebra isstrongl associated witlgrasslands and savanna woodlands.
Zebra can s hindgut fermenter consume poor quality grass andbig to occupy a more
extensive geographical range, a larger variety of habitats, and reach higher densities in some of
the poorest grasshds than most ogh ruminants. Plains zebusuallymove into a grassland

ahead of other grazers and, by removing the older growth layer of lignified stems, sheaths, and
seed heads, open it up to grazing by the reelective ruminants (Hack et 2002)

Fig.5:Bur c h el IEQuas quzaggh buechelii. Photo by LudbDk Lul 2 k.
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3.7.5Common eland {[Taurotragus oryy

Common eland is a specwgh questionabléeeding type determinatiorlofmann and Stewart

(1972 characterizeccommon elandas a selective mixed feeder inhabiting savannapen

woodland orgrassland plainsGagnon andChew (2000) characterizecbmmon eland as
browsergrazer intermediate (300% monocots and dicots but always less than 20% fruits).
Contrarily Lamprey (1963) observembmmon eland grazg from 70% in Tanzania. Common

eland waoften observed to graze mainly during wet season when the grass is youngesnd gr

(Buys 1990 Watson & OwerSmith 2000. However, this is not the rule for whole range of
distribution, e.g. in Sath AfricaPosselt (1963and van Zyl (1965) observed almostgrazing

at common eland during wet seasBmilarly, other studies state common elan@iasost pure

browser (e.gSponheimer et &003;Wallington et al. 2007Parrini et al.2019).There is no

cl ear reason for t he wietathough graziagappedso beimore c 0 mmo
pronounced in East African populations (Gagnon & Chew 28p0nheimer et ak003

Usual trees and s hr ubAsaciaspp, Combretuospp, @mmiphdrd s di e
spp.andDiospyrosspp and grasses incledetariaspp.andThemedapp (Hillman 1979.

S S

Fig. 6: Como eiandl’(aturotragus oryx . ._ 'FV>}h ot o_ by LudBRk Lul 2Kk.

3.8 Study site

Our research was conductedsiavannarea of West Africg particularly in Senegal, where
scientific knowledge about mindrstatus and diet quality of herbivores is scaBeside that,
Senegal imlsohomeof critically endangered western subspecies of Derby eleanat ¢tragus
derbianus derbianysandinvestigation of these unique species led usvtowildlife reserves
descibed below(Fig.7).
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3.8.1The Bandia reserve

The Bandia reserve was establisired990 for protecting natural vegetation and animals were

placed gradually lateThe reserve hosts large herbivores, native to Senegal such as African
buffalo (Syncerusaffer brachyceros defassa waterbuck@bus ellipsiprymnus defagsaoan
antelope Kippotragus equinus kobaand Western Derby elandgurotragus derbianus
derbianug, and nomative species which have been introduced from South Africa such as
giraffe (Giraffa camelopardalis giraffg greater kudu Tragelaphus strepsicerysimpala
(Aepyceros melampyscommon eland Tragelaphus oryx oryx B u r ¢ hzebrd Hysus

guagga burchelliand white rhinoCeratotherium simum simyr¢for more details see Chapter

3.7). In these days reserve works with enclosed breeding facility fax EmgnmalsThe Bandia
reserve is located 65 keastfrom Dakar(Fig. 7)andit is part of large natuneeserve CF Bandia

(classt i ed f orest)

0HeanccitmareaasvpS8p reotx i arla.t el y
environment haSahelSudaneseharacteristics with rainy season from July to October and dry

season which starts in November and ends in April. The annual average of preciigiG&i@n

742.4 mm. The temperature refleste as on s
raiseupt o 30 eC in hot rai

and

ny
Balanites aegyptiacavhich dominate in the reser¢eH e | ¢ ma n 20408

average i s
s e as oAcaciagpp. arsle
et al

— i
DERBY ELAND POPULATIONS IN SENEGAL

Senegal

Kaolack

NIOKOLO KOBA |
NATIONAL' PARK

KIFFA®

Mauritania

Tambacounda

Guinea-Bissau C>

© Derbianus Conservation

Guinea

Fig. 7: Map of location ofwo wildlife reserves in Senegal (Bandia reserve, Fatieslerve)

Source: Derbianus Conservation 2020

3.8.2The Fathala reserve

25

3500

e C
n

co

The Fathala resenis enclosed area established for protection of the thick tree savannah with
the faunalt is located 25&m southward from DakgFig. 7)and it occupies area of 6000 ha

from O6For et de Fathal ao

n t he TheFaha liesih

the sudaneguinean savannaith annual average of precipitations 839 nirhe rainy season
comesdn July and ends in October aingtdryseasomccurs from November to May. Maximum
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temperatures can reach up toat3dr € iedEnhudyd M@y
(Nege-HEpufano095) etFaalhal aés environnkeagia supp
spp.,Combretaceaéamily trees, andanielia oliveri( He j ¢ man20¥0%3 et al

There are native herbivores such as bushbuEkagelaphus scriptys and warthog
(Phacochoerus africanlisand several introduced wildlife species from Senegal, such as
African buffalo, defassa waterbuck, roan antelope, Western Derby eland, amtiven

species from South Africa, such as giraffe, t@hhino, zebra, and common elaffidr more

details see Chapter 3.7)
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4. Minerals in the blood, hair, and faeces of therdically endangered
Western Derby eland under human care in two wildlifereserves in
Senegal

Adopted fromSt okl asov 8 L, V8§.1261D. Minera)s inkhe plabdnhair,and8 P
faeces of the critically endangered Western Derby eland under huneamdavo wildlife
reserves in Senegal. Biological Trace Element Rese&@&105109.

Lucie Stoklasovs8 partici paperoanedanalyesadhiopd es c ol
serum (P, Ca, Mg) otineIDEXX VetTest Chemistry Analyzer ithe Animal Sciene

laboratoryat the Department of Animal Science and Food Processing, Faculty of Tropical
AgriSciencesCzech University of Life Sciencéaraguerun statistical analyses of the data

and wrote substantial part of the text

18



Introduction

Minerals are involed in many phsgiological processethus knowledge of their concentrations

to assess and detect potential deficien@esucial before clinical signs appedihe main
means foinvestigatinganimal mineraprofilesareblood serum, plasmand/orinterral organ
tissues. Such samples are, however, scarcely accessible in somebeasese they require
handled, immobilized or dead animarhisfactorbecomes a key obstacledallecting samples
from wild, i.e., freeranging, elusive or endangered specidwrefae, norinvasive methods

for mineral status assessment are sought. Onenvasivemethodis the analysis of animal
hair. Fur is a suitable materitiat has been used mostly for the evaluation of diet quality
through carbon and nitrogen isotofgesy, Sponheimer et ak003), butdata on the elemental
composition of wildanimalhair are rareA hair analysis is considered a useful biomarker in
animal studies which may infer about the bioavailability of elements aaobut the
environmental expose of animals(Gabryszuk et al. 2010). The content of elements in fur can
additionally be affected bis location onthe body of theanimal,the colour ofthe hair, a the
environment in whichthe animal lives and wHhaits hair is exposed to (Comi$€82). The
concentration of elements in animal hair is often much higher than that found in body fluids
andothertissues, and trace elemematscumulaten hair at concentteons that are at least 10
times higher than those presanblood serum and urine (Mand978).

Another noninvasive way toobtain information abouthe mineral status of the animais
faeces, which have been commonly used to assess animal nutritidectmtes (Emmei
Grindley 1909; Stapelberg et 2008). Nutrients present in high orriable concentrations in
faeces of animals indicate that they are also present in adequate or excessive amounts in their
diet. In addition nutrients present in low dfor norvariable concentrations in faeces are most
likely present in minimal or inadeate concentrations in the dig$tudier et al1994).

Our study was conducted on the Western Derby el@iadrftragus derbianus derbianus
WDE), which isa critically endangered antelope withcurrent distribution restricted only to
the Niokolo KobaNatioral Park (wild population) and two wildlife reserves hosting a small
managed population for conservation breeding purposes in Senegal (IUCN 2017).tibaie to
rarity of the speciesminimal handling and disturbances are requir@the aim of our
investigation was therefore 1) to determingme concentrations of macro and selected
microelements in the blood serum, hair and faec&8@Esbred in the reservee provide he
baseline data for furthemanagementand 2) to explorethe correlations amonghe
concentations of elements in blood serum, hair and faeces. The ultimate aim of the study was
to evaluate the mearts determinethe WD E snéneral status in order to us@paopriate
methods with minimal effects dheanimals in the wild during any future conserea action.

Materials and methods

Research site

Our study was conducted in two wildlife reserves where conservatagrammehas been
conducted since 200the Bandia reserve located 65 km sanftbakar in the Saheébudarse
savannah ( He 20&0mnanchtbevF8thala teservd, located 25@aunth ofDakar in

the Sudandgsuinean savarmh ( Ne dHe i kc ana & o \2@05) dBoth resérves have
seasonal dry and welimateswith anannual rainfall of approx. 350 mm (Bandia reserve) and
800 mm (Fathal reserve), respectively.

19



Samplecollection and processing

Blood, hair andaecalsamples from 1¥ounganimals (6 males and 5 femald@sble2) were
collected during the translocations for breeding management purpo#esdry season in
March 2017 Theblood samples were takémom thevena saphena lateralia the morning by
aveterinarian from immobilied animals before the application of the antidote (approx 2056

min after darting the animalfhe samples were manually centrifuged after 1 h oflisgt, and

the clear serum was placed in a deep fre@zez.mneral concentrations in the samples were
examined at the State Veterinary Institute in Prague 16afsrsampling. The concentrations

of P, Ca, and Mg were determined by an IDEXX VetTest niibey Analyzer, the
concentrations of S, Se, Fe, Zn were determined by afOIERS ( Ther mo CBR I ent i |
6000 Series, Thermo Fisher Scientific), the concentration of K was determined bifafwes
(AA240, Varian), and the concentration of Cu was detegthioy GFAAS (Spectra AA220Z,
Varian) with a Zeeman correction.

The hair samples were collected from tm&ane and the tail during immobilization. Haivere

cut by stainless steel scissors as close to the skin as po$sibleaeces were taken straight
from the rectum of the immobilized animal and drad site The hair andfaecalsample
analyses wereondictedas follows: concentrations of K, Fe, Zn, S, Cu, Se, P, Ca, Mg were
tested by ICROES (RIS Intrepid Il XSP Duo, THERMO Elemental, USAAnd Se was
analysed byhe AAS technique.

The orrelations of mineral concentrations amaémgdifferent types of sampleise., hair, blood

and faeces, were performed using 4p@amametric Spearman rank correlation analyses in the
Statistica 13 package (StatSoft,|3a).

Results and discussion

The mea concentrations dheelements in WDE blood, hair and faeces are giverainie 3.

When compared tthe referencdevelsof Ca, P, and K concentrationstime blood serunof
DerbyGianteland (ZIMS, 2013andothebov i d s peci e s1989;\D&rmaul et.alet . al
2013), our values were within or slightly below the clinical rafidge mineral concentrations

in WDE hair were within the range or slightixceededhevalues rported for domestic cattle
(Puls19949), 1-25 g/kg for Ca, 13155 mg/lg for Mg, 6.732 mg/kg for Cu, 5200 mg/kg for

Fe, 0.51.32 mg/kg for Se and 1aI60 mg/kg for Zn. The highest concentrations of all
elementsexcept Zn and Se, among ttalected types of samples were foundhe faeces.

Thefaecal Rconcentrationsn the WDESs were within the range tievalues reporteth other

antelopes in various African savannah habitats (Stapelberg 2008. and were above the

critical faecal P concentration of 2.0 g/kg (0.2%) identified for mesiivore specie$§Wrench

et al.1997). Thigesultshould indicate that the P concentration in the WDE dittaneserves

is sufficient, despitéhe fact thathe mean P concentrat®m the browsd plants which were

part of the WDE diet in the Fathalesezve were rdaher low Table3;Hej cmanov 8, unput
data) The additional information about the concentrations of minerals in the environment,
particularly the P concentrations in the soils ohbreiserves (Tablgé St o k | 20165)whiéh

are lowcompared tahos inother savannah areas (e gephenson et a010),allows us to

suggest thahe WDESs seem to be adapted to cope wh#henvironmental conditiormdadiet

poor in phosphoruslhe other elements investigated in the blood profile® hesually been
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omitted from faecal sample analyses in nutritional studies and have no referenceN&ues

Ca:P ratiadeserves attentiotn ourstudy, t he mean Ca: P r dheblood was O
serum, 7. 3Medalt, SBndn 1defdds8 Thus3 theSTa:P ratothe

blood serum was inverted to values recommended for ruminan®® {Ch2, Bock& Polach

1994 but agreedwith findingsfrom nondomesticated bovidsréd incapt vi ty (V8 hal a
1989).However the Ca:P rati®in the hair and faeces were opposiiedat levelsthat mostly
exceededherecommended ratj@s reported bgabryszuk et al. (2010)\vherethe Ca:P ratio

in the hair was 15.42. The inverse Ca:P raiinthe blood and high Ca:P in faeces indicate a
metabolidnability of the animalso absorb Ca from the djethichwasrich in Ca butontained

low P browsedplants (the mean Ca:P ratio time browsel plants in theFathala reserve was
12.37N0. 41 SD, He ] ¢ ma n oesulisuggests that ICis eitisehieah d at a)
inaccessible form ds presentn excessive amounts, which in combination with lowd&uses

Cato be unavailable to the animaidto leave tle body without utilization.

The concentrations dhe elements irthe blood, hair and faetaampes were not correlated

(all p>0.05) with the only exceptiorbeing Fe. The ron concentration irthe faeceswas

positively correlated witlthe Fe concentration irthe hair (r=0.64, P<0.05) and blood (r=0.69)

(P< 0.05).The lack of correlations among th#éferent types of samples does not correspond

with the results byMicDowell (1982) who described positive correlations between plasma Cu
andfaecalCu and between hair Cu afekcalCu and a negative correlation between plasma

Cu and hair Cu Positive corelations were also reportedetween blood Fe and Zn
concentrationandhair Fe and Zn concentrations, respectively (Patra et al. 2006).

Conclusion

We could not confirm any correlatiomspreviousauthorgMcDowell 1982; Patra et al. 2006)
in our sampleswhich may be givento thelow number of sampledhience we recommend
conductingfurther research witla broader dataseOur findings however currently indicate
that faeal and fur analyses cannot stasdneto assesshe mineral status andeterminethe
potential mineral deficiencias Western Derby elands in large herbivores in general.
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Table 2. Investigated individuals of the Western Derby eland. For more details, steuhd b o ok dat a

ID in PCA Studbook ID  Animal name Sex  Date of birth Age Location
1-M2B 1141 Docteur Male 201411-28 2years Bandia
2-F2B 1144 Felicia Female 201412-10 2years Bandia
3-F2B 1139 MSoukeina Female 201411-21 2years Bandia
4-F2B 1147 Saf 2r Female 20141221 2years Bandia
5-F1B 1154 DamayeNiane Female 201511-25 1 year Bandia
6-M1B 1163 Dayo Male 201602-25 1 year Bandia
7-F1B 1148 Driankee Female 201501-04 1 year Bandia
8-M1F 1159 Fredy Male 201601-01 1 year Fathala
9-M2F 1151 Fode Male 20150325 2years Fathala
10-M2F 1150 Fadel Male 20150305 2years Fathala
11-M3F 1137 Falco Male 20140401 3years Fathala
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Table 3. Mean concentrations ttie principal elements ithe blood, hair and faeces theWestern Derby elands, soil and preferred bralvse

plant species.

Blood serum Hair Faeces Soil* Browsed plants
(mmol/L) (9/kg) (9/kg) (mag/kg) Fathala** (g/kg)
Elements| Mean N Mean N Mean N Mean N SE Me an N
Bandia reservg Fathala reserve
Ca 1.87N 0. 3.59N0.189 35.818N5.999 | 1.204\0.717 | 0.18AMD.178 15.420.78
P 212N 0. 0.49N0.023 2.818N0.077 | 0.1420.068 | 0.054\0.024 1.34\0.04
Mg 155N 0 . 0.699N0.027 4.436N0.59 - - 3.5N0.16
K 5.21N0.109 3.59N0.189 7.818N0.408 | 0.12A0.034 0.012N0.01 6.74\0.31
Fe 0.022N1.214 0.527N0.018 0.879N0.105 | 2.510\0.540 | 0.9168\0.355 -
Cu 0.011N2.781| 0.008N0.000 0.011N0.000 | 0.0030.000 | 0.002XD.000 -
Zn 0.012N0.400 0.11N0.003 0.042N0.001 | 0.004\0.000 | 0.0020.000 -
Se 0.002N0.166 |  0.0005N0.000 | 0.0004N0.000 - - -
S 27.2N0.504 - - - - -

**Mean concentrations aheelements in mosif thepreferred plants browsed liye Western Derby elands in the Fathala reseAa¢ia ataxacantha, A. macroptera,

Combretum glutinosum, C. micranthum, C. paniculatum, Saba senegalemsifdlia laxiflora, andT. macroptera ( Hej c manov §, uSpubkcieshé&tdat ay

2016)
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5. Blood mineral profile of the critically endangered Western Derby
eland (Taurotragus derbianus derbiangsn two conservation breeding
reserves in Senegal

Adopted from: Stolsov & L, V8§hala J, Hej cmanov§ P. 2 (
critically endangered Western Derby elan@larotragus derbianus derbianusn two
conservation breeding reserves in Senegal. Animal Physiology and Animal Nutrities. 00:1

Lucie Stoklasovs8 participated in samples col
serum (P, Ca, Mg) on the IDEXX VetTest Chemistry Analyzer in the Animal Science

laboratory at the Department of Animal Science and Food Processing, Facuibypiobll

AgriSciences, Czech University of Life Sciences Prague, run statistical analyses of the data

and wrote substantial part of the text.
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I ntroduction

The Western Derby eland (WDEJ4urotragus derbianus derbianuis a large WesAfrican
savannatdwelling antelope with fewer than 200 remaining individuals in their last refuge in
Senegal. Apart from the wild population in the Niokolo Koba National Park, there is a small
semtcaptive population (101 individuals) ldeih the Bandia and the Fathala Jiflel reserves

as part of a conservationbreed g pr ogr a mme 201B)rVeDE isla browS8er,anid a |
its diet composes mainly of leaves, shoots of woody plants and fruits. These food items form
98.8% of WDE's dietn the wild, while in the Bandia rese it represents 77.5% of diet volume,
because of supplementary feedingAoficiaalbida pods, groundnut hay and livestock feed.
Animals in the Bandia reserve are fed regularly and in larger amounts comptired-atlala
reserve (dia.poaOnauppbemndntary feeding is provided by rangers mainly in dry
and hot dry seasons. There is also occasional provision of mineral licks (of unknown mineral
composition) on the Fathala reserve only. The knowledge of a@dequizitional requirements

and heah status is important for the conservation breeding programme. Knowing reference
intervals for minerals in serum is relevant for monitoring population health, and for
investigating the lower rate or reproduction in treh@ala reserve compared to the Bandi
reserve (Brandlovsg et al. 2017). The only rel
subspecies of Giant eland from ZIMS (2013). The aim of the present study was therefore to
describe the mineral status\WDEs through the mineral profild€a, P, Mg, Cu, Fe, Zn, Se,

K, S) in blood serum.

Materials and methods

Research site

Our study was conducted on WDEs in two breeding reserves in Senegal. The Bandia reserve is
located 65 km southward from Dakar in the SeBtlanese savannah, whicld@minated by

Acacia spp. and Balanites aegyptiaca. The Fathala reserve is located 260tkhward from

Dakar in the SudanGuinean savannah, which is dominated by Acacia spp., Combretaceae
family trees,and Daril i a ol i ver i 2018)eBotresarves hage a dry andwet
seasonal climate, receiving approx. 350 mm and 800 mm ddifainnually in the Bandia and
Fathala reserves, respectively.

Sample collectionand processing

Blood was sampled from 11 young animalé3¥ears old) in total (4nales from the Fathala
reserve; 2 males and 5 females from the Bandia reserve) dunstptations in the dry season

in March 2017. Individual animals were selected on basis of the genetic kinship (to avoid
inbreeding of related individuals) under th@stvision of conservationists rather than the need
of this research. Animals were immabdd with a combination of medetomidine
(Medetomidine 10 mg/ml; Kyron Laboratories), butorphanolum (Nalgosed 10 mg/ ml; Bioveta,
a.s.), azaperone (Stresnil 40 mg/ndndsen Animal Health) and ketamine (Narkamon 100
mg/ml; Bioveta, a.s.), and blood was ¢akfrom the Vena saphena laterali§ 38 min after
application of drugs and before the i.v. application of antidotes atipamezole (Revertor 5 mg/ml;
CP-Pharma HandelsgeGmbH) and naloxone (Naloxone WZT Polfa 0.4 mg/ml; Warszawskie
Zaklady FarmaceutyczneRa S.A.). The blood was collected in 5 ml blood serum plastic tubes
with a separating gel (VACUETTE; Dialab). Animals were immobilized by one dart shot from
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distancan open space of boma in the early morning hours. Detailed health status of individual
animals was not known before darting; however, no clinical signs of diseases or health
problems, for example poor growth, hair loss or discoloration, weakness andrsyoails,

were observed. The samples were centrifuged by portable manual centrifuge baftef

settling. The centrifuged, clear serum was placed in a deep freeze in Eppendorf tubes. Serum
samples were transported to the Czech Republic in cooling lbexk \fiith gel cooling packs.
Temperature could not be controlled during 12 hr of tranapon from Senegal to Czech
Republic. The samples were frozen immediately after transportation to Czech Republic again.
The samples were examined in accredited ldboyat the State Veterinary Institute in Prague

16 days after sampling. The concentnasi@f P, Ca and Mg were determined by an IDEXX
VetTest Chemistry Analyzer, the concentrations of S, Se, Fe and Zn were determined by an
ICP-OES ( Ther mo SR6D0® Serids;fTheoms Fish& Bcientific), the concentration

of K was determined by an AAfflame (AA240; Varian), and the concentration of Cu was
determined by a GRAS (Spectra AA220Z; Varian) with a Zeeman correction. Statistical
analyses were performedti ng t he ti bcoE statisticaE packe
size suggested a ngrarametric approach, without need of normality testing. A comparison of
mineral concentrations between two localities was performed using thgan@metric Mann
WhitneyU test. Serum mineral relationships were tested by Spearman'’s correlation.

Results anddiscussion

The values of the WDE serum mineral concentratidrable 4) were lower in almost all
elements compared to the blood parameters of other Tragelaphineaer zalttle Table5).

The only detected correlations between minerals were thosewttIC®g (rs = .96, p = .05)

and Ca with P (rs = .96, p = .05) in Bandia reserve animals. The serum mineral levels were
comparable for males and females with the exoapif Mg concentrations, which were lower

in males (U = 3, p = .035) without any obviaesison, which was similar to the findings in the
plasma of captive zebu (Bos indicus) in Ethiopia (Dermauw et al., 2013). We recorded higher
serum levels of Fe (U =8, p =.023) and K (U = 1, p =.018) in the Bandia reserve compared
to the Fathala reses. Higher serum level of S (U = 3, p = .046) was recorded in the Fathala
reserve compared to the Bandia reserve. Higher serum levels of Fe and K in the animals living
in the Bandia reserve correspond to the higher concentrations of these mineralihithe s
the Bandia reserve (Stoklasovsg§8§, 2016). Other
higher on the Bandia reserve compared to the Fathala reseve#.asnimals from the Fathala
reserve had slightly, but not significantly higher conions of Ca, Cu and Zn in the blood,

thus not corresponding to soils in reserves. Soils in both reserves are generally very low in
mineral concentrations comparedotd her | ocal ities (Stokl asov§g,
from the Bandia reserve, tleewas more mineral content variability in the blood serum among
individual animals with no specific pattern. Predominantly low concentrations of minerals in
WDE's bloal serum might indicate mineral deficiency; however, the animals were all in a good
condtion without any obvious clinical issues. Recorded mineral levels may reflect most likely
an adaptation of the WDE to a specific environment that is poor in mineaaisidérably low
concentrations were recorded for Cu, Fe and Zn. The low Cu concent@tilorbe explained

by coppefcontaining serum proteins that are incorporated into the clotting during the serum
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extraction, making the Cu levalather variable (Lave& Smith 2008). The low Zn could be

linked to either low Zn levels in the mature foragego an antagonistic relat to the P in
phytates (Suttle 01 0) . Cu and Zn are susceptible to s
the concentrations of mineratsserum independently on diet, and more animals must be tested
for convincing resultgHerdt & Hoff 2011). Regarding low number of individuals involved in

the study, our results might be partly affected by a small sample size. A low concentration of
Cu matches a low concentration of Fe, since Cu is essential for alosogpiil transport dfe
(Tuormaa2 000) . The serum Ca: P ratio of WDEs in
inverted compared to the ratio values for ruminants considered clinicallyah¢tré 2 for
domestic cattle, see Gizachew et24102; for wild antelopes, see emoet al.1974). This

shows the same phenomenon commonly observed idomesticated bovids bred in captivity,

for example greater kudu (Tragelaphus strepsiceros) andob@lragelaphus eutgrus)
(Table5) (Milleretal.2 0 1 0 ; eVl.1089). a

Conclusion

Considering diet selection of WDE, the Fathala reserve appears unfavourable for WDE in terms
of macreelements' content and fibre fractions of local plants (Hejcmaet8al.2019), and
similar conditions in the Bandia reserve can be expecteahb@ed findings of soil and our
serum analyses suggest that WDEs might benefit from mineral supplementation, for example
mineral licks. Effects of such a supplementation Mdwave to be evaluated.

References

Brandl ovg K, KudBGoo&hlAogv Feldor 6v %R.02018. M, He
African Studbook. Western Derby Elarihurotragus derbianus derbian(Gray 1847),
volume 10, Prgue Czech University of Life Sciences Prague

Dermauw V, Yisehak, Belay D, Van Hecke T, Du Laing G, Duchateauwhnssens GPJ.
2013.Mineral deficiency status of ranging ze{os indicus)cattle around the Gilgel Gibe
catchment, Ethiopiaropical Animal Health and Producti@®:11391147.

Drevemo S,Grootenhuis JG, Karstad. 1974. Blood parameters in Wild Rumants in
Kenya.Journal of Wildlife Diseaseb0:327-334.

Gizachew L, Hirpha A, Jalata F, Smit GN. 2002. Mineral element status of soils, native
pastures and cattle blood serum in the-altdude of western Ethiopigfrican Journal of
Range & Forage Sioeel9:147 155.

Hej cmanovsg§8 P, Homol ka M, Ant onz2 204 Biet M, He
composition of Western Derby elan@iaurotragus Derbianus Derbianus thedry season in
a natural and ananagedhabitat in Senegal usini@ecalanalyses.South Afican Journal of
Wildlife Research0:27-34.

Hej cmanovs§ P, Mi Sej ov sM 8201MDriversoinet s&lextioPof He j «
critically endangered Western Derby eland during the food shortage period within conservation
breeding in Senegdkcientific Report®:1-7.

Herdt T H, Hoff B. 2011. The use ofblood analysis toevaluatetrace mineral status in
ruminantlivestock.Veterinary Clinics Food Animal Practic@27:255283.

Laven R, Smith 2008.Copper deficiency in sheep: an assessment of relationship between
concentrations of copper in serundgplasmaNew Zealand Veterinary Journél6:334-338.

28



Miller M, Weber M, Valdes EV, Neiffer D, Fonteh®, Fleming G, Stetter M2010.
Changes irgerumcalcium, phosphorus, anchagnesiumevels incaptiveruminantsaffected by
diet manipulationJournalof Zoo and WildlifeMedicine41:404-408.
Stoklasovs§ L. 2016. Soils in Africa[Mss sour ¢

Thesig. Czech University of Life Sciences Pragieague
Suttle NF 2010.Mineral nutrition of livestocK4th ed.).Wallingford, UK

Tuormaa TE.2000. Chromium selenium copper and other trace minerals in health and
reproductionJournal of Orthomolecular Medihe 15:145157.

V&hala J, P o Kmz2g@198B.Bibchemi@al Bldoad se®m values of healthy
antelops keptinthe EadBohemi an zool ogi cal gar die.nfTheat Dv T
Tragelaphinae, the Hippotraginae and the Aepycerothea. Veterinaria Brn®8:17-29.

ZIMS. 2013.Species 360 Physiological Reference Intervals for Captive Wildlife. GlantE

(Taurotragus derbianus)Available fromhttps://zims.species360.org/Main.ag@ecessed

13 March 201Y.

29



Table 4. Concentration of mineralgneanNSE, range)n the blood serum of Western Derby

elands (n=11)n the Bandia and Fathala reserves, Saheg

Total Bandia Fathala Males Females

n=11 n=7 n=4 n=6 n=5

Ca, mmol* 1.87M0.14 1.77M0.54 2.03\0.34 1.79\0.53 2.00N0.41
(0.952.39  (0.952.39) (1.542.27) (0.952.27)  (1.312.39)

P,mmolf*  2.12N0.13 2.1M0.52 2.04N0.27 1.96\0.37 2.31N0.46
(1.362.76  (1.362.76) (1.77-2.38)  (1.362.38)  (1.552.76)

Mg, mmol It 1.55\0.10 1.68\0.33 1.3N0.18 1.36\0.26 1.78N0.24
(1.092.09  (1.092.05) (1.151.49) (1.091.75)  (1.392.05)

Cu, ¢'m 108M2.78 12.14111.65 8.66\1.47 8.5a\1.20 13.6A\13.91
(6.5538.50 (6.8638.50) (6559.95) (6.559.95)  (6.86-38.50)

Fe, &m 22351.21 24.28.73 19.130.117 20.9AMB.33  24.08\4.46
(16.8031.30 (19.231.30) (16.821.9) (16.8025.80) (19.2031.30)

Zn, &m 11.5MN0.40 11.340.84 11.80\2.07 11.55\1.67 11.46\0.97
(10.6014.90 (10.7613.10) (10.6014.90) (10.6014.90) (10.7013.10)

Se, &m 1.790.17 1.62N0.49 1.97\0.66 1.730.68 1.78N0.43
(0.87-2.92  (0.87-2.34) (1.432.92) (0.872.92) (1.262.34)

K, mmol ' 5.2IN0.11 5.40N0.26 4.8M0.23 5.00N0.27 5.46\0.30
(4.705.79  (5.1:5.75)  (4.705.20) (4.705.26)  (5.115.75)

S, mmolt*  27.230.50 26.541.61 28.43\1.05 27.90N1.15 26.4AN1.95
(24.0630.00 (24.0629.30) (27.9030.00) (26.7030.00) (24.0029.30)

"Significant (p<0.05) differences tested byiM+Whitney U test according to locality and

SexX.

30



Table 5. Overview of blood (serum/plasma) mineral concentratjoresan, rangedf different ruminant species.

Cape eland
Cape eland Greater kudu Lesser kudu Bongo Zebu Horro cattle (free)
ree
Ca, mmol 2.44 1.84 2.27 1.73 5.40 3.82 2.87
(1.91-2.81) (0.992.23) (2.092.62) (1.14-2.47) (4.1012.30)
P, mmol 2.44 2.70 2.32 2.21 3.30 4.56 1.29
(1.91-2.81) (1.364.60) (1.243.37) (1.942.74) (1.80-4.60)
Mg, mmol I 0.84 0.53 0.75 0.71 1.90 0.71 0.78
(0.50-1.06) (0.301.07) (0.620.95) (0.331.12) (1.402.30)
Cu,e mo7 22.55 27.80 21.35 25.5 6.00 10.38 14.10
(17.2630.80) (17.2646.90) (19.6623.10) (7.60:34.40) (0.80:18)
Fe,e mo 39.60 35.48 53.94 39.55 143 24.35
(15.9650.50) (8.40:56.60) (39.6669.80) (23.90658.60) (75-1200)
Zn,e moi 103.3 91.36 71.15 117.60 46 13.92
(29.20198) (48.60137) (53.7086.60)  (114.50120.70) (24-107)
K, mmol ! 5.86 4.55 5.72 6.19 4.40
(5.396.25) (4.01-:5.24) (4.348.35) (4.887.40) (2.70-6.60)
S, mmol {* 37
(22-47)

SourceFor captive Cape eland (n<d®), Greater kudu (n=30), Bongo (n=4) and Lesser kudu (n=2 )
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(Ve&hala et al
(n=90) (Dermauvet al. 2013), domestic Horro cattle (n=140) (Gizachew et al. 2002), and free ranging Cape eland grDrevemo et al.
1974).
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6. Digesta passage in common eland@durotragus oryy on a monocot or
a dicot diet

Adoptedfrom Hej cmanov§8 P, Ortmann ®Pijgestdpasskdeas oV §
common elandTaurotragus oryxon a monocot or a dicot diet. Comative Biochemistry
and Physiology, Part A 246: 17120.

Luci e S taoried oatshe sulgstantijphrt of samples collection during the experiment
at the University Farm Estate i n KFE8Y, CZU
analyses.
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Introduc tion

Ruminants vary widely in feeding habits and morphophysiotddiie digestive tract. There is

a longstanding tradition of linking the two in the sense of convergent adaptations to either
browse or grassdominated diets (Hofmari973, 1988; Clauss at. 2008; Codron et al. 2019),

and while a series of correlat®metween diet and morphological or physiological measures

have been documented, these relationships comprise a relevantafedpsescatter (Ehrlich

et al.2019). An outstanding featuré mumen physiology, the separation of fluids and small
particlesin their passage through the rumen (Hummel é2G)5; Dittmann et aR015a), is no

exception. On the one hand, there is a general pattern of animals mainly consuming browse,
with atgmebdbsphysiology, to have rinenindese and p
association and comparatively unstratified rumen contents, and of animals that are no strict
browsers, wypboéaphgaitol egy, t o haanepartele di st i
throughput through the rumen and comparatively gdtrumen contents. On the other hand,

outliers to the pattern exist, not only, but particularly among the Bovitiae bovini and the
tragel aphini (Przybygao petetalt.i o2& lyPhke)d.h a Lihmad mau
defend themselves agatrsecondary plant compounds in browse by salivary proteins and are
hence limited in the amount of proteini ch sal i va they ¢ atny pperéo d u c
ruminants are not constrainedsaliva production by a requirement for high salivary protein
contents (Clags etal2010) .-t ygadt Femi nants can thus put
throughput through the rumen to increase the harvest of rumen microbes gldussmel

2017). Thiscenari o does -nppe&xrcd midre a o frhat shisudgust gr a s
make them |l ess competitive in the grazing ni
develop other, hitherto unknown strategies to cope with secondary plant caspdirowse

domi nated diets ( Pr zy belagd@austragus bryxisaninteredting. T h e
species in terms of dietary adaptations. It belongs to a ruminant tribe (tragelaphini) that
comprises some species that have been identified ksr®td common patterns, in terms of

salivary gland size (Robhsret al. 1995; Hofmann et al. 2008) and in the retention pattern for
fluids and particles (Przybygo et al. 2019b)
not been investigated $ar. The eland is also an example of the difficulty to defipigedcribe

a feeding type to a ruminant species. Traditionally, the eland has been considered a prime
example of an intermediate feeder (Hofm&nBtewart 1972; Hofmanh989; Gagnoi& Chew

2000), based on studies that reported a mixed diet of grasg@anse (Kerr et al1970; Nge'the

& Box 1976; Abdullahi 1980; Buy$990) (older reports reviewed by Littlejohn 1968), or even

a mixed diet with a predominance of grass (Lamprey 1963). HoweVarger number of

studies have demonstrated that eland are priegontly browsers (e.g., van Z$B65; Cerling

et al.2003; Sponheimer et &2003; Codron et aR007; Steuer et a014; Vente& Kalule-
Sabiti2016). Increased reported proportions of gnasdand diets are considered either due to
methodological proleims (Watsor& Owen-Smith 2000), due to seasonal effects when green

grass is taken in the rainy season (Parrini et al. 2019), or exceptions due to specific
circumstances (D'Ammando et a2015. Similarly, the closely related Derby eland
(Taurotragus derbianys i s a br owser ( Hej-lwongeta.2@l1l),eahd al
even fossil eland were found to be more browsens thirmediate feeders (Stynd2009).

Taken together, these resusuggest a highly flexible species that, amtcast to some other

mixed feeders, mostly prefers browse, but is able to thrive on grass nevertheless. We aimed to
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test whether this filtegwpiedi Ifiotry sit o mlaicddthprh ytso od
Bovinae that can use mixecets (Przyly § o  2019b),eby measuring the mean retention time

of different digesta phases in eland. In order to account for the different diets naturally eaten by
eland, we tested them separately on a monocot (grass hay) and a dicot (lucerne haylage) diet.
We expected differences in intake level between the diets, and intake level to affect absolute
measures of digesta retentiohecause higher food intakes are typically associated with shorter
retention t i 2083% In Coltgadt, lthe matio eftsrhparticle to fluid passage has

been shown to be speciggecific across diets and experiments, with no effect of the intake

level and only slight differences due to diet that are of a much lower magnitude than differences
between species (Reneck&rHudsa 1990; Lechner et al. 2010; Dittmann et al. 2015a;

Pr zy by @al9bk Therafdre, regardless of whether this ratio would classify the eland as
6catyped otry peno orstemi nants, we expected no eff

Materials and Methods

The experiment was conducted from May to November 2017 at the University Farm Estate in
L8ny (Czech University of Life Sciences Pra
research facility according to European and Czech laws for etlsieadfuanimals in research

(recent permission no. 63479 20W&E-17214 valid until 10th October 2021). For a
description of the wusual husbandry regi me of
In the year of the present study, the animals ughalll access to a grass pasture, meadow hay,
lucerne haylage, and wheat bran, which they ingested at individually varying proportions, and
received this combination before and in between experiments. The experimental proposal was
approved by the Instituti@l Animal Care and Use Committee of the Czech University of Life
Sciences Prague as the experimental design did not require use of animals above standard
husbandry procedures or extended interventic
range 278535 kg) were chosen for the experiment. This was done to exclude reproducing
(pregnant) animals; the animals were picked randomly from among the available males in the
herd. They were subjected to two diet treatments each. The animals were part of a larger
breeding herd that was usually kept together in one large freestall barn without compartments.
Treatments consisted of adapting animals on a monocot (gras©hiyand a dicot (lucerne
haylagejonly diet for at least 2 weeks before each trial (adaptatésiod), followed by a 1

week trial phase. For a nutritional characterisation of the diets, see Table 1. These two forages
were from the same batches as those used for the regular feeding of the herd. For the adaptation
period and during the entire trimleek, each animal was kept individually in a separate
compartment (20 A), to facilitate measuring of individual food intake and collection of faeces.
Compartments were provided with a straw bedding, and animals were not observed to ingest
the bedding. Beteen treatments, each animal returned for at least 1 month into thralgene

herd. Food intake was measured by weighing food offered and leftovers each day in the morning
during the experiment. Grass hay was offered for ad libitum consumption, with lsftover
averaging 29 N 13% of t he t ot awaysacorsumed of f «
completely, and therefore did not meet the definition for ad libitum consumption. Samples of

the forages offered and the grass hay leftovers were taken on a dailynblgstobed for each

individual for nutrient analyses. During the adajpiafperiod, the animals were accustomed to

receive a handful of wheat bran every day. On the first day of the trial week, they received a
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dose of three passage markers in a handfuhefivbran, which was ingested completely within

15 min. The markers wembalt(Co}EDTA as a solute marker (at a dose b6 g/animal),

and chromiun(Cr)-mordanted fibre (particle size <2 mm;i%0 g/ animal) a well as cerium
(Ce}ymordanted fibre (paxtle size < 10 mm; 3@0 g/animal) as particle markers, prepared
accordiy t o Ud®n e{£EDTA was mixed th 8h6 Wwheat I€am after being dissolved

in water. Faeces were collected at least twice before marker feeding for background levels, and
every4 h on trial days 1 and 2, every 6 h on day 3, every 8 h on days3} and every 12 h

on days 6 to 8. All faeces defecated in a respective interval were collected, pooled, weighed,
and a representative subsampl fer 7raasnd gsindiogr e d f r
The eland usually defecated in one or two pitesheir enclosures, making total collection
easily feasible. For the calculation of digestibility, faeces weights were used from consecutive
days for which total collection data wasadable. Of the 12 trials, the number of total collection
considered réhble was 4 times for 7 consecutive days, 4 times for 6 consecutive days, and 4
times for three consecutive days. Individual faecal samples were used for passage marker
analysis, and aepresentative faecal pool sample per animal and trial was composdld of
available individual samples and used for nutrient analysis. Analyses of marker concentrations
was made by inductively coupled plasma optical emission spectrometer (model Ofina 80
Perkin Elmer, Rodgau, Germany) according to Frei et al. (2015)g&aamples were
subjected totandard nutrient analyses (AOAQ95) for dry matter (DM) and total ash (AOAC

no. 942.05), crude protein (AOAC no. 977.02), neutral detergent fibre (RDRC no.
2002.04; corrected for residual ash), acid detergent fibraciddletergent lignin (ADF, ADL,

AOAC no. 973.18). The pooled faecal samples were only analysed for total ash, crude protein
and NDF. The MRT in the whole gastrointestinal tract (BNBs calculated according to
Thielemans et al. (1978) as

MRT = ——

with Ci = marker concentration in the faecal samples from the interval represented by time ti (h
after marker administration, using the midpoint of the sampling interval) and dti = the interval
(h) of the respetive sample

dt =
Complete excretion of the markers was assumed once the faecal marker concentrations were
similar to the background levels determined ingose faecal samples. Mean retention time in
the eticulorumen (RR) was estimated followgiLechnetDoll et al. (1990). The MRTsoluteRR

is determined by estimating the rate constant of the descending part of the marker excretion
curve via an exponential equation:

y:A*e—k*t
with y = faecal marker coeatration at time t (mg/kg DM), A = abnstant, k = rateonstant
(h11) and t = time after marker dosing (h);

The MRTparticleRR is calculated based on the assumption that fluid and particles do not differ
in passage characteristics distal te RR (Mambrini& Peyraud1997):
MRTparticleRR = MRTpartictldGIT T (MRTsoutGIT T MR TsoutdRR).
The 6selectivity factordé (SF, the ratio of t
the total GIT and the RR. The relative daily dry matter intake expressed on the basis of
body mas$®® (Hackmann& Spai n 20 1 02013MAdpdrendigesébilitiesavwere
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calculated as (IntakieFaecal excretion)/Intake*100. Using the dry matter intake, large particle
MRT, and apparent dry matter digesiilyil the dry matter gut fill was calculated by the linear
approach of Holleman and White (198%tatistical comparisons between treatments were
made by paired tests (paireetest, Wilcoxon signed rank test), depending on normal
distribution of data (asssessed by Kolmogoresmirnov test). To compare MRTs of the
markers within either the GIT or tHeR, a repeatetheasures ANOVA was performed with
Sidak post hoc test. Correlations between the relative dry matter intake and retention
measurements were tedtby Spearman’s correlation, and subsequently by General Linear
Models (assessing normal distrtton of residuals) with individuum as a random factor (to
account for repeated measures) and the relative dry matter intake as the independent variable.
Testswere performed using SPSS v. 25.0 (IBM), with the significance level set to 0.05. For a
compari®n with other ruminant species, a species average was compared to the data
compilation from Przybygo et al. (2019b) .

Results

The animals always ingested the lucerne haylage completelyngested significantly more
absolute (P = .002) and relative RP002) dry matter of the lucerne haylage than of the grass
hay (Table7). Both absolute and relative dry matter intake were doubled on lucerne haylage
compared to the grass hay. When feedinggrass hay, leftovers were significantly lower in
protein anchigher in acid detergent fibre than the diet offered, indicating a certain degree of
feeding selectivity (Tables). The marker excretion patterns indicated a nearly parallel
movement of solis and small particles, with an increase in the difference betsweall and

large particles on lucerne hayladgeg, 8).
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Figure 8. Passage marker excretion pattern for cobalt (Co, solutes), chromium (Cr, particles <
2 mm) and cerium (Ce, particles < 10 mm) in a common elBagkr¢tragus oryxon (A)
grass hay and (B) lucerne haylage

All MRT measures were significantly shorter on lucerne silage (T@hlaowever, the SF
measures for particles vs. solutes did not differ between the diets. Only the SF of large to small
particles were significantly highen lucerne haylage, both for tkdT (P = .038) and for the

RR (P =.024). In particular, the largest animal, a 10-p&Br535 kg bull, showed an extreme
difference between the treatments, with a very low dry matter intake on the grass hay (13
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g/kd’®d vs. 45 g/kg®Yd on the lucera haylage) and the longest MRT (MRT GIT for solutes,
small and large particles 46, 72 and 71 h on the grass hay vs. 36, 46 and 53 h on the lucerne
haylage). The apparent digestibility of dry matter and organic matter gifabg hay was lower

than that othe lucerne haylage (Tab8. Similar to intake, the calculated dry matter gut fill

was nearly double on the lucerne haylage compared to the grass hay §lableing
Spearman's correlation, we observed significant, thegeorrelations between the aéle dry

matter intake and the MRT GIT of all markers (Ta®leFor MRT in the RR, this was only the

case for the small particle marker. The SFs were not correlated with intake, except for the SF
of the large vs. small picles, with increased sorting particles at the higher intake (Tal@e

When assessing the effect of intake on passage kinetics in a GLM (accounting for repeated
measures by including individual as a random factor), there were significant, negative
relationships between the relatidey matter intake and the MRl GIT (Fi,5= 19.424, P =

.007) and also the MRJuRR (F5=11.142, P = .021), but not with any other MRT measure

(P always > 0.05). Both SF for particles vs. solutes, for the GIT R, also had no
significant réationships with the relative dry matter intake (P always > 0.05), but again the SF
of large vs. small particles did, both for the GITL£E 7.128, P = .044) and the RR. =

13.679, P =.014)

Discussion
The result®f our study clearlyndicate digesta kinetics in eland with a relatively closely related
passage of solutes and small particles from i

factord6 (SF) as r ecentatugrealesiP ez ynb y godR)€Rig. anlu n t j
9A). Given findings in other members of the tragelaphini that had shown more distinct
differences betweentltki ge st a p h a s €819b], s resulbwasjuoexpedted. & ét,.

it was robust across individuals and acrtvgs different diets(that also triggered different

intake levels). In this respect, the present study adds to the existing evidence that neither diet
nor intake has an effect on the difference between solute and small particle retention that is of
similar magnitude as the spesspecific differences themselves (Renec&erdudson 1990;
Lechner etalR010; DittmannetaR 0 1 5 a; P r 20¥99b)ylypical relationahips between
different measures known from other ruminants were demonstrated in the eland of the present
studyas well. There was a clear effect of intake level on retention times for particles and for
solutes in the GIT, but not clearly for solutes in the reticutoen (Table) (Dittmann et al.

2015a; Grandl et al. 2018). As most herbivores, eland select amerayailable plants and

plant parts for low fibre content (Wats&OwenSmith 2002), which was alsevident on the

grass hay diet (Tab®. The forage with the higher neutral detergent fibre was ingested at lower
guantities, as is typical fanost herbivees (Meyer et al010) (Tabler), and the digestibility
increased with forage quality (Van Sod$94) (Table8). The selective retention of larger
particles when compared to the smaller ones was within the lower range reported for other
ruminants (Fig9B).
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Figure 9. Relationship of the mean retention time (MRT) of small particles (<2mm) in the
reticulorumen (RR) witl§A) the MRT of a solute marker in the RR in various ruminant species
(RUM; data collection from Pr zagntB)heMRIf al . 2
a large particle (10mm) marker in the RR in various ruminant spétaa collection from

Dittmann et al. 2015b; multiple values per spegiggjuding the elandTiaurotragus oryxof

the presenttady and muntjacMuntjacus reevesfromPr zy by go et al . (2019.

The selectiveetention of large vs. small particles (the SF Ce/Cr in Tabkesd9) showed a

distinct correlation with the intake level (Tal®e In other words, when intake was high, and

cgpacity in the reticulorumen potentially constraining, the reticulorumemgartechanism led

to a clear difference between large and small particles §Bijg.When intake was low, with a

lesser gut fill and less space constraints on the reticulorumemdtrease in small particle

retention was higher (on average, 9 h; Tabldan that of large particle retention (on average,

7 h), as there was less need for expeditious reticulorumen clearance. In contrast to other
members of tragelaphini investigatedo f ar |, el and are -thwped cl a
ruminants. The findings add the existing evidence that digesta kinetics are spspiedfic

and can vary even within taxonomic ruminant clades. For example, among the cervinae (old
wor | d d e e ttlg-t, y pbeadt h( Ceaa u s & |Hadsam 199Q; Eldpleurue c k e r
davidianus,Déxetal.2 0 1 9) and O moioaseu s preede  eMRlIfa)exdst. zy by §
The same is true for the bolae in general (Dittmannetal0 1 5a) , Wiy plk®mdnt ant | e
alcel aphini, hi ppotragini, and etlylpesd&priinn ate
cephalophini, but with both types represented among the antilopini. This variation begs for an
explanation. So far, the main explanation has focussed oretiedits of having a distinct

di fference 1 n t het ydp eypedsoad fariliteiesaenere affinientharnegestt | e
of microbes from the reticul or-maviegiluidovashesdi g e s
microbes out of the particulatigesta and inadvertently selects for fastergrowing strains of
microbes, thus ineasing microlal protein yield (Hummel et al. 2008; Hummel et2015;

Clauss& Hummel2 01 7 ) . I n t hitsy pesd aari @ ,c dmoioder ed d e
defences @ainst tannins; the necessity to enrich saliva with tanninbinding proteins ghthou

to constrain absolute saliva production and fluid flow throughréticulorumen (Hofmann et
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al.2008), and to also lead to morecosis rumen fluid (Clauss et al. 2009kerhner et al2010)
in which particles do not separate as easily from the #sioh a less viscous environment. To

dat e, i ncluding the findings of the-tprpeent
based on their reticulorumen morphophysgy (i.e., a low SF RR) appear constrained to a
dietary niche of browsing (Codré&Clauss2 01 0) , wheiyeaed daouati nlaemt s a

(with a high SF RR) exist across the whole browgarzer spectrum (Fid.0).
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Figure 10. Relationship betweeré average percentage of grass in the natural diet (species
<15%, grey circles; gies >20%, white circles) and the selectivity factor (SF, a measure for

how distinctly the retention of small particles and fluid differ) in the reticulorumen (RR) of
varios ruminant speciscsdat a col |l ection from Przybygo et
including the elandTaurotragus oryx of the present study and muntjdduntjacus reevesi

fromPr zyby gol9at Spleci €2 with a SF up tdypebH. 5
ruminants,andspei es above-typabd. adobtenpddéer Omomaret s o
among browserstypehbereaseroctaie | whol e -tydeidet ar vy
browsers (grey circles with SF RR > 2) are the European bBison bonasys gerenuk
(Litocranius waller) and the bongolfagelaphus eurycerjis

The major argument pr op o steydp efsdr atmvbergalpys arce
competitive disadvantage of not using an optimal microbial harvesting in the reticulorumen.
Pfau et al. (2019) ggested that due to the increased microbial harvest in rateineth

distinct digesta washing, more metabolic faecal nitrogen (a measure for microbial protein)
should be excreted in these animals, and measures of apparent nitrogen digestibility might
correspondingly be lower compared to species with less distipesté washing. In line with

this concept, our present findings of a very low degree of digesta washing inmneécites

reports of Arman et all975 of particularly low metabolic nitrogen, andricularly high

apparent protein digestibility, in eland cpaned to other ruminant species (Arnd&arlopcraft

1975; Arman et all975). More experimental passage studies, such as the present one, or more
investigations on physical characteristics of tdboumen contents (Sauer et2017), can add

to the cataloge of species -typresidod eetrg d é sbécpastea hd pot
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strengthen the relationships between the measures of digesta kinetics and anatomy, such as the
intraruminal papillation gtternor o masum s i z 2019b)PThesy data gebtione t a |
indicate that on the one hand, the concept of comparative forestomach physiology in ruminants
follows generabverall patterns (Codron et al. 2019; Ehrlich eR8l19), but that on thettver

hand, there is a large scatter in the patterns, suggedhbat different species evolved different
combinations of adaptations. For eland, measures of rumen contents, and more detailed
investigations on their intraruminal papillation pattern, wouwdiftteresting in this respect.
However, adding more speci@sthe pattern will not replace more detailed investigations into

the presence of tanniminding proteins in saliva, or more detailed quantifications of the effect

of digesta washing. More recent| another possible adaptive v
mecmni sm6é has received some attention: in th
and rumination, they are inadvertently washed, by the rumen fluid, from adhering siliceous
contaminationsuch as grit or dust (Hatt et al. 2019; Hatt et2820). This mechanism could

explain various differences between ruminants and nonruminants, for example the observation
that ruminants generally do not achieve the same degree of hypsodonty as norruminan
herbivores (Hatt et al. 2019). This mechanism is subjecrious physical principles, among

them Stokes' law (StokgE851), which implies that the washing effect will be the more efficient

the less viscous the washing fluid is. If we accept thadifference between small particle and

fluid retention (quantied as the selectivity factor SF) depends on the viscosity of the rumen
fluid, with higher viscosities measured in species that have lower SF (Claus2@0%4;

Clauss et al2009b; Hummel etl. 2009; Lechner et akR010), then one might predict a
relationship between high SF and a high degree of hypsodonty as combined evolutionary
adaptations to habitats or feeding methods in which ruminants are exposed to high dust or grit
loads on their fod. The expected relatiship appears evident (Fi@l), but it is of course
compromised by the fact that both hypsodonty (Damduilanis2011) and the SH-{g. 10) are

related to the percentage of grass in the natural diet. Comparative data on theemedast

and grit in thedigestive tract of ruminant species would be ideal to further address this question.
For eland, the combination of a low SF and an intermediate hypsodonty index would suggest a
diet with some possible dust/grit contamination agldwant amounts of tanranConsistent

with these predictions, tannins do not appear to have a major influence on eland foraging
decisions (Watso& Owen-Smith 2002), and eland are known to be able to use plants that
cattle do not utilize (Hofmeyer 1970eRef 1971; Lightfoot& Posselt 1977), possibly due to

a higher tolerance against secondary plant compounds. More detailed studies on the tolerance
of eland against tannins, and comparative data on the size of elands' salivary glands and saliva
compositionwould be particularly wleome in this respect. The classification of eland as
browsers (see Introduction) apparently matches the distinctively lower food intake on the grass
hay. A reluctance to ingest grass or grass hay has been reported for sevesiagonawinants

(Clauss eal. 2003), andlao directly for eland (Hofmann 1973 p. 40; Miller et2010). While

the results of the present study are compromised in this respect by the difference in fibre levels,
which would suffice to explain a lower ifd@ on the highefibre diet (Meyer et al. 2010), it is
remarkable that this reluctance cannot be explained by a gut capacity constraint, as the animals
showed significantly higher gut fill on the lucerne haylage diet (T&bM/hether eland could

be mainained over longer periodsf time on grass or grass hay remains to be tested. In
concl usi on, we show that el and havet ymadd er n
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ruminants. Given the ease with which eland can beagfdarm animals (Hansen et 5985),
they appear as &a | mo d e | animals to iInvesti ¢gatpe 0t he
ruminant

Hypsodonty index

o [ ]
® Og M. reeves ® L walleri

1 2 3
SFRR

Figure 11.Relationship between the selectivity factor (SF, a measure for how distinctly the
retention of small particles and fluid differ,.ie a measur e for the O6dwashi
reticulorumen (RR; data collectionfromir zy by go et al . (2Q19b; one
including the elandTaurotragus oryxof the present study and muntjaduntjacus reeveyi

fromPr zy by do &adndthdhypsofioht) ihd@xa(@ measure how-giglivned the

cheek teeth of a species are, friblandoza and Palmqvist (2008)
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Table 6. Nutrient concentration (in % dry matter, except where indicated) in the grass hay and

the lucerne haylage used in the present study. Data represeatn s ( NSD) of si x ¢

Nutrient Lucerne Grass hay
haylage

Offered Leftover  Ingested

Dry matter (% as fed) 40.7 95. 4 - 95. 4
Total ash 12.1 7.0AN6.1EBN 7.4
Organic matter 87.9 93.08% 93,9~ 926N1.
Crude protein 23.4 5.7A2AN4.2BN 6.3
Neutral detergent fibre 38.1 72083. 73.09 71. 4
Acid detergent fibre 26.4 40.48% 45,1~ 38. 4

Acid detergent lignin 6.7 1 6.0 F 6.9 F5.6 I

ABdifferent letters withira row for grass hayndicate significant differencg® < 0.05) in paired testbetween the offered
diet and the leftoversibsence of letters in these columns indicates no significant difference
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Table7.Mean ( NSD) asrfedaly matter (DMJ, theerelative dry matter intad\M]), the mean retention times (MRT) and the
selectivity factors (SF, the MRT ratios) in the gastrointestinal tract (GIT) and the reticulorumen (RR) of three passagé¢Coarsolutes, Cr
T smal particles, Cé large particles) in 6 common elanba{rotragus oryy fed either grass hay or lucerne haylage

Diet Intake Intake  rDMI MRT GIT MRT RR SF GIT SF RR
asfed DM Co Cr Ce Co Cr Ce Cr/Co Cel/Co Cel/Cr Cr/Co Cel/Co CelCr
kg kg  g/kd*®d h h

Grass hay 4.05 3.87 24 35 47 50 23 36 38 135 143 1.07 154 1.66 1.09

N18:N15B8: NP N& N1*2 N17a N8 N17a N9 No. NO. NO.B(NO. NO. NO.B(
Lucerne haylage 20.49 8.34 51 28 38 43 19 29 34 136 155 1.14 154 184 1.20
N2 A:N1AC N8 NB N8B NB N& N&® N&a No. No. NoOA(CNO. NOo. NO .A(

ABdifferent letters within columns indicate significant differences (P < 0.05) in paired tests

abcno common letters within rows indicate significdifferences (RMANOVA, Sidak post hoc) between markers for a MRT or SF measure

Table8.Mean (NSD) apparent digestibility Taulottagus oryfaddeithdrimss hayatluceme g ut
haylage
Diet Apparent digestibity Dry matter gut fill

Dry matter Organic matter Protein  Neutral detergent fibre

% kg
Grass hay 76 BN¢ 77 BN8 65 N 77 N7 4.89 BN1
Lucerne haylage 8 9 AN 89 AN4 91 AN 85 N6 8. 43 AN2

AB different letters within columns indicate sigoéit differences (P < 0.05) in paired tests; absence of letters indicates no significant difference

47



Table 9. Nonparametric correlations (n=12) between relative dry matter intake (rDMP;%kgand various measures of mean retention times
(MRT) and theselectivity factors (SF, the MRT ratios) in the gastrointestinal tract (GIT) and the reticulorumen (RR) of three passage mark
(Coi solutes, Cii small particles, Cé large particles) in @ommon elandTaurotragus oryxfed either grass hay or lucernaylage

MRT GIT MRT RR SFGIT SFRR

Co Cr Ce Co Cr Ce Cr/Co CelCo CelCr Cr/Co CelCo CelCr

R=-063 R=-0.66 R=-059 R=-053 R=-063 R=-0.33 R=-0002 R=039 R=066 R=-0.15 R=0.19 R=0.67
P=0.028 P=0.019 P=0.043 P=0.075 P=0.029 P=0.291 P=0957 P=0.217 P=0.018 P=0.640 P=0.556 P=0.017

significant correlations irbold
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7. Resilience in dietquality strategies ofmixed native and nonnative
herbivore communities in semiarid and sub-humid savanna
ecosystem

Adopt ed fr om: St okl a2021.\R8silience inHiejpabtynsaategies 8 P .
mixed native and nenative herbiore communities isemiarid and sudhumidsavanna

ecosystem

Luci e St okl asmesamBlespracedsingdar theadyses adf microelements by
ICP-OES in the Laboratory of environmental chemistry at the Department of
Agroenvironmerdl Chemistry and Plant Nutritipfraculty of Agrobiology, Food and Natural
Resources, Czech University of Life Sciences Pragustatisti@al analygs of the data and in
manuscript writing.
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I ntroduction

Dietary choices of large mammalian herbivores are complex and animals use a wide variety of
foraging strategies, based basically on their evolutionary adaptations and ecological processes,
i.e. competition, facilitation, and habitat selection, to acquing atilize foodstuffs
(McNaughton& Georgiadis 1986; Kleynhans et al. 201\While the diets are consistent at the

plant functional level within feeding guildKleynhans et al. 201 Abraham et al. 2019jhere

is evidence on dietaryichness at plartpecies levels withirguilds which underpins their
coexistence, particularly in AfricasavannagPrins et al. 200&Kleynhans et al. 201 Kartzinel

et al. 205). The seasonal character of African savanna climate plays the primer role in these
processes, specifically shaping the competition forces to strengthen during the dnydesaso

the highquality resources are scar@d@cNaughton 1985Voeten& Prins 1999) Coexistence

of herbivores is therefore driven by resource partitioning, which enables species consuming the
same source of food to acquire sufficient amount of forage for su(tasizinel et al. 203).

Among native herlviores, overlap in resource use is not expected due to evolutionary
segregation. In a native assemblage to which an exotic species has been introduced, however,
overlap in resource use can occur under fiimded conditions and consequently implies
competiion (Voeten& Prins 1999. This is case of many wildlife reserves, where-native

species are introduced into delimited fenced areas. Animals, moreover, have to face also to the
global climate change processes which are expected to increase incidence and severity of
droughts (Lyon 2004 Knapp et al. Q08) and to significantly impact availability of food
resources for herbivorefHulme et al. 2001Thuiller et al. 2006)When climate changes trigger
changes in habitats, it activates animal behaviours that secure the adequate nutrition through a
mechanism of resilience which mawolve either shift in amount and selection of available
forage @ physiological processes. Animal communities thus become vulnerable as on islands
surrounded by a fence, similarly as may happen to protected areas isolated in the anthropogenic
matrix. Thecompetition for changing resources may become critical and mdydpopulation

declines and extinctior{Shuiller et al. 2006Augustine 2010Craigie et al. 2010Specifically,

in areas constrained by real or virtual barriers, the competition for limited resources and dietary
partitioning represds crucial mechanisms determining the decisions for effectiveeceation
management of | arge herbivore communitieso
herbivore communities in fragmented landscapes to changing climatic patterns are tbérefore
vital concern for conservation.

To understand the feeding resges of large savanna herbivores placed to spat&rained

and two environmentally distinct (sefiid versus subhumid savanna) conditions, we
investigated the diet quality of five spexikving in a mixed community of species native and
nortnative forthe West African savanna and compared them between the two sites as a proxy
for a potential ecosystem shift due to climate change. The species were namely the Western
Derby eland (native bwser), common eland (nerative mixed feeder/browser), roan aaped

(native mixed feeder), buffalo (native grazer) and zebra-(rabive grazer). We predicted that
maintaining the diet quality at nutrient level represents for large herbivores a significa
adaptation mechanism in satisfying spedpscific nutritionalrequirements in divergent
habitats We examined specifically whether herbivores of different feeding guilds demonstrate
distinct or the same diet quality in searid and sudhumid savannaswhich implicitly differ

in plant species composition and aburc&anNamely, we tested the differences in fibre
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fractions, macroand microelements among five large ungulates belonging to grazers, mixed
feeders, and browsers and then we compared theiguiaity in these two savanna types in

wet, dry, and late dry seans of the year. The both sites were fenced private managed nature
reserves where animals receive food supplement in the late dry season to ensure the adequate
animal nutrition and to prewmé animal losses. We expected therefore to depict the contribution

of food supplement in the overall quality of diet during the period of most limited resources.
The ultimate aim was to provide a critical missing information for the conservation of
mammalan herbivores in face of potential habitat changes resulting flotmal climate

change.

Materials and methods

Study sites

Study was conducted in two fenced wildlife reserves in Senegal, Bandia and Fathala reserves,
managed by private operators for habdad wildlife conservation and safaourism. The

Bandiar eserve (14A356N, 17A006W; 3000 ha), loc
semtar i d hot <c¢climate with annual aver ag3® t empe
mm divided into wet (July October), dry (Novembeir April) and hot dry (Mayi June)

seasons. Vegetation is Sah@odanese savanna dominated by baobab tre@angonia

digitata), various species of acaciAdaciaspp, Faidherbia albidd, Balanitesaegyptiaca

Boscia senegalensadCassia obtusifolig He j ¢ ma n o v 8§ The teserad hosts 2a@d 0 )
herbivores, native to Senegal such as African buff@im¢erus caffer brachycenpsiefassa
waterbuck Kobus ellipsiprymnus defagsaoan antelopeHippotragus equinus kobaand

Western Derby elandlurotragus derbianusetbianug, and normnative species which have

been introduced from South Africa such as gira@érdffa camelopardalis giraffp greater

kudu (Tragelaphus strepsicerpampala Aepyceros melampysommon elandTragelaphus

oryx onk), B u r ¢ hzebralEguss quagga burchellgnd white rhino Ceratotherium simum

simun).

The Fathala reserve (13A396N, 16A3006W;, 2000
near the northern border of the Gambia. The area haslausuld climate, wit annual average

tempeat ure 27AC and meani e0emmidjyided to iwet fJulir an g e
November), dry (Decembé&rMarch), and hot dry (Aprii May) seasons. Vegetation belongs

to the Sudangsuinean savannah with dominantsAxfacia macrostdtya, Combretunspp,

Danielia olliveri, Piliostigma thonningii, Pterocarpus erinaceus, Terminalia avicennpides
macroptera and Andropogon gayanugrass( Hej c manov 8. There a Inative 2 0 1 9)
herbivores such as bushbudkdgelaphus scriptysand warthog Phacochoerusfricanug,

and seval introduced wildlife species from Senegal, such as African buffalo, defassa
waterbuck, roan antelope, Western Derby eland, anenative species from South Africa,

such as giraffe, white rhino, zebra, and common eland.

Herbivore diet evaluation

Five hebivore species were selected as model species for diet evaluation. Grazers were
represented by buffal@ponheimer et al. 2008 odron et al. 2007and zebragCodron et al.

2007 Mandlate et al. 2019)and browsers bperby elandd Hej cmanov 8 et al
Mixed feeders were represented by roan antelope which tendgangmrazing Schuette et al.
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1998; Tyowua et al. 20133nd by common eland which tends more to browsg®gonheimer

et al. 2003 Parrini et al. 2019H e j ¢ ma n a 2080) Eot evaladte the diet quality, we
sampled fresh durttpree times of which each represented the specific sgasaon December

2011 (dry season), April 2012 (hot dry se@s and August 2012 (wet season) in both reserves.
Sample collection was combined with observation of animals while defecating to associate
correctly the dung to species. Samples were front atales and nofactating females. From

each reserve 46 sampes from each species at each sampling date were taken. A total of 120
samples were collected in the Bandia reserve (57 for Derby eland; 14 for common eland; 17 for
roan antelope; 12 for buffgl@0 for zebra) and total of 84 samples were collected iRdtieala
reserve (36 for Derby eland; 10 for common eland; 17 for roan antelope; 7 for buffalo; 14 for
zebra).

Samples were ovetir i ed at 60AC for at | east 7lBe hour s
samples were subjected to standard nutrient ana{(y8AC, 1995)for dry matter (DM),

neutral detergent fibre (NDF, AOAC no. 2002.04), acid detergent fibre and acid detergent lignin
(ADF, ADL, AOAC no. 973.18). The content of hemicellulose was calculatdteatifference
between NDF and ADF content; the content ofudele was calculated as the difference
between ADF and lignin, both for each sample.

The N concentration was determined using an automated analyser TruSpec (LECO
Corporation, USA) by combustion with oxygen
were mixed with oxygen and the mixture passed through an infrared CO2 detector and through
acircuit for aliquot ratio where carbon is measured as CO2. Gases in the aliquot circuit were
transferred into helium as a carrying gas, conducted through hot coppenaededto N.
Concentrations of K, S, Co, P, Ca, Mg, and Na were tested bEF (RIS Intrepid Il XSP

Duo, THERMO Elemental, USA)and Se was analysed Hwdride generation atomic
absorption spectroscopy technique @AGS) using Analyst 100 spectromeigrerkin Elmer,

USA). For ICROES measurements samples were mineralized in the migfunitric and
hydrochloric acid in 6:1 ratio using a closed microwave digestion system. Then standard ICP
OES measurements followed.

Other group of elements Mn, Fe, @n and Mo was analysed by ICRVS. Finegrained, dry

and homogenized faecal samplesre acid digested in 5 INOs ( Anal pur e E, Anal
Czech Republ i c) foosed Rifowave digestidn syst@¥scoveCSPD, n

CEM Corp., USA). Final djest was diluted by water (MHQ purification system; Millipore,

SAS, France) till volume of 45 ml, aliquot proportion (1 ml) was removed from this volume
and diluted again by #D to the final volume of 4 ml. Iauch diluted digests concentration of

S, Mn, Fe, Co, Mn, Zn, Se, Mo were determined by technique of inductively coupled plasma
mass spectrometry (ICMS, Agilent 7700x, Agilent Technologies Inc., USA).

Data analyses

Data, i.e. concentrations of all elemg and fibre fractions, were first testeyl Kolmogorov
Smirnov test of normality. We tested for differences in concentration of elements and fibre
fractions between animal species for each reserve separately using a serieswal one
ANOVA:s. In case ofignificant differences, we applied Tukpgst hoccomparison test. Then,

we tested the differences in concentrations of each element and fibre fractions between the
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reserves separately for each -ests. hade anggseci e s
wereperformedusingtheTIB@CStatis ticaE package (StatSoft, Pa
The multivariate constrained Redundancy Analysis (RDA) in the Canoco 5 p&cGladraak

& Gmi | au ewas @pplied2t) examine the relationships among the nutrients @nacro
microelementsand fibre fractions) and effects of expédory environmental variables at each

wildlife reserve separately. Explanatory environmental variables were animal species and
season. The data were {bgnsformed and standardized during the analysis. To test th
significance of our constrained ordir@ti model, unrestricted Monte Carlo permutation test
(permutations n=999) was appliedesults of the analyses were visualised in the form of
ordination diagrams.

Results

Overall, mixed feeders and grazers maintained the quality of their diet in mostpfribipal
parameters, especially in the content of nitrogen and fibres, regardless the savanna ecosystem
type, while browser showed significantly lower nitrogen andegbin the sermarid
environment in comparison to the shbmid one (Table 1). The dief all ruminants, i.e. all
species except zebra, contained consistently lower proportion of indigestible lignin and higher
concentration of calcium in the seamid envionment (Table 1). The concentrations of
phosphorus in diet of buffalo, roan, and Beeland were lower in the semiid environment.
Regarding the inteir species comparisons, the diet quality indicated by the concentration of
nitrogen was higher in Deylkand common elands in comparison to zebra and buffaloes at both
sites, while roan dalope was similar to both eland species in the segidiand similar to zebra

and buffaloes in the stitumid savanna. Hemicellulose, the most digestible fibre fractithrein

diet, followed the opposite patterns, being the highest in zebra and the ilm\®esby elands

at both sites, conversely to the proportion to indigestible fibres. Phosphorus concentrations in
diets did not differ between species in the sard savana, whereas in the sub humid savanna
Derby eland and Common eland showed the higleses. Lignin which is the indicator of
browse plants in herbivoreds diet, its prop:
common elands at both sites, sigrafitly different from the other species (Table 1).
Microelements reflect the minerahdkground of the environment and animal physiological
state, rather than direct indicators of herbivores diet quality. There was no consistent pattern in
response to theasanna type, neither differences among species (Table 2). In theseémi
savanna,thte concentration of Zn was the highest in buffalo and concentration of Se was the
highest in buffalo and roan antelope, while at the-rsuiid site concentration of those
microelements were highest in browsers, i.e. Zn in Common eland and Se in Derby eland
Highest concentrations among microminerals were recorded for Mn.

In terms of nutrient landscape pointing out the mutual relationships among nutrients, the
multivariateRDA analysis showed significant effects of herbivore species and seasons at both
sites; on first axis F=2.4, P=0.001, on all axes F=10.4, P=0i0@he semiarid savanna, and

on first axis F=2.7, P= 0.001, on all axes F=7.1, P=0.001 in thbeud savana.

At semtarid site, in the Bandia reserve, the first axis of the RDA explainég®®Q@he second

axis 18.1%, the third axis 6.7%, and all four axes together 8i@@tvof the data variability.

The first (x) axis represented the content of N, Mg, P, S, andlGeh were positively and
negatively related to the wet and dry seasons, ragplctThe second axis represented the
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content of lignin, Ca and Mn with positive relation of Derby and common elands there on one
side, and represented hemicellulose, K, amdtdMwhich roan and buffalo were related closer
(Fig 1a).

At sub-humid site, irthe Fathala reserve, the first axis of the RDA explained 24.3%, the second
axis 11.1%, the third axis 5.4%, and all four axes together gdétvof the data variability.

The first (x) axis predominantly represented the content of Ca, P, Mg together wizh,Gund

Mo which was positively related to wet season and Common eland on one side, and
hemicellulose related to buffalo on the other side. The second axis representedigmastly

and Mn, which were more positively related to Derby eland. On anotteesscond axis also
represented K and Co which were not closely related to any animal species (Fig 1b). Zebra as
a pure grazer stands a side of all other species and eleméwth ireserves and is in perfect
opposite position to pure browser Derby eland.

Discussion

Our findings suggest that the mixed feeders and grazers were resilient to the change of habitat
by maintaining the level of diet quality in both, sibbmid and selmrarid savanna ecosystems,

even if those substantially differ in the vegetastmicture and plant species composition. Few
differences found in zebra and buffalo in the-buinid ecosystem with higher NDF and ADF

fibre content indicated a higher proporthn of fr esh grass biomass i
proportion of lignininzeta 6 s d i eatid andrsudsiriandonditions indicated that zebra

did not incorporate any higher proportion of browse to its diet despite grass limited
environment, similarlyas reported byl andman& Kerley 2007). Such feeding strategy put

other grazing herbivores, heramely roan antelope and buffalo, under a strong competition.
Higher proportions of lignin in the diet of roan, and buffalos in thelaubid savanna suggest

that they include towse in their diet as elsewhere, specifically for buffaloJseman (1971)
Mloszewski (1983)Gagnon& Chew (2000)It seems contradictory as buffalos are primarily
grazers and roan antelopes switch their diet to browsing especially during dry seasons when
resources are scarce, switchingnfrstrict grazing (>95% grass) to mixed feeding (<50% grass)
(Schuetteet al. 1998, whereas in austudy, we expect there were more resources in the sub
humid savanna. Our results suggest that the vegetation structure of-thersdisavanna that

is composed by denser wiho plants canopy and tall grasse&ndropogon gayanus
Schizachyrium sanguineliand herbs in the undergrowthN e § e-Hepe Blanov 8 et al
does not offer for grazers adequate grass resources, i.e. appropriaterteatioH e i rigk °

& OwenSmith 1998. Roan antelope are sensitive to habitat changecangetition from
sympatric grazers and are susceptible to nutritional defieierfeVilson & Hirst 1977)
Therdore, facing the spatial limitation, i.e. no option to migrate, and competition from other
bulky feeders, i.e., zebras, the species that are physiologicallyoabatch from grazing to
browsing on trees, shrubs and hegi®kuss et al. 2003§o so and @intain their diet quality.
Browsers are considered most resilient, not changing the diet, nor the use of space during
drought events because trees are more resistant tohtiand) provide forage resources more

or less continuouslgAbraham et al. 201 raigieet al.2010. Derby elanddrowse on a wide

variety of woody species and are not particularly seletitée | ¢ ma n o v 820X} al
therefore we expected the animals to find adequate food resources in both envirorespit¢s, d
different vegetation. Their diet, however, differed in quality, spetifcay t he ani mal s 6

54



lower in macroelements and fibres in the sanil savanna in comparison to the $wmid

one. The levels of nutrients, however, did not fall undécal limits which could lead animals

to nutritional deficiency. For large Afran herbivores, uggested critical faecal nitrogen
concentration lies within the range 136 g/kg of dry matter (1-3.6 % of dry matter) and
critical faecal phosphorus comteation is estimated to 2 g/kg (0.2% of dry mat(&vyench ¢

al. 1997 Grant et al. 2000)Especially prononced difference in the diet quality parameters
between the two sites for browsers, fice.Derby eland, but also for common eland, was found

in the content of lignin and its proportion as indigestible component in the diet. Fhesid
savanna offers badleaved tree species, for instaricerminaliaspp.,Combretunspp.,Saba
senegalensi( G8 | k ol\v2@13)dhiese apecies thus provide more biomass, while they also
contain more lignin, tannins, and/or other secondary metabolites which simultaneously increase
nitrogencontent irrelevant as nutritive element due to its-pastein origin. On the other hdn

the semiarid savanna vegetation is composed dominanthAdgciaspp. with more narrow
leaves, less biomass, with less antinutritive compounds. The consump#aacid spp. by
browsing animals is indirectly confirmed by very high concentration ariestrongly biased

Ca:P ratio, especially in Derby eland diet, as legume, incluiilagiaspp., and other tree and
shrub species alike are rich source of Gapps 1992Tefera& Mlambo 2017)Elands having

Carich and P poor diet are likely unable to absorb Ca from the digtema leave the body
without utilization( St okl asov.8 et al . 2019)

There was no specific consistent pattern in the microelement concentrations in relation to
feeding type, species, or sana type. In tropical regions, soils often have limiting supplies of
trace elementéHacker 1982)This environmental background translates into plant food and as

a consequence, domestic ungulates in tropical regions feeding on natural resources were
reported as meral deficien{McDowell et al. 1983)Data from wild large savanna herbivores

on microelements are Wrally inexistent. In our study, we have not found any low values of
microelements which would indicate any deficiency. Nevertheless, Mn concentration at all
speciesabot h | ocalities are very high in compar
requrements of ewe&hang et al. 2018High concentrations of Mn are even sharply increased

at roan antelopes and buffaloes in the-Bulnid savanna. On the other hand, high Mn
concentations can be toxic, leading to depressed iron status and hematologic changes or
damageof rumen microbial flora. Despite the fact, that Mn is one of the least toxic of the
essential elementgHerdt & Hoff 2011) concentrations of Mn, as well as of other
microelements,rad their sources from environment should be investigated further.

We must pay a closétantion to the supplementary feeding and its role in the diet quality during
the hot dry season when the supplement is supplied to animals. The food supplement is
compaed byAcacia albida(synonymous té-aidherbia albidg pods and peanut hasr@chis
hypoged. Both are legume species, rich in nitrogen, phosphorus, and cdldassan et al.

2007 Mokgolodi et al. 2011Khanetal. 2013a nd suppl i ed to maintain
during the most critical period otarce natural resources, especially in regard to conservation
program of critically endngered western subspecies of Derby eland. The supplement may
change the interplay of all diet components and prevents a meaningful comparison to free
ranging wildlife.For i nstance, faecal nitrogen and phc
diet in ourstudy were higher at both sites and for all species in comparison to the same and
related species during the dry season in Kruger nationa(ldadandza et aP013). Similarly,
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the CaP ratio in diet of browsing species, i.e. both browsers and intermediate, was higher in

the semiarid savanna reserve where the supplementing management is more regular and
intensive in comparison to the reserve in-Bumid area. The multivariate analysighe sub

humid savanna showed the importance of ongoing season from the wet seastn side,

through dry season with low explanatory value, to the hot dry on the other side, and this pattern
suggests that a supplementary feeding was complementgrywithlout any substantial impact

on natural dietary associations. Two species of nfigeders, roan antelope and common eland,
showed opposite association to nutrients and seasons, confirming thus their distinct features,
thus incomparability despitethee é mi xed feeder sd designati on.
shows its similaritytobf f al o and previous consideration
eland related especially to lignin and nitrogen, and zebra appear independent on the season,
eachspecies on the opposite side. In contrast, the multivariate analysis of nutrienés apdc

seasons in the serarid savanna revealed the importance of wet and dry seasons, while the hot

dry season appeared to be of low importance for the nutrierite emimal diet. We associate

this to the effect of supplementary feeding which charigesrelationships of nutrients in

animal diets and similarities among animals. Under these conditions, common eland diet was
more similar to Derielgtiondd Garsuggest that itheytbenefiafrosh t h e
supplementary feeding, alike buffalo svenore similar to zebra, all these species independent

of season. Diet of roan antelope was more distinct from other species and remained on the axis

of seasons.

Conclusion

Overall, our results showed that despite differences in aggregate rainfall gethtiom
structure (including plant species composition) between-aethiand sukhumid savannas at

two sites, grazers and mixed feeders maintained the diet quahtpsh nutrients at similar

levels. Our findings suggest that to maintain the leveleatfgliality, the conditions of different
ecosystems with no possibility to leave the area imposed changes in feeding behaviour across
feeding types, most pronounced irxed feeders. Based on proportion of indigestible lignin in
faeces, we infer that buffad and roan antelopes escaped the competition withaibre zebras

for grasses in subumid savanna where denser canopy and mostly herbs in the undergrowth
make grassea scarce resource, by switching to browse. Therefore, introduction of not native
speces into native communities may have a big impact on behaviour and may force them to go
to the limits of their feeding resilience. In terms of diet quality, the spddfesing the most
between the two ecosystems was Derby eland, the pure browser, gloonwsgistently lower

levels of all macroelements and fibres in the sand environment. Therefore, browsers may
experience intensifying impacts in terms of diet quadihd available nutrients, despite they

have been considered not to be affected beheadiy by drier conditions, for instance by
drought events, based on assumption that woody plant resources remain available and browsers
thus appeared more resilig@tbraham et al. 2019From conservation perspective, all feeding
guilds may become threatened by changoapgstems, even if each one by different way, e.g.

by increased competition or inadequate nutrient levels if they are forced to change food
resources, and a conservatom i ent-stdr dtexgyd6 f or species shi
address these threats, luming the strengthening the ecological connectivity in savanna
landscapes.
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RESULTS

Tablel0.Concentrati ons ( me a andfiber&Fdetjonsinffacamsaotlarge ddrbévones m Bandia and Fathala reserves.

Derby eland Common eland  Roan antelope Buffalo Zebra F; p-value
BANDIA n=>57 n=14 n=17 n=12 n=20
Nitrogen g/kg 21.1 " (24. 10°NR1 21. 47°"N1 16. 393N1 17. 1 S 1 9.76;<0.001
Phosphorusgkg 4.5 NN 4. 95 M. 4. 75 "Wo. 4.93 "Wo. 4.1 ~N9. .0095 043
Potassium g/kg 6. 7 N 6.99 #Po. 6.56 #Fo. 8. 14 RS 0 11. B4"WF0o. 22.8;<0.001
Calcium g/kg 40.9 K" (35.429N1 23.96"N2 17.80"N 8.7 RNSO. 110;<0.001
Magnesiumg/kg 6. 7 N 7. 49 Y"NMPFO. 5.54 "RP0. 6. 26 "Nfo. 3.4 R™O0. 9.01;<0.001
Sulphur ngy/g 2.2 RNMNp.2.38 RS0 2.40 " 0 2.0 RND. 1.65 R 0 9.24;,<0.001
NDF g/kg 525 R €499 N2, 492 NN, 426 N¥1. 5352388 4.15; 0.004
ADF g/kg 495 o 7448 NON§ ., 432 NAY . 344 R¥6. 390 N1 8 15.6;<0.001
Cellulose 224 N5 2213 N4, 237 N, 202 Nf7. 263 NP"15 3.62; 0.008
Hemicellulose 30 N#2.¢51 NPPHS 0 60 NS 12 82 KNS 84 145 409N 0 48.1;<0.001
Lignin g/kg 271 K" £235 RN, 195 RA¥. 8 142 N4A0. 128 NﬂNSa . 66.5; <0.001
Lignin proportion% 54 . 7N (52. 6YN1. 45.6"N1. 41.9"N1. 33. 2 ¥ 1 66.8;<0.001
CaP 11. n®"N 8.1 R"0. 5.19 30 3.5 /K" 0. 2.7 RMS0.:237;<0.001
FATHALA n=36 n=10 n=17 n=7 n=14
Nitrogen g/kg 25.6 N (25.18°PN2 18.312N1 18.032N015.338 0 14.5<0.001
Phosphorusglkg 55 N 0% 475. 90 °NO0. 2.99 2N0. 2.61 3NO. 4. 10RK® 0. 5.43;<0.001
Potassium g/kg 7.6 N 7.60 @NW1. 5.54 aN0. 8. 11 aN0. 9. 74R 0. 4.88;0.0014
Calcium g/kg 23.2 "W 126.57°¢N3 10.462 N1 12.802N0 12. 68N 2 9.32;<0.001
Magnesiumg/kg 5. 7 N 7.75 P°N1. 4.63 23N0. 5.53 a0. 5. 00K 0. :243;0.054
Sulphur mg/g 2.33 N (2.14 "W 01.84 "W o01.56 R 01.22 N 0 13.1;<0.001
NDF g/kg 575 "W 1433 R55. 525N43% 9 579 R19. 622NP°18. :4.32;0.003
ADF g/kg 57 4 'N 1459 R67. 454 R40. 505 R31. 479N 228. 3.11;0.020
Cellulose 219 R ¢154 R15. 230 R24. 266 R17. 334N°17. '11.4;<0.001
Hemicellulose 55.5 &N €369N92 6 71 R9.9 74 N415.6 143NP15. 12.3;<0.001
Lignin g/kg 355 N 1305 ®&54. 224 R18. 239 R15. 145N212.:159;<0.001
Lignin proportion% 61 . 6 °N 163. 3°N2. 52.0°R2. 47.3°N0. 29. 78 1. 47.3;<0.001
CaP 4.252N (4.582N 04.02®®N 05.1728N 02.75 "N 0 5.76;<0.001

First mark explore concentration (meang standard error of mean) of macroelements and fibre fractions calculated by ongay ANOVA. Using Tukegosthoccomparison test, species
with the sameletter were not significantly different. Second mark explore differences aflements concentrations between two reserves tested by tweample T-test significant results
EAOAd ¢ EAZ PSn8nuvh ee¢ ELZ DSn8np AT A gee EE DSn8nmnps8
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TablellL.Concentrations (mean N SE) of microel ementves. in faeces
Derby eland Common eland Roan antelope Buffalo Zebra F; p-value
BANDIA n=15 n=11 n=13 n=8 n=15
Mn Og/ g 162.7 S 135 RNS9.i84.56%N :100, 4 3™ 117. 4 3 5.90;0.001
Fe mg/g 1.89 M0 179N oN"¥8 1. 63 NS 0 2,38 NS 0 1. 79 S 0 1.39;0.251
Co Og/g 0.84 W'o0o0.82 W"0.0.72 M"0 0,93 W 0o0.85 M™NS0 0.56;0.696
Cu Og/ g 13.413N 17.4 S 2 15, 288K 8,31 WS 0 12. 36 ¥R 2.81;0.034
Zzn Og/ g 63.74%% 66.9 N 6.67.47%N :85, 48K 60. 403§ 350 0.013
Se Og/g O0.46 fS00.71 R 0.0.87 3 0. 0,9 R0, 0.72 R 0 5.72;0001
Mo Og/g 0.94 "W 01.66 0. 2.36 R 0 2,33 R 0 1.82 N 0 8.96;<0.001
FATHALA n=14 n=10 n=15 n==6 n=14
Mn Og/ g 178. 1N 157.9 a8 :209.7 N 197.4 3N 128. 53N 6.15;<0.001
Femg/g 0.94 N 02.02 3% 0.1.38 233N 0.1.472N 01.47 3 0 2.10;0.095
Co Ogl/ g 1.00 W o01.6 R 0. 12.02 W 01.84 W 01.33 W 0 1.53;0.208
Cu Og/ g 18. 18N 22.08 N :12.75%KN 8. 8@224N 12.3 2N 0 8.24;<0.001
Zzn Og/ g 66.57%®N 90.22°N (50.5423N :51.57238N 64.7 N 7 557;,0.0008
Se O0g/g 0.61 °N 00.45 "M 0.0.33 3 0.0.26 R 00.17 3N 0 12.66;<0.001
Mo Og/ g 1.03 33N 01.69 ® 0.0.65 ® 0 040N 0* 02 0. 94 2N 0 4.39;0.004

First mark explore concentration (meang standard error of mean) of microelements calculated by ongvay ANOVA. Using Tukegost-hoccomparison test, species with the same
letter were not significantly different. Second mak explore differences of elements concentrations between two reserves testdy two-sample T-test significant results have: * if
psSm8muh
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Figure 12. Constrained redundancy analysis ordination diagram showing mutual relationships of
nutrients (macrg microelements and fibre fractishand effets of animal species and seasons in two
localities (the Bandia reserve and the Fathala reserve) separately.
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8. Conclusion

Main contribution ofthe present thesis bringingthe mineralprofile of critically endangered
Western Derby elandndits diet qualty indicatorsin semicaptive conditionsn two savanna
types The present study also brings valuable information about concentration of diet quality
indicators and faecal mineral concentratidor other four herbivore speci@hen, his study
determired mineral concentrations in different sample matengilh consideration of their
suitability of collection and handlingin particular condition of field work in harsh African
conditions Lack of published mineral reference values for seamtive animalge.g. serum
mineral reference values for WDE do not exist) linagsessment afur results in compaon

to concentrations of minerals with other studléswever, our data arexclusive since they can
serve as first reference values for further reseanttich could be conductedin concrete
locality of Senegal

First part of this research was focused on testing of different materials suitability for mineral
statusdetermination.The highest concentrations almost all mineralamong the collected
typesof samples were found in the faec&€hat can be explained by fact that the quantity of a
mineral excreted in the faeces is the sum of the unavailable dietary Iinaeiable but
unabsorbed dietary mineral and endogenous mineral (Primary Industridsagt@ommittee
2007). The concentrations of the elements in the blood, hair, and faecal samples were not
correlatedand thereforeur findings currently indicate #tfaecal and fur analyses cannot stand
alone to assess the mineral status and deternengotiential mineral deficiencies in Western
Derby elands or in large herbivores in genekalthe best approaakie reconmend to combine

at least two materials for imeral status evaluationDifferent materials for mineral
concentration determination diffalso in availability and processability. Blood serum samples
were the most complicated samples among collected matarisésm of availability and
processingAnimals had to be anaesthetized, which brings high risk of animal death. Blood
samples haveotbe processed on place (centrifugatiseparation of serunstorage in deep
freezer)which can be problematic in conditi of field work. Acquiring hair samples require
proximity to the animal and cutting hair from the same spot on the body of each &uirtieer
manipulation and storage of hair sample is not difficult. Faecal samples seem the easiest to
collect. There is10 need of direct contact with the aninfstbrage and manipulaticof faeces

is after drying of fresh samples also eadypwever, cation in faecal mineral concentration
interpretation is needed

Comparison of serumineral concentrationsf WDE showedthat values of WDEvere lower

in almost all elementsompared to relative specieBredominantly low concentrations of
minerals in WDES blood serum might indicate mineral deficiency; however, the animals were
all in a good condition without any obviousnital issues. Recorded mineral levels may reflect
most likely an adaptation of the WDE to a specific environment that is poor inafsi@ertain

type ofadaptation confirmed also analysis of faecal samgfiésherbivore species from two
localities. WDE adapted by its feedibghaviour to more harsh condition of seamid savanna

and is able to handle decreased diet quality. Alserted Ca:P ratio in the blood serum and
very high Ca:P ratios in the hand faeces indicate a metabolic inability of the animals to
absorb Ca from the digligh Ca:P of othefour herbivorespecies from the same arsapport
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hypothesis thaCa is probhly present in excessive amounts in the diet, which in combination
with low P, causes Ca to be unavailable to the animal and to leave the body without utilisation.
High concentrations of ingested Caan be caused by supplementary feeding

by Acaciaalbida podssince majority of browse plant species have Ca concentrations beyond
the maximum tolerabliemits. Other herbivore species showed adaptation to different condition

as well. Mxed feeders and grazers were resilient to the change of habitat by magthain

level of diet quality in both, subumid and semarid savanna ecosystems. Howeumiffalos

and roan antelopd®ad toescape competition with zebras for grasses irhsuhid savanna by
switching to browseCommon eland classified as browsender ompetition pressure from

WDE, broadened its diet by signifioamount of grass, that had to be classified as mixed
feeder anywayOur research showed that not only vulnerable grazer species might be affected
by climate changelherefore, despite browsease considered not to be affected behaviourally

by drier condions, for instance by drought events, as woody plant resources may remain
available, thus browsers appear more resilient, they may experience intensifying impacts in
terms of diet quality andvailable nutrients. From conservation perspective, all fgeginlds
arethreatened by changing ecosystems, even if each one by different way, e.g. by increased
competition or inadequate nutrient levels if they are forced to change food resources, and a
conservatioro r i e nt-etdr ateexgyt 6 f or nseweddo addsessshiese thieals, b e
including the strengthening the ecological connectivity in savanna landsBauesding low
number of individuals involved in the study, our results might b#ypaffected by a small
sample size and further researchhwérger number of animals is recommended.
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Abstract

The widely used means of investigating animal mineral profiles are blood serum or plasma and internal organ tissues. The
acquisition ofthese types of samples can be invasive and requires much effort. These factors become key obstacles in the case of
rare and elusive species such as the Western Derby eland (Tawrotragus derbianus derbianus, WDE), which is a critically
endangered antelope with a current distribution limited to the Niokolo Koba National Park, and two wildlife reserves in
Senegal. One of the solutions to this problem is to collect easily accessible samples, such as faeces or fur, which may provide
valid information about animal mineral status. Our study focuses on determining the macroelement and microelement levels in
animal blood serum, hair, and faeces, and analysing their correlations to evaluate whether hair and/or faeces can be used as a
proxy for blood mineral levels. Samples were collected from 11 individual WDEs (6 males, 5 females) during translocations
within two reserves. Correlations of mineral concentrations in the blood, hair, and faeces were not found except for Fe in the
faeces, which was positively correlated with Fe in the hair (» = 0.64, P < 0.05) and blood (» = 0.69, P < 0.05). The lack of
correlations among the different types of samples may be because of the low number of samples; hence, we recommend
conducting further research with a broader dataset. Our findings, however, currently indicate that faeces and fur analyses cannot
stand alone for the assessment of the mineral status and the determination of WDEs’ potential mineral deficiencies.

Keywords Conservation translocation - Giant eland - Largeantelope - Mineral profile - West Africa - Wildlife nutrition

Introduction sought. One non-invasive method is the analysis of animal
hair. Fur is a suitable material that has been used mostly for
Minerals are involved in many physiological processes; thus,  the evaluation of diet quality through carbon and nitrogen
knowledge of their concentrations to assess and detect poten-  isotopes e.g., [1], but data on the elemental composition of
tial deficiencies is crucial before clinical signs appear. The  wild animal hairare rare. A hair analysis is considered a useful
main means for investigating animal mineral profiles are  biomarker in animal studies, which may infer about the bio-
blood serum, plasma, and/or internal organ tissues. Such sam-  availability of elements and about the environmental exposure
ples are, however, scarcely accessible in some cases because ~ of animals [2]. The content of elements in fur can additionally
they require handled, immobilised, or dead animals. This fac-  be affected by its location on the body of the animal, the
tor becomes a key obstacle in collecting samples from wild,  colour of the hair, or the environment in which the animal
ie., free-ranging, elusive, or endangered species. Therefore,  lives and what its hair is exposed to [3]. The concentration
non-invasive methods for mineral status assessment are  of elements in animal hair is often much higher than that found
in body fluids and other tissues, and trace elements accumu-
late in hair at concentrations that are at least 10 times higher
& Pavla Hejemanova than those present in blood serum and urine [4].
Uanibana® fx cam.tx Another non-invasive way to obtain information about the
' Dep of Auinal Science and Food Prosesing, Faculty of mMMmofhwEMWMMMBm
Tropical AgriSciences, Czech University of Life Sciences Prague, monly used to assess animal nutrition for decades [5, 6].

Kamycki 129, 16500 Prague 6—Suchdol, Czech Republic Nutrients present in high or variable concentrations in faeces of
2 Derbianus Conservation, z.s., 16500 Kamycka 129, Prague animals indicate that they are also present in adequate or exces-
6—Suchdol, Czech Republic sive amounts in their diet. In addition, nutrients present in low
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and/or non-variable concentrations in facces are most likely pres-
ent in minimal or inadequate concentrations in the diet [7].

Our study was conducted on the Westem Derby eland
(Taurotragus derbianus derbianus, WDE), which is a critical-
Iy endangered antelope with a current distribution restricted
only to the Niokolo Koba National Park (wild population) and
two wildlife reserves hosting a small managed population for
conservation breeding purposes in Senegal [8]. Due to the
rarity of the species, minimal handling and disturbances are
required. The aim of our investigation was therefore (1) to
determine the concentrations of macroelements and selected
microelements in the blood serum, hair, and faeces of WDEs
bred in the reserves to provide the baseline data for further
management and (2) to explore the comrelations among the
concentrations of elements in blood serum, hair, and faeces.
The ultimate aim of the study was to evaluate the means to
determine the WDEs’ mineral status in order to use appropri-
ate methods with minimal effects on the animals in the wild
during any future conservation action.

Materials and methods
Research site

Our study was conducted in two wildlife reserves where con-
servation programme has been conducted since 2002: the
Bandia reserve, located 65 km south of Dakar in the Sahel-
Sudanese savannah [9], and the Fathala reserve, located
250 km south of Dakar in the Sudano-Guinean savannah
[10]. Both reserves have seasonal dry and wet climates with
an annual rainfall of approx. 350 mm (Bandia reserve) and
800 mm (Fathala reserve), respectively.

Sample collection and processing

Blood, hair, and faecal samples from 11 young animals (6
males and 5 females, Table 1) were collected during the trans-
locations for breeding management purposes in the dry season
in March 2017. The blood samples were taken from the vena
saphena lateralis in the moming by a veterinarian from
immobilised animals before the application of the antidote
(approx. 15-20 min after darting the animal). The samples
were manually centrifuged after 1 h of settling, and the clear
serum was placed in a deep freezer. The mineral concentra-
tions in the samples were examined at the State Veterinary
Institute in Prague 16 days after sampling. The concentrations
of P, Ca, and Mg were determined by an IDEXX VetTest
Chemistry Analyzer (IDEXX Laboratories, Inc., USA); the
concentrations of S, Se, Fe, and Zn were determined by in-
ductively coupled plasma optical emission spectroscopy (ICP-
OES) using a Thermo Scientific™ iCAP 6000 Series spec-
trometer (Thermo Fisher Scientific, USA); the concentration

Q springer

of K was determined by flame atomic absorption spectroscopy
(F-AAS) using a SpectrAA 240 spectrometer (Varian Inc.,
USA), and the concentration of Cu was determined by graph-
ite furnace atomic absorption spectroscopy (GF-AAS)using a
SpectraAA 220Z spectrometer with a Zeeman correction
(Varian Inc., USA).

The hair samples were collected from the dorsal hair line
and the tail (distal part) during immobilisation. Hairs were cut
by stainless steel scissors as close to the skin as possible,
placed to labelled plastic bags and stored like that until anal-
ysis. The faeces were taken straight from the rectum of the
immobilised animal and dried on site. The hair and faecal
sample analyses were conducted as follows: samples were
cut or crush and homogenised (hair samples were washed
according to standard procedure of the accredited laboratory
before homogenisation) and concentmations of K, Fe, Zn, S,
Cu, P, Ca, and Mg were tested by ICP-OES (IRIS Intrepid I
XSP Duo, THERMO Elemental, USA), and Se was analysed
by hydride generation atomic absorption spectroscopy tech-
nique (HG-AAS) using an Analyst 100 spectrometer (Perkin
Elmer, USA).

For ICP-OES measurements, samples were mineralised in
the mixture of nitric and hydrochloric acid in a 6:1 ratio using
a closed microwave digestion system. Then standard ICP-
OES measurements were followed [12]. Calibration curve
was prepared by appropriate dilution of certified reference
standard solutions for each element (Analytika s.r.o.,
Czech Republic). Comrectness of measurements was validated
by analysis of standard solution of CRM used also for calibra-
tion curve. Set limits of determination were as follows: Na,
0.001%; K, 0.03%; Ca, 0.002%; Mg, 0.01%:; P. 0.008%; Fe,
0.5 mg/kg; Cu, 0.9 mg'kg; Zn, 0.9 mg/kg. Control samples
with known mineral concentration were added to each
measurement.

For HG-AAS method, hair samples were washed and
analysed and faeces samples were analysed without a pre-
treatment. Decomposition of the sample was done in magne-
sium nitrate, and HG-AAS followed. Limit of determination
was 0.002 mg/kg. Correctness of measurements was validated
by analysis of standard solution of CRM used also for calibra-
tion curve (Analytika s.r.o., Czech Republic).

The correlations of mineral concentrations among the dif-
ferent types of samples, i.e., hair, blood, and faeces, were
performed using non-parametric Spearman rank correlation
analyses in the Statistica 13 package (TIBCO Software Inc.
2013, USA). All results are expressed in dry weight.

Results and discussion
The mean concentrations of the elements in WDE blood, hair,

and faeces are given in Table 2. When compared with the
reference levels of minerals in the blood serum of Derby/
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Table 1 Investigated mdividuals

of the Westem Derby eland. For D Studbook 1D Animal name Sex Date of birth Age Location

mare details, see the studbook

datain Brandlova et al (11] 1-M2B 1141 Docteur Male 2014-11-28 2 years Bandia
2-F2B 114 Felicia Female 2014-12-10 2 years Bandia
3F2B 139 MSoukeina Female 2014-11-21 2 years Bandia
4F2B 1147 Safia Female 20141221 2 years Bandia
5FIB 1154 Damaye-Niane Female 20151125 1 year Bandia
6-MIB 1163 Dayo Male 20160225 1 year Bandia
7-FIB 1148 Driankee Female 20150104 1 year Bandia
8MIF 1159 Fredy Male 20160101 1 year Fathala
9-M2F 1151 Fode Male 20150325 2 years Fathala
10-M2F 1150 Fadel Male 20150305 2 years Fathala
11-M3F 1137 Fako Male 20140401 3 years Fathala

Giant eland [14] and published serum concentrmations of other
bovid species [15, 16] (Table 3), Ca, P, and K concentrations
were within or slightly below the clinical range, while Cu, Fe,
and Zn were noticeable lower and similar to cattle reference
levels. Only Mg had higher concentration compared with the
similar species. The highest concentrations of Ca, P, Mg, and
K among the collected types of samples were found in the
faeces. The faecal P concentrations in the WDEs were within
the range of the values reported in other antelopes in various
African savannah habitats [6] and were above the critical fae-
cal P concentration of 2.0 g/kg (0.2%) identified for most
herbivore species as indicator of dietary P deficiency [18].
This result should indicate that the P concentration in the
WDE diet in the reserves is sufficient, despite the fact that
the mean P concentrations in the browsed plants, which were
part of the WDE diet in the Fathala reserve, were rather low
(Table 2, Hejcmanova, unpublished data). The same as

concentration of P in the soils of both reserves [19], which is
low compared with those in other savannah areas e.g., [20],
allows us to suggest that the WDEs seem to be adapted to cope
with the environmental conditions and a diet poor in phospho-
rus. The other elements investigated in the blood profiles have
usually been omitted from faecal sample analyses in nutrition-
al studies and have no reference values. The Ca:P ratio de-
serves attention. In our study, the mean Ca:P ratio was 0.88 +
0.13SD inthe blood serum, 7.3 +:0.11 SD in the hair,and 12.8
+ 3.03 SD in the faeces. Thus, the Ca:P ratio in the blood
serum was inverted to values recommended for ruminants
(Ca:P~1-2) [17] but agreed with findings from non-
domesticated bovids bred in captivity [15]. However, the
Ca:P ratios in the hair and faeces were opposite and at levels
that mostly exceeded the recommended ratio, as reported by
Gabryszuk et al. [2], where the Ca:P ratio in the hair was
15.32. The inverse Ca:P ratios in the blood and high Ca:P in

Table 2 Mean concentrations of

the principal elements in the Elements  Blood serum
blood, hair, and facces of the (mmoVL)
Western Derby elands, and Macro- mean = SE
prefared browsed plant species ¢ 1.87 £0.143
P 2120130
Mg 1.55 £0.098
K 521 £0.109
S 2720504
Blood serum
(umolL)
Micro- mean = SE
Fe 236%1.214
Cu 1087 % 2.781
Zn 11510400
Se 1.75 £0.166

Hair (g/kg) Facces (g/kg) Browsed plants Fathala”
(g/kg)
mean= SE mean = SE mean = SE
359+0.189  35818£599 1542£0.78
0.49 £ 0.023 2.818 20077 1.4 2004
0699 £0027 4.436 £059 35x0.16
3.590.189 7.818 £0408 6.74 031
Hair (mg/kg)  Facces (mg/kg)  Browsed plants Fathala®
(8/kg)
mean = SE mean = SE meant SE
5267 = 879051 = -
17.969 104675
811 £0.134 10952 £ 0.43 -
11015 = 41.5%095 -
2718
0548 0066  0.404 £0.043 -

* Mean concentrations of the elements in mast ofthe preferred plants browsed by the Western Derby elands inthe

Fathala reserve (Acacia ataacantha, A macroptera, Combr. gl C

Cp

&

Saba senegalensis, Tarminaka laxiflora, and T. macroptera) [13]

@ springer
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Table3  Values of blood serum mineral concentration at representative herbivore species

Capeeland Greater kudu Zebu Cattle Derby eland (ZIMS)

Memm Min Max Mem Min Max Mean Min Max  Reference mterval Mean  Min Max
Ca, mmol/L 244 191 281 184 099 223 54 4.1 123 2.1-28 228 1.30 350
P, mmal/L. 244 191 281 270 136 460 33 1.8 4.6 1.6-2.27 293 0.48 539
Mg, mmol/L. 084 050 1.06 053 030 107 1.9 14 23 1-13 - - -
K, mmol/L 586 539 625 455 401 524 44 27 6.6 4.6-64 49 35 73
S, mmol/L - - - - - ~ 37 2 47 - - ~ ~
Fe, pmol/L 396 159 505 3548 84 56.6 143 s 1200 268540.28 - - -
Cu, pmoll. 2255 172 308 278 172 469 6.0 0.8 18 1.6-3.19 - - -
Zn, pmol/L 1033 292 198 9136 486 137 46 24 107 10.71-19.89 - - -
Se, pmol/L - - - - - - - - - - - - -

Source: For Cape eland and Greater kudu [15], for zebu [16), for cattle [17], for Derby eland [14]

faeces indicate a metabolic inability of the animals to absorb
Ca from the diet, which was rich in Ca but contained low P
browsed plants (the mean Ca:P ratio in the browsed plants in
the Fathala reserve was 12.37 + 0.41 SD, Hejcmanova, un-
published data). This result suggests that Ca is either in an

Table 4 Spearman rank correlation coefficients (R) of mineral
concentrations in hair, faeces, and blood

N  SpearmanR t(N-2) pvalue
Ca  Hair and facces 10 056 1.93 0.09
Hair and blood 10 -001 —0.02 0.99
Faecesandbbod 11 —-036 -1L17 0.27
P Harr and facces 10 004 0.12 0.91
Harr and blood 10 -010 -0.29 0.78
Faeccesandbbod 11 —031 -0.99 0.35
Mg  Hair and facces 10 -008 -0.22 0.83
Hair and blood 10 -006 -0.17 0.87
Faecesandblood 11 051 L7 0.11
K Hair and faeces 10 -050 - 1.65 0.14
Hair and blood 10 052 1.70 0.13
Faecesandblbod 11— 044 - 145 0.18
Fe  Hairand facces 10 0.64 238 0.04
Hair and blood 10 018 0.53 0.61
Faecesandblbod 11 0.69 2.88 0.02
Cu  Hairand fasces 10 026 0.75 0.48
Hair and blood 10 002 0.07 0.95
Faecesandblood 11 0.19 0.58 0.57
Zn Hair and faeces 10 -010 —-0.28 0.79
Hair and blood 10 024 0.69 0.51
Faecesandblood 11 0.04 0.12 0.90
Se  Hairand facces 10 -009 -0.26 0.80
Hair and blood 10 —041 -1.28 0.24
Faecesandblood 11 0.13 0.38 0.7
*Level of significance P < 0.05
4Q springer

Vi

inaccessible form or is present in excessive amounts, which
in combination with low P, causes Ca to be unavailable to the
animal and to leave the body without utilisation.

The concentrations of the elements in the blood, hair, and
faecal samples were not correlated (all P > 0.05), with the only
exception being Fe (Table 4). The iron concentration in the
faeces was positively comrelated with the Fe concentration in
the hair (»= 0.64, P < 0.05). The lack of correlations among
the different types of samples does not correspond with the
results by McDowell [21], who described positive correlations
between plasma Cu and faecal Cu and between hair Cu and
faecal Cu and a negative correlation between plasma Cu and
hair Cu Positive correlations were also reported between
blood Fe and Zn concentrations and hair Fe and Zn concen-
trations, respectively [22]. We could not confinm any of these
correlations in our samples, which may be given to the low
number of samples; hence, we recommend conducting further
research with a broader dataset. Our findings, however, cur-
rently indicate that faecal and fur analyses cannot stand alone
to assess the mineral status and determine the potential min-
enl deficiencies in Western Derby elands or in large herbi-
vores in general.
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Abstract

For many nondomestic species, nutritional requirements and the challenges faced in
their current habitats are unknown. This is the case of small semi-captive population
of the critically endangered Western Derby eland held in two wildlife reserves (the
Bandia and the Fathala) in Senegal. The aim of this study was to determine the mineral
profile {Ca, P, Mg, Cu, Fe, Zn, 5e, K, 5) in blood serum and to identify potential min-
eral deficiencies. Serum data {11 individuals) were compared to other Tragelaphineae,
where it was lower in almost all elements. Considerably low concentrations were
recorded for Cu, Fe and Zn. Animals in the Bandia reserve had higher serum levels of
Fe and K compared to the Fathala reserve and a higher serum level of 5 in the Fathala
reserve compared to the Bandia reserve. Recorded mineral levels may reflect most
likely the limited mineral background in the local environment. The knowledge of ad-
equate nutritional requirements and health status of these amimals is relevant for the
conservation breeding programme. Mo other serum mineral reference values exist
for Western Derby eland, neither for free-ranging nor captive animals. Therefore, the
knowledge of reference intervals for minerals in serum may serve for monitoring of
the population's health.

KEYWORDS

antelope, blood serum biochemistry, mineral nutrition, ruminant, West Africa

The Western Derby eland {WDE) (Taurotragus derbianus derbianus)
is & large West-African savannah-dwelling antelope with fewer than
200 remaining individuals in their last refuge in Senegal. Apart from
the wild population in the Miokolo Koba Mational Park, there is a
small semi-captive population (101 individuals) held in the Bandia
and the Fathala wildlife reserves as part of a conservation breeding
pregramme (Brandlova et al., 2017). WDE is a browser, and its diet
composes mainly of leaves, shoots of woody plants and fruits. These
food items form $8.8% of WDE's diet in the wild, while in the Bandia
reserve it represents 77.5% of diet volume, because of supplemen-
tary feeding of Acecio albida pods, groundnut hay and livestock
feed. Animals in the Bandia reserve are fed regularly and in larger
amounts compared to the Fathala reserve (Hejcmanowa, Hemolka,
Antoninovd, Hejeman, & Podhijecks, 2010). Supplementary feeding

iz provided by rangers mainly in dry and hot dry seasons. There is
alzo occasional provision of mineral licks {of unknown mineral com-
position) on the Fathala reserve only. The knowledge of adequate
nutritional requirements and health status is important for the con-
servation breeding programme. Knowing reference intervalz for
minerals in serum iz relevant for monitoring population health, and
for investigating the lower rate or reproduction in the Fathala re-
serve compared to the Bandia reserve (Brandlova et al., 2017). The
only relevant information is reference values for the eastern subspe-
cies of Giant eland from ZIMS (2013). The aim of the present study
was therefore to describe the mineral status of WDEs through the
mineral profiles (Ca, P, Mg, Cu, Fe, Zn, Se, K, 5] in blood serum.

Our study was conducted on WDEs in two breeding reserves in

Senegal. The Bandia reserve is located 85 km southward from Dakar

J Anim Physiol Anim Mutr. 2020:00-1-4.
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in the Sahel-Sud h, which is d
and Balanites aegyptiaca. The Fathala reserve is located 250 km
southward from Dakar in the Sud

ted by Acacia spp.

Gui h, which is

dominated by Acacia spp., Combretaceae family trees, and Danielia
oliveri (Hejcmanova et al., 2010). Both reserves have a dry and wet
| cli 350 mm and 800 mm of rainfall

annually in the Bandia and Fathala reserves, respectively.

receiving app:

Blood was sampled from 11 young animals {1-3 years old) in total
(4 males from the Fathala reserve; 2 males and 5 females from the
Bandia reserve) during translocations in the dry season in March
2017. Individual animals were selected on basis of the genetic kinship
(to avoid inbreeding of related individuals) under the supervision of
conservationists rather than the need of this research. Animals were
immobilized with a bi
10 mg/ml; Kyron Laboratories), butorphanolum (Nalgosed 10 mg/

ye d e Med. Py

of

ml; Bioveta, a.s), azaperone (Stresnil 40 mg/ml; Janssen Animal
Health) and ketamine (Narkamon 100 mg/ml; Bioveta, a.s.), and
blood was taken from the Vena saphena lateralis 18-33 min after
application of drugs and before the i.v. application of antidotes ati-
pamezole (Revertor 5 mg/ml; CP-Pharma Handelsges, GmbH) and
naloxone (Naloxone WZT Polfa 0.4 mg/ml; Warszawskie Zaklady
Farmaceutyczne Polfa S.A.). The blood was collected in 5 ml blood
serum plastic tubes with a separating gel (VACUETTE; Dialab).
Animals were immobilized by one dart shot from distance in open
space of boma in the early morning hours. Detailed health status of
individual animals was not known before darting; however, no clin-
ical signs of diseases or health problems, for example poor growth,
hair loss or discoloration, weakness and swollen joints, were ob-

served. The samples were centrifuged by portable manual centrifuge

after 1 hr of settling. The centrifuged, clear serum was placed in a
deep freeze in Eppendorf tubes. Serum samples were transported
to the Czech Republic in cooling box filled with gel cooling packs.
Temperature could not be controlled during 12 hr of transportation
from Senegal to Czech Republic. The
ately after transportation to Czech Republic again.

The samples were examined in accredited laboratory at the State

were frozen immedi-

Veterinary Institute in Prague 16 days after sampling. The concen-
trations of P, Ca and Mg were determined by an IDEXX VetTest
Chemistry Analyzer, the concentrations of S, Se, Fe and Zn were
determined by an ICP-OES (Thermo Scientific™ iCAP 6000 Series;
Thermo Fisher Scientific), the concentration of K was determined
by an AAS-flame (AA240; Varian), and the concentration of Cu was
determined by a GF-AAS (Spectra AA220Z; Varian) with a Zeeman
correction.

Statistical analyses were performed using the miaco® staTisTICA™
package (StatSoft). The small sample size suggested a non-paramet-
ric approach, without need of normality testing. A comparison of
mineral concentrations between two localities was performed using
the non-parametric Mann-Whitney U test. Serum mineral relation-
ships were tested by Spearman’s correlation.

The values of the WDE serum mineral concentrations (Table 1)
were lower in almost all elements compared to the blood parameters
of other Tragelaphineae, zebu or cattle (Table 2). The only detected
correlations between minerals were those of Ca with Mg (rs =:596;
p =05} and Ca with P {r,= .96, p = .05) in Bandia reserve animals.

The serum mineral levels were comparable for males and fe-
males with the exception of Mg concentrations, which were lower

in males (U = 3, p = .035) without any obvious reason, which was

TABLE 1 Concentration of minerals (mean = SE, range) in the blood serum of Western Derby elands (n = 11) in the Bandia and Fathala

reserves, Senegal

Total Bandia
n=11 n=7
Ca, mmol/L 187:014 177+0.54
(0.95-2.39) (0.95-2.39)
P, mmol/L 2124013 2172052
{1.36-2.76) (1.36-2.76)
Mg, mmol/L 1.55+0.10 1.68:0.33
(1.09-2.05) (1.09-2.05)
Cu, pmol/L 10.87£2.78 1214£11.65
{6.55-38.50) {6.86-38.50)
Fe, pmol/L 2235:1.21 2422373
(16.80-31.30) (19.2-31.30)
Zn, ymol/L 1151040 11342084
{10.60-14.90} (10.70-13.10)
Se, pmol/L 175+017 1622049
(0.87-2.92) (0.87-2.34)
K, mmol/L 5.21:011 540026
{4.70-5.75) (511-5.75)
S, mmol/L 27.23+0.50 26.54+1.61
{24.00-30.00) (24.00-29.30)

Fathala Males Females
n=4 n=6 n=5
203+0.34 175053 2002041
(1.54-2.27) (0.95-2.27) (1.31-2.39)
204+027 196+0.37 231+046
(1.77-2.38) (1.36-2.38) (1.55-2.76)
1.32+018 1.36£0.26' 1782024
(1.15-1.49) {1.09-1.75) (1.39-2.05)
8.66+147 8582120 13.62+1391
(6.55-9.95) (6.55-9.95) (6.86-38.50)
19132211 2092+3.33 24.08:4.46
(16.8-21.9) {16.80-25.80) {19.20-31.30)
1180+207 1155+ 1.67 1146057
(10.60-14.90) {10.60-14.90) {10.70-13.10}
197 £0.66 173+0.68 178043
(1.43-292) (0.87-2.92) (1.26-2.34)
487+023 5.00+0.27 5.46 £0.30
(4.70-5.20) {4.70-5.26) (5.11-5.75)
2843105 2790+1.15 26.42+195
(27.90-30.00) (26.70-30.00) (24.00-29.30)

*Significant (p < .05) differences tested by Mann-Whitney U test according to locality and sex.
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TABLE 2 Overview of blood (serum/plasma) mineral concentrations (mean, range) of different ruminant species

Cape eland Greater kudu Lesser kudu
Ca, mmol/L 244 184 227
(1.91-2.81) (0.99-2.23) (2.09-2.62)
P, mmol/L 244 270 232
(191-2.81) (1.36-4.60) (1.24-3.37)
Mg, mmol/L 0.84 0.53 0.75
{0.50-1.06) (0.30-1.07) {0.62-0.95)
Cu, pmol/L 2255 27.80 2135
(17.20-30.80)  (17.20-46.90) (19.60-23.10)
Fe, pmol/L 39.60 3548 53.94
(15.90-50.50)  (8.40-56.60) (39.60-69.80)
Zn, ymol/L 103.3 9136 7115
(29.20-198) (48.60-137) (53.70-86.60)
K, mmol/L 5.86 4.55 572
(5.39-6.25) (4.01-5.24) {4.34-8.35)
S, mmol/L

Horro Cape eland
Bongo Zebu cattle (free)
173 5.40 382 287
(114-2.47) (4.10-12.30)
221 3.30 456 1.29
(1.94-2.74) (1.80-4.60)
071 150 071 078
(0.33-1.12) {1.40-2.30)
255 6.00 10.38 14.10
(7.60-34.40) (0.80-18)
3955 143 24.35
(2390-58.60)  (75-1,200)
117.60 46 1392
(114.50- (24-107)
120.70)

619 440
(4.88-7.40) (2.70-6.60)

37

(22-47)

Source: For captive Cape eland (n= 8-10), Greater kudu (n= 3-20), Bongo (n= 4-8) and Lesser kudu (n= 2-8) (Vahala et. al., 1989), domestic
zebu (n= 90) (Dermauw et al., 2013), domestic Horro cattle (n= 10-14) (Gizachew et al., 2002), and free-ranging Cape eland (n = 4-12) (Drevemo

etal, 1974).

similar to the findings in the plasma of captive zebu (Bos indicus) in
Ethiopia (Dermauw et al., 2013). We recorded higher serum lev-
els of Fe (U= 1.5, p=.023) and K (U = 1, p = .018) in the Bandia
reserve compared to the Fathala reserve. Higher serum level of S
(U = 3, p = .046) was recorded in the Fathala reserve compared to
the Bandia reserve. Higher serum levels of Fe and K in the animals
living in the Bandi

reserve corr d to the higher concentrations
of these minerals in the soil in the Bandia reserve (Stoklasova, 2016).

Other tested minerals in soil (Ca, P, Cu, Fe, Zn, K) were higher on

are susceptible to so called *herd effect" which influences the con-
centrations of minerals in serum independently on diet, and more
animals must be tested for convincing results (Herdt & Hoff, 2011).

ber of individuals i I

Regarding low d in the study, our re-

sults might be partly affected by a small sample size.

A low concentration of Cu a low ration

of Fe, since Cu is essential for absorption and transport of Fe
(Tuormaa, 2000). The serum Ca:P ratio of WDEs in the reserves
(mean 0.88 + 0.13 SD) was inverted compared to the ratio values

the Bandia reserve compared to the Fathala reserve as well. Animal
from the Fathala reserve had slightly, but not significantly higher
concentrations of Ca, Cu and Zn in the blood, thus not correspond-
ing to soils in reserves. Soils in both reserves are generally very low
in mineral concentrations compared to other localities (Stoklasova,
2016). Regarding the animals from the Bandia reserve, there was
more mineral content variability in the blood serum among individual
animals with no specific pattern.

Predominantly low concentrations of minerals in WDE's blood
serum might indicate mineral deficiency; however, the animals were
all in a good condition without any obvious clinical issues. Recorded
mineral levels may reflect most likely an adaptation of the WDE to
a specific environment that is poor in minerals. C:

for ruminants c ed ly normal (1.5-2 for domestic cat-
tle, see Gizachew, Hirpha, Jalata, & Smit, 2002; for wild antelopes,
see Drevemo, Grootenhuis, & Karstad, 1974). This shows the same
phenomencn commonly observed in non-domesticated bovids bred
in captivity, for example greater kudu (Tragelaphus strepsiceros) and
bongo (Tragelaphus eurycerus) (Table 2) (Miller et al., 2010; Vahala,
Pospiiil, §péla. & KaZe, 1989). Considering diet selection of WDE,
the Fathala reserve appears unfavourable for WDE in terms of mac-
ro-elements’ content and fibre fractions of local plants (Hejcmanova,
Mifejovska, Homolka, & Hej
the Bandia reserve can be expected. Combined findings of soil and

2019), and similar conditions in

our serum analyses suggest that WDEs might benefit from mineral
ation, for 1

ably low
concentrations were recorded for Cu, Fe and Zn. The low Cu con-
d by coppe
that are incorporated into the clotting during the serum extraction,
making the Cu levels rather variable (Laven & Smith, 2008). The low
Zn could be linked to either low Zn levels in the mature forages or to
an antagonistic relation to the P in phytates (Suttle, 2010). Cuand Zn

centration could be ing serum p

mineral licks. Effects of such a supple-

PP P

mentation would have to be evaluated.
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ARTICLE INFO ABSTRACT

Keywords: The way that fluids and particles move through the forestomach of a ruminant is species-specific, and can be
Grazer used to classify ruminants according to their digestive physiology into ‘moose-types’ (with little difference in
Browser fluid and small particle passage) and ‘cattle-types’ (where fluids move through the forestomach much faster than
Forestomach, small particles). So far, ‘moose-types’ appear limited to a dietary niche of browsing, whereas ‘cattle-types’ are
Passage : A . 5 : : U o :

oy particularly prominent in the intermediate and grazing diet niches. However, some species, including members
Selectivity factor < % % 5 ¥ F %
Siltv of the spiral-horned antelopes (the Tragelaphini), have a ‘cattle-type’ physiology but a browse-dominated diet

niche. Eland (Taurotragus oryx), the largest member of the Tragelaphini, are strict browsers in the wild but have
been considered intermediate feeders in the past, and can seemingly be maintained on grass diets. We quantified
food intake, mean retention time (MRT) in the gastrointestinal tract and the reticulorumen (RR) of a solute, a
small and a large particle marker, and diet digestibility in six eland each fed a monocot (grass hay) and a dicot
(lucerne silage) forage. Food intake and digestibility was lower on the diet with higher fibre content (grass hay),
with corresponding longer MRT. At the higher intakes on lucerne, the difference in MRT between small and large
particles was larger, indicating a greater reliance on particle sorting and clearance under this condition of
potentially limiting gut capacity. Regardless of diet or intake, the ratio of small particle and solute MRT in the RR
was constant and small, at a quotient of 1.54, classifying the eland as a typical ‘moose-type’ ruminant. This
finding is consistent with previous literature reports on low faecal metabolic nitrogen and high apparent protein
digestibility in eland. Given the relative ease at which eland can be maintained under farm husbandry condi-
tions, they appear ideal model ruminants to study the effects of differences in rumen physiology compared to
cattle.

1. Introduction

Ruminants vary widely in feeding habits and morphophysiology of
the digestive tract. There is a long-standing tradition of linking the two
in the sense of convergent adaptations to either browse- or grass-
dominated diets (Hofmann, 1973, 1988; Clauss et al., 2008; Codron
et al., 2019), and while a series of correlations between diet and mor-
phological or physiological measures have been documented, these
relationships comprise a relevant degree of data scatter (Ehrlich et al.,
2019). An outstanding feature of rumen physiology, the separation of
fluids and small particles in their passage through the rumen (Hummel
et al., 2005; Dittmann et al., 2015a), is no exception. On the one hand,
there is a general pattern of animals mainly consuming browse, with a
‘moose-type’ physiology, to have fluids and particles to flow out of the

* Corresponding author.

rumen in close association and comparatively unstratified rumen con-
tents, and of animals that are no strict browsers, with a ‘cattle-type’
physiology, to have a distinctively higher fluid than particle throughput
through the rumen and comparatively stratified rumen contents. On the
other hand, outliers to the pattern exist, not only, but particularly
among the Bovinae — the bovini and the tragelaphini (Przybylo et al.,
2019b).

The current interpretation is that ‘moose-type’ ruminants defend
themselves against secondary plant compounds in browse by salivary
proteins and are hence limited in the amount of protein-rich saliva they
can produce, whereas ‘cattle-type’ ruminants are not constrained in
saliva production by a requirement for high salivary protein contents
(Clauss et al., 2010). ‘Cattle-type’ ruminants can thus putatively use a
higher fluid throughput through the rumen to increase the harvest of

E-mail addresses: hejcmanova@ftz.czu.cz (P. Hejemanova), ortmann@izw-berlin.de (S. Ortmann), stoklasoval @ftz.czu.cz (L. Stoklasovd),
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rumen microbes (Clauss and Hummel, 2017). This scenario does not
exclude ‘moose-type’ ruminants from grass diets, but should just make
them less competitive in the grazing niche. On the other hand, ‘cattle-

Comparative Biochemistry and Physiology, Part A 246 (2020) 110720

Table 1

Nutrient concentration (in % dry matter, except where indicated) in the grass
hay and the lucerne haylage used in the present study. Data represent means
( = SD) of six pool samples.

type’ ruminants may develop other, hitherto unknown strategies to
cope with secondary plant compounds of browse-dominated diets
(Przybylo et al., 2019b).

The common eland (Taurotragus oryx) is an interesting species in
terms of dietary adaptations. It belongs to a ruminant tribe (tragela-
phini) that comprises some species that have been identified as outliers
to common patterns, in terms of salivary gland size (Robbins et al.,
1995; Hofmann et al., 2008) and in the retention pattern for fluids and
particles (Przybylo et al., 2019b). However, the digesta passage kinetics
of eland have not been investigated so far. The eland is also an example
of the difficulty to definitely ascribe a feeding type to a ruminant spe-
cies. Traditionally, the eland has been considered a prime example of an
intermediate feeder (Hofmann and Stewart, 1972; Hofmann, 1989;
Gagnon and Chew, 2000), based on studies that reported a mixed diet
of grass and browse (Kerr et al.,, 1970; Nge'the and Box, 1976;
Abdullahi, 1980; Buys, 1990) (older reports reviewed by Littlejohn,
1968), or even a mixed diet with a predominance of grass (Lamprey,
1963).

However, a larger number of studies have demonstrated that eland
are predominantly browsers (e.g., van Zyl, 1965; Cerling et al., 2003;
Sponheimer et al., 2003; Codron et al., 2007; Steuer et al., 2014; Venter
and Kalule-Sabiti, 2016). Increased reported proportions of grass in
eland diets are considered either due to methodological problems
(Watson and Owen-Smith, 2000), due to seasonal effects when green
grass is taken in the rainy season (Parrini et al., 2019), or exceptions
due to specific circumstances (D'’Ammando et al., 2015). Similarly, the
closely related Derby eland (Taurotragus derbianus) is a browser
(Hejecmanova et al., 2010; Galat-Luong et al., 2011), and even fossil
eland were found to be more browsers than intermediate feeders
(Stynder, 2009). Taken together, these results suggest a highly flexible
species that, in contrast to some other mixed feeders, mostly prefers
browse, but is able to thrive on grass nevertheless.

We aimed to test whether this flexibility is linked to a ‘cattle-type’
forestomach physiology, similar to other Bovinae that can use mixed
diets (Przybylo et al., 2019b), by measuring the mean retention time of
different digesta phases in eland. In order to account for the different
diets naturally eaten by eland, we tested them separately on a monocot
(grass hay) and a dicot (lucerne haylage) diet. We expected differences
in intake level between the diets, and intake level to affect absolute
measures of digesta retention — because higher food intakes are typi-
cally associated with shorter retention times (Miiller et al., 2013). In
contrast, the ratio of small particle to fluid passage has been shown to
be species-specific across diets and experiments, with no effect of the
intake level and only slight differences due to diet that are of a much
lower magnitude than differences between species (Renecker and
Hudson, 1990; Lechner et al., 2010; Dittmann et al., 2015a; Przybylo
et al., 2019b). Therefore, regardless of whether this ratio would classify
the eland as ‘cattle-type’ or ‘moose-type’ ruminants, we expected no
effect of diet on this classification.

2. Methods

The experiment was conducted from May to November 2017 at the
University Farm Estate in Lany (Czech University of Life Sciences
Prague, Czech Republic), which is accredited as research facility ac-
cording to European and Czech laws for ethical use of animals in re-
search (recent permission no. 63479_2016-MZE-17214 valid until 10th
October 2021). For a description of the usual husbandry regime of
elands at this farm, see Hejemanova et al. (2011). In the year of the
present study, the animals usually had access to a grass pasture,
meadow hay, lucerne haylage, and wheat bran, which they ingested at
individually varying proportions, and received this combination before
and in between experiments. The experimental proposal was approved

Nutrient Lucerne haylage  Grass hay
Offered Leftover Ingested
Dry matter (% as 40.7 = 1.5 954 + 1.8 - 954 + 1.8
fed)
Total ash 121 * 0.2 70 08" 61x11° 74=x10
Organic matter 879 + 0.2 93.0 + 0.8% 939 + 1.1* 926 + 1.0
Crude protein 23.4 + 0.7 57 + 04" 42 +06° 63 06
Neutral detergent  38.1 + 1.7 72.0 = 3.8 739 £ 3.7 714 £ 45
fibre
Acid detergent 264 = 1.0 40.4 + 33" 451 + 29" 384 * 42
fibre
Acid detergent 6.7 + 0.4 6.0 £ 15 69 * 09 56 + 1.8
lignin

A different letters within a row for grass hay indicate significant differences
(P < .05) in paired tests between the offered diet and the leftovers; absence of
letters in these columns indicates no significant difference.

by the Institutional Animal Care and Use Committee of the Czech
University of Life Sciences Prague as the experimental design did not
require use of animals above standard husbandry procedures or ex-
tended intervention.

Six adult male common eland (411 + 90 kg, range 278-535kg)
were chosen for the experiment. This was done to exclude reproducing
(pregnant) animals; the animals were picked randomly from among the
available males in the herd. They were subjected to two diet treatments
each. The animals were part of a larger breeding herd that was usually
kept together in one large freestall barn without compartments.
Treatments consisted of adapting animals on a monocot (grass hay)-
only and a dicot (lucerne haylage)-only diet for at least 2 weeks before
each trial (adaptation period), followed by a 1 week trial phase. For a
nutritional characterisation of the diets, see Table 1. These two forages
were from the same batches as those used for the regular feeding of the
herd. For the adaptation period and during the entire trial week, each
animal was kept individually in a separate compartment (20 m?), to
facilitate measuring of individual food intake and collection of faeces.
Compartments were provided with a straw bedding, and animals were
not observed to ingest the bedding. Between treatments, each animal
returned for at least 1 month into the general herd.

Food intake was measured by weighing food offered and leftovers
each day in the morning during the experiment. Grass hay was offered
for ad libitum consumption, with leftovers averaging 29 + 13% of the
total amount offered. Lucerne haylage was always consumed com-
pletely, and therefore did not meet the definition for ad libitum con-
sumption. Samples of the forages offered and the grass hay leftovers
were taken on a daily basis and pooled for each individual for nutrient
analyses.

During the adaptation period, the animals were accustomed to re-
ceive a handful of wheat bran every day. On the first day of the trial
week, they received a dose of three passage markers in a handful of
wheat bran, which was ingested completely within 15 min. The markers
were cobalt(Co)-EDTA as a solute marker (at a dose of 5-6 g/animal),
and chromium(Cr)-mordanted fibre (particle size < 2mm; 40-50 g/
animal) a well as cerium(Ce)-mordanted fibre (particle size < 10 mm;
30-40 g/animal) as particle markers, prepared according to Udén et al.
(1980). Co-EDTA was mixed in the wheat bran after being dissolved in
water.

Faeces were collected at least twice before marker feeding for
background levels, and every 4 h on trial days 1 and 2, every 6 h on day
3, every 8 h on days 4 and 5, and every 12 h on days 6 to 8. All faeces
defecated in an respective interval were collected, pooled, weighed, and
a representative subsample was stored frozen until drying at 60 °C for
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72 h and grinding. The eland usually defecated in one or two piles in
their enclosures, making total collection easily feasible. For the calcu-
lation of digestibility, faeces weights were used from consecutive days
for which total collection data was available. Of the 12 trials, the
number of total collection considered reliable was 4 times for 7 con-
secutive days, 4 times for 6 consecutive days, and 4 times for three
consecutive days. Individual faecal samples were used for passage
marker analysis, and a representative faecal pool sample per animal and
trial was composed of all available individual samples and used for
nutrient analysis.

Analyses of marker concentrations was made by inductively coupled
plasma optical emission spectrometer (model Optima 8000, Perkin
Elmer, Rodgau, Germany) according to Frei et al. (2015). Forage sam-
ples were subjected to standard nutrient analyses (AOAC, 1995) for dry
matter (DM) and total ash (AOAC no. 942.05), crude protein (AOAC no.
977.02), neutral detergent fibre (NDF, AOAC no. 2002.04; corrected for
residual ash), acid detergent fibre and acid detergent lignin (ADF, ADL,
AOAC no. 973.18). The pooled faecal samples were only analysed for
total ash, crude protein and NDF.

The MRT in the whole gastrointestinal tract (GIT) was calculated
according to Thielemans et al. (1978) as

> 4Cdy
> Gidy

with C; = marker concentration in the faecal samples from the interval
represented by time t; (h after marker administration, using the mid-
point of the sampling interval) and dt; = the interval (h) of the re-
spective sample

dt, = (i1 — ) + (6 — i)
' 2

MRT =

Complete excretion of the markers was assumed once the faecal
marker concentrations were similar to the background levels de-
termined in pre-dose faecal samples. Mean retention time in the re-
ticulorumen (RR) was estimated following Lechner-Doll et al. (1990).
The MRT,,1.eRR is determined by estimating the rate constant of the
descending part of the marker excretion curve via an exponential
equation:

y = A x ekt

with y = faecal marker concentration at time t (mg/kg DM), A =a
constant, k = rate-constant (h ') and t = time after marker dosing (h);
the reciprocal of k represents the MRT for the RR. The MRT,;c1eRR is
calculated based on the assumption that fluid and particles do not differ
in passage characteristics distal to the RR (Mambrini and Peyraud,
1997):

MRTpqrticleRR = MRTparicteGIT — (MRTso14cGIT = MRTso1cRR).

Table 2
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The ‘selectivity factor’ (SF, the ratio of two MRT of different mar-
kers) was calculated for both the total GIT and the RR. The relative
daily dry matter intake was expressed on the basis of body mass®®®
(Hackmann and Spain, 2010; Miiller et al., 2013). Apparent digest-
ibilities were calculated as (Intake — Faecal excretion)/Intake*100.
Using the dry matter intake, large particle MRT, and apparent dry
matter digestibility, the dry matter gut fill was calculated by the linear
approach of Holleman and White (1989).

Statistical comparisons between treatments were made by paired
tests (paired t-test, Wilcoxon signed rank test), depending on normal
distribution of data (as assessed by Kolmogorov-Smirnov test). To
compare MRTs of the markers within either the GIT or the RR, a re-
peated-measures ANOVA was performed with Sidak post hoc test.
Correlations between the relative dry matter intake and retention
measurements were tested by Spearman's correlation, and subsequently
by General Linear Models (assessing normal distribution of residuals)
with individuum as a random factor (to account for repeated measures)
and the relative dry matter intake as the independent variable. Tests
were performed using SPSS v. 25.0 (IBM), with the significance level set
to 0.05. For a comparison with other ruminant species, a species
average was compared to the data compilation from Przybylo et al.
(2019b).

3. Results

The animals always ingested the lucerne haylage completely, and
ingested significantly more absolute (P = .002) and relative (P = .002)
dry matter of the lucerne haylage than of the grass hay (Table 2). Both
absolute and relative dry matter intake were doubled on lucerne hay-
lage compared to the grass hay. When feeding on grass hay, leftovers
were significantly lower in protein and higher in acid detergent fibre
than the diet offered, indicating a certain degree of feeding selectivity
(Table 1).

The marker excretion patterns indicated a nearly parallel movement
of solutes and small particles, with an increase in the difference be-
tween small and large particles on lucerne haylage (Fig. 1). All MRT
measures were significantly shorter on lucerne silage (Table 2); how-
ever, the SF measures for particles vs. solutes did not differ between the
diets. Only the SF of large to small particles were significantly higher on
lucerne haylage, both for the GIT (P = .038) and for the RR (P = .024).

In particular, the largest animal, a 10 year-old, 535 kg bull, showed
an extreme difference between the treatments, with a very low dry
matter intake on the grass hay (13 g/kg®®°/d vs. 45 g/kg®®°/d on the
lucerne haylage) and the longest MRT (MRT GIT for solutes, small and
large particles 46, 72 and 71 h on the grass hay vs. 36, 46 and 53 h on
the lucerne haylage).

The apparent digestibility of dry matter and organic matter of the

Mean ( * SD) intake of feed as fed, dry matter (DM), the relative dry matter intake (rDMI), the mean retention times (MRT) and the selectivity factors (SF, the MRT
ratios) in the gastrointestinal tract (GIT) and the reticulorumen (RR) of three passage markers (Co - solutes, Cr — small particles, Ce — large particles) in 6 common

eland (Taurotragus oryx) fed either grass hay or lucerne haylage.

Diet Intake  Intake  rDMI MRT GIT MRT RR SF GIT SF RR
as fed DM Co Cr Ce Co Cr Ce Cr/Co Ce/Co  Ce/Cr Cr/Co Ce/Co  Ce/Cr
kg kg g/kg”®/d h h

Grass hay 4.05 3.87 24 35 47 50 23 36 38 1.35 1.43 1.07 1.54 1.66 1.09
+136" *131% =9 +6M 12 xm* x5 +11M +9° +015 *010 *005° *027 *+018 *0.07°

Lucerne haylage  20.49 8.34 51 28 38 43 19 29 34 1.36 1.55 1.14 1.54 1.84 1.20
+208F Loz xeX +58  +58 gl g g8 140 1009 +011 005 018 +023 +006"

AP Different letters within columns indicate significant differences (P < .05) in paired tests.

ab.c No common letters within rows indicate significant differences (RM-ANO!
indicates no significant difference.

VA, Sidak post hoc) between markers for a MRT or SF measure; absence of letters
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