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Abstract
The global climate change processes are expected to impact African savanna ecosystems in their
ecological functionality and availability of food resources for herbivores. To understand the feeding
responses of large savanna herbivores placed to space-constrained and two environmentally distinct
(semi-arid versus sub-humid savanna) conditions, we investigated the diet quality of �ve species living in
a mixed community of species native and non-native for the West African savanna and compared them
between the two sites as a proxy for a potential ecosystem shift due to climate change. Grazers and
mixed feeders maintained diet quality in most nutrients at similar levels, while browser’s diet had lower
nitrogen and �bres, speci�cally lignin, and more calcium in semi-arid savanna. Our �ndings suggest that
adaptation to different ecosystems with no possibility to leave the area required changes in feeding
behaviour across feeding types to maintain diet quality, especially mixed feeders escaped the
competition with zebras for grasses in sub-humid savanna by switching to browse. Pure browser
experienced reduced diet quality in drier environment and may potentially become susceptible to
ecosystem changes. Conservation strategies should facilitate both, animals’ adequate behavioural
responses together with nutritional resilience in changing savanna landscapes.

Introduction
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 acquire and utilize foodstuffs [1; 2]. While the diets are consistent at
the plant functional level within feeding guilds [2; 3], there is evidence on dietary richness at plant-species
levels within guilds which underpins their coexistence, particularly in African savannas [4; 2; 5]. The
seasonal character of African savanna climate plays the primer role in these processes, speci�cally
shaping the competition forces to strengthen during the dry season when the high-quality resources are
scarce [6; 7]. Coexistence of herbivores is therefore driven by resource partitioning, which enables species
consuming the same source of food to acquire su�cient amount of forage for survival [5]. Among native
herbivores, 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 food-limited conditions and consequently implies competition [7]. This is case of many wildlife
reserves, where non-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 [8; 9] and to signi�cantly impact availability of food resources for herbivores [10; 11]. When
climate changes trigger changes in habitats, it activates animal behaviours that secure the adequate
nutrition through a mechanism of resilience which may involve either shift in amount and selection of
available forage or 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.
The competition for changing resources may become critical and may lead to population declines and
extinctions [11; 12; 13]. Speci�cally, in areas constrained by real or virtual barriers, the competition for
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limited resources and dietary partitioning represents crucial mechanisms determining the decisions for
effective conservation management of large herbivore communities’ diversity. The understanding of
resilience of herbivore communities in fragmented landscapes to changing climatic patterns are therefore
of vital concern for conservation.

To understand the feeding responses of large savanna herbivores placed to space-constrained and two
environmentally distinct (semi-arid versus sub-humid savanna) conditions, we investigated the diet
quality of �ve species living in a mixed community of species native and non-native for the 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 browser), common eland (non-
native mixed feeder/browser), roan antelope (native mixed feeder), buffalo (native grazer) and zebra
(non-native grazer). We predicted that maintaining the diet quality at nutrient level represents for large
herbivores a signi�cant adaptation mechanism in satisfying species-speci�c nutritional requirements in
divergent habitats. We examined speci�cally whether herbivores of different feeding guilds demonstrate
distinct or the same diet quality in semi-arid and sub-humid savannas, which implicitly differ in plant
species composition and abundance. Namely, we tested the differences in �bre fractions, macro- and
microelements among �ve large ungulates belonging to grazers, mixed feeders, and browsers and then
we compared their diet quality in these two savanna types in wet, dry, and late dry seasons 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 prevent 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 mammalian herbivores in face of potential habitat changes resulting from global climate
change.

Methods

Study sites
Study was conducted in two fenced wildlife reserves in Senegal, Bandia and Fathala reserves, managed
by private operators for habitat and wildlife conservation and safari-tourism. The Bandia reserve
(14°35’N, 17°00’W; 3000 ha), located 65 km southward from Dakar, has a semi-arid hot climate with
annual average temperature 26°C and mean precipitation 450–530 mm divided into wet (July – October),
dry (November – April) and hot dry (May – June) seasons. Vegetation is Sahelo-Sudanese savanna
dominated by baobab trees (Adansonia digitata), various species of acacia (Acacia spp., Faidherbia
albida), Balanites aegyptiaca, Boscia senegalensis and Cassia obtusifolia [14]. The reserve hosts large
herbivores, native to Senegal such as African buffalo (Syncerus caffer brachyceros), defassa waterbuck
(Kobus ellipsiprymnus defassa), roan antelope (Hippotragus equinus koba), and Western Derby eland
(Taurotragus derbianus derbianus), and non-native species which have been introduced from South
Africa such as giraffe (Giraffa camelopardalis giraffa), greater kudu (Tragelaphus strepsiceros), impala
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(Aepyceros melampus), common eland (Tragelaphus oryx oryx), Burchell’s zebra (Equus quagga
burchelli) and white rhino (Ceratotherium simum simum).

The Fathala reserve (13°39’N, 16°30’W; 2000 ha) is located 250 km southward from Dakar, near the
northern border of the Gambia. The area has a sub-humid climate, with annual average temperature 27°C
and mean precipitation range 770–1000 mm divided into wet (July – November), dry (December –
March), and hot dry (April – May) seasons. Vegetation belongs to the Sudano-Guinean savannah with
dominants of Acacia macrostachya, Combretum spp., Danielia olliveri, Piliostigma thonningii,
Pterocarpus erinaceus, Terminalia avicennoides, T. macroptera, and Andropogon gayanus grass [15].
There are native herbivores such as bushbuck (Tragelaphus scriptus) and warthog (Phacochoerus
africanus), and several introduced wildlife species from Senegal, such as African buffalo, defassa
waterbuck, roan antelope, Western Derby eland, and non-native species from South Africa, such as
giraffe, white rhino, zebra, and common eland.

Herbivore diet evaluation
Five herbivore species were selected as model species for diet evaluation. Grazers were represented by
buffalo [16; 17] and zebras [17; 18], and browsers by Derby eland [14; 15]. Mixed feeders were represented
by roan antelope which tends more to grazing [19; 20] and by common eland which tends more to
browsing [16; 21; 22]. To evaluate the diet quality, we sampled fresh dung three times of which each
represented the speci�c season, i.e. in December 2011 (dry season), April 2012 (hot dry season), 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 from adult males and non-
lactating females. From each reserve 4–5 samples 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 buffalo; 20 for zebra) and total of 84 samples were collected in the Fathala
reserve (36 for Derby eland; 10 for common eland; 17 for roan antelope; 7 for buffalo; 14 for zebra).

Samples were oven-dried at 60°C for at least 72 hours, then ground and homogenized. The samples were
subjected to standard nutrient analyses [23] for dry matter (DM), neutral detergent �bre (NDF, AOAC no.
2002.04), acid detergent �bre and acid detergent lignin (ADF, ADL, AOAC no. 973.18). The content of
hemicellulose was calculated as the difference between NDF and ADF content; the content of cellulose
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 in an oven at 950°C. Combustion products were mixed with oxygen and the
mixture passed through an infrared CO2 detector and through a circuit 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 copper and converted to N.

Concentrations of K, S, Co, P, Ca, Mg, and Na were tested by ICP-OES (IRIS Intrepid II XSP Duo, THERMO
Elemental, USA), and Se was analysed by hydride generation atomic absorption spectroscopy technique
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(HG-AAS) using Analyst 100 spectrometer (Perkin Elmer, USA). For ICP-OES measurements samples were
mineralized in the mixture of nitric 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, Cu, Zn and Mo was analysed by ICP – MS. Fine-grained, dry and
homogenized faecal samples were acid digested in 5 ml HNO3 (Analpure®, Analytika, Czech Republic) for
20 min at 180°C in closed microwave digestion system (Discover SP-D, CEM Corp., USA). Final digest was
diluted by water (Milli-Q puri�cation system; Millipore, SAS, France) till volume of 45 ml, aliquot
proportion (1 ml) was removed from this volume and diluted again by H2O to the �nal volume of 4 ml. In
such diluted digests concentration of S, Mn, Fe, Co, Mn, Zn, Se, Mo were determined by technique of
inductively coupled plasma mass spectrometry (ICP-MS, Agilent 7700x, Agilent Technologies Inc., USA).

Data analyses
Data, i.e. concentrations of all elements and �bre fractions, were �rst tested by Kolmogorov-Smirnov test
of normality. We tested for differences in concentration of elements and �bre fractions between animal
species for each reserve separately using a series of one-way ANOVAs. In case of signi�cant differences,
we applied Tukey post hoc comparison test. Then, we tested the differences in concentrations of each
element and �bre fractions between the reserves separately for each animal species using a series of
Student’s t-tests. These analyses were performed using the TIBCO® Statistica™ package (StatSoft, Palo
Alto, CA, USA).

The multivariate constrained Redundancy Analysis (RDA) in the Canoco 5 package [24] was applied to
examine the relationships among the nutrients (macro-, microelements and �bre fractions) and effects of
explanatory environmental variables at each wildlife reserve separately. Explanatory environmental
variables were animal species and season. The data were log-transformed and standardized during the
analysis. To test the signi�cance of our constrained ordination model, unrestricted Monte Carlo
permutation test (permutations n = 999) was applied. Results of the analyses were visualised in the form
of ordination diagrams.

Results
Overall, mixed feeders and grazers maintained the quality of their diet in most of the principal parameters,
especially in the content of nitrogen and �bres, regardless the savanna ecosystem type, while browser
showed signi�cantly lower nitrogen and �bres in the semi-arid environment in comparison to the sub-
humid one (Table 1). The diet of all ruminants, i.e. all species except zebra, contained consistently lower
proportion of indigestible lignin and higher concentration of calcium in the semi-arid environment
(Table 1). The concentrations of phosphorus in diet of buffalo, roan, and Derby eland were lower in the
semi-arid environment.
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Table 1
Concentrations (mean ± SE) of macroelements and �ber fractions in faeces of large herbivores in 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 ± 
0.39 b/***

24.10 ± 
1.27 b/NS

21.47 ± 1.05
b/NS

16.39 ± 
1.28 a/NS

17.1 ± 1.26
a/NS

9.76;
<0.001

Phosphorus
g/kg

4.5 ±
0.18NS/ *

4.95 ± 0.62
NS/NS

4.75 ± 0.39
NS/**

4.93 ± 0.42
NS/**

4.1 ± 0.41
NS/NS

0.95;
0.43

Potassium
g/kg

6.7 ± 0.16
a/*

6.99 ± 0.39
a/NS

6.56 ± 0.57
a/NS

8.14 ± 0.68
a/NS

11.7 ± 0.84
b/NS

22.8;
<0.001

Calcium g/kg 40.9 ± 
0.78 d/***

35.42 ± 
1.71 c/**

23.96 ± 2.59
b/***

17.80 ± 
1.73 b/*

8.7 ± 0.67
a/NS

110;
<0.001

Magnesium
g/kg

6.7 ± 0.35
b/NS

7.49 ± 0.87
b/NS

5.54 ± 0.42
b/NS

6.26 ± 0.53
b/NS

3.4 ± 0.16
a/***

9.01;
<0.001

Sulphur mg/g 2.2 ± 
0.082 b/NS

2.38 ± 
0.089 b/NS

2.40 ± 0.10
b/***

2.0 ± 0.23
ab/NS

1.65 ± 0.08
a/***

9.24;
<0.001

NDF g/kg 525 ± 8.14
b/***

499 ± 29.21
ab/NS

492 ± 19.88
ab/NS

426 ± 31.21
a/**

535 ± 23.53
b/**

4.15;
0.004

ADF g/kg 495 ± 7.40
c/***

448 ± 25.32
bc/NS

432 ± 17.74
b/NS

344 ± 26.89
a/**

390 ± 18.17
ab/**

15.6;
<0.001

Cellulose 224 ± 4.85
a/NS

213 ± 14.26
a/**

237 ± 14.03
ab/NS

202 ± 17.82
a/*

263 ± 15.34
b/**

3.62;
0.008

Hemicellulose 30 ± 2.89
a/***

51 ± 10.04
ab/NS

60 ± 9.12
b/NS

82 ± 8.84
b/NS

145 ± 10.49
c/NS

48.1;
<0.001

Lignin g/kg 271 ± 5.27
d/***

235 ± 14.13
c/NS

195 ± 8.82
b/NS

142 ± 10.34
a/***

128 ± 6.24
a/NS

66.5;
<0.001

Lignin
proportion %

54.7 ± 
0.6c/***

52.6 ± 1.4
c/***

45.6 ± 1.6
b/*

41.9 ± 1.3
b/**

33.2 ± 1.3
a/ NS

66.8;
<0.001

Ca:P 11.18 ± 
1.0c/***

8.1 ± 
0.89b/***

5.19 ± 
0.74ab/NS

3.5 ± 
0.34a/**

2.7 ± 
0.38a/NS

23.7;
<0.001

First mark explore concentration (mean ± standard error of mean) of macroelements and �bre
fractions calculated by one-way ANOVA. Using Tukey post-hoc comparison test, species with the
same letter were not signi�cantly different. Second mark explore differences of elements
concentrations between two reserves tested by two-sample T-test signi�cant results have: * if p ≤ 
0.05, ** if p ≤ 0.01 and *** if p ≤ 0.001.
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  Derby
eland

Common
eland

Roan
antelope

Buffalo Zebra F; p-
value

FATHALA n = 36 n = 10 n = 17 n = 7 n = 14  

Nitrogen g/kg 25.6 ± 
0.88 b

25.18 ± 
2.08 b

18.31 ± 1.47
a

18.03 ± 
0.69 a

15.33 ± 
0.82 a

14.5;
<0.001

Phosphorus
g/kg

5.5 ± 0.47
b

5.90 ± 0.77
b

2.99 ± 0.32
a

2.61 ± 0.34
a

4.10 ± 0.60
ab

5.43;
<0.001

Potassium
g/kg

7.6 ± 0.43
ab

7.60 ± 1.30
ab

5.54 ± 0.43
a

8.11 ± 0.65
ab

9.74 ± 0.77
b

4.88;
0.0014

Calcium g/kg 23.2 ± 
1.77 bc

26.57 ± 
3.40 c

10.46 ± 1.13
a

12.80 ± 
0.52 ab

12.66 ± 
2.90 a

9.32;
<0.001

Magnesium
g/kg

5.7 ± 0.47
ab

7.75 ± 1.37
b

4.63 ± 0.54
a

5.53 ± 0.40
ab

5.00 ± 0.29
ab

2.43;
0.054

Sulphur mg/g 2.33 ± 
0.17 c

2.14 ± 0.14
bc

1.84 ± 0.11
b

1.56 ± 0.05
ab

1.22 ± 0.05
a

13.1;
<0.001

NDF g/kg 575 ± 13.7
b

433 ± 55.5 a 525 ± 43.9
ab

579 ± 19.5
ab

622 ± 18.3
b

4.32;
0.003

ADF g/kg 574 ± 19.1
b

459 ± 67.4
ab

454 ± 40.8 a 505 ± 31.7
ab

479 ± 28.6
ab

3.11;
0.020

Cellulose 219 ± 9.82
ab

154 ± 15.2 a 230 ± 24.6
ab

266 ± 17.1
bc

334 ± 17.9
c

11.4;
<0.001

Hemicellulose 55.5 ± 
6.84 a

36.9 ± 9.6 a 71 ± 9.9 a 74 ± 15.6 a 143 ± 15.5
b

12.3;
<0.001

Lignin g/kg 355 ± 14.4
c

305 ± 54.1
bc

224 ± 18.8
ab

239 ± 15.2
ab

145 ± 12.2
a

15.9;
<0.001

Lignin
proportion %

61.6 ± 1.4
c

63.3 ± 2.8 c 52.0 ± 2.4 b 47.3 ± 0.6 b 29.7 ± 1.2 a 47.3;
<0.001

Ca:P 4.25 ± 0.2a 4.58 ± 0.2a 4.02 ± 0.4ab 5.17 ± 0.7a 2.75 ± 
0.34b

5.76;
<0.001

First mark explore concentration (mean ± standard error of mean) of macroelements and �bre
fractions calculated by one-way ANOVA. Using Tukey post-hoc comparison test, species with the
same letter were not signi�cantly different. Second mark explore differences of elements
concentrations between two reserves tested by two-sample T-test signi�cant results have: * if p ≤ 
0.05, ** if p ≤ 0.01 and *** if p ≤ 0.001.
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Regarding the inter – species comparisons, the diet quality indicated by the concentration of nitrogen
was higher in Derby and common elands in comparison to zebra and buffaloes at both sites, while roan
antelope was similar to both eland species in the semi-arid and similar to zebra and buffaloes in the sub-
humid savanna. Hemicellulose, the most digestible �bre fraction in the diet, followed the opposite
patterns, being the highest in zebra and the lowest in Derby elands at both sites, conversely to the
proportion to indigestible �bres. Phosphorus concentrations in diets did not differ between species in the
semi-arid savanna, whereas in the sub humid savanna Derby eland and Common eland showed the
highest values. Lignin which is the indicator of browse plants in herbivore’s diet, its proportion and
calcium were the highest in Derby and common elands at both sites, signi�cantly different from the other
species (Table 1).

Microelements re�ect the mineral background of the environment and animal physiological state, rather
than direct indicators of herbivores diet quality. There was no consistent pattern in response to the
savanna type, neither differences among species (Table 2). In the semi-arid savanna, the concentration of
Zn was the highest in buffalo and concentration of Se was the highest in buffalo and roan antelope,
while at the sub-humid 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.
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Table 2
Concentrations (mean ± SE) of microelements in faeces of large herbivores in Bandia and Fathala

reserves.

  Derby eland Common
eland

Roan
antelope

Buffalo Zebra F; p-value

BANDIA n = 15 n = 11 n = 13 n = 8 n = 15  

Mn µg/g 162.7 ± 
16.94ab/NS

135 ± 
9.81a/NS

84.56 ± 
3.98ac/***

100,4 ± 
10,35ac/***

117.4 ± 
13.62a/NS

5.90;
0.001

Fe mg/g 1.89 ± 
0.14NS/***

1.79 ± 0.28
NS/NS

1.63 ± 0.1
NS/NS

2,38 ± 0,4
NS/NS

1.79 ± 0.2
NS/NS

1.39;
0.251

Co µg/g 0.84 ± 0.06
NS/NS

0.82 ± 0.11
NS/***

0.72 ± 0.06
NS/NS

0,93 ± 0,10
NS/*

0.85 ± 0.12
NS/NS

0.56;
0.696

Cu µg/g 13.41 ± 
1.25a/*

17.4 ± 
2.84ab/NS

15.23 ± 
1.68a/NS

8,31 ± 
0,63ac/NS

12.36 ± 
1.64a/NS

2.81;
0.034

Zn µg/g 63.74 ± 
3.44ac/NS

66.9 ± 
6.77a/*

67.47 ± 
3.22a/***

85,48 ± 
8,08ab/**

60.40 ± 
2.78ac/NS

3.50;
0.013

Se µg/g 0.46 ± 
0.036ac/NS

0.71 ± 
0.07a/**

0.87 ± 
0.10ab/***

0,9 ± 
0,09ab/***

0.72 ± 
0.07a/***

5.72;
0.001

Mo µg/g 0.94 ± 
0.06b/NS

1.66 ± 
0.23ab/NS

2.36 ± 
0.26a/***

2,33 ± 
0,27a/***

1.82 ± 
0.18a/***

8.96;
<0.001

FATHALA n = 14 n = 10 n = 15 n = 6 n = 14  

Mn µg/g 178.1 ± 
16.4ac

157.9 ± 
11.04a

209.7 ± 
13.96ac

197.4 ± 
13.75a

128.5 ± 
6.91ab

6.15;
<0.001

Fe mg/g 0.94 ± 0.11ac 2.02 ± 
0.33ab

1.38 ± 0.35a 1.47 ± 0.1a 1.47 ± 0.17a 2.10;
0.095

Co µg/g 1.00 ± 0.12
NS

1.6 ± 0.17
NS

1.02 ± 0.28
NS

1.84 ± 0.54
NS

1.33 ± 0.24
NS

1.53;
0.208

Cu µg/g 18.18 ± 
1.74bc

22.08 ± 2.3c 12.75 ± 
1.33ab

8.82 ± 0.24a 12.3 ± 0.84a 8.24;
<0.001

Zn µg/g 66.57 ± 
4.86ab

90.22 ± 
8.42b

50.54 ± 
3.04 a

51.57 ± 2.62
a

64.7 ± 7.86 a 5.57;
0.0008

First mark explore concentration (mean ± standard error of mean) of microelements calculated by
one-way ANOVA. Using Tukey post-hoc comparison test, species with the same letter were not
signi�cantly different. Second mark explore differences of elements concentrations between two
reserves tested by two-sample T-test signi�cant results have: * if p ≤ 0.05,

** if p ≤ 0.01 and *** if p ≤ 0.001.
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  Derby eland Common
eland

Roan
antelope

Buffalo Zebra F; p-value

Se µg/g 0.61 ± 0.07c 0.45 ± 
0.08bcd

0.33 ± 
0.02ab

0.26 ± 
0.02ad

0.17 ± 0.02a 12.66;
<0.001

Mo µg/g 1.03 ± 0.17a 1.69 ± 
0.38ab

0.65 ± 
0.13ac

0.40 ± 0.02ac 0.94 ± 0.12a 4.39;
0.004

First mark explore concentration (mean ± standard error of mean) of microelements calculated by
one-way ANOVA. Using Tukey post-hoc comparison test, species with the same letter were not
signi�cantly different. Second mark explore differences of elements concentrations between two
reserves tested by two-sample T-test signi�cant results have: * if p ≤ 0.05,

** if p ≤ 0.01 and *** if p ≤ 0.001.

 

In terms of nutrient landscape pointing out the mutual relationships among nutrients, the multivariate
RDA analysis showed signi�cant effects of herbivore species and seasons at both sites; on �rst axis F = 
2.4, P = 0.001, on all axes F = 10.4, P = 0.001 in the semi-arid savanna, and on �rst axis F = 2.7, P = 0.001,
on all axes F = 7.1, P = 0.001 in the sub-humid savanna.

At semi-arid site, in the Bandia reserve, the �rst axis of the RDA explained 20.5%, the second axis 18.1%,
the third axis 6.7%, and all four axes together show 50% of the data variability. The �rst (x) axis
represented the content of N, Mg, P, S, and Cu which were positively and negatively related to the wet and
dry seasons, respectively. The second axis represented the content of lignin, Ca and Mn with positive
relation of Derby and common elands there on one side, and represented hemicellulose, K, and Mo to
which roan and buffalo were related closer (Fig. 1a).

At sub-humid site, in the Fathala reserve, the �rst axis of the RDA explained 24.3%, the second axis 11.1%,
the third axis 5.4%, and all four axes together show 44% of the data variability. The �rst (x) axis
predominantly represented the content of Ca, P, Mg together with Cu, Zn, and 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 represented mostly lignin and Mn, which were more positively related to Derby
eland. On another side second 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 elements in both
reserves, and is in perfect opposite position to pure browser Derby eland.

Discussion
Our �ndings suggest that the mixed feeders and grazers were resilient to the change of habitat by
maintaining the level of diet quality in both, sub-humid and semi-arid savanna ecosystems, even if those
substantially differ in the vegetation structure and plant species composition. Few differences found in
zebra and buffalo in the sub-humid ecosystem with higher NDF and ADF �bre content indicated a higher
proportion of fresh grass biomass in grazers’ diet. Similar proportion of lignin in zebra’s diet in semi-arid
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and sub-humid conditions indicated that zebra did not incorporate any higher proportion of browse to its
diet despite grass limited environment, similarly as reported by [25]. Such feeding strategy put other
grazing herbivores, here namely roan antelope and buffalo, under a strong competition. Higher
proportions of lignin in the diet of roan, and buffalos in the sub-humid savanna suggest that they include
browse in their diet as elsewhere, speci�cally for buffalo see [26], [27], [28]. It seems contradictory as
buffalos are primarily grazers and roan antelopes switch their diet to browsing especially during dry
seasons when resources are scarce, switching from strict grazing (> 95% grass) to mixed feeding (< 50%
grass) [19], whereas in our study, we expect there were more resources in the sub-humid savanna. Our
results suggest that the vegetation structure of the sub-humid savanna that is composed by denser
woody plants canopy and tall grasses (Andropogon gayanus, Schizachyrium sanguineum) and herbs in
the undergrowth [29] does not offer for grazers adequate grass resources, i.e. appropriate leaf-stem ratio
[30]. Roan antelope are sensitive to habitat change and competition from sympatric grazers and are
susceptible to nutritional de�ciencies [31]. Therefore, facing the spatial limitation, i.e. no option to
migrate, and competition from other bulky feeders, i.e., zebras, the species that are physiologically able to
switch from grazing to browsing on trees, shrubs and herbs [32], do so and maintain 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 to drought and provide forage resources more or less continuously [3;
13]. Derby elands browse on a wide variety of woody species and are not particularly selective [33; 15],
therefore we expected the animals to �nd adequate food resources in both environments, despite
different vegetation. Their diet, however, differed in quality, speci�cally the animals’ diet was lower in
macroelements and �bres in the semi-arid savanna in comparison to the sub-humid one. The levels of
nutrients, however, did not fall under critical limits which could lead animals to nutritional de�ciency. For
large African herbivores, suggested critical faecal nitrogen concentration lies within the range 13–16 g/kg
of dry matter (1.3–1.6 % of dry matter) and critical faecal phosphorus concentration is estimated to 2
g/kg (0.2% of dry matter) [34; 35]. Especially pronounced difference in the diet quality parameters
between the two sites for browsers, i.e. for Derby eland, but also for common eland, was found in the
content of lignin and its proportion as indigestible component in the diet. The sub-humid savanna offers
broad-leaved tree species, for instance Terminalia spp., Combretum spp., Saba senegalensis [36], these
species thus provide more biomass, while they also contain more lignin, tannins, and/or other secondary
metabolites which simultaneously increase nitrogen content irrelevant as nutritive element due to its non-
protein origin. On the other hand, the semi-arid savanna vegetation is composed dominantly by Acacia
spp. with more narrow leaves, less biomass, with less antinutritive compounds. The consumption of
Acacia spp. by browsing animals is indirectly con�rmed by very high concentration of Ca and strongly
biased Ca:P ratio, especially in Derby eland diet, as legume, including Acacia spp., and other tree and
shrub species alike are rich source of Ca [37; 38]. Elands having Ca rich and P poor diet are likely unable
to absorb Ca from the diet and then Ca leave the body without utilization [39].

There was no speci�c consistent pattern in the microelement concentrations in relation to feeding type,
species, or savanna type. In tropical regions, soils often have limiting supplies of trace elements [40]. This
environmental background translates into plant food and as a consequence, domestic ungulates in
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tropical regions feeding on natural resources were reported as mineral de�cient [41]. Data from wild large
savanna herbivores on microelements are virtually inexistent. In our study, we have not found any low
values of microelements which would indicate any de�ciency. Nevertheless, Mn concentration at all
species at both localities are very high in comparison to, for instance, 4 µg/kg maintenance requirements
of ewes [42]. High concentrations of Mn are even sharply increased at roan antelopes and buffaloes in
the sub-humid savanna. On the other hand, high Mn concentrations can be toxic, leading to depressed
iron status and hematologic changes or damage of rumen microbial �ora. Despite the fact, that Mn is
one of the least toxic of the essential elements [43] concentrations of Mn, as well as of other
microelements, and their sources from environment should be investigated further.

We must pay a close attention 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 composed by Acacia
albida (synonymous to Faidherbia albida) pods and peanut hay (Arachis hypogea). Both are legume
species, rich in nitrogen, phosphorus, and calcium [44; 45; 46] and supplied to maintain the animals’
�tness during the most critical period of scarce natural resources, especially in regard to conservation
program of critically endangered 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
instance, faecal nitrogen and phosphorus concentrations in the animals’ diet in our study were higher at
both sites and for all species in comparison to the same and related species during the dry season in
Kruger national park [47]. Similarly, the Ca:P ratio in diet of browsing species, i.e. both browsers and
intermediate, was higher in the semi-arid savanna reserve where the supplementing management is more
regular and intensive in comparison to the reserve in sub-humid area. The multivariate analysis in the
sub-humid savanna showed the importance of ongoing season from the wet season on one 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 complementary only, without any substantial impact on natural dietary
associations. Two species of mixed feeders, roan antelope and common eland, showed opposite
association to nutrients and seasons, con�rming thus their distinct features, thus incomparability despite
their ‘mixed feeders’ designation. The position of roan antelope shows its similarity to buffalo and
previous consideration of buffalo’s partial browsing. Derby eland related especially to lignin and nitrogen,
and zebra appear independent on the season, each species on the opposite side. In contrast, the
multivariate analysis of nutrients, species and seasons in the semi-arid savanna revealed the importance
of wet and dry seasons, while the hot dry season appeared to be of low importance for the nutrients in the
animal diet. We associate this to the effect of supplementary feeding which changes the relationships of
nutrients in animal diets and similarities among animals. Under these conditions, common eland diet was
more similar to Derby eland’s diet, and their relation to Ca suggest that they bene�t from supplementary
feeding, alike buffalo was more 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
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Overall, our results showed that despite differences in aggregate rainfall and vegetation structure
(including plant species composition) between semi-arid and sub-humid savannas at two sites, grazers
and mixed feeders maintained the diet quality in most nutrients at similar levels. Our �ndings suggest
that to maintain the level of diet quality, the conditions of different ecosystems with no possibility to
leave the area imposed changes in feeding behaviour across feeding types, most pronounced in mixed
feeders. Based on proportion of indigestible lignin in faeces, we infer that buffalos and roan antelopes
escaped the competition with non-native zebras for grasses in sub-humid savanna where denser canopy
and mostly herbs in the undergrowth make grasses a scarce resource, by switching to browse. Therefore,
introduction of not native species 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 species differing the
most between the two ecosystems was Derby eland, the pure browser, showing consistently lower levels
of all macroelements and �bres in the semi-arid environment. Therefore, browsers may experience
intensifying impacts in terms of diet quality and available nutrients, despite they have been considered
not to be affected behaviourally by drier conditions, for instance by drought events, based on assumption
that woody plant resources remain available and browsers thus appeared more resilient [3]. From
conservation perspective, all feeding guilds may become threatened 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 conservation-oriented ‘exit-strategy’ for species should be conceived to
address these threats, including the strengthening the ecological connectivity in savanna landscapes.
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Figure 1

Constrained redundancy analysis ordination diagram showing mutual relationships of nutrients, i.e.
macro-, microelements and �bre fractions, and effects of animal species and seasons in the a) semi-arid
savanna in the Bandia reserve, and b) sub-humid savanna in the Fathala reserve.


