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ABSTRACT

Food preference and selection of free-ranging giraffes have been well recorded, but limited data concerning the chemical compo-
sition of their diet and faeces are currently available. This pilot study added information on natural diet, nutritional quality and
a description of faecal chemical composition of free-ranging giraffe in the Free State Province, South Africa. Measured crude
protein levels in leaves were lower compared to previous reports. The leaf calcium (Ca) content was higher than the phosphorus

(P) content in all samples, supporting concepts that giraffe may be P but not Ca limited. In the faecal samples of the present study,

nitrogen and P concentrations were above the thresholds considered indicative of nutritional deficiency.

1 | Introduction

Two principal methods for assessing dietary ecology of mega-
herbivores are direct observations of feeding activity and fae-
cal nutrient analysis (Parker and Bernard 2006; van Lieverloo
et al. 2009). The latter is considered a practical, non-invasive
method to measure nutritional status and has been widely ap-
plied to large herbivores, such as springbok, zebra, giraffe, and
kudu (Abraham et al. 2023; Grant et al. 2000; Van der Waal
et al. 2003; Wrench et al. 1997). Faecal nitrogen and phosphorus
concentrations below the thresholds suggested by Van der Waal
et al. (2003; 1.5% N of dry matter (DM) for mixed feeders and
browsers) and Wrench et al. (1997; 0.2% P of DM) indicate a de-
ficient diet. Several factors can influence the chemical composi-
tion of plants, such as mineral status of the soil, stage of growth,
climate (sunlight, rainfall), and seasonality (Grant et al. 2000;

Stapelberg et al. 2008; Tolsma et al. 1987; Underwood and
Suttle 1999).

Giraffes (Giraffa camelopardalis) are classified as brows-
ing, moderately selective ruminants (Hofmann 1989; Van
Soest 1988) that primarily consume leaves and shoots from trees
and/or shrubs (Pellew 1984a, 1984b). Vachellia and Senegalia
species (previously known as Acacia) have been reported as the
mainstay of the giraffe diet in previous studies (e.g., Ciofolo and
LePendu 2002; Mahenya et al. 2016; Parker and Bernard 2005).
However, giraffe diets can consist of 14 to over 90 plant species
and vary greatly depending on range and season (Berry and
Bercovitch 2016; Deacon et al. 2023; Gordon et al. 2016; Levi
et al. 2022; Pellew 1984b). Giraffes have been observed chewing
both other giraffe bones and those of other species, a behaviour
known as osteophagia (Deacon et al. 2023; Hart and Hart 2023;
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Langman 1978; Wyatt 1971). A deficiency of phosphorus is the
most likely cause of this behaviour (Bredin et al. 2008; Mitchell
et al. 2005).

Limited data concerning the chemical composition of giraffe
diets is available (Dagg 1960; Dougall et al. 1964; Field and
Ross 1976; Hall-Martin and Basson 1975; Pellew 1984a; Sauer
et al. 1982). The nutritional composition of some preferred plant
species eaten by free-ranging giraffe from literature sources is
summarised in Table S1. Kearney (2005) stated that more in-
formation on mineral concentrations in giraffe natural diets
is required since the analyses of plants have focused on major
nutrients that provide protein or energy. This pilot study aimed
(1) to provide insights on the nutritional quality of browse eaten
by free-ranging southern giraffes in two nature reserves in the
Free State Province, South Africa, and (2) to describe their fae-
cal chemical composition.

2 | Methods
2.1 | Ethics Statement

This study was approved by the Animal Research Ethics
Committee at the University of the Free State (UFS-
AED2023/0064) and National Department under the Section 20
permit (Ref. Number 12/11/1/4 (6087SdIR)).

2.2 | Study Sites

This study was conducted in Amanzi Private Game Reserve
(APGR) and Sandveld Nature Reserve (SNR), both located in
the Free State Province in South Africa. APGR is located in
the Grassland Biome (Rutherford and Westfall 1994), with
vegetation on the hills more representative of Winburg Grassy
Shrubland (Mucina and Rutherford 2006). Butler (2017) re-
ported that dominant vegetation includes woody trees like
Searsia ciliata, V. karroo, and Tarchonanthus camphoratus.
Different soil forms are characteristic of this reserve, such as
gravel-rich Glenrosa and dry, clayey, duplex soils (Mucina and
Rutherford 2006). The mean annual rainfall is 500 mm (Mucina
and Rutherford 2006), with the highest rainfall from November
to March, and temperatures varied from a maximum of 38.7°C
in summer to a minimum of —9.2°C in winter (Butler 2017).

SNR is located on the Free State side of the Bloemhof Dam (Van
der Merwe 2001), within the Kimberly Thorn Bushveld (Low
and Rebelo 1996) or the eastern form of Kalahari Thornveld
(Acocks 1988). This reserve features open savanna dominated
by Vachellia erioloba, with scattered Boscia albitrunca and V.
karroo, and grasses like Themeda triandra and Cymbopogon
plurinodis found on predominantly sandy soils to loamy
sand with a subsurface calcrete layer (Acocks 1988; Low and
Rebelo 1996). The Vaal River and Vet River form the northwest-
ern and southern boundaries of SNR, respectively (Avenant
and Watson 2002). The mean annual rainfall ranges from 450
to 500mm, with maximum monthly rainfall in January (Low
and Rebelo 1996), and the mean temperature varies from 0°C
in July to 33°C in January (Weather Bureau Department of
Environment Affairs 1986). In this study, SNR was separated

into two sections: Site A (southern side) and Site B (northern
side) because giraffes do not have access to the southern side
during some periods of the year.

2.3 | Sample Collection

During April to June 2024, samples from 17 browsing plants se-
lected by free-ranging giraffes based on direct visual foraging
observations were collected for laboratory analysis in both re-
serves: Study site 1 (APGR; 4 species) and Study site 2 (SNR; Site
A: 5 species, Site B: 8 species). Mature leaves from multiple trees/
shrubs per species were collected from the same plants and at
the same height as giraffes had previously selected, and sam-
ples were pooled and stored in labelled paper bags until anal-
ysis. From January to July 2024, 25 fresh faecal samples were
opportunistically collected from 11 individuals (5 females and 6
males) in APGR and from 14 individuals (5 females and 9 males)
in SNR by rectal sampling during giraffe management proce-
dures, avoiding the danger of contamination from soil. Faeces
were stored in labelled plastic bags and kept in the freezer at
—20°C until laboratory analysis. Browse and faecal samples
were dried at 70°C and milled with a KN 295 Knifetec with a
1-mm screen size for subsequent chemical analysis.

Only a limited number of browse and faecal samples could be
collected over a short period of time and analysed for chemical
composition due to budgetary limitations. Furthermore, it was
not achievable to evaluate changes in forage nutritional com-
position with regard to seasons, plant growth stages, soil types,
and environmental conditions.

2.4 | Laboratory Analysis

All feed and faecal samples were analysed for dry matter (DM)
chemical content (%) by the UFS Department of Animal Science
Nutrition Laboratory. The nitrogen content was determined
by Dumas Combustion Method (Hauck 1982; Kirsten 1983;
N;=faecal N) and multiplied by a factor of 6.25 to obtain
crude protein (CP) in browse samples. Neutral detergent fibre
(NDF) and acid detergent fibre (ADF) were determined using
methods of Robertson and Van Soest (1981) and Goering and
Van Soest (1970), respectively; both were corrected for residual
ash. Calcium (Ca) was analysed by Atomic Absorption Flame
Spectroscopy (AOAC 1990) and phosphorus (P) by Colorimetry
(Cavell 1955). All analytical results are presented as % of DM.

The Mann-Whitney U test was used to compare faecal chemical
components between sexes, using SPSS, and results were con-
sidered significant at p <0.05.

3 | Results

Three Vachellia species (V. erioloba, V. karoo, and V. tortilis)
were collected in this study, and V. karroo, Searsia lancea, and
Ziziphus mucronata were common species in both reserves.
Crude protein content of leaves ranged from 7.2% to 9.8% in
APGR and from 7.9% to 12.9% in SNR. S. lancea (9.8%) and V.
erioloba (mean: 11.6%) had the numerically highest values in
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TABLE 1 | Chemical composition (% of dry matter) in preferred plant species consumed by free-ranging giraffes in two nature reserves in the

Free State Province of South Africa.

Chemical composition (%)

Location Plant species Ccp NDF ADF Ca P
APGR Searsia lancea 9.8 40.3 28.2 1.9 0.2
Tarchonanthus camphoratus 8.4 52.1 37.8 1.6 0.1

Vachellia karroo 8.7 44.1 31.2 2.0 0.1

Ziziphus mucronata 7.2 45.2 36.0 1.8 0.1

Mean 8.5 45.5 33.3 1.8 0.1

SNR-Site A Grewia flava 10.3 53.1 39.0 1.5 0.1
Gymnosporia buxifolia 10.2 41.3 30.5 31 0.1

Vachellia erioloba 12.3 49.3 39.1 1.6 0.1

Vachellia karroo 10.1 38.8 30.1 2.4 0.1

Ziziphus mucronata 10.0 39.7 30.8 2.6 0.1

Mean 10.6 44.5 33.9 2.3 0.1

SNR-Site B Celtis africana 11.6 19.0 17.1 4.1 0.1
Ehretia rigida 11.2 38.4 28.6 1.6 0.1

Grewia flava 12.9 42.3 30.3 1.7 0.1

Gymnosporia buxifolia 7.9 43.0 31.3 2.1 0.1

Searsia lancea 10.3 38.6 27.0 1.7 0.3

Vachellia erioloba 10.9 49.3 38.4 1.7 0.1

Vachellia tortilis 11.2 50.8 39.3 3.8 0.1

Ziziphus mucronata 11.4 37.4 27.1 1.6 0.1

Mean 10.9 39.8 29.9 2.3 0.1

Note: All values as % of dry matter.

Abbreviations: ADF, acid detergent fibre; APGR, Amanzi Private Game Reserve; Ca, calcium; CP, crude protein; NDF, neutral detergent fibre; P, phosphorus; SNR,

Sandveld Nature Reserve.

APGR and SNR, respectively. Tarchonanthus camphoratus
and Z. mucronata had the highest fibre content (both NDF and
ADF) in APGR, while V. erioloba and V. tortilis were highest in
SNR (Table 1). Ca content was numerically higher than P in all
samples.

Faecal samples did not differ in mean N; content between fe-
males and males in both reserves (Table 2). Higher faecal fibre
contents were found in males compared with females in APGR
(both NDF and ADF) and SNR (NDF). The concentration of
Ca was higher than P in all faecal samples. In APGR, signifi-
cant differences between sexes were only found in faecal NDF
(p=0.028) and Ca (p=0.028) contents.

4 | Discussion

Giraffe browse acceptability is influenced by leaf chemical fac-
tors, including protein, minerals, fibre, secondary metabolites
(e.g., condensed tannin), and water content (Cooper and Owen-
Smith 1985; Sauer et al. 1982). Even though factors like season-
ality and plant growth stage were not feasible to include in this

study due to budget limitations, this study focused on evaluating
the nutritional composition of mature leaves of browsing plants
selected by giraffes in both reserves in one season. It is import-
ant to mention that giraffes fed on the same plant species in the
same sections almost daily in both reserves.

In this study, the range of crude protein of leaves in both re-
serves was considerably lower compared to previous studies.
Caister et al. (2003) reported crude protein in leaves from 10
plant species consumed by West African giraffe in Niger during
the dry season varied between 8.2% and 28.6%. Similarly, Sauer
et al. (1982) reported a range of 10.7% to 28.6% in 14 tree spe-
cies eaten by South African giraffes. Owen-Smith (1982) stated
that rumen microflora is positively influenced by a high-
protein diet, increasing fermentation rates. Hence, plant species
with high protein content may be more acceptable to giraffes
(Parker 2004). In this study, V. erioloba and S. lancea had the nu-
merically highest CP contents in SNR and APGR, respectively.
The latter is usually avoided by giraffes unless desirable food
is scarce (Deacon et al. 2023; Parker 2004; Sauer et al. 1982),
whereas Acacia species are preferred due to their high water,
low fibre, and high protein content (Cooper et al. 1988; Sauer
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et al. 1982). Three species of Vachellia were preferred by giraffes
in this study, whose %CP were lower compared to previous re-
ports (Table S1).

The ADF content of V. tortilis (39.3%) in this study was higher
compared to the study by Pellew (1984a), who reported the
mean ADF content of this species consumed by the Masai gi-
raffes in the Serengeti National Park varied from 23.5% +3.3%
(new leaves) to 24.5% +0.7% (old leaves). In Khamab Kalahari
Nature Reserve, V. erioloba and Z. mucronata were the most im-
portant species in giraffe diet (Deacon et al. 2023), despite the
prussic acid content in pods and young leaves of V. erioloba that
could pose a poisoning danger to animals (Smit 1999).

According to Dougall et al. (1964) and Pellew (1984a), browse pre-
ferred by giraffes contains approximately 1.4% Ca and 0.2% P (in
%DM, although bioavailability is unknown). In this study, most
browse species had %Ca similar to 1.4%. However, the highest Ca
contents were reported on Celtis africana (4.1%), which value was
slightly higher than what was reported for Celtis australis (3.65%)
by Sharma and Gill (1969) and on V. tortilis (3.8%), which was
previously reported with high Ca content by Dougall et al. (1964;
3.1%). Similarly, the %P of browse species in both reserves was
similar to 0.2%. The mean Ca:P ratio of the browse samples was
higher in SNR (19.2:1) than APGR (14.0:1), but those values were
higher than the previous study by Pellew (1984a; 7.7:1). Dougall
et al. (1964) found browse eaten by giraffes contained higher %
Ca and lower %P (1.9£2.3 vs. 0.2+0.1), compared with diets of
eland (1.0+0.4 vs. 0.4+0.2) and other ruminants (1.3+1.0 vs.
0.3£0.1). Nevertheless, Pellew (1984a) did not find a specific
selection for browse with high Ca content by giraffes, but statis-
tically, selection for browse with high P content was found in fe-
males during the wet season and throughout the year by males.

Janecke and Smit (2011) found seasonal variations in N; con-
centrations of giraffes in one reserve in the Free State Province,
with higher levels in summer (3.0%-3.5%) and lower levels in
autumn (2.4%-3.0%) and winter (1.8%-2.3%). In this study, the
N, concentrations in female and male giraffes in SNR were simi-
lar to values reported by Janecke and Smit (2011) in autumn and
winter as samples were collected from April to July. Similarly,
the mean N, concentrations in female and male giraffes in SNR
were expected to be within the N; range in autumn and sum-
mer since most samples were collected in May and January,
respectively. Grant et al. (1995) recorded a N; concentration of
2.0%+0.4% for giraffe in the savannah during the 1992-1993
drought in Kruger National Park (KNP), and a minimum value
of 1.5% N; was later indicated for giraffe feeding in the granitic
areas (Grant et al. 2000), which is the threshold suggested by
Van der Waal et al. (2003) for a deficient diet. The mean N; con-
centrations of giraffe in this study were slightly higher than
this threshold. Moreover, the mean N; content from the whole
group (2.8%+0.5%; n=25) was similar to the study by Codron
et al. (2007) for giraffes in KNP (2.6% + 0.0%; n=118). According
to Robbins et al. (1987) and Van Soest (1994), the relationship
between diet quality and %N; should be interpreted cautiously
in browsers due to the precipitating effects of protein of dietary
tannins.

Ginnett and Demment (1997) suggested male giraffes can con-
sume lower-quality forage and meet their metabolic and energy

demands more quickly than females by increasing feeding rates.
Brand (2007) added that males might maximise energy intake
by feeding on taller tree species with higher leaf biomass. As
expected, males in both reserves had higher faecal fibre con-
tents compared to females. These values were within the range
reported by Codron et al. (2007), with NDF ranging from 51.8%
(dry season) to 70.8% (wet season) and ADF from 39.1% to 56.6%.
Significant differences between sexes were only found in faecal
NDF content in APGR.

Mitchell et al. (2005) reported calcium and phosphate concen-
trations in giraffe bones of 19.6+1.0g 100g~! bone (20%) and
9.5+0.2g 100g~! bone (9.5%), respectively (i.e., Ca:P ratio of 2:1).
From birth to age 5, giraffe need about 20g of Ca and 10g of P
daily for skeletal growth (Mitchell and Skinner 2003; Mitchell
et al. 2005). Thereafter, their daily requirements decrease but
increase in females by specific stresses like lactation (Mitchell
et al. 2005). In this study, the P concentration in faeces was slightly
higher than the threshold suggested by Wrench et al. (1997) for a
deficient diet. According to Horst (1986) and Bravo et al. (2003),
since saliva supplies up to 80% of endogenous faecal phosphorus,
increased feeding time of males may cause more phosphorus to
be excreted in faeces rather than urine. However, P content in
giraffe faeces did not differ by sex in this study.

5 | Conclusion

Our pilot study adds data on the nutrient composition of free-
ranging Southern giraffe diet in the Free State Province, South
Africa. The data suggest that browse selected by giraffes in
both reserves is not necessarily high in protein but can con-
tain protein at concentrations sometimes observed in grasses
consumed by grazing ruminants. Further research on seasonal
changes in leaf chemical composition in terms of food selection
would be encouraged to evaluate diet variations over seasons.
Furthermore, preliminary data on faecal chemical composition
of free-ranging Southern giraffes is provided. In this study, fae-
cal indicators do not indicate nutritional deficiency in giraffes in
both reserves at that time of the year. Faecal indicators can be
valuable, non-invasive tools for monitoring habitat quality and
ecological carrying capacity, not only for giraffes but for other
sympatric herbivores that share similar dietary resources.
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