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Abstract
Similar to other herbivores, healthy giraffes (Giraffa camelopardalis) rely on a variety of symbiotic microorganisms in their 
digestive systems to break down cellulose and hemicellulose. In this study, we investigate the impact that external stimuli 
might have on the faecal prokaryote composition of healthy, free-roaming giraffes. Faecal samples were collected from six 
male and seven female giraffe individuals, over a 2-year period, during the wet and dry seasons, from six locations within 
the Free State Province, South Africa. Giraffe populations were exposed to one of two feeding practices which included 
provision of supplemental feed or only naturally available vegetation. Seventeen (17) different prokaryotic phyla, consisting 
of 8370 amplicon sequence variants (ASVs), were identified from the 13 healthy, adult, free-roaming giraffes included in the 
study. Overall, the bacterial phyla with the largest relative abundance included Fusobacteria (22%), followed by Lentisphaera 
(17%) and Cyanobacteria (16%), which included 21 dominant prokaryotic ASVs. The relative abundance of Ruminococ-
caceae UCG 014 and Treponema 2 were found to be significantly (P < 0.05) higher and Escherichia / Shigella, Romboutsia 
and Ruminococcus 1 significantly lower for giraffes receiving supplemental feed compared to natural available vegetation. 
This is the first study to investigate the composition of the faecal prokaryotic communities of healthy, free-roaming giraffes. 
The analysis of faecal prokaryotes contributes to the development of non-invasive methods for assessing the nutritional 
status and identifying health issues in giraffe populations. Ultimately, such advances are beneficial towards the larger-scale 
conservation, determining nutritional needs and management of other sensitive wildlife species, as well.

Introduction

The rumen microbiome is at the centre of ruminant nutrition, 
physiology, health and host immunity [1, 2]. The digestive 
anatomy of ruminants, consisting of the four forestomach 
compartments (rumen, reticulum, omasum and abomasum), 

provide a unique and nutrient-rich hosting site for bacteria 
and protozoa, collectively known as the rumen microbiome 
[3]. In synergistic symbioses, the rumen microbiome’s enzy-
matic functioning results in the breakdown of ingested plant 
fibres, such cellulose and hemicellulose, releasing energy 
mainly in the form of volatile fatty acids (VFAs) [4–6]. 
The remaining undigested material, along with a mixture 
of enzymes, metabolites and microbiota is then excreted in 
the form of faeces, resulting in a very complex end prod-
uct of digestive processes occurring inside the animal [7, 
8]. Through coevolution between the animal host and the 
microorganisms, faeces are the final reflector products of 
the original composition of the diet ingested by the animal 
and the different needed specialised functions provided by 
the microorganisms to nurture the animal [8–11]. Faeces 
can therefore be seen as valuable pockets of information 
giving an insight to multiple wildlife health factors and the 
“holobiont” of the animal [12, 13].

In the past, labour intensive and costly techniques such 
as post-mortem necropsies, captures, blood- and rumen col-
lections were done to gain insight on animal health [14–17]. 
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Such invasive techniques are, however, not appropriate for 
sensitive species and are usually only performed opportunis-
tically [18]. Faecal collections and specific evaluations could 
assist in providing a non-invasive and insightful evaluation 
of the digestive processes within wildlife and biochemical 
changes in response to internal and/or external stimuli over 
long time periods [12, 19]. Faeces is directly linked to the 
digestive system, nutritional- and health status of an individ-
ual and can reflect changes in the mammalian host’s diet and 
metabolism very early [20–22]. Along with assessments in 
animal welfare such as behaviour and other faecal analyses, 
i.e., metabolome, hormone and parasite loads, knowledge on 
the composition of the ruminant microbiome can be used as 
an effective tool in game management and conservation of 
sensitive species [1, 23–25].

The tallest animal on earth, the giraffe (Giraffa camelo-
pardalis), also relies on this complex gastrointestinal micro-
bial ecosystem [2] and is currently classified as a “vulner-
able” species on the International Union for Conservation 
of Nature (IUCN) Red List [26]. Free-roaming giraffes are 
selective browsers, utilizing leaves, shoots, fruits, flowers, 
and even twigs of many different species of trees and shrubs 
[27] at a height not many other ruminants can reach [28]. An 
estimated 40% of their daily energy is derived from VFAs, 
produced by microbial fermentation in the rumen [29], 
whilst the remaining 60% is from the intestinal digestion of 
glucose [5]. Their selective diets would most probably result 
in a distinct microbiome composition.

Even a recent diet change, such as 1 day, was shown to 
have a noteworthy effect in the human gut microbiota [30]. 
The mean retention times of particles in giraffes and okapi 
(Okapia johnstoni) have been reported to be approximately 
40 h [31, 32] but the verdict is still out on the pace of the 
change in microbial communities of the reticulo-rumen of 
the giraffids [15]. Two previous studies from twelve giraffes 
held in captivity at zoos in North-America [28, 33] and one 
study from post-mortem procedures performed from seven 
wild-caught giraffes in South Africa [15] have, to some 
extent, described the microbiome of giraffes. Two other 
studies conducted on both healthy and diarrheal giraffe 
groups in China zoos, also investigated changes in microbial 
communities [2, 34].

The novelty of the current study lies within investigat-
ing the microbiome of free-roaming populations, whilst 
most previous studies have focused on animals kept in con-
trolled environments, such as zoos and laboratories [8, 24, 
35]. Investigations into the microbiome variance within a 
species, especially from wild populations, could assist in 
guiding further investigation into the complex relationships 
between the host microbiome and its external environ-
ment [24]. Three hypotheses were evaluated by using 16S 
rRNA gene-targeted metagenomic sequencing (NGS) on 
faecal samples [36]. First, we hypothesized that significant 

differences occur between the prokaryotic composition of 
faeces analysed from adult, wild giraffe populations receiv-
ing supplemental feed (SF) compared to populations only 
browsing naturally available vegetation (NAV). Second, we 
hypothesised that differences in the relative abundance of 
amplicon sequence variants (ASVs) occur between the wet 
and the dry seasons. Third, we hypothesised that variations 
in bacterial profiles can be identified for the rumen microbi-
ome composition of the two different giraffe sexes.

Materials and Methods

Ethical Statement

Ethical approval was obtained prior to the commencement of 
the study. The study was approved by the Animal Research 
Ethics Committee (AREC) of the University of the Free 
State (UFS) and Nature Conservation (reference numbers: 
UFS-AED2022/0006). The process was initiated with the 
formulation of a formal project proposal, which was submit-
ted for review and approval by the scientific review panel, 
the official animal welfare committee (AREC) of the UFS 
and the State Veterinarian for Sect.  20 of the Animal Dis-
eases Act, 1984 (Act No. 35 of 1984).

Sample Collection

Between July 2021 and June 2023, over 300 fresh giraffe 
faecal samples were collected from six different locations 
and 13 giraffes in the Free State Province, South Africa. 
Despite a determined effort to select representative sub-
sets from the various giraffe study populations, achieving 
a balanced distribution across seasons, feeding practices 
(i.e., management), locations, ages, and sexes was not pos-
sible. To assess the differences in prokaryotic populations 
related to seasonal dietary changes and dietary supplements, 
26 samples (n = 26) were selected for further analysis. All 
giraffes were free-roaming within a 60-km radius of Bloem-
fontein, located in the Grassland Biome of the Free State 
Province, South Africa [37]. Feeding practices at the loca-
tions involved SF or NAV (Table 1).

As with many studies on free-roaming wild ungulates, 
our study design was unbalanced with regards to feeding 
practice, season and sex [38]. The results (n = 26) were 
pooled to distinguish between habitats where SF was pro-
vided and those where only NAV was available (Table 1). 
The SF primarily consisted of manufactured game pellets, 
which generally contained: crude protein (minimum 100 g/
kg), estimated energy (minimum 8 MJ/kg), moisture (max-
imum 120 g/kg), fat (minimum 30 g/kg), fibre (maximum 
250 g/kg), calcium (maximum 10 g/kg), and phosphorus 
(minimum 4 g/kg) [39, 40]. Supplemental feed (SF) was 
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provided year-round at Locations 1, 4, and 5. Samples 
were also pooled by month to compare differences in the 
faecal microbiome during the dry (June to October) and 
wet (November to May) seasons (n = 9) (Table 1).

Samples were collected immediately after defecation to 
minimize environmental influences on the chemical and 
biological composition of the faeces. Fresh, wet samples 
were picked up using gloved hands and placed in plastic 
storage bags [41], refrigerated at 2 to 4 °C for up to three 
days, then vacuum-sealed and stored at − 20 °C until anal-
ysis, which occurred within 18 months. Plastic bags and 
prompt cooling or freezing methods were used to prevent 
changes in the microbial communities, as well as fungal 
growth, which could alter the prokaryotic composition and 
relative abundance [41].

Sample Preparation and Extraction

Faecal samples were thawed, and 0.3 g was taken from 
the inner portion of each sample using sterile forceps 
and weighed [33]. Genomic DNA (gDNA) was extracted 
using the ZymoBIOMICS™ DNA Mini-prep Kit [42] with 
modifications to the manufacturer’s protocol. These modi-
fications included extending the cell lysis time to 9 min 
with horizontal shaking on a Vortex Genie® 2 (Scientific 
Industries Inc, USA). The concentration and purity of the 
extracted gDNA were measured using a NanoDrop OneC 
spectrophotometer (Thermo Scientific, USA).

Table 1   Overview of the samples analysed for 16S rRNA gene-
targeted metagenomic sequencing on faecal samples of 13 different 
individual giraffes provided with supplemental feeding (SF) and those 

which only fed on the natural available vegetation (NAV) at different 
locations within the Free State over a 2-year period (2021–2023)

The faecal samples analysed from a single adult male giraffe (I) at a Location 1, across the wet and dry seasons over the 2-year period are also 
indicated
a If collected on more than one dates, samples were pooled per month
b Wet versus dry season comparison was only performed for a single adult male giraffe (indicated as “I”)

Sample code Feeding practice Location (coordinates) Age class and sex Date(s) of faecal collectionsa Defined season

S01 Supplemental Feeding (SF) 1
(29°05′56″S 26°14′07″E)

Adult Male (I) 03, 18, 31 August 2021 Winter, Dry
S03 09, 18, 28 March 2022 Autumn, Wet
S05 01, 14, 22 June 2022 Winter, Dry
S07 04, 23 November 2022 Summer, Wet
S02 13 February 2022 Summer, Wet
S04 05 and 27 April 2022 Autumn, Wet
S06 11, 24, 25 August 2022 Winter, Dry
S22 07 April 2023 Autumn, Wet
S24 20 March 2023 Autumn, Wet
S09 Adult Male (II) 11 February 2022 N/Ab

S11 13, 19, 27 April 2022 N/A
S19 07 April 2023 N/A
S08 04, 09, 23 August 2021 N/A
S10 09, 18 March 2022 N/A
S16 4

(29°03′00″’S 26°13′32″E)
Adult Male 10 March 2023 N/A

S18 Adult Female 10 March 2023 N/A
S28 5

(29°24′47″S 25°57′30″E)
Adult Female 13 September 2022 N/A

S30 09 October 2022 N/A
S15 Natural Available Vegetation 

(NAV)
2
(28°57′16″S 26°23′29″E)

Adult Male 10 March 2023 N/A
S23 Adult Female 22 April 2023 N/A
S14 Adult Female 10 March 2023 N/A
S25 3

(28°35′50″S 26°25′46″E)
Adult Male 10 April 2023 N/A

M27 Adult Female 10 April 2023 N/A
S26 Adult Female 10 April 2023 N/A
S13 6

(28°54′47″S 25°50′11″E)
Adult Male 16 February 2023 N/A

S12 Adult Male 16 February 2023 N/A
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MiSeq Illumina Sequencing

Extracted gDNA was sent to MRDNA (Shallowater, TX, 
USA) for NGS using the Illumina MiSeq platform. Per lab-
oratory protocol, the quality and quantity of the extracted 
gDNA were evaluated with a 2100 Bioanalyzer using 12,000 
DNA chips and the Picogreen assay (Invitrogen). The 
sequencing library was prepared by amplifying an approxi-
mately 460 bp region within the V3/V4 hypervariable region 
of the 16S rRNA gene, followed by the addition of Illumina 
adapter sequences to the amplicons using specific prim-
ers. During a second round of amplification, barcodes were 
added to distinguish different samples. After gel purification 
and recovery, the amplified polymerase chain reaction (PCR) 
products were normalized using the Agencourt AMPure XP 
Bead Clean-up Kit, pooled, and denatured. The samples 
were then sequenced on the MiSeq Deep Sequencing System 
with paired-end reads of 301 bp, using MiSeq v3 reagents.

Data Analysis and Processing

The raw paired-end sequencing reads were imported into the 
QIIME2 pipeline (version 2023.2) for further analysis [43]. 
The initial step involved removing residual sequences from 
the sequencing experiment using Cutadapt [44], along with 
the adapter sequences incorporated into the PCR primers 
during amplification.

Next, quality control was carried out using the DADA2 
pipeline [45], which truncates both forward and reverse 
reads at positions determined by visual inspection of the 
quality score distributions. Truncation points were chosen 
at the last position where the 25th percentile of the quality 
score exceeded a PHRED score of 20. DADA2 then per-
formed dereplication, denoising, chimera identification and 
removal, and merged the forward and reverse reads to gener-
ate representative ASVs.

For taxonomic classification, the q2-feature-classifier 
plugin was used to train naïve Bayes classifiers on reference 
datasets using Scikit-learn. For bacterial reads, the pre-for-
matted SILVA SSU NR 99 full-length reference dataset [46] 
was used. Classifier training involved extracting amplicon 
reads from the reference dataset using 16S rRNA V4 primers 
to improve classification accuracy. Taxonomic classifications 
of the bacterial reads were then generated using the trained 
classifiers. The relative abundance table and taxonomic clas-
sification were uploaded to MicrobiomeAnalyst 2.0 [47] and 
MetaboAnalyst 6.0 [48] for further statistical analysis using 
the available modules. Pie charts were created using Excel 
[49] to illustrate the overall composition (in percentage) of 
the prokaryotic at the phylum and ASV level (Fig. 1).

Before analysis, the data were normalized to the sample 
median, log-transformed, and auto-scaled. To assess poten-
tial confounding effects of the biological information, the 

processed data were grouped into six subgroups: SF ver-
sus NAV (Figs. 2a and 3), wet season versus dry season 
(Figs. 2b and 4) and male versus female (Figs. 2c and 5). 
Partial least squares discriminant analysis (PLS-DA) was 
used to summarize the data by comparing these subgroups. 
PLS-DA reduces the dimensionality of the input dataset by 
creating a weighted sum of prokaryote relative abundance, 
summarizing the variation into a model plane and generating 
scores. These scores were plotted to provide a visual over-
view of the samples and their correlations [50].

Fold change analyses were performed and expressed 
in logarithmic terms (Log2) to measure the relative differ-
ence between the prokaryotes’ relative abundance between 
the different subgroups (feeding practice, season and sex) 
(Table 2). Student’s t-test was used to determine whether the 
observed were statistically significant (P > 0.05) (Table 2). 
Box-whisker plots (Figs. 1, 2, 3 and 4), included in the 
online Appendix, were generated to illustrate the statisti-
cally significant (P < 0.05) changes in relative abundance of 
ASVs between giraffe faeces from SF and NAV conditions.

Results

Population

A total of 26 faecal samples from 13 different free-roaming 
giraffes were included in this study. The composition of the 
subgroups for analysis (feeding practice, season and sex) is 
described (Table 1).

Overview of the Microbiome Data and Subgroup 
Comparisons

Seventeen (17) different prokaryotic phyla and 8370 ASVs 
were identified from the faecal droppings from 13 giraffe 
individuals over the 2-year period (Fig. 1a). The largest 
abundance was calculated for the bacteria phyla Fusobac-
teria (22%), followed by Lentisphaera (17%) and Cyano-
bacteria (16%) (Fig.  1a), which included 21 dominant 
prokaryotic ASV (more than 1% of total sequences) such 
as Acinetobacter, Alistipes, Arthrobacter, Bacillus, Bacte-
roides, Christensenellaceae R 7, Enterococcus, Escherichia 
/ Shigella, Eubacterium coprostanoligenes, Methanobrevi-
bacter, Prevotellaceae UCG 004, Rikenellaceae RC9, Rom-
boutsia, Ruminiclostridium 6, Ruminococcaceae NK4A214, 
Ruminococcaceae UCG 005, Ruminococcaceae UCG 010, 
Ruminococcaceae UCG 013, Ruminococcaceae UCG 014, 
Ruminococcus 1 and Treponema 2 (Fig. 1b).

Clear separate profiles between the data obtained from 
the SF and NAV giraffe samples were seen on the PLS-DAs 
scores plot (Fig. 2a). Higher relative abundance of ASVs 
such as Acinetobacter, Arthrobacter, Bacillus, Enterococcus, 
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Methanobrevibacter, Ruminococcaceae UCG 014 and 
Treponema 2 (Fig. 3), were noted for giraffes receiving SF, 
compared to the NAV subgroup of which Ruminococcaceae 
UCG 014 and Treponema 2 were found to be significantly 
(P < 0.05) higher (Table 2). Escherichia / Shigella, Rom-
boutsia and Ruminococcus 1 were found to be significantly 
(P < 0.05) lower in relative abundance for giraffes receiving 
SF (Table 2).

Separate faecal bacterial profiles were found across 
the wet and dry seasons, identified from a single adult 
male giraffe (indicated as “I” in Table 1 and in Fig. 2b). 

Higher relative abundance of ASVs such as Acinetobacter, 
Arthrobacter, Bacillus, Escherichia / Shigella, Methano-
brevibacter, Romboutsia, Ruminococcaceae UCG 013 and 
Treponema 2 (Table 2, Fig. 4) were noted for the wet sea-
son, compared to the dry season, whilst lower relative abun-
dance was calculated for Alistipes, Prevotellaceae UCG 004, 
Rikenellaceae RC9 and Ruminococcaceae UCG 010. No dif-
ferences in relative abundance were, however, recorded as 
significant (Table 2).

Variation in bacterial profiles was also identified for the 
microbiome from faecal samples analysed from the six males 

Fig. 1   Overall composition 
(in percentage) of the of the 
a prokaryotic phyla and b 
prokaryotic amplicon sequence 
variants (based on the 16S 
ribosomal ribonucleic acid 
gene) identified from the faecal 
droppings of thirteen giraffe 
individuals (n = 26) at six dif-
ferent locations situated within 
the Free State Province, South 
Africa during a 2-year period 
(2021–2023)
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and seven females (Fig. 2c). Non-significant (P > 0.05) dif-
ferences, such as higher relative abundance of Enterococcus, 
Escherichia / Shigella, Romboutsia and lower relative abun-
dance of Alistipes, Arthrobacter, Bacillus and Treponema 2 
(Table 2 and Fig. 5) were noted for females when compared 
to males.

Discussion

The small sample size of this study necessitates its clas-
sification as a pilot investigation aimed at characterizing 
the prokaryotic composition and identifying differences 

Fig. 2   Partial least square discriminant scores plot (PC 1 and 2, 
with the variation explained in brackets) of faecal prokaryotic pro-
files (amplicon sequence variants > 1% of total relative abundance) 
of giraffes a provided with supplemental feed (SF) and giraffes 
only feeding on the natural available vegetation (NAV); b of a sin-

gle giraffe during the wet and dry seasons and c for male and female 
giraffes in free-roaming populations at different locations in the Free 
State Province, South Africa, over a 2-year period (2021–2023). PC: 
Principal Component

Fig. 3   Heatmap (Pearson distance calculation and ward clustering 
algorithm) of the identified microbiome amplicon sequence variants 
(> 1% of total abundance, based on the 16S ribosomal ribonucleic 
acid gene), when comparing data from giraffes receiving supplemen-

tal feed and giraffes only feeding on the natural available vegetation 
from six different locations in the Free State Province, South Africa, 
over a 2-year period (2021–2023)
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Fig. 4   Heatmap (Pearson distance calculation and ward clustering 
algorithm) of the identified prokaryotic amplicon sequence variants 
(> 1% of total abundance, based on the 16S ribosomal ribonucleic 

acid gene), when comparing seasonal variations (wet and dry sea-
sons) from faeces collected from a single adult male giraffe at a Free 
State location, over a 2-year period (2021–2023)

Fig. 5   Heatmap (Pearson distance calculation and ward clustering 
algorithm) of the identified prokaryotic amplicon sequence variants 
(> 1% of total abundance, based on the 16S ribosomal ribonucleic 

acid gene), when comparing male and female giraffes’ microbiome 
profiles from six different locations in the Free State Province South 
Africa, over a 2-year period (2021–2023)
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between subgroups. Specifically, the study explores 
whether bacterial composition can serve as a tool to inves-
tigate the effects of sex, feeding practices, and seasonal 
dietary variation on the faecal composition of healthy, 
free-roaming giraffes. Future research should incorporate 
larger and more diverse sample sizes to enable the devel-
opment of robust models for more comprehensive data 
interpretation and stronger conclusions.

During this study seventeen different prokaryotic phyla 
were detected, which included six more phyla than previ-
ously described from the amplicon sequencing of the 16S 
rRNA gene done on giraffe faecal droppings from an Ameri-
can zoo [28]. The six additional phyla included Chloroflexi, 
Euryarchaeota, Fusobacteria, Kiritimatiellaeota, Patesci-
bacteria and Synergistetes (Fig. 1a). In another study on 
wild-caught giraffe, 21 phyla were found in the rumen of 
euthanized giraffe, mostly dominated by Firmicutes (50%), 
Bacteriodetes (30%) and Proteobacteria (4%) [15]. Dur-
ing the current study the largest abundances (of combined 
samples) were calculated for the bacteria phyla Fusobacteria 
(22%), followed by Lentisphaera (17%) and Cyanobacteria 
(16%) (Fig. 1a). In two other studies both conducted on the 
faeces from captive giraffe the mean bacterial community 
composition was dominated by Firmicutes (36% and 44%), 
Bacteroidetes (18% and 32%) and Spirochaetes (12 and 22%) 
[28, 33].

Both previous studies conducted on giraffes held in 
captivity at China zoos demonstrated dramatic decreases 
in alpha diversity, accompanied by distinct alterations in 
taxonomic compositions of gut bacterial communities for 
diarrheal giraffes [2, 34]. In comparison with the healthy 
zoo-housed giraffes, specifically the proportion of Pro-
teobacteria in the diarrheal giraffes was increased, whilst 
Bacteroidetes, Firmicutes, Tenericutes, and Spirochaetes 
were significantly decreased in diarrheal giraffes [34]. The 
same dramatic decrease in relative abundance of two bacte-
rial phyla, including eight genera, was also noted the other 
study [2].

Research conducted on the faecal metabolome [51], 
the absence of clinical signs, and the identified microbial 
diversity results, support the good health status of the free-
roaming giraffe included in the current study. A variety 
of 21 dominant prokaryotic ASVs (more than 1% of total 
sequences) were identified, most of which could only be 
classified to unknown ASV (23%) (Fig. 1b). Ruminococ-
caceae UCG 014 (11%), Ruminococcaceae UCG 005 (7%), 
Acinetobacter (8%), Treponema 2 (5%) and Escherichia 
/ Shigella (5%) were the most dominant identified ASVs 
(Fig. 1b). The order of dominance differs from previous 
work, in which Prevotella (6%) [15], Treponema (12%) [28] 
and again Treponema (24%) [33], had the highest calculated 
identified microbial abundance. These differences in micro-
biome structure seem to be driven by differences in diets, 

geographical location, and environment [8]. Zoo-housed ani-
mals are only exposed to a limited variety of browse when 
compared to their free-roaming counterparts. Wild giraffes 
are browsers, spending almost half of their time dedicated to 
finding vegetation rich in crude protein and lignin contents 
[15, 52, 53] from available NAV. The current study acted 
as first attempt in addressing previous research limitations 
such as zoo-housed animals, different populations at differ-
ent locations, feeding practice differences and seasonal influ-
ences over time on the same individual [28, 54]. Building on 
prior research into the microbial composition and variability 
of giraffes’ gut microbiota [2, 28], the 26 faecal samples 
collected and analysed in the current study were deemed 
independent of sampling efforts. As such, they are consid-
ered a reliable basis for describing giraffe gut microbiome 
diversity. Caution should, however, be taken when compar-
ing microbiome characteristics from different studies, as the 
implemented methodologies may vary too much for accurate 
deductions to be made [28].

Ruminococcaceae UCG 014 and Treponema 2 were found 
to be significantly (P < 0.05) higher in relative abundance for 
giraffes receiving SF (Table 2). Escherichia / Shigella, Rom-
boutsia and Ruminococcus 1 were found to be significantly 
(P < 0.05) lower in relative abundance for giraffes receiving 
SF (Table 2). It is also worth noting that significant differ-
ences (P < 0.05) in the metabolome of the same faecal sam-
ples were calculated such as increased levels of amino acid-
related (threonine, 5-oxoproline, serine) and organic-related 
(squalene, napthalene) compounds for giraffes receiving SF, 
compared to the NAV subgroup [51]. These differences may 
be attributed to the increased manufactured SF provided at 
Locations 1, 4 and 5. Additional dietary supplements (SF) 
available from the commercially manufactured game pellets 
contained a mixture of forage-, grain- and roughage prod-
ucts, sugar byproducts, proteins, minerals and trace mineral-
vitamin [39, 40]. Lesser digestible plant structural material 
such as protein, cellulose and hemicellulose are present in 
NAV (compared to SF) but an increased variety in NAV 
community structures [55] (McDonald et al. 2010) also con-
tribute to changes in the rumen microbiome composition 
and activity [56].

Higher relative abundance of ASVs such as Acinetobac-
ter, Arthrobacter, Bacillus, Escherichia / Shigella, Methano-
brevibacter, Romboutsia, Ruminococcaceae UCG 013 and 
Treponema 2, were noted for the wet season, compared to 
the dry season, whilst lower relative abundance was calcu-
lated for Alistipes, Prevotellaceae UCG 004, Rikenellaceae 
RC9 and Ruminococcaceae UCG 010 (Table 2, Fig. 4). No 
differences in relative abundance were, however, recorded 
as being significant (Table 2). These differences can be 
attributed to the seasonal availability of increased digest-
ible forage material, such as new plant shoots and flowers [5, 
57] during the growth (wet) season [55, 58]. An increase in 
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sample size and lesser budget constraints would most defi-
nitely aid in improving statistical significance of seasonal 
microbiome profile changes and are noted as some of the 
limitations of the current study.

Variations in bacterial profiles were also identified for the 
rumen microbiome composition from faecal samples ana-
lysed from the six males and seven females (Fig. 2c). Non-
significant (P > 0.05) differences, such as higher amounts 
of Enterococcus, Escherichia / Shigella, Romboutsia and 
lower relative abundance of Alistipes, Arthrobacter, Bacil-
lus and Treponema 2 (Table 2), were noted for females when 
compared to males (Fig. 5). Although the gestation time for 
the giraffe females were not determined for this study, these 
different microbiome compositions could be indicative of an 
increased metabolic rate, known for lactating and pregnant 
female giraffes [59]. Two unique factors that would drive an 
increased metabolic rate in female giraffes are that they are 
usually impregnated whilst still lactating and their reproduc-
tive cycle is not bounded by seasons [60].

Conclusions

This is the first study to investigate the rumen microbiome 
composition present in faecal droppings from healthy, free-
roaming giraffes. Research findings indicate significant 
differences between the prokaryotic composition of faeces 
analysed from adult, wild giraffe populations receiving SF 
compared to populations only browsing NAV. Differences 
in the relative abundance of ASVs occurred between the wet 
and the dry seasons and variations in bacterial profiles were 
identified for the rumen microbiome composition of the two 
different giraffe sexes. This suggests that faecal prokaryotic 
analysis can be used an additional non-invasive monitor-
ing technique to effectively predict changes in populations’ 
nutritional status, animal health issues and ultimately con-
tribute to preventing diet-related deaths in giraffes.
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