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Executive Summary 

The IUCN SSC Giraffe and Okapi Specialist Group (GOSG) undertook a comprehensive 
taxonomic review of the genus Giraffa to clarify species and subspecies designations 
critical to conservation planning and Red List assessments. This revision responds to 
substantial advances in the understanding of giraffe diversity over the past decade, 
including new genetic, genomic, morphological, and biogeographic evidence. 

Historically treated as a single species with nine subspecies, giraffe taxonomy has been 
subject to ongoing scientific debate. In response to this need for taxonomic clarity and in 
light of a series of recently published studies, the GOSG convened a Taxonomic Task 
Force in 2024/2025 to evaluate current evidence using an integrative framework based 
on the Traffic Light System — a structured methodology that assesses taxonomic 
distinctiveness based on converging lines of evidence. This system considers phenotypic 
traits, genetic divergence, and biogeographic patterns to assign each taxon a level of 
distinctiveness. 

Following an extensive review of published literature, original datasets, and expert 
consultation, the GOSG now recognizes four distinct giraffe species and their constituent 
subspecies: 

1. Northern giraffe (Giraffa camelopardalis) 

○ G. c. peralta (West African giraffe) 

○ G. c. antiquorum (Kordofan giraffe) 

○ G. c. camelopardalis (Nubian giraffe) 

2. Reticulated giraffe (Giraffa reticulata) 

3. Masai giraffe (Giraffa tippelskirchi) 

○ G. t. tippelskirchi (Masai giraffe sensu stricto) 

○ G. t. thornicrofti (Luangwa/Thornicroft’s giraffe) 

4. Southern giraffe (Giraffa giraffa) 

○ G. g. giraffa (South African giraffe) 

○ G. g. angolensis (Angolan giraffe) 

This revised taxonomy is rooted in the best available science and aims to provide a 
standardized framework for giraffe conservation globally. It will inform future IUCN Red 
List assessments, guide national and international conservation policy, and support 
improved management of giraffe populations across their range. The GOSG will continue 
to review emerging evidence and adapt its taxonomic framework as warranted to ensure 
science-based conservation decision-making. 
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Introduction 

One of the primary responsibilities of the IUCN Species Survival Commission (SSC) 

Giraffe and Okapi Specialist Group (GOSG) is to assess the conservation status of all 

Giraffidae species and subspecies in accordance with the IUCN Red List of Threatened 

Species process. A fundamental aspect of this work is the systematic taxonomic 

classification of the genus Giraffa. 

The taxonomy of giraffe has undergone significant revisions over time, not only at the 

species and subspecies level, but also in the understanding of their evolutionary 

relationships. The classification used by the GOSG in the 2016 Red List Assessment has 

historically been based on research undertaken throughout the late 19th and mid-20th 

centuries. However, advances in morphological, biogeographic, and, notably, molecular 

genetic/genomic techniques, have provided new insights into giraffe phylogeny and 

genetic variation. These findings have led to important reconsiderations regarding 

species and subspecies designations. These changes have implications for the IUCN 

Red List process, their conservation status in range states, and the recognition of 

taxonomic units in international agreements and national conservation policies. 

In the first-ever Red List Assessment published in 2016, giraffe were assessed as a single 

species with nine subspecies. Given the history of taxonomic revisions and alternative 

perspectives on giraffe taxonomy over the preceding century (see Muneza et al., 2025), 

there was considerable debate on the appropriate taxonomy to be applied. Ultimately, the 

following rationale was presented by the GOSG prior to the Red List Assessment:    

"The IUCN SSC Giraffe and Okapi Specialist Group (GOSG) currently recognizes 
a single species, Giraffa camelopardalis. Nine subspecies of Giraffes are currently 
recognized (Dagg, 2014), although some authorities dispute this taxonomic 
classification (e.g., Groves and Grubb, 2011). Several subpopulations of giraffe, 
resident in northern Botswana, northwest Zimbabwe, northeastern Namibia and 
southwestern Zambia, are potentially either G. c. angolensis, or G. c. giraffa but 
the continued accumulation of information indicates that a future reassessment 
might be in order. Until an extensive reassessment of the taxonomic status of 
giraffes is completed, therefore, it is premature to alter the taxonomic status quo. 
This assessment is based upon an interim consensus that a single species of 
giraffes is resident on the African continent." (Muller et al., 2016) 

Since the 2016 Red List Assessment, several key studies have emerged, providing new 

evidence supporting alternative taxonomic classifications for giraffe. These studies 

included advances in genetic and genomic-level analyses of widely sampled populations 

of giraffe (Bertola et al., 2024; Coimbra et al., 2021, 2023; Fennessy et al., 2016; Petzold 

& Hassanin, 2020; Winter et al., 2018), as well as morphological studies based on 

samples collected from across the range of giraffe (Kargopoulos et al., 2024). Given the 

significance of these developments, the GOSG initiated a comprehensive review of giraffe 

taxonomy in 2024 by convening an expert working group, the GOSG Taxonomic Task 

https://www.iucnredlist.org/
https://www.iucnredlist.org/
https://www.zotero.org/google-docs/?E7DRw7
https://www.zotero.org/google-docs/?bT3VY5
https://www.zotero.org/google-docs/?PBwarH
https://www.zotero.org/google-docs/?PBwarH
https://www.zotero.org/google-docs/?1lBSR7
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Force, with the explicit goal of developing an official assessment of the current 

understanding of giraffe taxonomy to be adopted for application by the GOSG. 

Mission 

To assemble a group of experts – comprised of internal GOSG members and external 

reviewers – to objectively assess available scientific evidence and establish the official 

GOSG stance on giraffe taxonomy at both the species and subspecies level. 

Defining a Process for Taxonomic Revision 

The classification and naming of organisms involves both a technical process governed 

by nomenclatural rules, established by the International Commission on Zoological 

Nomenclature, and a scientific assessment of population distinctiveness. Taxonomy 

plays a crucial role in defining biodiversity and underpinning the IUCN Red List, which 

relies on their classifications to assess species at risk of extinction. While there have been 

long-standing debates over the criteria for recognizing valid taxa, integrative taxonomy – 

combining multiple lines of evidence – is increasingly used to delineate species and 

subspecies. While no official IUCN guidelines for making taxonomic assessments 

currently exist, several Specialist Groups, including the Canid and Felid Specialist 

Groups, have adopted the Traffic Light system for designating taxonomic certainty 

(Kitchener et al., 2022). This system uses an integrative approach to assess the strength 

of different taxonomic classifications based on multiple lines of convergent evidence. In 

the context of IUCN SSC taxonomic assessments, this has included 

morphological/phenotypical distinctiveness (i.e., diagnostic traits differentiating one 

population from another), genetic evidence (common ancestry and genetic uniqueness), 

and a biogeographic framework explaining how a taxon may have emerged through past 

or present population separations. 

 

https://www.zotero.org/google-docs/?yK3I7u
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A taxon is considered Distinct, Likely Distinct, Unknown or Invalid, or Not Distinct, based 

on the following criteria: 

● Distinct (denoted by a green color): Three or more correlated but independent lines 

of currently available evidence (noted above) exist.  

● Likely Distinct (denoted by a yellow color): Two or more correlated lines of 

evidence are available, along with reasonable inferences based on data from 

closely related species. Further research may be required.  

● Unknown or Invalid (denoted by a grey color): Only one or no lines of evidence 

support distinctiveness. Further research is necessary.  

● Not Distinct (denoted by a red color): No evidence for distinctiveness exists or the 

classification is based on erroneous data, or conspecificity or subspecificity has 

been demonstrated in published research.  

Kitchener et al. (2022) provides a thorough description of this process and examples of 

how it can be implemented. Beyond evaluating the quality and quantity of evidence 

supporting different taxonomic classifications, the Traffic Light System also highlights 

logical weaknesses in existing frameworks and pinpoints key areas for future research. 

When assessing “gold standard” studies for the Traffic Light System in resolving 

taxonomic uncertainty, the quality of evidence must be critically evaluated. A key concern 

is whether the same samples are used across multiple studies, which could artificially 

inflate the strength of evidence. Additionally, sufficient sample sizes are essential to 

ensure that observed differences are not simply artifacts of small datasets. Variation must 

also be scrutinized for potential confounding factors such as genetic drift, phenotypic 

plasticity, or clinal effects, particularly if samples are derived from small, fragmented 

populations or captive individuals. The geographic origin of samples must also be verified 

to ensure accurate representation of natural populations, as misidentified locations will 

result in misleading conclusions. A rigorous quality check of all collection data prior to 

analysis is crucial to maintaining the integrity of taxonomic assessments and ensuring 

reliable classification outcomes. 

In this document, the GOSG Giraffe Taxonomy Task Force adopts the Traffic Light 

System to evaluate giraffe taxonomy at both the species and subspecies levels. The 

Traffic Light System provides a structured framework for resolving taxonomic uncertainty 

in assessing giraffe species under the eleven-species concept proposed by Groves and 

Grubb (2011). By applying this system, we evaluate the validity of each proposed giraffe 

species, integrating morphological, genetic, and biogeographic evidence to determine 

whether they meet species-level criteria. This process aims to generate a relatively 

standardized and transparent assessment, guiding conservation priorities based on the  

most robust taxonomic understanding, while also acknowledging gaps in data and areas 

for future research.  

https://www.zotero.org/google-docs/?9LqtlF
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Following the species-level evaluation, the Traffic Light System assessment is extended 

to subspecies as currently recognized by the IUCN Red List (Muller et al. 2018). Given 

the inconsistencies in how subspecies are defined and their varying degrees of genetic 

and ecological differentiation, this approach will help clarify their validity and conservation 

relevance. Subspecies receiving a green classification (Distinct) will be considered well-

supported, while those in the yellow classification (Likely Distinct) will require further 

investigation to confirm their status. Grey (Unknown or Invalid) or Red classifications (Not 

Distinct) indicates that a subspecies requires further research and/or warrants 

reassessment.  

Stages in the Development of the Revised Giraffe Taxonomy 

1. State general principles, definitions, and approach by the IUCN SSC GOSG 

Giraffe Taxonomy Task Force. 

• Request input from Task Force 

• Encourage the Task Force to provide any additional input evidence. 

2. Overview of genera and potential included species. 

• Solicit input from Task Force 

• Encourage Task Force to submit any additional feedback evidence. 

3. Examination of species 

• Solicit input from the Task Force 

• Extend an invitation to the Task Force to submit any additional information 

and evidence. 

4. Examination of subspecies highlighting the significance of the key taxa. 

• Request input from Task Force 

• Invite Task Force to submit any further evidence. 

5. The Task Force compiles the draft report. 

6. The draft report undergoes review by the GOSG and External Examiners. 

7. The final report is written and examined before publication. 

8. The final report is adopted by the GOSG, published to the website, and 

publicized through official IUCN channels. 
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Working Definitions 

Species 

A group of interbreeding or potentially interbreeding individuals that form a distinct 

evolutionary lineage, maintaining cohesion through shared genetic, morphological, 

behavioral, and ecological characteristics. Under the extended biological species 

concept, species are recognized as separately evolving metapopulation lineages that 

may occasionally hybridize with closely related taxa. However, such gene flow is typically 

limited in extent and does not compromise the species' overall genomic integrity, 

ecological role, or diagnostic identity, except in localized zones of introgression. Where 

data exist, species may also be distinguished by phenotypic adaptations to specific 

environmental conditions, further supporting their evolutionary independence and 

ecological distinctiveness (Zachos, 2018). 

Subspecies 

An evolutionary sub-lineage within a species, with geographically or ecologically distinct 

populations that share consistent morphological and genetic characteristics differentiating 

them from other populations of the same species. These populations occupy a specific 

part of the species’ range and although hybridization and gene flow can occur especially 

in zones of contact — these processes can be revealed by genomic analysis. Admixture 

may obscure strict delimitation, and in contiguous ranges, morphological and genomic 

traits may not always be fully diagnostic. However, across most of their range, subspecies 

retain coherent, distinguishable profiles shaped by geographic separation and local 

adaptation. The presence of gene flow is biologically acceptable, provided it does not 

eliminate the distinctiveness of the populations. Subspecies represent incipient 

evolutionary lineages that maintain partial differentiation without full evolutionary 

independence. In contrast, species typically exhibit stronger and more consistent 

phylogenetic separation, greater reproductive isolation, and distinct demographic or 

ecological trajectories. Subspecies serve as important units of biodiversity, often 

reflecting early-stage divergence within species and warranting recognition for 

conservation and taxonomic purposes (Zachos, 2018; National Academy of Sciences, 

Medicine, and Engineering, 2019). 
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Criteria for a Traffic Light Assessment 

Morphology/Phenotype 

Taxa are diagnosable based on several phenotypic characteristics (e.g., skull 

morphology, pelage, size, body shape, behavioral variation, life history patterns) in 

comparison with all other members of a species or genus throughout their respective 

geographical ranges. When assessing phenotypic variation, it is also useful to consider 

other lines of evidence, such as variation in behavior (e.g., social interactions), ecological 

(e.g., habitat selection or movement behaviors) or reproductive (e.g., pre- and/or post-

zygotic barriers or mismatched reproductive cycles) attributes.  

Gold standard support for the phenotype category comes from studies comparing 

phenotypic characteristics (e.g., skull morphology) among samples representative of 

multiple populations of all proposed taxa throughout their geographic range. 

See:  

Kargopoulos, N., Marugán-Lobón, J., Chinsamy, A., Agwanda, B. R., Brown, M. B., 
Fennessy, S., Ferguson, S., Hoffman, R., Lala, F., Muneza, A., Mwebi, O., 
Otiende, M., Petzold, A., Winter, S., Zabeirou, A. R. M., & Fennessy, J. (2024). 
Heads up – four Giraffa species have distinct cranial morphology. PLOS One, 
19(12), e0315043. https://doi.org/10.1371/journal.pone.0315043 

Genetics 

Taxa are inferred to be independent evolutionary lineages, based on multiple markers 

from across the genome. In these distinctions, we prioritize genome-wide data over data 

based on subsampling of the genome, but care should be taken that alternative 

explanations, such as genetic drift, founder effects and population bottlenecks, could 

explain apparent genetic distinctiveness of no taxonomic significance. Central to the 

genomic analyses is the extended Biological Species Concept of reproductive isolation 

to infer species, which can be assessed, among other methods, from analyses of genetic 

structure, demography, and phylogenetic history. In this way we evaluate divergence time 

from sister species and assess migrants per generation as a means of demonstrating 

reproductive isolation. The separate analyses must converge on indicating reproductive 

isolation for species, or distinct uniqueness (phylogenetic monophyly, separation of 

clusters in principal component analyses) for subspecies, in case of gene flow being 

detected. 

 

 

 

https://doi.org/10.1371/journal.pone.0315043
https://doi.org/10.1371/journal.pone.0315043
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Gold standard support for the genetics category comes from genome-wide analyses with 

samples from representative populations taken from across the taxon range. 

See:  

Coimbra, R. T. F., Winter, S., Kumar, V., Koepfli, K.-P., Gooley, R. M., Dobrynin, P., 
Fennessy, J., & Janke, A. (2021). Whole-genome analysis of giraffe supports four 
distinct species. Current Biology, 31(13), 2929-2938.e5. 
https://doi.org/10.1016/j.cub.2021.04.033 

Biogeography  

Distinct taxa are more likely to be recognized where there are distinct geographical 

barriers relevant to the taxon, such as rivers, seas, mountains, deserts, or where 

geological events including sea-level changes and volcanic eruptions are broadly 

coincident with coalescence times or where recolonisations following climate change are 

consistent with former refugia.  

Gold standard support for the biogeography category comes from well-evidenced 

distribution data, including ecological data, ecological niche modelling, and habitat 

suitability modelling. When conducting biogeographic studies, we can also draw on 

literature from other taxa that may have undergone comparable biogeographic and 

evolutionary processes. 

See:  

O’Connor, D., Stacy‐Dawes, J., Muneza, A., Fennessy, J., Gobush, K., Chase, M. J., 
Brown, M. B., Bracis, C., Elkan, P., Zaberirou, A. R. M., Rabeil, T., Rubenstein, 
D., Becker, M. S., Phillips, S., Stabach, J. A., Leimgruber, P., Glikman, J. A., 
Ruppert, K., Masiaine, S., & Mueller, T. (2019). Updated geographic range maps 
for giraffe, Giraffa spp., throughout sub‐Saharan Africa, and implications of 
changing distributions for conservation. Mammal Review, 49(4), 285–299. 
https://doi.org/10.1111/mam.12165 

OR 

Brown, M. B., Kulkarni, T., Ferguson, S., Fennessy, S., Muneza, A., Stabach, J. A., 
& Fennessy, J. (2021). Conservation status of giraffe: Evaluating contemporary 
distribution and abundance with evolving taxonomic perspectives. In Imperiled: 
The Encyclopedia of Conservation (pp. 471–487). Elsevier. 
https://doi.org/10.1016/B978-0-12-821139-7.00139-2 

 

 

https://doi.org/10.1016/j.cub.2021.04.033
https://doi.org/10.1016/j.cub.2021.04.033
https://doi.org/10.1016/j.cub.2021.04.033
https://doi.org/10.1111/mam.12165
https://doi.org/10.1111/mam.12165
https://doi.org/10.1111/mam.12165
https://doi.org/10.1016/B978-0-12-821139-7.00139-2
https://doi.org/10.1016/B978-0-12-821139-7.00139-2
https://doi.org/10.1016/B978-0-12-821139-7.00139-2
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A Brief History of Giraffe Taxonomy 

The taxonomic classification of giraffe has undergone significant changes over time, 

reflecting advances in scientific methods and a growing understanding of the species’ 

diversity. Historically regarded as a single species with multiple subspecies, giraffe were 

long considered taxonomically straightforward. However, recent molecular, 

morphological, and ecological studies have challenged this view, prompting renewed 

debate and revisions to their classification. This section explores the historical context, 

key discoveries, and current perspectives that have shaped the understanding of giraffe 

taxonomy. 

Linnaeus (1758) initially placed giraffe within the genus Cervus (Linnaeus, 1758; Spinage, 

1968), until Brisson in 1762 assigned the now universally accepted genus Giraffa (G. 

giraffa) – later amended in 1848 to Giraffa camelopardalis (Ansell, 1968; Seymour, 2012). 

In the following century, Saint-Hilaire described southern (G. giraffa) and northern (G. 

typica) species (Allin, 1998). Ogilby (1836) and Sundevall (1842) recognized the available 

specimens as different variants of the same species, while De Winton (1897) 

subsequently reviewed their taxonomic status and attributed these discrepancies to the 

small number of specimens available to make these categorical distinctions. Despite 

these acknowledged shortcomings, De Winton (1897) supported the distinction between 

the northern and southern species, and later described the reticulated (G. c. reticulata) 

giraffe as a subspecies of the northern species (Seymour, 2001). 

Lydekker (1904) initially distinguished two distinct species of giraffe, namely the 

reticulated giraffe (G. reticulata) and the blotched giraffe (G. camelopardalis). Within G. 

camelopardalis, ten subspecies were described based on pelage patterns and cranial 

morphology: Angolan giraffe (G. c. angolensis), Kordofan giraffe (G. c. antiquorum), Cape 

giraffe (G. c. capensis), Congo giraffe (G. c. congoensis), South Lado giraffe (G. c. 

cottoni), Nigerian giraffe (G. c. peralta), Baringo giraffe (G. c. rothschildi), Kilimanjaro 

giraffe (G. c. tippelskirchi), Nubian giraffe (G. c. typica), and northern Transvaal giraffe 

(G. c. wardi). He further described an additional subspecies of G. camelopardalis, the 

North Rhodesian giraffe (G. c. thornicrofti) of Zambia, and proposed dividing G. reticulata 

into two distinct subspecies, G. r. reticulata and G. r. nigrescens, as well as ranking the 

North Rhodesian giraffe as a distinct local race, which appeared to be closely related to 

the Kilimanjaro giraffe (Lydekker, 1911). The assessment noted that there is progressive 

variation in coat coloration and ossicone development from southern to northern Africa, 

but a greater diversity in these features, including spot patterns and colour, and ossicone 

development, in East Africa (Lydekker, 1904). 

Several studies re-evaluated Lydekker (1904, 1911) and proposed alternative 

classifications, however, given that no new specimens were collected, studies were 

largely based on a re-examination of previously collected primary data (Ansell, 1968; 

https://www.zotero.org/google-docs/?SEc0k4
https://www.zotero.org/google-docs/?SEc0k4
https://www.zotero.org/google-docs/?Q1Erae
https://www.zotero.org/google-docs/?Ovgq9F
https://www.zotero.org/google-docs/?5myjSa
https://www.zotero.org/google-docs/?NTGCaB
https://www.zotero.org/google-docs/?63gATW
https://www.zotero.org/google-docs/?ziwCDE
https://www.zotero.org/google-docs/?UVTotk
https://www.zotero.org/google-docs/?JSQzu9
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Dagg, 1962; Haltenorth, 1962; Krumbiegel, 1939). Dagg (1962) highlighted that due to 

the large variations subspeciation should not be based on spot patterns any more than 

coat colour or ossicone characteristics. Dagg’s (1971) review of earlier published 

descriptions proposed one species (G. camelopardalis) with nine subspecies (G. c. 

angolensis, G. c. antiquorum, G. c. camelopardalis, G. c. giraffa, G. c. peralta, G. c. 

reticulata, G. c. thornicrofti, G. c. tippelskirchi) based on previously described typical 

distributions and common pelage patterns (Ansell, 1968; Dagg, 1971).  

East (1999) described one giraffe species and six subspecies, namely G. c. 

camelopardalis, G. c. giraffa, G. c. peralta, G. c. reticulata, G. c. thornicrofti, and G. c. 

tippelskirchi, with concerns raised about the validity and geographic distribution of some 

of the subspecies. East (1999) lumped G. c. camelopardalis and G. c. rothschildi into a 

single subspecies, G. c. antiquorum and G. c. congoensis were subsumed into G. c. 

peralta, and G. c. angolensis, G. c. capensis, G. c. infumata, and G. c. wardi subsumed 

into G. c. giraffa, suggesting that different subspecies could potentially interbreed in the 

wild due to a lack of major geographic barriers (East, 1999). 

Grubb (2005) recognised one species and six subspecies, splitting G. c. rothschildi from 

G. c. camelopardalis, and lumping G. c. peralta with G. c. camelopardalis, based on their 

assumed geographical distributions at the time. Seymour (2001) integrated mitochondrial 

DNA analysis with pelage patterns and skull morphology, describing potentially six or 

seven giraffe subspecies, as not all described subspecies were analysed, and clearly 

delineating northern and southern subspecies. The western giraffe (G. c. antiquorum, G. 

c. peralta, and G. c. rothschildi) were genetically distinct from G. c. reticulata, and clear 

distinctions were found between G. c. angolensis and G. c. giraffa. However, Seymour 

(2001) proposed both southern African subspecies to be classified as G. c. giraffa. 

Hassanin et al. (2007) analysed skin, blood, and faecal samples from wild and zoo 

populations from seven subspecies, excluding G. c. camelopardalis and G. c. thornicrofti, 

using mitochondrial DNA analysis (1,765 bp in total). Twelve mitochondrial haplotypes 

were identified and classified one species into three separate groups: northern giraffe (G. 

c. peralta, G. c. antiquorum, G. c. rothschildi, and G. c. reticulata), Angolan giraffe (G. c. 

angolensis), and south-eastern giraffe (G. c. giraffa and G. c. tippelskirchi).  

Brown et al. (2007) analysed mitochondrial and nuclear microsatellite DNA (654 bp, 14 

nuclear microsatellite loci) of six subspecies (G. c. giraffa, G. c. angolensis, G. c. 

tippelskirchi, G. c. rothschildi, G. c. peralta, and G. c. reticulata) suggesting possible 

multiple distinct species. Brown et al. (2007) noted that the largest genetic separation 

occurred between the northern (G. c. peralta, G. c. rothschildi, and G. c. reticulata) and 

southern (G. c. tippelskirchi, G. c. angolensis, and G. c. giraffa) clades, dated at 0.54 – 

1.62 mya. Overall, 11 genetically distinct populations were recognised with six maybe 

separate species based on minimal evidence of gene flow among these lineages, 

implying long-term reproductive isolation (Brown et al., 2007).  

https://www.zotero.org/google-docs/?JSQzu9
https://www.zotero.org/google-docs/?5B5Tn0
https://www.zotero.org/google-docs/?RQhYqu
https://www.zotero.org/google-docs/?NKqAYt
https://www.zotero.org/google-docs/?6qgWop
https://www.zotero.org/google-docs/?HUVZfm
https://www.zotero.org/google-docs/?HUVZfm
https://www.zotero.org/google-docs/?HUVZfm
https://www.zotero.org/google-docs/?nxl5k5
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Groves & Grubb (2011), using a combination of previously published DNA and 

morphometric studies (skulls, coat patterns of wild and captive giraffe), and identified two 

giraffe ‘groups’ split into eight species: northern - G. camelopardalis (subsuming G. c. 

rothschildi), G. reticulata, G. antiquorum and G. peralta, and southern - G. angolensis, G. 

giraffa, G. thornicrofti and G. tippelskirchi (Groves & Grubb, 2011).  

Fennessy et al.’s (2016) mitochondrial DNA and nuclear intron loci analysis of all nine 

recognised subspecies showed four genetically distinct and monophyletic lineages, 

suggesting four extant, reproductively isolated species: northern (G. camelopardalis) with 

three subspecies (G. c. camelopardalis, G. c. peralta, and G. c. antiquorum), reticulated 

(G. reticulata), Masai (G. tippelskirchi), and southern giraffe (G. giraffa) with two 

subspecies (G. g. giraffa and G. g. angolensis). G. c. thornicrofti and G. c. rothschildi were 

genetically indistinguishable from G. c. tippelskirchi and G. c. camelopardalis, 

respectively, and subsumed accordingly but the authors suggested more analyses were 

required, especially in light of mito-nuclear discordance (Fennessy et al., 2016). In a 

follow-up study, (Winter et al., 2018) expanded the dataset distribution and analysis and 

through an explicit analysis of gene flow reaffirmed the existence of four genetically 

distinct species with less than one effective migrant per generation.  

Petzold & Hassanin (2020) compiled and analyzed the latest genetic data published up 

to that point using multispecies coalescent, population genetic, and phylogenetic methods 

and observed between two to six giraffe species, but proposed three species: G. 

camelopardalis, G. giraffa, and G. tippelskirchi. In a follow-up study, Petzold et al. (2020) 

conducted a phylogenetic analysis and suggested that the extinct Senegal giraffe (G. c. 

senegalensis) was a subspecies of G. camelopardalis. Petzold et al. (2020) proposed 

three species and 10 subspecies, including G. camelopardalis (with subspecies G. c. 

antiquorum, G. c. camelopardalis, G. c. peralta, G. c. reticulata, G. c. rothschildi, and G. 

c. senegalensis), G. tippelskirchi (subspecies G. t. tippelskirchi and G. t. thornicrofti), and 

G. giraffa (with subspecies G. g. giraffa and G. g. wardi). G. reticulata was not supported 

as a distinct lineage, in part due to the lack of fixed, diagnostic mutations, and was 

subsumed into G. camelopardalis (Petzold & Hassanin, 2020). 

Coimbra et al. (2021) provided the first comprehensive analysis of giraffe species and 

subspecies delimitation based on whole genome sequencing data of 50 giraffe from 17 

localities, representing all nine recognised giraffe subspecies. The population structure 

and phylogenomic analyses were consistent with the nuclear intron results reported by 

Fennessy et al. (2016) and Winter et al. (2018)) and supported the classification of four 

genetically distinct giraffe species. The study added to the body of evidence supporting 

the recognition of G. reticulata as a distinct species. Both G. camelopardalis and G. giraffa 

lineages were further subdivided into three and two subspecies, respectively, considered 

as evolutionarily significant units (ESUs). Additional molecular clock analyses revealed 

that the four species lineages diverged 230 – 370 ka ago, similar to other mammalian 

https://www.zotero.org/google-docs/?0W6Vek
https://www.zotero.org/google-docs/?t41qmW
https://www.zotero.org/google-docs/?BibOY5
https://www.zotero.org/google-docs/?t6oQ5O
https://www.zotero.org/google-docs/?TYuDh1
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species that split during the Middle Pleistocene epoch such as polar bears (Ursus 

maritimus) and brown bears (U. arctos) as well as common warthog (Phacochoerus 

africanus) and desert warthog (P. aethiopicus) (Hailer et al., 2012; Garcia-Erill et al., 

2022). A follow-up study by Coimbra et al. (2023) using additional genomic data from a 

wider distribution of samples found no or only limited gene flow between the three species 

that meet in Kenya. However, the detected gene flow occurred in the past without 

evidence for recent hybridization, thereby suggesting that G. camelopardalis, G. reticulata 

and G. tippelskirchi are reproductively isolated and distinct species.  

Bertola et al.’s (2024) whole genome analysis of 90 wild giraffe from 29 localities, 

encompassing most recognized subspecies (excluding the Luangwa/Thornicroft’s 

giraffe), further highlighted that giraffe populations are genetically divergent and should 

be classified as four genetically distinct taxa, with G. reticulata deriving their genomic 

ancestry from historical admixture (about 200,000  years ago) between G. camelopardalis 

and G. giraffa. These results further build on the existing research that showcase the 

complex nature of modern giraffe evolution with some populations exhibiting genetic 

distinctiveness (Bertola et al., 2024; Coimbra et al., 2021, 2023).  

Kargopoulos et al. (2024) assembled the largest known dataset of giraffe skulls from 

across Africa to demonstrate patterns of cranial variability using 3D geometric 

morphometrics. This study showed distinct sexual dimorphism and divergent ontogenetic 

trajectories of skull shape for the north clade (G. camelopardalis antiquorum, G. c. 

camelopardalis, G. c. peralta, and G. reticulata) and the south clade (G. g. angolensis, G. 

g. giraffa, G. t. tippelskirchi, and G. t. thornicrofti). Discriminant functions found statistically 

significant cranial shape differences between all four Giraffa species, and in some cases 

also between subspecies of the same species (Kargopoulos et al., 2024). The distinct 

cranial morphologies were predominantly linked to ossicone characteristics. 

 

 

https://www.zotero.org/google-docs/?JSRUpU
https://www.zotero.org/google-docs/?JSRUpU
https://www.zotero.org/google-docs/?JSRUpU
https://www.zotero.org/google-docs/?iM6ugW
https://www.zotero.org/google-docs/?TbbsEu
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Species Level Traffic Light Assessment 

Notation System 

We use a notation system within each category (both species and subspecies level assessments) that complies with 

assessment criteria outlined by Kitchener et al. (2017): 

++ Strong evidence within category for taxonomic distinction 

+  Some evidence within category for taxonomic distinction 

- Evidence were investigated and assessed but do not support taxonomic distinction at the assessed level 

0  Insufficient data are available to make a clear taxonomic distinction 

 

Parentheses () are used to signify concerns about data quality or analyses conducted, but do not affect the color result of 

the traffic light assessment. This designation reflects concerns, for example, with sample size and/or distribution, repeated 

use of samples in different studies, type of analysis used, genetic markers used, misidentification of specimens, absence 

of metadata, etc. 

For example, (++) indicates the line of evidence is solid (e.g., appropriate data type is used) but there are some concerns 

with the study quality. () and 0 help identify where more research is needed and/or where strong evidence is missing.  
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Table 1: Summary of traffic light assessment for Giraffa species. We used the taxonomic scheme proposed by Groves 

and Grubb (2011) as the preliminary baseline, since it represented one of the broader interpretations of Giraffa species 

delimitations in published literature.  

 

Species Morphology/Phenotype Genetics Biogeography Certainty 

G. camelopardalis + ++ + Green 

3D geometric morphometrics from 
515 skulls sourced across Africa and 
discriminant function analyses support 
the clustering of 4 species of which G. 
camelopardalis is one. Ossicone 
dimensions and the rostrum length 
show the main differentiating cranial 
features. Sampling effort meets gold 
standard criteria (Kargopoulos et al., 
2024).  
 
We have limited strength of evidence 
to a single + (and not ++) because of 
taxonomic overlap in the principal 
components analysis despite stronger 
support in species-level canonical 
variate analysis (Kargopoulos et al., 
2024) 
 
 
 
 
 
 
 
 
 
 
 
 
. 

Estimated divergence time 
between G. camelopardalis and G. 
reticulata is ~ 260 Kya (Bertola et 
al., 2024; Coimbra et al., 2021). 
 
Less than one migrant per 
generation between G. 
camelopardalis and any other 
recognized species (Winter et al., 
2018). 
 
Reciprocally monophyletic. 
Sampling efforts meet gold 
standard criteria (Bertola et al., 
2024; Coimbra et al., 2021, 2023; 
Fennessy et al., 2016; Winter et 

al., 2018). 

The Nile River and Lake Victoria historically 
separate G. camelopardalis from G. antiquorum / G. 
peralta to the west and G. tippelskirchi to the south 
(O’Connor et al., 2019). 
 
Rainfall patterns suggest a potential phenological 
barrier limiting interaction between Kenyan taxa (G. 
reticulata and G. tippelskirchi) to the east 

(Thomassen et al., 2013). 
 

The majority of current distribution in Kenya is the 
result of conservation translocations and may not be 
indicative of historical distribution (Muneza et al., 
2024). Additionally, the majority of the populations in 
Kenya occur in fenced areas or sites that are not 
accessible to either G. reticulata or G. tippelskirchi 
(Muneza et al., 2024). 

https://www.zotero.org/google-docs/?YB1hMU
https://www.zotero.org/google-docs/?YB1hMU
https://www.zotero.org/google-docs/?QoWyeL
https://www.zotero.org/google-docs/?QoWyeL
https://www.zotero.org/google-docs/?fUFhsJ
https://www.zotero.org/google-docs/?fUFhsJ
https://www.zotero.org/google-docs/?fUFhsJ
https://www.zotero.org/google-docs/?fUFhsJ
https://www.zotero.org/google-docs/?71e2Tz
https://www.zotero.org/google-docs/?QLd21u
https://www.zotero.org/google-docs/?BkaJzd
https://www.zotero.org/google-docs/?BkaJzd
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Species Morphology/Phenotype Genetics Biogeography Certainty 

G. tippelskirchi + ++ +  
 
 
 
 
 
 
 
 
 
 
 
 
Green 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. tippelskirchi is one. 
Ossicone dimensions and the rostrum 
length show the main differentiating 
cranial features. Sampling effort 
meets gold standard criteria 
(Kargopoulos et al., 2024). 
 
We have limited strength of evidence 
to a single + (and not ++) because of 
taxonomic overlap in the principal 
components analysis despite stronger 
support in species level canonical 
variate analysis (Kargopoulos et al., 
2024). 

Estimated divergence time 
between G. tippelskirchi and G. 
giraffa is ~100-200 Kya (Bertola et 
al., 2024; Coimbra et al., 2021). 
 
Less than one migrant per 
generation between G. 
tippelskirchi and any other 
recognized species (Winter et al., 
2018). 
 
Reciprocally monophyletic clade. 
Sampling efforts meet gold 
standard criteria (Bertola et al., 
2024; Coimbra et al., 2021, 2023; 
Fennessy et al., 2016; Winter et 

al., 2018). 

Lake Victoria and the Nile River historically separate 
G. tippelskirchi from G. camelopardalis to the north 

and west (O’Connor et al., 2019). 
 
The Tana River and various major settlements 
separate G. tippelskirchi from G. reticulata to the 
north (O’Connor et al., 2019).This pattern is also 
evident in genetic data across a wide range of taxa 
in the region (Chege et al., 2024).  
 
Rainfall patterns suggest a potential phenological 
barrier limiting interaction between Kenyan giraffe 

taxa (Thomassen et al., 2013). 

G. reticulata + ++ + Green 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. reticulata is one. Ossicone 
dimensions and the rostrum length 
show the main differentiating cranial 
features. Sampling effort meets gold 
standard criteria (Kargopoulos et al., 
2024). 
 
We have limited strength of evidence 
to a single + (and not ++) because of 
taxonomic overlap in the principal 
components analysis despite stronger 
support in species level canonical 
variate analysis. 
  

Estimated divergence time 
between G. reticulata and G. 
camelopardalis is ~260 Kya 
(Bertola et al., 2024; Coimbra et 
al., 2021). 

 
Less than one migrant per 
generation between G. reticulata 
and any other recognized species 
(Winter et al., 2018). 
 
Reciprocally monophyletic clade. 
Sampling efforts meet gold 
standard criteria. 
(Bertola et al., 2024; Coimbra et 
al., 2021, 2023; Fennessy et al., 

2016; Winter et al., 2018). 

The Tana River and various major urban 
settlements separate G. tippelskirchi from G. 

reticulata to the north (O’Connor et al., 2019). This 

pattern is also evident in genetic data across a wide 
range of taxa in the region (Chege et al. 2024).  
 
Rainfall patterns suggest a potential phenological 
barrier limiting interaction between Kenyan taxa 

(Thomassen et al., 2013). 

 
Crego et al. (2024) modeled habitat suitability for 
reticulated giraffe in northern Kenya and southern 
Ethiopia, revealing a decline in suitable habitat 
across the region. The Webi Shelbi River, Ethiopian 
mountains, and Lake Turkana form natural northern 
and northwestern range boundaries, separating G. 
reticulata from G. camelopardalis. 

https://www.zotero.org/google-docs/?ssHm7P
https://www.zotero.org/google-docs/?RddUaQ
https://www.zotero.org/google-docs/?RddUaQ
https://www.zotero.org/google-docs/?7FcTl1
https://www.zotero.org/google-docs/?7FcTl1
https://www.zotero.org/google-docs/?7FcTl1
https://www.zotero.org/google-docs/?7FcTl1
https://www.zotero.org/google-docs/?1TNMu1
https://www.zotero.org/google-docs/?3iDScv
https://www.zotero.org/google-docs/?BKtybM
https://www.zotero.org/google-docs/?U6tp5v
https://www.zotero.org/google-docs/?U6tp5v
https://www.zotero.org/google-docs/?6C6fdV
https://www.zotero.org/google-docs/?6C6fdV
https://www.zotero.org/google-docs/?6C6fdV
https://www.zotero.org/google-docs/?a0H1sn
https://www.zotero.org/google-docs/?kXuxZ4
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Species Morphology/Phenotype Genetics Biogeography Certainty 

G. giraffa + ++ + Green 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. giraffa is one. Ossicone 
dimensions and the rostrum length 
show the main differentiating cranial 
features. In this study G. giraffa and 
G. angolensis were not separated at 
the species level principal 
components analysis (Kargopoulos et 
al., 2024). Sampling effort meets gold 
standard criteria. 
 
We have limited strength of evidence 
to a single + (and not ++) because of 
taxonomic overlap in the principal 
components analysis despite stronger 
support in the species level canonical 
variate analysis. 

Estimated divergence time 
between G. giraffa and G. 
tippelskirchi is ~100-200 Kya 
(Bertola et al., 2024; Coimbra et 
al., 2021). 
 
Less than one migrant per 
generation between G. giraffa and 
any other recognized species 
(Winter et al., 2018). 
 
Reciprocally monophyletic. 
Sampling efforts meet gold 
standard criteria (Bertola et al., 
2024; Bock et al., 2014; Coimbra 
et al., 2021, 2023; Fennessy et al., 

2016; Winter et al., 2018). 

The Kunene and Zambezi Rivers serve as long-term 
natural boundaries separating G. giraffa from 
potential range overlaps with G. tippelskirchi/ G. 
thornicrofti. To the north, the Congo Basin's 
rainforests act as a major biogeographic barrier 
between G. giraffa and other giraffe taxa in western, 

central, and eastern Africa (O’Connor et al., 2019). 

G. angolensis 
 

 

 

 

 

 

 

 

(–) – (+) Red 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. angolensis is not one. In this 
study G. giraffa and G. angolensis 
were not separated at the species 
level principal components analysis, 
and we thus recommend G. 
angolensis be subsumed into G. 
giraffa at the species level. Sampling 
effort meets gold standard criteria 
(Kargopoulos et al., 2024; Seymour, 
2001). 

While genetically distinct, there is 
extensive hybridization (gene flow) 
between G. angolensis and G. 
giraffa, suggesting subspecies 
status (Bertola et al., 2024; 
Coimbra et al., 2021, 2023; 
Fennessy et al., 2016; Winter et 

al., 2018). 
 
 
 
 
 
 
 

The Kunene and Zambezi Rivers serve as long-term 
natural boundaries separating G. angolensis from 
potential range overlaps with G. tippelskirchi / G. 
thornicrofti. To the north, the Congo Basin's 
rainforests act as a major biogeographic barrier 
between G. angolensis and other giraffe taxa in 

western, central, and eastern Africa (O’Connor et 

al., 2019). 

https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?qccR68
https://www.zotero.org/google-docs/?zqtkk5
https://www.zotero.org/google-docs/?zqtkk5
https://www.zotero.org/google-docs/?QCMysN
https://www.zotero.org/google-docs/?QCMysN
https://www.zotero.org/google-docs/?QCMysN
https://www.zotero.org/google-docs/?QCMysN
https://www.zotero.org/google-docs/?nmWj8h
https://www.zotero.org/google-docs/?nmWj8h
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Species Morphology/Phenotype Genetics Biogeography Certainty 

G. thornicrofti (–) – (+) Red 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. thornicrofti is not one. In this 
study G. tippelskirchi and G. 
thornicrofti were not separated at the 
species level principal components 
analysis, and we thus recommend G. 
thornicrofti  be subsumed into G. 
tippelskirchi at the species level 
(Kargopoulos et al., 2024; Seymour, 
2001). 
 
However, canonical variate analyses 
suggest a distinction between G. 
tippelskirchi and G. thornicrofti if 
assessed at the subspecies level 
based on ossicones, the palate, and 
the rostrum (see subspecies 
assessment below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Genomic analyses reveal 
previously unrecognized genetic 
differences between Luangwa and 
Masai giraffe, suggesting they 
form distinct populations. Despite 
limited sampling from intermediate 
populations, the genetic 
uniqueness and small population 
size of Luangwa giraffe support 
their classification as a separate 
subspecies (Coimbra et al., 2021). 

The Great Rift Valley and its escarpment 
biogeographically isolate the population from its 
closest neighboring populations that are more than 
400 km to the northeast in Tanzania. There are 
many co-distributed species that follow similar 
evolutionary relationships in the Luangwa Valley. 
Elevational changes of the continental rift physically 
hinder movement and act as a barrier to gene flow 
for many taxa, ranging from avian (Behrends et al., 
2024) to small and large mammals (Cuypers et al., 
2022). 

https://www.zotero.org/google-docs/?XkVSTd
https://www.zotero.org/google-docs/?XkVSTd
https://www.zotero.org/google-docs/?svKfox
https://www.zotero.org/google-docs/?svKfox
https://www.zotero.org/google-docs/?FbuwFE
https://www.zotero.org/google-docs/?FbuwFE
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Species Morphology/Phenotype Genetics Biogeography Certainty 

G. antiquorum – – (+)  
 
 
 
 
 
 
 
 
 
Red 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. antiquorum is not one. In 
this study G. antiquorum and G. 
camelopardalis were not separated at 
the species level principal 
components analysis (and were not 
designated as different a priori in the 
species level canonical variate 
analyses), and we thus recommend 
G. antiquorum be subsumed into G. 
camelopardalis at the species level 
(Kargopoulos et al., 2024; Seymour, 
2001) 

 
However, canonical variate analyses 
suggest a distinction between G. 
camelopardalis and G. antiquorum 
(but not G. antiquorum and G. peralta) 
if assessed at the subspecies level 
based on ossicones, the palate, and 
the rostrum (see subspecies 
assessment below). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

While genetically distinct, there is 
extensive hybridization (gene 
flow), between G. antiquorum / G. 
peralta (>1.2 migrant per 
generation) and G. antiquorum / 
G. camelopardalis (>1.5 migrant 
per generation) suggesting 
subspecies status. (Bertola et al., 
2024; Coimbra et al., 2021, 2022, 
2023; Fennessy et al., 2016; 

Winter et al., 2018). 

The Nile River historically separates G. 
camelopardalis from G. antiquorum / G. peralta to 
the west (O’Connor et al., 2019). 

 

https://www.zotero.org/google-docs/?TjgV4l
https://www.zotero.org/google-docs/?TjgV4l
https://www.zotero.org/google-docs/?odBQQc
https://www.zotero.org/google-docs/?odBQQc
https://www.zotero.org/google-docs/?odBQQc
https://www.zotero.org/google-docs/?odBQQc
https://www.zotero.org/google-docs/?xmUZ82
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Species Morphology/Phenotype Genetics Biogeography Certainty 

G. peralta – – (–)  
 
 
 
 
 
 
 
 
Red 

3D geometric morphometrics from 
515 skulls sourced from across Africa 
and discriminant function analyses 
support the clustering of 4 species of 
which G. peralta is not one. In this 
study G. peralta and G. 
camelopardalis were not separated at 
the species level principal 
components analysis (and were not 
designated as different a priori in the 
species level canonical variate 
analyses), and we thus recommend 
G. peralta be subsumed into G. 
camelopardalis at the species level 
(Kargopoulos et al., 2024; Seymour, 

2001). 
 
However, canonical variate analyses 
suggest a distinction between G. 
camelopardalis and G. peralta (but 
not G. peralta and G. antiquorum) if 
assessed at the subspecies level 
based on ossicones, the palate, and 
the rostrum (see subspecies 
assessment below). 

While genetically distinct, there is 
extensive hybridization (gene 
flow), between G. antiquorum, and 
G. peralta (>1.2 migrant per 
generation) suggesting 
subspecies status (Bertola et al., 
2024; Coimbra et al., 2021, 2022, 
2023; Fennessy et al., 2016; 

Winter et al., 2018). 

The Nile River historically separates G. antiquorum 

from G. camelopardalis to the east (Brown et al., 

2021). Within central Africa, there are a series of 

mountains and rivers that serve as significant 

biogeographic barriers between G. c. antiquorum 

and G. c. peralta. 

 

S

https://www.zotero.org/google-docs/?wO0Ou6
https://www.zotero.org/google-docs/?wO0Ou6
https://www.zotero.org/google-docs/?rnzKRx
https://www.zotero.org/google-docs/?rnzKRx
https://www.zotero.org/google-docs/?rnzKRx
https://www.zotero.org/google-docs/?rnzKRx
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Species Level Assessments 

Giraffa camelopardalis: Assessment – Green 

 

Distribution map of Giraffa camelopardalis (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic [+] 

Variation in skull morphology suggests giraffe speciation. A study based on three 
dimensional geometric morphometric data collected from 515 skulls sourced from across 
Africa and analyzed with discriminant function analyses supports the clustering of four 
species of which G. camelopardalis is one (Kargopoulos et al., 2024). Ossicone 
dimensions and the rostrum length – particularly in adult male specimens – show the main 
differentiating cranial features: the median ossicone is very high and slender, with a clear 
apex; the dorsal part of the rostrum flat and inclined; the occiput and postorbital 
projections are developed (Kargopoulos et al., 2024). In this study, sampling efforts met 
the gold standard criteria, with skulls from different giraffe taxa being sampled from across 
their respective ranges as well as from museums in which the provenance of the sample 
was clearly identified. We have limited strength of evidence to a single + (and not ++) 
because of taxonomic overlap in the principal components analysis (PCA) despite 
stronger support in the species-level canonical variate analysis (CVA).  

Pelage pattern has only been systematically evaluated to a limited extent and 
consequently has not achieved gold standard status. Although used previously to 
distinguish between giraffe taxa (see Dagg, 1962) , it is noted that “descriptions of the 
coat pattern, coat colour and horns [sic] to define a race are downplayed here because 
they often vary within any one population and with the age of individuals” (Dagg, 2014). 
Preliminary analyses from Hausen et al. (2017) were unable to use pelage patterns to 
distinguish across taxa. As such, we do not use pelage characteristics in our assessment 

https://www.zotero.org/google-docs/?QU5JvW
https://www.zotero.org/google-docs/?Turupg
https://www.zotero.org/google-docs/?Q9aYth
https://www.zotero.org/google-docs/?ZX4kQW
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but acknowledge that systematic assessment of pelage patterns from across Giraffa spp. 
populations in Africa may be a valuable avenue for future phenotypic research. 

There is also evidence to suggest other potential variation in key aspects of giraffe 

species ecology. For instance Videvall et al. (2025) found that taxonomic identity was 

among the strongest predictors of microbiome variation across G. camelopardalis, G. 

reticulata, and G. tippelskirchi in a close-contact zone in Kenya. Furthermore, Brown et 

al. (2023) found variation in daily movement and ranging patterns among G. 

camelopardalis, G. reticulata, G. tippelskirchi, and G. giraffa. However, this study did not 

explicitly test the effect of taxonomy on differential responses to environmental 

productivity, so we do not interpret these different patterns of space use and movement 

as clear indicators of taxonomic variation. 

Genetic [++] 

Genome-level phylogenetic and population genetic analyses of 50 individuals from all 

recognized giraffe subspecies indicates “four separately evolving giraffe lineages, which 

diverged 230–370 ka ago” which we interpret as indicative of speciation (Bertola et al., 

2024; Coimbra et al., 2021, 2023; Fennessy et al., 2016; Winter et al., 2018; Bock et al., 

2014). Analyses of genome-wide genetic variation, including principal component 

analyses, genetic clustering (ADMIXTURE) analyses, FST (a measure of the magnitude 

of genetic differentiation), spatial analysis of genetic connectivity, and most importantly, 

phylogenetic analyses of both mitochondrial and nuclear genomes, indicate G. 

camelopardalis, G. reticulata, G. tippelskirchi and G. giraffa are diagnosably distinct and 

reciprocally monophyletic. Furthermore, these distinctions have resulted in these four 

lineages having different demographic histories and degrees of inbreeding and 

heterozygosity. For instance, G. camelopardalis is estimated to have diverged from its 

sister taxon of G. reticulata ~ 260 Kya (Coimbra et al., 2021). There were additional 

reciprocally monophyletic clades within the G. camelopardalis cluster, which we discuss 

further in the subspecies level assessments. Subsequent genomic analyses in Kenya 

with an expanded sample size of 128 individuals further reinforced the concept of limited 

hybridization of the Kenyan taxa (G. camelopardalis, G. reticulata, G. tippelskirchi), 

indicating reproductive isolation (Coimbra et al., 2023). We consider these genome-level 

analyses of widely sampled individuals from all recognized subspecies across the 

geographic range of giraffe in Africa to represent the gold standard status for genetic 

studies supporting taxonomic distinctions. 

Biogeographic [+] 

Several key biogeographic boundaries separate G. camelopardalis from other recognized 

taxa across East Africa. The Nile River and Lake Victoria historically separate G. 

camelopardalis from G. antiquorum / G. peralta to the west and G. tippelskirchi to the 

https://www.zotero.org/google-docs/?broken=mVK8Eb
https://www.zotero.org/google-docs/?broken=kXMa5T
https://www.zotero.org/google-docs/?broken=kXMa5T
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
https://www.zotero.org/google-docs/?broken=SvHjN5
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south (O’Connor et al., 2019). 

Rainfall patterns suggest a potential phenological barrier limiting interaction between 

Kenyan taxa to the east (O’Connor et al., 2019; Thomassen et al., 2013). Despite their 

genetic and morphological differences, G. t. tippelskirchi, G. reticulata, and G. c. 

camelopardalis have adjacent ranges in Kenya, raising questions about how their 

divergence is maintained. The majority of current distribution of G. camelopardalis in 

Kenya is the result of conservation translocations and may not be indicative of historical 

distribution (Muneza et al., 2024). However, Thomassen et al. (2013) used environmental 

data and landscape genetic analyses to test four hypotheses, finding that regional 

differences in seasonal rainfall and browse availability best explain genetic divergence, 

while geographic distance, habitat, and physical barriers played lesser roles. The results 

suggest that selection pressures linked to seasonal cycles, particularly reproductive 

synchronization with rainfall-driven vegetation changes, may contribute to maintaining 

genetic and phenotypic separation among these giraffe lineages. 

The current distribution of G. camelopardalis in Kenya might not reflect historical 

biogeographic barriers with other adjacent taxa that led to evolutionarily distinct lineages. 

Still, G. camelopardalis are predominantly found in enclosed protected areas in Kenya 

(Muneza et al., 2024) and are isolated from G. tippelskirchi and G. reticulata.  

  

https://www.zotero.org/google-docs/?bNJDc2
https://www.zotero.org/google-docs/?VZNmcY
https://www.zotero.org/google-docs/?broken=yHwjJM
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Giraffa tippelskirchi: Assessment – Green 

Distribution map of Giraffa tippelskirchi (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic [+] 

Variation in skull morphology suggests differentiation along species’ designations. A 

study evaluating three dimensional geometric morphometric data collected from 515 

skulls sourced from across Africa and discriminant function analyses supports the 

clustering of four species of which G. tippelskirchi is one (Kargopoulos et al., 2024). 

Ossicone dimensions and the rostrum length are the main differentiating cranial features: 

median ossicone are relatively low, usually accompanied by smaller protuberances 

across the sagittal plane; dorsal part of the rostrum are convex; occipital and postorbital 

projections are moderately developed (Kargopoulos et al., 2024). In this study, sampling 

efforts met the gold standard criteria, with skulls from different giraffe taxa being sampled 

from across their respective ranges as well as from museums in which the provenance of 

the sample was clearly identified. We have limited strength of evidence to a single + (and 

not ++) because of taxonomic overlap in the PCA despite stronger support in species-

level CVA.  

Pelage pattern has not yet been systematically evaluated and consequently has not 

achieved gold standard status. Although used previously to distinguish between giraffe 

taxa (see Dagg, 1962), it is noted that “descriptions of the coat pattern, coat colour and 

horns [sic] to define a race are downplayed here because they often vary within any one 

population and with the age of individuals” (Dagg, 2014). Preliminary analyses from 

Hausen et al. (2017) were unable to use pelage patterns to distinguish across taxa. As 

such, we do not use pelage characteristics in our assessment but acknowledge that 

https://www.zotero.org/google-docs/?m27K0u
https://www.zotero.org/google-docs/?Nmi5jH
https://www.zotero.org/google-docs/?iJn021
https://www.zotero.org/google-docs/?iaubmt
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systematic assessment of pelage patterns from across Giraffa populations in Africa may 

be a valuable avenue for future phenotype research. 

There is also evidence to suggest other potential variation in key aspects of species’ 

ecology. For instance, Videvall et al. (2025) found that taxonomic identity was among the 

strongest predictors of microbiome variations across G. camelopardalis, G. reticulata, and 

G. tippelskirchi in a close-contact zone in Kenya. Furthermore, Brown et al. (2023) found 

variation in daily movement and ranging patterns among G. camelopardalis, G. reticulata, 

G. tippelskirchi, and G. giraffa. However, this study did not explicitly test for the effect of 

taxonomy on differential responses to environmental productivity, so we do not interpret 

these different patterns of space use and movement as clear indicators of taxonomic 

variation. 

Genetic [++] 

Genome-level phylogenetic and population genetic analyses of 50 individuals from all 

recognized giraffe subspecies indicates “four separately evolving giraffe lineages, which 

diverged 230–370 ka ago” which we interpret as indicative of speciation (Bertola et al., 

2024; Coimbra et al., 2021; Fennessy et al., 2016; Winter et al., 2018). The analyses 

indicate G. camelopardalis, G. reticulata, G. tippelskirchi and G. giraffa are reciprocally 

monophyletic with distinct demographic histories, limited to no recent gene flow, and 

different degrees of inbreeding and heterozygosity. Coimbra et al. (2021) reported an 

estimated divergence time between G. tippelskirchi and G. reticulata at ~100-200 kya. 

There were additional reciprocally monophyletic clades within the G. tippelskirchi cluster, 

which we discuss further in the subspecies level assessments. Winter et al. (2018) 

described a lack of gene flow to/from G. tippelskirchi at fewer than one migrant per 

generation. Subsequent genomic analyses in Kenya with an expanded sample size of 

128 individuals further reinforced the concept of limited hybridization of the Kenyan taxa 

(G. camelopardalis, G. reticulata, G. tippelskirchi), indicating reproductive isolation 

(Coimbra et al., 2023). We consider these genome-level analyses of widely sampled 

individuals from all recognized subspecies across the geographic range of giraffe in Africa 

to represent the gold standard status for genetic studies supporting taxonomic 

distinctions. 

Biogeographic [+] 

Several biogeographic boundaries have separated G. tippelskirchi from geographically 

adjacent taxa. The Nile River historically separates G. tippelskirchi in Tanzania from G. 

camelopardalis to the north in Uganda (O’Connor et al., 2019). In Kenya, G. 

camelopardalis is isolated from G. tippelskirchi as they occur in fenced areas in Naivasha 

and Nakuru, where the ranges overlap. Additionally, the biogeographic boundary between 

G. tippelskirchi and G. reticulata coincides with the perennial Tana River (O’Connor et al., 

https://www.zotero.org/google-docs/?broken=CdOBGC
https://www.zotero.org/google-docs/?broken=58UkYK
https://www.zotero.org/google-docs/?jnOPXe
https://www.zotero.org/google-docs/?jnOPXe
https://www.zotero.org/google-docs/?LPNPiK
https://www.zotero.org/google-docs/?CXLS5t
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2019). Also, rainfall patterns suggest a potential phenological barrier limiting interaction 

between Kenyan giraffe taxa (Thomassen et al., 2013). To the south, the confluence of 

the Zambezi/Luangwa Rivers form a significant boundary between G. t. tippelskirchi / G. 

t. thornicrofti and G. giraffa across Zimbabwe and western Zambia. Lohay et al. (2023) 

also documented notable population structure within G. tippelskirchi, which they attribute 

to the Gregory Rift Valley serving as an evolutionarily significant biogeographic boundary. 

  

https://www.zotero.org/google-docs/?7LnwGE
https://www.zotero.org/google-docs/?eEPr2I
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Giraffa reticulata: Assessment – Green 

Distribution map of Giraffa reticulata (derived from O’Connor et al. 2019, Brown et al. 2021) 

 

Phenotypic [+] 

Variation in skull morphology suggests giraffe speciation. A study based on three 

dimensional geometric morphometric data collected from 515 skulls sourced from across 

Africa and discriminant function analyses support the clustering of four species of which 

G. reticulata is one (Kargopoulos et al., 2024). Ossicone dimensions and the rostrum 

length show the main differentiating cranial features: median ossicone high, forming a 

plateau without a clear apex; dorsal part of the rostrum inclined and flat; occipital and 

postorbital projections moderately developed (Kargopoulos et al., 2024). In this study, 

sampling efforts met the gold standard criteria, with skulls from different giraffe taxa being 

sampled from across their respective ranges as well as from museums in which the 

provenance of the sample was clearly identified. We have limited strength of evidence to 

a single + (and not ++) because of taxonomic overlap in the principal components analysis 

despite stronger support in species-level canonical variate analysis.  

Pelage pattern has not yet been systematically evaluated and consequently has not 

achieved gold standard status. Although used previously to distinguish between giraffe 

taxa (see Dagg, 1962), it is noted that “descriptions of the coat pattern, coat colour and 

horns [sic] to define a race are downplayed here because they often vary within any one 

population and with the age of individuals” (Dagg, 2014). Preliminary analyses from 

Hausen (2017) were unable to distinguish across taxa. As such, we do not use pelage 

characteristics in our assessment but acknowledge that systematic assessment of pelage 

https://www.zotero.org/google-docs/?lbip1R
https://www.zotero.org/google-docs/?n9Swq8
https://www.zotero.org/google-docs/?uQxbCH
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patterns from across Giraffa populations in Africa may be a valuable avenue for future 

phenotype research. 

There is also evidence to suggest other potential variation in daily movement and ranging 

patterns among G. camelopardalis, G. reticulata, G. tippelskirchi, and G. giraffa (Brown 

et al., 2023). However, this study did not explicitly test for the effect of taxonomy on 

differential responses to environmental productivity, so we do not interpret these different 

patterns of space use and movement as clear indicators of taxonomic variation. 

Genetic [++] 

Genome-level phylogenetic and population genetic analyses of 50 individuals from all 

recognized giraffe subspecies indicates “four separately evolving giraffe lineages which 

diverged 230–370 ka ago,” and which we interpret as indicative of speciation (Bertola et 

al., 2024; Coimbra et al., 2021, 2023; Fennessy et al., 2016; Winter et al., 2018). These 

analyses indicate G. camelopardalis, G. reticulata, G. tippelskirchi and G. giraffa are 

reciprocally monophyletic with distinct demographic histories, limited to no recent gene 

flow, and different degrees of inbreeding and heterozygosity. For instance, G. reticulata 

and G. camelopardalis diverged ~260 Kya (Coimbra et al., 2021). Winter et al. (2018) 

reported limited gene flow between G. reticulata and other neighboring taxa with fewer 

than 1 migrant per generation. Subsequent genomic analyses in Kenya with an expanded 

sample size of 128 individuals further reinforced the concept of limited hybridization of the 

Kenyan taxa (G. camelopardalis, G. reticulata, G. tippelskirchi), indicating reproductive 

isolation (Coimbra et al., 2023), despite signs of extensive admixture early on in giraffe 

evolutionary history, especially in regard to G. reticulata (Bertola et al., 2024, Coimbra et 

al., 2023). Bertola et al. (2024) conducted further analyses of 90 giraffe genomes from 29 

localities that accounted for past or recent admixture events between the major giraffe 

lineages and sublineages and showed that G. reticulata is likely the product of ancient 

hybridization between G. c. antiquorum sublineage (or its ancestor) and the ancestor 

lineage that gave rise to G. giraffa. 

We consider these genome level analyses of widely sampled individuals from all 

recognized subspecies across the geographic range of giraffe in Africa to represent the 

gold standard status for genetic studies supporting taxonomic distinctions. 

Biogeographic [+] 

There are notable biogeographic boundaries separating G. reticulata from other 

geographically neighboring giraffe taxa. The Tana River and major urban towns separate 

G. reticulata from G. tippelskirchi to the south (O’Connor et al., 2019).  

Rainfall patterns suggest a potential phenological barrier limiting interaction between 

Kenyan taxa to the east (O’Connor et al., 2019; Thomassen et al., 2013). Despite their 

https://www.zotero.org/google-docs/?PTrbmU
https://www.zotero.org/google-docs/?PTrbmU
https://www.zotero.org/google-docs/?3jSLNQ
https://www.zotero.org/google-docs/?MN1sWY
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genetic and morphological differences, G. t. tippelskirchi, G. reticulata, and G. c. 

camelopardalis have adjacent ranges in Kenya, raising questions about how their 

divergence is maintained. Thomassen et al. (2013) used environmental data and 

landscape genetic analyses to test four hypotheses, finding that regional differences in 

seasonal rainfall and browse availability best explain genetic divergence, while 

geographic distance, habitat, and physical barriers played lesser roles. The results 

suggest that selection pressures linked to seasonal cycles, particularly reproductive 

synchronization with rainfall-driven vegetation changes, may contribute to maintaining 

genetic and phenotypic separation among these giraffe lineages. 

Crego et al. (2024) modelled habitat suitability of G. reticulata in northern Kenya and 

southern Ethiopia, indicating decrease in habitat suitability across the region, with a 

northern range border at the Webi Shelbi River and the mountains of Ethiopia in the north 

and Lake Turkana to the northwest, separating G. reticulata from G. camelopardalis to 

the north and west. 
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Giraffa giraffa: Assessment – Green 

Distribution map of Giraffa giraffa (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic [+] 

Discriminant function analyses of 3D geometric morphometric data collected from 515 
skulls sourced from across Africa support the clustering of four species of which G. giraffa 
is one (Kargopoulos et al., 2024). Ossicone dimensions and the rostrum length show the 
main differentiating cranial feature: median ossicone very low, very rarely with 
accompanying smaller protuberances across the sagittal plane; dorsal part of the rostrum 
convex; occipital and postorbital projections small (Kargopoulos et al., 2024). In this 
study, G. giraffa and G. angolensis were not separated at the species level in the principal 
components analysis. We considered the sampling effort to meet the gold standard 
criteria. We limited strength of evidence to a single + (and not ++) because of taxonomic 
overlap in the principal components analysis despite stronger support in the species-level 
canonical variate analysis.  

Genetic [++] 

Genome-level phylogenetic and population genetic analyses of 50 individuals from all 

recognized giraffe subspecies indicates “four separately evolving giraffe lineages, which 

diverged 230–370 ka ago,” which we interpret as indicative of speciation (Bertola et al., 

2024; Coimbra et al., 2021, 2023; Fennessy et al., 2016; Winter et al., 2018). This 

phylogenetic analyses indicates G. camelopardalis, G. reticulata, G. tippelskirchi and G. 

giraffa are reciprocally monophyletic with distinct demographic histories, limited to no 

recent gene flow, and different degrees of inbreeding and heterozygosity. For instance, 

G. giraffa diverged from G. tippelskirchi ~100-200 ka (Coimbra et al., 2021). Winter et al. 

(2018) reported limited gene flow between G. giraffa and the northern clades (fewer than 

https://www.zotero.org/google-docs/?0JZ2Ij
https://www.zotero.org/google-docs/?0JZ2Ij
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one migrant per generation) although they acknowledged notable gene flow across 

southern Africa, which we explore in the subspecies distinctions. We consider these 

genome-level analyses of widely sampled individuals from all recognized subspecies 

across the geographic range of giraffe in Africa to represent the gold standard status for 

genetic studies supporting taxonomic distinctions. 

Biogeographic [+] 

The Kunene and Zambezi Rivers form a significant and long-term boundary between the 

currently recognized natural range of G. giraffa and potential range overlap with G. t. 

tippelskirchi / G. t. thornicrofti (O’Connor et al., 2019). To the north, the Congo Basin and 

associated rainforests present a significant biogeographic barrier between G. giraffa and 

any of the recognized giraffe taxa in western, central, or eastern Africa. 
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Giraffa angolensis: Assessment – Red 

Phenotypic [(-)] 

Discriminant function analyses of three-dimensional geometric morphometric data 

collected from 515 skulls sourced from across Africa support the clustering of four species 

of which G. angolensis is not one. Ossicone dimensions and the rostrum length are the 

main differentiating cranial features. In this study, G. giraffa and G. angolensis were not 

separated at the species level by principal components analysis, and we thus recommend 

G. angolensis be subsumed into G. giraffa at the species level. We consider sampling 

efforts of this study to meet the gold standard criteria (Kargopoulos et al., 2024).  

Genetic [-] 

While G. angolensis is genetically distinct, there is extensive hybridization (gene flow) 

between G. angolensis and G. giraffa, suggesting subspecies status (Bertola et al., 2024; 

Coimbra et al., 2021, 2023; Fennessy et al., 2016; Winter et al., 2018).  

Biogeographic [(+)] 

The lack of an obvious geographic barrier between G. angolensis and G. giraffa in 

Botswana has led to the hypothesis of a historical “cryptic” rift valley influencing their 

genetic divergence (Bock et al., 2014). This rift, associated with the Okavango River, 

Gumare Fault, and Thamalakhane Fault, may have served as a barrier during the 

Pleistocene, particularly when large lake systems like Palaeo-Lake Makgadikgadi were 

at their peak. Similar phylogeographic patterns have been observed in other species, 

such as Loxodonta africana, Madoqua kirkii, and Aepyceros melampus, suggesting that 

climatic and geological changes played a role in shaping animal distributions. The 

expansion of floodplain habitats after the Middle Pleistocene further influenced species 

like Kobus leche, reinforcing the idea that past environmental changes contributed to the 

current genetic structuring of giraffe and other wildlife in the region (Bock et al., 2014). 

  

https://www.zotero.org/google-docs/?EZ1AS6
https://www.zotero.org/google-docs/?FuCqrF
https://www.zotero.org/google-docs/?FuCqrF
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Giraffa thornicrofti: Assessment – Red 

Phenotypic [(-)] 

Discriminant function analyses of three-dimensional geometric morphometrics data 

collected from 515 skulls sourced from across Africa support the clustering of four species 

of which G. thornicrofti is not one. Ossicone dimensions and the rostrum length show the 

main differentiating cranial features. In this study, G. tippelskirchi and G. thornicrofti were 

not separated at the species-level principal components analysis, and we thus 

recommend G. thornicrofti be subsumed into G. tippelskirchi at the species level 

(Kargopoulos et al., 2024). 

However, canonical variate analyses suggest a distinction between G. tippelskirchi and 

G. thornicrofti if assessed at the subspecies level based on ossicones, the palate, and 

the rostrum (see subspecies assessment below) (Kargopoulos et al., 2024). 

Genetic [-] 

Genomic data provided new insights into the classification of G. t. tippelskirchi 

populations, revealing previously unrecognized genetic substructure. While Luangwa 

giraffe were historically grouped with G. t. tippelskirchi due to mitochondrial DNA 

similarities (Fennessy et al., 2016), genome-wide analyses indicate they form a distinct 

cluster. Phylogenetic and admixture analyses support this distinction, though the absence 

of samples from intermediate populations limits definitive conclusions. Given their genetic 

uniqueness and small population size (650-890 individuals) (Sun et al., 2025), 

maintaining G. t. thornicrofti as a separate subspecies and prioritizing conservation efforts 

is warranted (Coimbra et al., 2021). 

Biogeographic [(+)] 

The Great Rift Valley and its escarpment isolate the population from its closest 

neighboring populations that are more than 400 km to the northeast in Tanzania. 

Elevational changes of the continental rift physically hinder movement and act as a barrier 

to gene flow for many taxa, ranging from avian (Behrends et al., 2024) to small and large 

mammals (Cuypers et al., 2022). 

  

https://www.zotero.org/google-docs/?ydWCiV
https://www.zotero.org/google-docs/?ydWCiV
https://www.zotero.org/google-docs/?ydWCiV
https://www.zotero.org/google-docs/?p0dWBy
https://www.zotero.org/google-docs/?p0dWBy
https://www.zotero.org/google-docs/?p0dWBy
https://www.zotero.org/google-docs/?CC0Cd6
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Giraffa antiquorum: Assessment – Red 

Phenotypic [-] 

Discriminant function analyses of three-dimensional geometric morphometric data 

collected from 515 skulls sourced from across Africa support the clustering of four species 

of which G. antiquorum is not one. In this study, G. antiquorum and G. camelopardalis 

were not separated in the species-level principal components analysis (and were not 

designated as different a priori in the species-level canonical variate analysis), and we 

thus recommend G. antiquorum be subsumed into G. camelopardalis at the species level. 

However, canonical variate analyses suggest a distinction between G. camelopardalis 

and G. antiquorum (but not G. antiquorum and G. peralta) if assessed at the subspecies 

level based on ossicones, the palate, and the rostrum (see subspecies assessment 

below) (Kargopoulos et al., 2024). 

Genetic [-] 

Although G. c. antiquorum is genetically distinct from neighboring taxa, evidence of 

historical gene flow between adjacent populations supports its classification as a 

subspecies (Bertola et al., 2024; Coimbra et al., 2021, 2022, 2023; Fennessy et al., 2016; 

Winter et al., 2018). 

Biogeographic [(+)] 

The Nile River historically separates G. c. antiquorum from G. c. camelopardalis to the 

east (Brown et al., 2021). Within central Africa, there are a series of mountains and rivers 

that serve as significant biogeographic barriers between G. c. antiquorum and G. c. 

peralta. 

  

https://www.zotero.org/google-docs/?fHjLK3
https://www.zotero.org/google-docs/?fHjLK3
https://www.zotero.org/google-docs/?fHjLK3
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Giraffa peralta: Assessment – Red 

Phenotypic [-] 

Discriminant function analyses of three-dimensional geometric morphometric data 

collected from 515 skulls sourced from across Africa support the clustering of four species 

of which G. peralta is not one. Ossicone dimensions and the rostrum length show the 

main differentiating cranial features. In this study, G. peralta and G. camelopardalis were 

not separated in the species-level principal components analysis (and were not 

designated as different a priori in the species-level canonical variate analysis), and we 

thus recommend G. peralta be subsumed into G. camelopardalis at the species level. 

However, canonical variate analyses suggest a distinction between G. camelopardalis 

and G. peralta (but not G. peralta and G. antiquorum) if assessed at the subspecies level 

based on ossicones, the palate, and the rostrum (see subspecies assessment 

below)(Kargopoulos et al., 2024). 

Genetic [-] 

While G. peralta is genetically distinct from neighboring giraffe taxa (G. antiquorum and 

G. camelopardalis) there is extensive hybridization (gene flow), suggesting subspecies 

status (Bertola et al., 2024; Coimbra et al., 2021, 2022, 2023; Fennessy et al., 2016; 

Winter et al., 2018). 

Biogeographic [(-)] 

The Nile River historically separates G. antiquorum from G. camelopardalis to the east 

(Brown et al., 2021). Within Central Africa, there are a series of mountains and rivers that 

serve as significant biogeographic barriers between G. c. antiquorum and G. c. peralta. 

https://www.zotero.org/google-docs/?yATE4Q
https://www.zotero.org/google-docs/?yATE4Q
https://www.zotero.org/google-docs/?yATE4Q
https://www.zotero.org/google-docs/?qG3SLh
https://www.zotero.org/google-docs/?qG3SLh
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Subspecies Level Traffic Light Assessment 

Notation System 

We use a notation system within each category (both species and subspecies level assessments) that complies with 

assessment criteria outlined by Kitchener et al. (2017): 

++ Strong evidence within category for taxonomic distinction 

+  Some evidence within category for taxonomic distinction 

- Evidence were investigated and assessed but do not support taxonomic distinction at the assessed level 

0  Insufficient data are available to make a clear taxonomic distinction 

 

Parentheses () are used to signify concerns about data quality or analyses conducted, but do not affect the color result of 

the traffic light assessment. This designation reflects concerns, for example, with sample size and/or distribution, repeated 

use of samples in different studies, type of analysis used, genetic markers used, misidentification of specimens, absence 

of metadata, etc. 

For example (++) indicates the line of evidence is solid (e.g., appropriate data type is used) but there are some concerns 

with the study quality. () and 0 help identify where more research is needed and/or where strong evidence is missing.  
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Table 2: Summary of traffic light assessment for Giraffa subspecies. We used the taxonomic scheme proposed by (Muller et al., 

2016) as the preliminary subspecies taxonomic baseline, since it represented the current status quo in IUCN subspecies recognition 

for the Genus Giraffa.  

 

Species Subspecies Morphology Genetics Biogeography Certainty 

G. camelopardalis peralta - ++ (+) Yellow 

Canonical variance analyses 

of cranial geometric 

morphometric data suggest 

that G. c. antiquorum and G. 

c. peralta are distinct from G. 

c. camelopardalis but not from 

each other (Kargopoulos et 

al., 2024; Seymour, 2001). 

G. c. peralta is genetically 
distinct from other G. 
camelopardalis subspecies 
(reciprocally monophyletic, 
distinct demographic history, 
limited admixture). Admixture 
analyses of broadly sampled 
genomic data discriminated 
between all proposed subspecies 
(Coimbra et al., 2021). High 
levels of genetic diversity 
compared to other giraffe taxa 
suggest genetic patterns are not 
due to genetic drift. (See: 
Coimbra et al., 2022, 2023; 
Winter et al., 2018). Divergence 
times between G. c. peralta / G. 
c. camelopardalis and G. c. 
peralta / G. c. antiquorum are 
notably small, (Bertola et al., 
2023).  

G. c. peralta was widely distributed 
throughout West and North Africa 
during Paleolithic times, including the 
Mediterranean coastline. At the end of 
the 19th century, it was still present in 
the Sudano- Sahelian zone from 
Senegal to Nigeria.  

The Benue River and Logone-Chari 
system, spanning Cameroon, Chad, 
and Nigeria, could contribute to the 
separation of G. c. antiquorum from G. 
c. peralta populations. 

Seasonal floodplains, such as the Inner 
Niger Delta and Lake Chad Basin, can 
act as barriers during wet periods but 
may be passable in dry seasons. 

antiquorum - ++ (+) Yellow 

Canonical variance analyses 

of cranial geometric 

morphometric data suggest 

that G. c. antiquorum and G. 

c. peralta are distinct from G. 

c. camelopardalis but not from 

G. c. antiquorum is genetically 
distinct from other G. 
camelopardalis subspecies 
(reciprocally monophyletic, distinct 
demographic history, limited 
admixture). Admixture analyses of 
broadly sampled genomic data 
discriminated between all proposed 

The Benue River and Logone-Chari 
system, spanning Cameroon, Chad, 
and Nigeria, could contribute to the 
separation of G. c. antiquorum from G. 
c. peralta populations. 

https://www.zotero.org/google-docs/?XfJFJe
https://www.zotero.org/google-docs/?XfJFJe
https://www.zotero.org/google-docs/?vaS52u
https://www.zotero.org/google-docs/?vaS52u
https://www.zotero.org/google-docs/?ud46rc
https://www.zotero.org/google-docs/?ud46rc
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Species Subspecies Morphology Genetics Biogeography Certainty 

each other (Kargopoulos et 

al., 2024). 

subspecies (Coimbra et al., 2021). 
High levels of genetic diversity 
compared to other giraffe taxa 
suggest genetic patterns are not 
due to genetic drift (Coimbra et al., 

2022, 2023; Winter et al., 2018). 

Seasonal floodplains, such as the Inner 
Niger Delta and Lake Chad Basin, can 
act as barriers during wet periods but 
may be passable in dry seasons. 

camelopardalis + ++ ++ Green 

Cranial geometric 
morphometric evidence of G. 
c. camelopardalis is distinct 
from both antiquorum and 
peralta using canonical variate 
analyses (Kargopoulos et al., 
2024). 

G. c. camelopardalis is 
genetically distinct from other G. 
camelopardalis subspecies 
(reciprocally monophyletic, 
distinct demographic history, 
limited admixture). Admixture 
analyses of broadly sampled 
genomic data discriminated 
between all proposed subspecies 
(Coimbra et al., 2021). High 
levels of genetic diversity 
compared to other giraffe taxa 
suggest genetic patterns are not 
due to genetic drift. (Coimbra et 
al., 2022, 2023; Winter et al., 
2018). 
 
Reciprocally monophyletic with 
other G. camelopardalis clades. 

The Nile River separates G. c. 
camelopardalis from both G. c. 
antiquorum and G. c. peralta (Brown et 
al., 2021). 

rothschildi (-) (-) - Red 

Cranial evidence was not 
analyzed to assess variation 
between G. c. rothschildi and 
G. c. camelopardalis 
(Kargopoulos et al., 2024). 

Multiple lines of genetic evidence 
suggest that G. c. rothschildi 
should be subsumed into G. c. 
camelopardalis (as the nominate 
subspecies). Slight genetic 
differences at the genomic level 
are attributed to genetic drift 
(Fennessy et al., 2016; Coimbra 
et al., 2021). 

Historically, G. c. rothschildi was found 
in Uganda, western Kenya, and South 
Sudan—regions adjacent to the core 
range of G. c. camelopardalis in South 
Sudan and Ethiopia (O’Connor et al., 
2019). 
 
The apparent separation between the 
two may be more recent, resulting from 
habitat fragmentation rather than long-

https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?VglqjE
https://www.zotero.org/google-docs/?VglqjE
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?VglqjE
https://www.zotero.org/google-docs/?VglqjE
https://www.zotero.org/google-docs/?VglqjE
https://www.zotero.org/google-docs/?broken=t6jFoM
https://www.zotero.org/google-docs/?broken=t6jFoM
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term evolutionary divergence. 
Major rivers, such as the Nile, act as 
significant barriers to giraffe movement, 
but there is no strong evidence that G. 
c. rothschildi was ever completely 
isolated from G. c. camelopardalis. 

G. reticulata - ++ ++ ++ Green  

No subspecies proposed No subspecies proposed No subspecies proposed 

G. tippelskirchi tippelskirchi + ++ (+) Green 

Canonical variate analyses of 
cranial morphology (3D 
geometric morphometrics) 
show clear differentiation for 
G. t. thornicrofti and G. t. 
tippelskirchi. (Kargopoulos et 
al., 2024). 

Admixture analyses of broadly 
sampled genomic data 
discriminated between all 
proposed subspecies (Coimbra 
et al. 2021). 
 
Distinction might be due genetic 
drift of a small, isolated 
population. 
 
Lack of differentiation between 
G. t. thornicrofti / G. t. 
tippelskirchi at mtDNA 
sequences (Bock et al., 2014; 
Fennessy et al., 2016) 
 
Strong support for split through 
nuclear phylogenetic analyses 
(Coimbra et al., 2021). 

The Great Rift Valley and its 
escarpment biogeographically isolate 
the population from G. t. thornicrofti 
populations that are more than 400 km 
to the south in Zambia.  

Elevational changes of the continental 
rift physically hinder movement and act 
as a barrier to gene flow for many taxa, 
ranging from avian (Behrends et al., 
2024) to small and large mammals 
(Cuypers et al., 2022). 

thornicrofti + ++ (+) Green 

Geometric morphometric 
analyses of 3-D scans of 
giraffe craniums from across 
their range show clear 
definition for G. t. thornicrofti 

Admixture analyses of broadly 
sampled genomic data 
discriminated between all 
proposed subspecies (Coimbra 
et al. 2021). 

The Great Rift Valley and its 
escarpment biogeographically isolate 
the population from its closest 
neighboring populations that are more 
than 400 km to the northeast in 

https://www.zotero.org/google-docs/?tqUdLG
https://www.zotero.org/google-docs/?tqUdLG
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and G. t. tippelskirchi 
(Kargopoulos et al., 2024).  

 
Lack of differentiation between 
G. t. thornicrofti / G. t. 
tippelskirchi at mitochondrial 
DNA sequences (Bock et al., 

2014; Fennessy et al., 2016). 
 
Strong support for split through 
nuclear phylogenetic analyses 
(Coimbra et al., 2021). 

Tanzania. Elevational changes of the 
continental rift physically hinder 
movement and act as a barrier to gene 
flow for many taxa, ranging from avian 
(Behrends et al., 2024) to small and 
large mammals (Cuypers et al., 2022). 

G. giraffa giraffa (-) + (+) Yellow 

No discernable difference 
between G. g. giraffa and G. 
g. angolensis on the basis of 
canonical variate analyses of 
3D geometric morphometric 
data from skulls (Kargopoulos 
et al., 2024). 
 

This taxa has various genetic 
distinctions, but they are not as 
clear cut as other subspecies. 
Certain individuals, like those in 
the !Khamab-Kalahari show 
stronger relationship to G. g. 
angolensis (Bock et al., 2014; 
Prochotta et al., 2024). 

 
Genome-wide SNP analyses 
reveal clear genetic separation 
between G. g. giraffa and G. g. 
angolensis, with distinct 
population clusters and limited 
admixture across their contact 
zones (Prochotta et al., 2024) 

 
Bertola et al. suggest finer 
clustering within G. g. giraffa 
(Bertola et al., 2024). 

Today, no obvious geographic barrier 
appears to separate G. g. angolensis 
and G. g. giraffa. However, a historical 
“cryptic” rift valley may explain the 
observed pattern in Botswana, with the 
Okavango River, Gumare Fault, and 
Thamalakhane Fault forming subtle 
geographic boundaries. The Okavango-
Bangweulu axis, as a southern 
extension of the East African Rift 
System, could have contributed to the 
separation of giraffe matrilines during 
periods of changing drainage systems. 
Similar phylogeographic patterns are 
seen in other species, such as 
Loxodonta africana, Madoqua kirkii, and 
Aepyceros melampus, suggesting 
Pleistocene climatic shifts influenced 
these distributions (Bock et al., 2014). 

 

 

 

https://www.zotero.org/google-docs/?broken=pJ0Ein
https://www.zotero.org/google-docs/?zKi5Ah
https://www.zotero.org/google-docs/?zKi5Ah
https://www.zotero.org/google-docs/?uMv2hi
https://www.zotero.org/google-docs/?uMv2hi
https://www.zotero.org/google-docs/?S2NxXa


 

 

40 

Species Subspecies Morphology Genetics Biogeography Certainty 

angolensis (-) + (+) Yellow 

No discernable difference 
between G. g. giraffa and G. 
g. angolensis on the basis of 
canonical variate analyses of 
3D geometric morphometric 
data from skulls (Kargopoulos 
et al., 2024). 
 

Admixture analyses of broadly 
sampled genomic data 
discriminated between all 
proposed subspecies (Coimbra 
et al., 2021). 
 
There are some distinctions 
between G. g. angolensis and G. 
g. giraffa, but they are not as 
clear cut as other subspecies. 
Certain individuals, like those in 
the !Khamab-Kalahari show 
stronger relationship to G. g. 
angolensis. (Bock et al., 2014; 
Prochotta et al., 2024). 

 

Today, no obvious geographic barrier 
appears to separate G. g. angolensis 
and G. g. giraffa. However, a historical 
“cryptic” rift valley may explain the 
observed pattern in Botswana, with the 
Okavango River, Gumare Fault, and 
Thamalakhane Fault forming subtle 
geographic boundaries. The Okavango-
Bangweulu axis, as a southern 
extension of the East African Rift 
System, could have contributed to the 
separation of giraffe matrilines during 
periods of changing drainage systems. 
Similar phylogeographic patterns are 
seen in other species, such as African 
forest elephants, Damara dik-diks, and 
impalas, suggesting Pleistocene 
climatic shifts influenced these 
distributions (Bock et al., 2014). 

https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?iOLvUh
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Subspecies Level Assessments 

Giraffa camelopardalis peralta: Assessment – Yellow 

Distribution map of Giraffa camelopardalis peralta (derived from O’Connor et al. 2019, Brown et al. 2021) 

 

Phenotypic [(-)] 

Canonical variance analyses of cranial geometric morphometric data suggests that G. c. 

peralta is anatomically distinguishable from G. c. camelopardalis but not G. c. antiquorum 

(Kargopoulos et al., 2024). 

Genetics [(++)] 

G. c. peralta is genetically distinct from other G. camelopardalis subspecies (reciprocally 

monophyletic, distinct demographic history, limited admixture). High levels of genetic 

diversity compared to other giraffe taxa suggest genetic patterns are not due to genetic 

drift (Bertola et al., 2024; Coimbra et al., 2022, 2023; Winter et al., 2018). 

Biogeographic [(+)] 

G. c. peralta was widely distributed throughout West and North Africa during Paleolithic 

times, including the Mediterranean coastline. At the end of the 19th century, it was still 

present in the Sudano- Sahelian zone from Senegal to Nigeria.. The Benue River and 

Logone-Chari system, spanning Cameroon, Chad, and Nigeria, could contribute to the 

separation of G. c. peralta from other Central and West African populations. Seasonal 

https://www.zotero.org/google-docs/?XKg63y
https://www.zotero.org/google-docs/?gMmN9J
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floodplains, such as the Inner Niger Delta and Lake Chad Basin, can act as barriers during 

wet periods but may be passable in dry seasons. 

Similar patterns in of phylogeography exist for other key taxa across this landscape, 

including Panthera leo (Barnett et al., 2014; Bertola et al., 2016) and African ungulates 

(Lorenzen et al., 2012), distinguishing between central African and West African lineages. 

  

https://www.zotero.org/google-docs/?4Zee33
https://www.zotero.org/google-docs/?l35cwO
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Giraffa camelopardalis antiquorum: Assessment – Yellow 

Distribution map of Giraffa camelopardalis antiquorum (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic 

Canonical variance analyses of cranial geometric morphometric data suggest that G. c. 

antiquorum (and G. c. peralta) are distinct from G. c. camelopardalis but not from each 

other (Kargopoulos et al., 2024). 

Genetic [++] 

G. c. antiquorum is genetically distinct from other G. camelopardalis subspecies 

(reciprocally monophyletic, distinct demographic history, limited admixture). High levels 

of genetic diversity compared to other giraffe taxa suggest genetic patterns are not due 

to genetic drift (Coimbra et al., 2022, 2023; Winter et al., 2018). 

Biogeographic [(+)] 

The Benue River and Logone-Chari system, spanning Cameroon, Chad, and Nigeria, 

could contribute to the separation of G. c. antiquorum from West African populations. 

Seasonal floodplains, such as the Inner Niger Delta and Lake Chad Basin, can act as 

barriers during wet periods but may be passable in dry seasons. Similar patterns in 

phylogeography exist for other key taxa across this landscape, including Panthera leo 

(Barnett et al., 2014; Bertola et al., 2016), and African ungulates (Lorenzen et al., 2012), 

distinguishing between central African and West African lineages. 

https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?VPXNvi
https://www.zotero.org/google-docs/?L9Lv15
https://www.zotero.org/google-docs/?cGY3AY
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Giraffa camelopardalis camelopardalis: Assessment – Green 

Distribution map of Giraffa camelopardalis camelopardalis (derived from O’Connor et al., 2019, Brown et al., 2021) 

Phenotypic [+] 

Canonical variance analyses of cranial geometric morphometric data indicate that G. c. 

camelopardalis is significantly differentiated from both G. c. peralta and G. c. antiquorum, 

yet exhibits no detectable morphological divergence between its own (sub) populations 

(Kargopoulos et al., 2024). 

Genetic [++] 

G. c. camelopardalis is genetically distinct from other G. camelopardalis subspecies 

(reciprocally monophyletic, distinct demographic history, limited admixture). High levels 

of genetic diversity compared to other giraffe taxa suggest genetic patterns are not due 

to genetic drift (Coimbra et al., 2022, 2023; Winter et al., 2018). 

Biogeographic [++] 

The Nile River separates G. c. camelopardalis from both G. c. antiquorum and G. c. 

peralta (Brown et al., 2021). The Nile River serves as a significant biogeographical barrier 

for many savanna ungulates, limiting gene flow and shaping population structure. For 

example, distinct east–west lineages are observed in African buffalo (Syncerus caffer 

Smitz et al., 2013), topi and hartebeest (Damaliscus lunatus, Alcelaphus buselaphus 

Lorenzen et al., 2012), waterbuck (Kobus ellipsiprymnus, K. defassa Groves & Grubb, 

2011), Ugandan kob (Kobus kob thomasi Bielefeldt-Ohmann et al., 1997) and African lion 

(Panthera leo Bertola et al., 2016). 

https://www.zotero.org/google-docs/?enkxc2
https://www.zotero.org/google-docs/?PLRRAs
https://www.zotero.org/google-docs/?broken=t6jFoM
https://www.zotero.org/google-docs/?wFJedk
https://www.zotero.org/google-docs/?LV1E0h
https://www.zotero.org/google-docs/?VG7Y7o
https://www.zotero.org/google-docs/?VG7Y7o
https://www.zotero.org/google-docs/?BxypDs
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Giraffa camelopardalis rothschildi: Assessment – RED 

Based on genetic evidence, absence of clear phenotypic variation and the lack of 

apparent biogeographic boundaries (Fennessy et al., 2016) we recommend that G. c. 

rothschildi be subsumed into G. c. camelopardalis under G. camelopardalis.  

Phenotypic [(-)] 

Cranial evidence was not analyzed to assess variation between G. c. rothschildi and G. 

c. camelopardalis. There is no study demonstrating clear anatomical or phenotypic 

variation between the formerly recognized G. c. rothschildi and G. c. camelopardalis 

(Kargopoulos et al., 2024). 

Genetic [(-)] 

Fennessy et al. (2016) suggested that G. c. rothschildi from Kenya and Uganda and G. 

c. camelopardalis from Ethiopia and South Sudan are genetically indistinguishable, 

suggesting the former be subsumed into the latter. However, Petzold et al. (2020) 

challenged this classification, proposing that what Fennessy et al. (2016) identified as G. 

c. camelopardalis should instead be recognized as G. c. rothschildi. They argued that the 

true G. c. camelopardalis historically ranged further north, in Sudan and northern Ethiopia, 

and is likely extinct today. Their conclusions were drawn from mitochondrial DNA 

analyses, including sequences from three 18th century museum specimens collected from 

the type locality of G. c. camelopardalis (Sennar, Sudan, and Abyssinia). These historical 

specimens formed a distinct monophyletic group more closely related to G. c. antiquorum. 

Based on this, Petzold et al. (2020) suggested that G. c. rothschildi and G. c. 

camelopardalis should be considered separate subspecies, with G. c. rothschildi being 

more closely related to G. c. peralta and G. c. camelopardalis being more closely related 

to G. c. antiquorum. However, given that these conclusions were based solely on 

mitochondrial DNA, we cannot rule out the possibility that the individuals analyzed 

represent an ancestral lineage of G. c. antiquorum. Further research is needed to clarify 

their taxonomic status using modern nuclear genome sequencing. Until such data are 

available, the G. camelopardalis populations in Kenya, Uganda, Ethiopia, and South 

Sudan should continue to be classified as G. c. camelopardalis under this taxonomic 

classification. 

Biogeographic [-] 

There is no clear biogeographic boundary between what was formerly recognized as G. 

c. rothschildi in northern Uganda (Kidepo Valley National Park) and G. c. camelopardalis 

southern South Sudan (Kidepo Valley Reserve and Badingilo National Park). 

Historically, G. c. rothschildi occupied regions in Uganda, western Kenya, and South 

https://www.zotero.org/google-docs/?ht2Wkf
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Sudan, areas that are geographically adjacent to the core range of G. c. camelopardalis 

in South Sudan and Ethiopia. The separation between these populations appears to be 

relatively recent, likely driven by habitat fragmentation and human-induced landscape 

changes rather than deep evolutionary divergence. Given the proximity of their historical 

ranges, it is plausible that gene flow occurred between these groups, supporting the 

argument that G. c. rothschildi is not a distinct subspecies but rather a regional 

subpopulation of G. c. camelopardalis. 

While rivers often act as natural barriers to giraffe movement, there is no strong evidence 

that G. c. rothschildi was ever fully isolated from G. c. camelopardalis (O’Connor et al., 

2019). The Nile, one of the most significant river systems in Africa, could have influenced 

movement patterns, but historical connectivity between populations in South Sudan 

suggests that these giraffe were not completely segregated. Additionally, seasonal shifts 

in water levels may have allowed for periodic crossings, further facilitating genetic 

exchange. This biogeographic context supports the idea that G. c. rothschildi is part of 

the G. c. camelopardalis lineage rather than a separate evolutionary unit. 
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Giraffa reticulata: Assessment – NA 

 
Distribution map of Giraffa reticulata (derived from O’Connor et al., 2019, Brown et al., 2021) 

Phenotypic 

NA: There are no proposed subspecies of Giraffa reticulata 

Genetic 

NA: There are no proposed subspecies of Giraffa reticulata 

Biogeographic 

NA: There are no proposed subspecies of Giraffa reticulata 
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Giraffa tippelskirchi tippelskirchi: Assessment – Green 

Distribution map of Giraffa tippelskirchi tippelskirchi (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic [+] 

Canonical variate analyses of cranial morphology (3D geometric morphometrics) show 

clear definition for G. t. thornicrofti and G. t. tippelskirchi (Kargopoulos et al., 2024). 

Genetic [++] 

Genomic data provided new insights into the classification of subspecies within G. t. 

tippelskirchi sensu lato. Historically, G. t. thornicrofti was grouped with G. t. tippelskirchi 

sensu stricto due to the absence of mitochondrial DNA differentiation, as noted by 

Fennessy et al. (2016). However, genome analyses (Coimbra et al., 2021, 2023) have 

revealed genetic substructure among these populations, aligning with findings from 

Winter et al. (2018). Mitochondrial phylogenetic analyses place G. t. thornicrofti 

individuals from South Luangwa NP alongside G. t. tippelskirchi sensu stricto individuals 

from Kenya’s Masai Mara National Reserve, distinguishing them from G. t. tippelskirchi 

sensu stricto populations in Tanzania’s Selous Game Reserve. Furthermore, admixture 

analyses of genome-wide SNPs at K = 6 and a neighbor-joining tree indicate the presence 

of two distinct clusters within G. t. tippelskirchi sensu lato (Coimbra et al., 2021). While 

the absence of samples from intermediate G. t. tippelskirchi sensu stricto populations limit 

definitive conclusions, Coimbra et al. (2021) propose that the G. t. thornicrofti should be 

recognized as a distinct subspecies of G. tippelskirchi. 
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Biogeographic [+] 

The Great Rift Valley and its escarpment biogeographically isolate the southern limits of 

G. t. tippelskirchi from their closest neighboring populations that are more than 400 km to 

the south in the Luangwa Valley of Zambia. Elevational changes of the continental rift 

physically hinder movement and act as a barrier to gene flow for many taxa, ranging from 

avian (Behrends et al., 2024) to small and large mammals (Cuypers et al., 2022). 
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Giraffa tippelskirchi thornicrofti:  Assessment – Green 

Distribution map of Giraffa tippelskirchi thornicrofti (derived from O’Connor et al. 2019, Brown et al. 2021, and 

provided by GCF) 

Phenotypic [+] 

Canonical variate analyses of cranial morphology (3D geometric morphometrics) show 

clear definition for G. t. thornicrofti and G. t. tippelskirchi (Kargopoulos et al., 2024). 

Genetic [++] 

Genomic data provided new insights into the classification of subspecies within G. t. 

tippelskirchi sensu lato. Historically, G. t. thornicrofti was grouped with G. t. tippelskirchi 

sensu stricto due to the absence of mitochondrial DNA differentiation, as noted by 

Fennessy et al. (2016). However, genome analyses (Coimbra et al., 2021, 2023) have 

revealed genetic substructure among these populations, aligning with findings from 

Winter et al. (2018). Mitochondrial phylogenetic analyses place G. t. thornicrofti 

individuals from South Luangwa NP alongside G. t. tippelskirchi sensu stricto individuals 

from Kenya’s Masai Mara National Reserve, distinguishing them from G. t. tippelskirchi 

sensu stricto populations in Tanzania’s Selous Game Reserve. Furthermore, admixture 

analyses of genome-wide SNPs at K = 6 and a neighbor-joining tree indicate the presence 

of two distinct clusters within G. t. tippelskirchi sensu lato (Coimbra et al., 2021). While 

the absence of samples from intermediate G. t. tippelskirchi sensu stricto populations 

limits definitive conclusions, Coimbra et al. (2021) propose that the Luangwa giraffe 

should be recognized as a distinct subspecies of G. tippelskirchi. 
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Biogeographic [+] 

The Great Rift Valley and its escarpment isolate the population from its closest 

neighboring populations that are more than 400 km to the northeast in Tanzania. 

Elevational changes of the continental rift physically hinder movement and act as a barrier 

to gene flow for many taxa, ranging from avian (Behrends et al., 2024) to small and large 

mammals (Cuypers et al., 2022). 

  

https://www.zotero.org/google-docs/?t9bOqi
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Giraffa giraffa giraffa: Assessment – Yellow 

Distribution map of Giraffa giraffa giraffa (derived from O’Connor et al. 2019, Brown et al. 2021) 

Phenotypic [(-)] 

There is no significant difference between G. g. giraffa and G. g. angolensis on the basis 

of canonical variate analyses of 3D geometric morphometric data from skulls 

(Kargopoulos et al., 2024). 

Genetic + 

Prochotta et al. (2024) analyzed the genomes of 85 G. giraffa from ten populations across 

southern Africa to explore the genetic diversity and evolutionary history of G. g. 

angolensis and G. g. giraffa. Their findings indicated that while overall levels of 

homozygosity (reflective of inbreeding) are low compared to other mammals, genetic 

heterozygosity remains constrained, even within the large population of G. g. giraffa. 

Nuclear DNA results largely align with mitochondrial data; however, this analysis 

suggests that the range of the G. g. angolensis does not extend as far east as previously 

inferred from mitochondrial studies. Notably, giraffe in Botswana’s Central Kalahari Game 

Reserve exhibit genetic admixture between G. g. angolensis and G. g. giraffa lineages. 

Meanwhile, the desert-adapted giraffe of northwest Namibia are genetically distinct within 

G. g. angolensis but show evidence of admixture due to a recent introduction of 

individuals from Etosha National Park. 

Biogeographic [(+)] 

Today, no obvious geographic barrier appears to separate G. g. angolensis and G. g. 

giraffa. However, a historical “cryptic” rift valley may explain the observed pattern in 

https://www.zotero.org/google-docs/?broken=3QSJNL
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Botswana, with the Okavango River, Gumare Fault, and Thamalakhane Fault forming 

subtle geographic boundaries. The Okavango-Bangweulu axis, as a southern extension 

of the East African Rift System, could have contributed to the separation of giraffe 

matrilines during periods of changing drainage systems. Similar phylogeographic patterns 

are seen in other species, such as Loxodonta africana, Madoqua kirkii, and Aepyceros 

melampus, suggesting Pleistocene climatic shifts influenced these distributions (Bock et 

al., 2014). 

  

https://www.zotero.org/google-docs/?7mVd1y
https://www.zotero.org/google-docs/?7mVd1y
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Giraffa giraffa angolensis: Assessment – Yellow 

Distribution map of Giraffa giraffa angolensis (derived from O’Connor et al. 2019, Brown et al. 2021). 

Phenotypic [(-)]  

No significant difference between G. g. giraffa and G. g. angolensis on the basis of 
canonical variate analyses of 3D geometric morphometric data from skulls (Kargopoulos 
et al., 2024). 

Genetic [+] 

Genetic evidence supports the separation of G. g. angolensis and G. g. giraffa as distinct 

subspecies. Whole genome sequencing of 85 southern giraffe individuals reveals that the 

distribution of nuclear and mitochondrial genotypes are largely congruent, confirming 

genetic differentiation (Prochotta et al., 2024). Despite the large population size of G. g. 

giraffa, they exhibit limited heterozygosity, suggesting a unique genetic structure 

(Prochotta et al., 2024). 

Biogeographic [(+)] 

Today, no obvious geographic barrier appears to separate G. g. angolensis and G. g. giraffa. However, 

a historical “cryptic” rift valley may explain the observed pattern in Botswana, with the Okavango River, 

Gumare Fault, and Thamalakhane Fault forming subtle geographic boundaries. The Okavango-

Bangweulu axis, as a southern extension of the East African Rift System, could have contributed to 

the separation of giraffe matrilines during periods of changing drainage systems. Similar 

phylogeographic patterns are seen in other species, such as Loxodonta africana, Madoqua kirkii, and 

Aepyceros melampus, suggesting Pleistocene climatic shifts influenced these distributions (Bock et 

al., 2014). 

https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?broken=3QSJNL
https://www.zotero.org/google-docs/?V71SYS
https://www.zotero.org/google-docs/?V71SYS
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