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How many giraffe species exist?
Fred B. Bercovitch1,2,3,*, Philip S. M. Berry4, Anne Dagg3,5, Francois Deacon2,3, John B. Doherty3,6,7, Derek Lee3,8, Frédéric Mineur6,7, Zoe Muller3,9, Rob Ogden10, Russell Seymour3,6, Bryan Shorrocks11,12 and Andy Tutchings3 
1Primate Research Institute, Kyoto University, Inuyama, Aichi, Japan. 2Department of Animal, Wildlife, and Grassland Sciences, University of the Free State, Bloemfontein, South Africa. 3International Union for the Conservation of Nature, Species Survival Commission, Giraffe and Okapi Specialist Group. 4P. O. Box 33, Mfuwe, Zambia. 5Department of Independent Studies, University of Waterloo, Ontario, Canada. 6Reticulated Giraffe Project, Nairobi, Kenya. 7School of Biological Sciences, Queen’s University Belfast, Northern Ireland. 8Wild Nature Institute, Hanover, NH, USA. 9Giraffe Research and Conservation Trust, Nairobi, Kenya. 10Wildlife Research Center, Kyoto University, Kyoto, Japan. 11Environment Department, University of York, Heslington, York, UK. 12Department of Biology, University of Leeds, Leeds, UK.
*E-mail:  Bercovitch.fred.2u@kyoto-u.ac.jp
[Text: 101
0 words]

In their note, [1] conclude that four species of giraffes exist and that their numbers are declining in Africa.  The decrease in population numbers were documented in [2], currently under IUCN review, that recommended  changing  the current Red List Status of Giraffa camelopardalis from “Least Concern” to “Vulnerable”.  The present consensus of one species divided into nine subspecies has previously been questioned (Table 1), and [1] provide another viewpoint on giraffe taxonomy.  The fundamental reason for different taxonomic interpretations is that they are based upon different data sets that adopt different statistical techniques and follow different criteria for nomenclature.  
For example, [1] claim that “population genetic, phylogenetic, and network analyses of nuclear sequences demonstrate that the giraffe is genetically well structured into four distinct species.”  This conclusion rests upon  their use of the ‘genetic species concept’ that is based solely upon genetic data, and omitting ancillary data on morphology, population distribution, ecology, and behavior.  Rather than a fait accompli, as suggested in [1], their taxonomic model should be viewed as one of a number of ways proposed to revise the presently accepted classification of Giraffa camelopardalis.

We highlight the following problems with [1]:

1.  The authors state: “Concordance between maternally inherited mitochondrial and biparentally inherited nuclear markers indicates reproductive isolation for at least four groups.”   However, Fig. 2A (nuDNA) and Fig. 2B (mtDNA) indicate inconsistencies, not concordance, between the two data sets.  Most notably, Fig. 2B shows that South African giraffes are genetically more similar to Masai than to Angolan giraffes, yet Fig. 2A combines South African and Angolan giraffes into a single cluster.

2.  The authors state “The phylogenetic analysis of mtDNA from all nine subspecies (Figure 2B) produced a tree that conforms to previous analysis”.  However, Fig. 2B conflicts with previous analysis [3].  In [1] the five Thornicroft’s giraffe samples are intermixed into a cluster containing Masai giraffes, while in [3], the 34 Thornicroft’s giraffe samples form a single cluster.  In addition, [3] concludes: “Morphologically, however, there are skull and pelage differences that do separate it [i.e., Thornicroft’s giraffe] from G.c. tippelskirchi.” and that “G. c. thornicrofti is a valid and important evolutionary unit and that no changes in subspecific designation be made” unless “additional genetic markers” suggest otherwise.  Genomic information, when integrated with other biological traits, provides a more solid foundation for protecting biodiversity and developing conservation management plans than does reliance solely upon sampling from across nuclear and mitochondrial genes [4].  Thornicroft’s giraffe is a reproductively isolated population [5] that has been classified as a separate species [Table 1], and should be a candidate for consideration as aconservation unit [4].  
3.  Figure 3A [1], based upon a STRUCTURE analysis of seven nuclear loci from 105 individuals, reveals that the best cluster is when K = 4 [subgroups], and that “K = 5 or higher shows no further resolution”.  Figure 3 [6], based upon a STRUCTURE analysis of 14 microsatellites obtained from 381 individuals, indicates that at least 6 distinctive subgroups of giraffes are present.  The contention in [1] that [6] is based on faulty statistics while their own “multi-locus coalescent-based analyses on sequence data allow for rigorous statistical testing and did not find support for such a grouping” is an unsatisfactory and unconvincing explanation of the discrepancy.

4.  The authors suggest that pelage patterns are “variable and taxonomically unreliable morphological traits”.  Coat color patterns are linked to specific gene complexes [7] with mutations leading to variation subject to natural selection.  Phenotypic traits regulate mating patterns and sexual selection that establish a foundation for the “recognition species concept” [8].  Complex color patterns in subspecies of Australian dragon lizards (Agamidae) probably arose from sexual selection [9], and a similar process might contribute to variation in giraffe pelage patterns [6,10].  Neutral genetic markers provide only a limited perspective on taxonomy because they reflect genetic drift and gene flow, while excluding phenotypic traits that underlie natural selection and local adaptations that could impact speciation [4,8].  
5.  The authors report admixture among species [Fig. 3A] and write that giraffes “can interbreed in captivity… [but]… the genetic differentiation between the four giraffe groups is strong despite their similar appearance.”  The two clauses are independent, so the authors have not explained why admixture in the wild, and hybridization in captivity, should be ignored in constructing giraffe taxonomy.
6.  The authors claim “The conservation implications are obvious, as giraffe population numbers and habitats across Africa continue to dwindle due to human-induced threats”.  We find the implications troublesome because giraffe numbers are declining in Africa [2] regardless of their taxonomic status.  Reducing the number of subspecies from nine to seven is likely to jeopardize two of the most threatened giraffe subspecies.  Presently, Rothschild’s giraffe is designated as “Endangered” (http://www.iucnredlist.org/details/174469/0).  Reclassification as Nubian giraffe would require the present designation to be removed.  Based upon population trends, population numbers, and their limited range [5] have proposed that Thornicroft’s giraffe be designated “Vulnerable”, a suggestion that becomes moot if the subspecies, or species, is no longer recognized.
7.  The legend in Table 1 is misleading.  The data are not “from Giraffe Conservation Foundation”, but are appropriated from a preliminary draft of a report compiled by the IUCN SSC Giraffe and Okapi Specialist Group.  The numbers were early estimates and four of them are inaccurate [2].  The statement that Rothschild’s and Thornicroft’s giraffes “are now subsumed under G. c. tippelskirchi and G. c. camelopardalis, respectively” should be considered suggestions, not facts.  The subsuming of Rothschild’s giraffe conflicts with their classification as a separate species [Table 1] and is based upon a sample size of nine individuals from Uganda, and none from Kenya [1; Table S1] out of a population containing 1,671 individuals [2].  The subsuming of Thornicroft’s giraffe conflicts with their classification as a separate species [Table 1] and is based upon a sample size of five individuals [1; Table S1] out of a population estimated at 500-600 [2,5].
In summary, [1] present a new perspective on giraffe taxonomy that should be considered alongside other suggestions to revise the current consensus, but the conclusions should not be unconditionally accepted.  
REFERENCES
1.  Fennessy, J., Bidon, T., Reuss, F., Kumar, V., Elkan, P., Nilsson, M. A., Vamberger, M., Fritz, U., and Janke, A.  (2016).  Multi-locus analyses reveal four giraffe species instead of one.  Curr. Biol. 26, 1-7.
2.  Muller, Z., Bercovitch, F., Brand, R., Brown, D., Brown, M., Bolger, D., Carter, K., Deacon, F., Doherty, J. B., Fennessy, J., et al.  (2016).  IUCN Red List Assessment: Giraffa camelopardalis.  Status report by the IUCN SSC Giraffe and Okapi Specialist Group.  Unpublished [confidential] document, July 2016.

3.  Fennessy, J., Bork, F., Tutchings, A., Brenneman, R., and Janke, A.  (2013).  Mitochondrial DNA analyses show that Zambia’s South Luangwa Valley giraffe (Giraffa camelopardalis thornicrofti) are genetically isolated.  Afr. J. Ecol. 51, 635-640.

4.  Funk, W. C., McKay, J. K., Hohenlohe, P. A., and Allendorf, F. W.  (2012).  Harnessing genomics for delineating conservation units.  Trends Ecol. Evol. 27, 489-496.
5.  Berry, P. S. M., and Bercovitch, F. B.  (2016).  Population census of Thornicroft’s giraffe Giraffa camelopardalis thornicrofti in Zambia, 1973-2013.  Oryx [in press; doi: 10.1017/5003060531500126x].
6.  Brown, D. M., Brenneman, R. A., Koepfli, K.-P., Pollinger, J. P., Mila, B., Georgiadis, N. J., Louis, E. E., Jr., Grether, G. F., Jacobs, J. K., and Wayne, R. K.  (2007).  Extensive population genetic structure in the giraffe.  BMC Biology 5, 57 [doi: 10.1186/1741-7007-5-57].
7.  Reissman, M., and Ludwig, A.  (2013).  Pleitropic effects of coat color-associated mutations in humans, mice and other mammals.  Sem. Cell Develop. Biol. 24, 576-586.

8.  Ridley, M.  (2003)  Evolution. 3rd Ed.  (Oxford, Blackwell Science Ltd).
9.  Chen, I.-P., Stuart-Fox, D., Hugall, A. F., and Symonds, M. R. E.  (2012).  Sexual selection and the evolution of complex color patterns in dragon lizards.  Evol. 66, 3605-3614.

10.  Dagg, A. I.  (2014).  Giraffe.  Biology, Behaviour and Conservation.  (Cambridge, Cambridge University Press).


�I think we are close enough to 1,000 that it won’t raise a red flag, so keep this in mind when reading/editing this version.





