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In Hershkovitz et al. (1), the NR Homo was recognized as 
part of a Middle Pleistocene (MP) paleodeme together with 
other Levantine fossils exhibiting affine morphology (1). 
Although this Homo group presents some Neanderthal-like 
mandibular and dental characteristics, it differs 
substantially from Neanderthals in several important 
features, manifested mainly in the archaic morphology of 
the parietal (reflected in its flatness and thickness, unique 
endocranial surface topography, shape, size, and vessel 
imprints) and the mandible shapes, as extensively described 
and analyzed in the supplementary materials of our paper 
(1). In contrast to the claim implied by Marom and Rak (2), 
we did not interpret the NR fossils as a new species. The 
term paleodeme (3) is quite conservative, and “is both 
appropriate and necessary in studies of the hominin fossil 
record at various levels” (p. 204), thus reflecting our 
cautious rather than “radical” approach. Whether the NR 
Homo should be considered an example of H. 
neanderthalensis depends entirely on how this Homo group 
is defined. Similar to Marom and Rak, we amply 
acknowledged the morphological similarities of the NR 
mandible to Neanderthal mandibles. However, unlike them, 
we maintain that the archaic traits observed in the NR 
parietal and mandible account for important evolutionary 
differences from classic Neanderthals, which cannot be 
disregarded. In fact, we suggested that the NR Homo might 

have been a predecessor along the Neanderthal lineage (Fig. 
1). 

Whereas Marom and Rak did not report any flaws in 
our multi-methodological morphometric analyses, we found 
drawbacks in their analyses and interpretation of the 
results: 

1. Neanderthal mandibular traits: None of the six 
mandibular traits Marom and Rak claimed to be unique to 
Neanderthals are actually exclusive to this Homo group. A 
well-developed medial pterygoid tubercle, for example, is 
present in the Early Pleistocene ATD6-96 specimen, in some 
of the Atapuerca–Sima de los Huesos (SH) mandibles, and 
in other non-Neanderthal specimens (4–6). Taurodontism is 
also observed in the SH molars, as well as in the M3 of 
ATD6-96 (6) and even in H. erectus (7). 

2. Significance of mandibular traits: Marom and Rak 
(2) claimed that “Because the mandibular anatomy is 
responsible for the unique function of the mandible, these 
traits are inherently associated with each other…” In other 
words, they suggested that these six traits must covary to 
make the Neanderthal mandible function properly. 
However, this statement can be easily refuted by observing 
that, for example, H. antecessor did not possess all of these 
traits, yet their masticatory system was functional. Had 
Marom and Rak desired to provide a biomechanical 
explanation of the Neanderthal mandible distinctiveness, 
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Marom and Rak claim, on the basis of a few mandibular features, that the Nesher Ramla (NR) Homo is a 
Neanderthal. Their comments lack substance and contribute little to the debate surrounding the evolution 
of Middle Pleistocene Homo. Limitations and preconceptions in their study prevented them from achieving 
resolution beyond a dichotomous interpretation of the NR as either a Neanderthal or a modern human. 
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they should have carried out a 3D shape analysis of the 
mandibles (i.e., geometric morphometric analysis) rather 
than linear measurements, as 3D shape better represents 
the loads applied to the mandible (8). 

3. Number of traits used: Unlike Marom and Rak, who 
used six traits of the mandible to support their argument, 
we analyzed 47 traits with known discriminant power (9, 10) 
to compare NR to other fossils (1). 

4. The retromolar space: In our paper, we reported 
that the “NR-2 possesses a retromolar space. This feature is 
a dominant characteristic of the Neanderthal mandible.” Yet 
we specified that the morphology of the retromolar space 
differs from that of classic Neanderthals: “The area behind 
the third molar is short and slightly inclined (the primitive 
condition), whereas in Neanderthals it is large and 
horizontal” [supplement of (1), p. 14]. This further 
observation of the retromolar space presentation (Fig. 2) 
was not considered by Marom and Rak. 

5. The morphology of the lower second molar: 
Marom and Rak discussed the presence of taurodontism, 
but they ignored other morphological traits that would have 
led them to recognize the similarities between NR and 
Qesem Cave and Atapuerca SH teeth. The rationale behind 
the authors’ choice to address selected characteristics while 
ignoring the comparison to the pre-Neanderthal 
populations remains unclear to us. 

6. The parietal: Our interpretation of the NR Homo as 
a distinct paleodeme relied on detailed analyses of the 
parietals (10 text pages + 9 figures + 2 tables in the 
supplement alone) that unequivocally possessed an archaic 
morphology. There is no mention of the parietals in the 
comments made by Marom and Rak. 

7. Comparative sample: Marom and Rak compared 
the NR mandible to a sample that, following their own 
taxonomic attribution of the specimens, consisted only of 
Neanderthals and H. sapiens. This approach necessarily 
forced their classification of the NR remains into a binary 
choice between H. sapiens or H. neanderthalensis. Worse 
than that, by grouping seven Atapuerca specimens into their 
Neanderthal sample (expressing their a priori assumption 
that SH are H. neanderthalensis), they created a circular 
reasoning that gives no choice but to classify NR as a 
Neanderthal. 

8. Use of estimated measurements and reconstruc-
ted anatomical structures: Because the NR mandible is 
incomplete (Fig. 2A), Marom and Rak had to make several 
assumptions regarding the morphology, size, and position of 
some missing anatomical structures to obtain their 
measurements. As most of their “Neanderthal” mandibles 
lack anatomical regions of interest, we assume that similar 
assumptions were made for other specimens as well. We 
believe that the use of such tentative measurements 

requires caution. In particular, the authors described the 
NR condyle and the crest leading to it as Neanderthal-like. 
However, as shown in Fig. 2B, the condyle and its neck are 
missing in the NR mandible. Moreover, even if their free 
depiction of the NR condyle was correct, the morphology 
they described is not exclusive to Neanderthals; it can also 
be found in MP fossils. Their assessment of the retromolar 
size (Fig. 2C) is another example of their speculative 
approach, as the third molar is broken and its size was not 
correctly evaluated (Fig. 2C). Furthermore, the 
reconstruction of the occlusal plane is impossible given that 
the only incisor present is broken (or heavily eroded) but 
was nonetheless reported by Marom and Rak (Fig. 2A). 

9. Would Marom and Rak’s reconstructions change 
our results? To test this possibility, we carried out an 
analysis based on 3D landmark configurations of all 
mandibles, where we estimated the position of the condyle 
and coronoid of the NR mandible using four alternative 
reconstructions: the mean positions in African MP, 
European MP, SH, and Neanderthals. The principal 
components analysis clearly showed that regardless of the 
reconstruction used, the NR mandible always plotted within 
the SH range of distribution, rather than within the 
Neanderthal or other Homo clusters (Fig. 2D). 

10. Chronology: To understate the importance of the 
NR Homo chronology, Marom and Rak wrote: “Only 
recently was the Tabun skeleton assigned to the younger 
layer B, a date change that fit the prevailing consensus that 
the Neanderthal’s presence in the Middle East began much 
later, at 40 to 50 ka.” This comment lacks basis because 
nowhere in our paper did we state that Tabun 1 is 40,000 to 
50,000 years old; on the contrary, we stressed that it is 
much older [see supplement of (1)]. 

An exact taxonomic attribution of the NR fossils, if ever 
possible, was beyond the scope of our Science contribution 
(1), which instead examined these Levantine findings in a 
broader perspective and discussed their role in the MP 
human peopling of Europe and Asia (Fig. 1). Interestingly, 
even the SH Homo, which is clearly related to Neanderthals 
and was proven to be genetically close to them, has not been 
classified as Neanderthal (11). 

Marom and Rak’s comments support our major premise 
that NR is morphologically and thus phylogenetically 
related to the Neanderthals. As shown, however, we found 
flaws in the attribution of their comparative specimens as 
well as in the form and content of their methods. Marom 
and Rak’s assessment of the NR fossils is limited by the 
exclusion of the parietals, which is pivotal for recognizing 
NR as a distinct paleodeme. Moreover, they interpreted 
their results in a conservative way without taking into 
account the wealth of data available and especially the 
complexity of human history. The comprehensive 
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supplements attached to the main text (57 pages of 
evidence) should have been more carefully considered 
before formulating a critique of this kind. We analyzed the 
NR fossils comparatively, using descriptive and quantitative 
analyses of all aspects of the preserved structures to acquire 
the most thorough and accurate morphological and 
morphometric evaluation of the NR remains. Despite that, 
we are aware that the interpretation of the fossil evidence 
and the reconstruction of human evolution are challenging 
tasks. Therefore, we remain open-minded and welcome 
informed scientific debates on the NR paleodeme. 

 
REFERENCES 
1. I. Hershkovitz, H. May, R. Sarig, A. Pokhojaev, D. Grimaud-Hervé, E. Bruner, C. 

Fornai, R. Quam, J. L. Arsuaga, V. A. Krenn, M. Martinón-Torres, J. M. Bermúdez 
de Castro, L. Martín-Francés, V. Slon, L. Albessard-Ball, A. Vialet, T. Schüler, G. 
Manzi, A. Profico, F. Di Vincenzo, G. W. Weber, Y. Zaidner, A Middle Pleistocene 
Homo from Nesher Ramla, Israel. Science 372, 1424–1428 (2021). 
doi:10.1126/science.abh3169 

2. A. Marom, Y. Rak, Comment on “A Middle Pleistocene Homo from Nesher Ramla, 
Israel”. Science 374, eabl4336 (2021). 

3. F. C. Howell, Paleo-demes, species clades, and extinctions in the Pleistocene 
hominin record. J. Anthropol. Res. 55, 191–243 (1999). 
doi:10.1086/jar.55.2.3631209 

4. J. M. Bermúdez de Castro, R. Quam, M. Martinón-Torres, I. Martínez, A. Gracia-
Téllez, J. L. Arsuaga, E. Carbonell, The medial pterygoid tubercle in the 
Atapuerca Early and Middle Pleistocene mandibles: Evolutionary implications. 
Am. J. Phys. Anthropol. 156, 102–109 (2015). doi:10.1002/ajpa.22631 Medline 

5. E. Carbonell, J. M. Bermúdez de Castro, J. L. Arsuaga, E. Allue, M. Bastir, A. Benito, 
I. Cáceres, T. Canals, J. C. Díez, J. van der Made, M. Mosquera, A. Ollé, A. Pérez-
González, J. Rodríguez, X. P. Rodríguez, A. Rosas, J. Rosell, R. Sala, J. Vallverdú, 
J. M. Vergés, An Early Pleistocene hominin mandible from Atapuerca-TD6, Spain. 
Proc. Natl. Acad. Sci. U.S.A. 102, 5674–5678 (2005). 
doi:10.1073/pnas.0501841102 Medline 

6. M. Martinón-Torres, J. M. Bermúdez de Castro, M. Martínez de Pinillos, M. 
Modesto-Mata, S. Xing, L. Martín-Francés, C. García-Campos, X. Wu, W. Liu, New 
permanent teeth from Gran Dolina-TD6 (Sierra de Atapuerca). The bearing of 
Homo antecessor on the evolutionary scenario of Early and Middle Pleistocene 
Europe. J. Hum. Evol. 127, 93–117 (2019). doi:10.1016/j.jhevol.2018.12.001 
Medline 

7. S. Xing, M. Martinón-Torres, J. M. Bermúdez de Castro, The fossil teeth of the 
Peking Man. Sci. Rep. 8, 2066 (2018). doi:10.1038/s41598-018-20432-y Medline 

8. T. Sella-Tunis, A. Pokhojaev, R. Sarig, P. O’Higgins, H. May, Human mandibular 
shape is associated with masticatory muscle force. Sci. Rep. 8, 6042 (2018). 
doi:10.1038/s41598-018-24293-3 Medline 

9. A. Vialet, M. Modesto-Mata, M. Martinón-Torres, M. Martínez de Pinillos, J. M. 
Bermúdez de Castro, A reassessment of the Montmaurin-La Niche mandible 
(Haute Garonne, France) in the context of European Pleistocene human 
evolution. PLOS ONE 13, e0189714 (2018). doi:10.1371/journal.pone.0189714 
Medline 

10. A. Mounier, F. Marchal, S. Condemi, Is Homo heidelbergensis a distinct species? 
New insight on the Mauer mandible. J. Hum. Evol. 56, 219–246 (2009). 
doi:10.1016/j.jhevol.2008.12.006 Medline 

11. M. Meyer, J.-L. Arsuaga, C. de Filippo, S. Nagel, A. Aximu-Petri, B. Nickel, I. 
Martínez, A. Gracia, J. M. Bermúdez de Castro, E. Carbonell, B. Viola, J. Kelso, K. 
Prüfer, S. Pääbo, Nuclear DNA sequences from the Middle Pleistocene Sima de 
los Huesos hominins. Nature 531, 504–507 (2016). doi:10.1038/nature17405 
Medline 

12. I. Hershkovitz, G. W. Weber, R. Quam, M. Duval, R. Grün, L. Kinsley, A. Ayalon, M. 
Bar-Matthews, H. Valladas, N. Mercier, J. L. Arsuaga, M. Martinón-Torres, J. M. 
Bermúdez de Castro, C. Fornai, L. Martín-Francés, R. Sarig, H. May, V. A. Krenn, 
V. Slon, L. Rodríguez, R. García, C. Lorenzo, J. M. Carretero, A. Frumkin, R. 
Shahack-Gross, D. E. Bar-Yosef Mayer, Y. Cui, X. Wu, N. Peled, I. Groman-
Yaroslavski, L. Weissbrod, R. Yeshurun, A. Tsatskin, Y. Zaidner, M. Weinstein-
Evron, The earliest modern humans outside Africa. Science 359, 456–459 
(2018). doi:10.1126/science.aap8369 Medline 

13. I. Hershkovitz, O. Marder, A. Ayalon, M. Bar-Matthews, G. Yasur, E. Boaretto, V. 
Caracuta, B. Alex, A. Frumkin, M. Goder-Goldberger, P. Gunz, R. L. Holloway, B. 
Latimer, R. Lavi, A. Matthews, V. Slon, D. B.-Y. Mayer, F. Berna, G. Bar-Oz, R. 
Yeshurun, H. May, M. G. Hans, G. W. Weber, O. Barzilai, Levantine cranium from 
Manot Cave (Israel) foreshadows the first European modern humans. Nature 
520, 216–219 (2015). doi:10.1038/nature14134 Medline 

14. I. Hershkovitz, G. W. Weber, C. Fornai, A. Gopher, R. Barkai, V. Slon, R. Quam, Y. 
Gabet, R. Sarig, New Middle Pleistocene dental remains from Qesem Cave 
(Israel). Quat. Int. 398, 148–158 (2016). doi:10.1016/j.quaint.2015.08.059 

15. J. M. Bermúdez de Castro, M. Martinón-Torres, M. Martínez de Pinillos, C. García-
Campos, M. Modesto-Mata, L. Martín-Francés, J. L. Arsuaga, Metric and 
morphological comparison between the Arago (France) and Atapuerca-Sima de 
los Huesos (Spain) dental samples, and the origin of Neanderthals. Quat. Sci. 
Rev. 217, 45–61 (2018). doi:10.1016/j.quascirev.2018.04.003 

 
ACKNOWLEDGMENTS 
Funding: Supported by grants from the Dan David Foundation, the Shmunis Family 
Anthropology Institute, the Leakey Foundation, the Care Archaeological Foundation, 
the Israel Science Foundation (1936/18, 1773/15), and the Swiss National Science 
Foundation (31003A_156299/176319). C.F. was supported by Swiss National 
Science Foundation grant 31003A_176319. Author contributions: H.M., R.S., A.P., 
C.F., M.M.-T., J.M.B., G.W.W., Y.Z., and I.H. developed the concept of the reply, 
thoroughly discussed the comment, and wrote the manuscript. H.M., R.S., A.P., and 
I.H. produced the evolutionary chart. H.M. carried out the 3D shape analysis. M.M.-T. 
and J.M.B. provided data on their fossils. A.P. prepared the figures. Competing 
interests: The authors declare no competing interests. Data and materials 
availability: Raw data related to the new fossils are available upon request. Formal 
applications should follow the regulations listed at https://en-
med.tau.ac.il/dan_david_center. 
 
 
4 August 2021; accepted 3 November 2021 
Published online 3 December 2021 
10.1126/science.abl5789 
 
  

D
ow

nloaded from
 https://w

w
w

.science.org on January 21, 2022

http://www.science.org/
http://dx.doi.org/10.1126/science.abh3169
http://dx.doi.org/10.1086/jar.55.2.3631209
http://dx.doi.org/10.1002/ajpa.22631
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25279839&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0501841102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15824320&dopt=Abstract
http://dx.doi.org/10.1016/j.jhevol.2018.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30777361&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-20432-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29391445&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-24293-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29662127&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0189714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29337994&dopt=Abstract
http://dx.doi.org/10.1016/j.jhevol.2008.12.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19249816&dopt=Abstract
http://dx.doi.org/10.1038/nature17405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26976447&dopt=Abstract
http://dx.doi.org/10.1126/science.aap8369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29371468&dopt=Abstract
http://dx.doi.org/10.1038/nature14134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25629628&dopt=Abstract
http://dx.doi.org/10.1016/j.quaint.2015.08.059
http://dx.doi.org/10.1016/j.quascirev.2018.04.003
https://en-med.tau.ac.il/dan_david_center
https://en-med.tau.ac.il/dan_david_center


Publication date: 3 December 2021  science.org  4 
 

 
  

Fig. 1. The various Levantine Late Middle/Late Pleistocene Homo groups and their likely intra- and inter-
relationships. This chart is based on the current and previous studies (1, 12–15). The NR Homo group (red box) 
dominated the region throughout the Late Middle Pleistocene, migrated from the Levant to Eurasia to establish sister 
populations, and later interbred with H. sapiens that reached the Levant ~200,000 years ago. The chart emphasizes the 
dynamics of Middle/Late Pleistocene populations and the key role that Levantine populations played in human history. 
Color gradient indicates local evolution of Homo groups: red, NR; blue, H. sapiens; purple, hybrids between NR Homo 
group and H. sapiens; green, Eurasia MP and Neanderthal/Neanderthal-like populations. Solid arrows, migration; 
dashed arrows, introgression; kya, thousands of years ago. 
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Fig. 2. Different views of the reconstructed NR mandible. (A) Posterior view showing eroded incisor. (B) 
Posteromedial view showing that the condyle is missing. (C) Anterolateral view of the molar region showing an 
inclined retromolar space and a missing M3. (D) Principal components analysis plot in space shape for the 
mandibles. Analysis was carried out on specimens presenting intact condyle and coronoid (excluding NR). The 
shape of each mandible was represented by 15 landmarks. The position of the condyle and coronoid in the NR 
mandible was reconstructed using the mean position in each of the following archaic Homo groups: African MP 
(NR-2_AfrMP), European MP (NR-2_EuMP), Atapuerca SH (NR-2_SH), and Neanderthals (NR-2_NEA). The various 
Homo groups are separated along the PC1 and PC2 axes. Regardless of the reconstruction of the position of the 
coronoid and condyle, all NR reconstructions (squares) are plotted within the shape variation of the SH sample and 
outside the shape variation of other Homo groups. Brown, African MP; light green, European MP; blue, Atapuerca 
SH; green, Neanderthals; gray, recent H. sapiens. 
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