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α-linoleic acid<ms> See essential fatty acids. (9/25/12) Behavior: Diet – terms.  

 

AA<ms> Acronym of arachidonic acid. See essential fatty acids. (9/25/12) Behavior: 

Diet – terms. 

 

admixture<ms> (L. ad=to and miscere =to mix) Occurs when individuals from 

previously separated populations interbreed, with the result that new genetic lineages are 

introduced. While it increases the genetic diversity within a population, admixture 

decreases the genetic distance between the interbreeding populations. If admixture occurs 

at a high enough rate, this homogenization of populations can prevent speciation.  In 

terms of human evolution, it was long thought by many anthropologists that anatomically 

modern humans evolved in Africa and spread throughout the world, replacing all other 

archaic humans without interbreeding (i.e., out-of-Africa hypothesis).  However, recent 

studies have detected multiregional admixture of anatomically modern humans with 

Neanderthals and Denisovans in Eurasia  (e.g., Green et al. 2010, Reich et al. 2011) and 

with other archaic forms of Homo in Africa (Hammer et al. 2011).  In particular, the 

interbreeding events with Neanderthals and Denisovans are believed to have introduced 

critical diversity to the modern human immune system; genetic analysis indicates that 

human leukocyte antigen (HLA) alleles from these archaic populations represent more 

than half of the HLA alleles in modern Eurasians (Abi-Rached et al. 2011). This new 

evidence supports a modified version of the out-of-Africa hypothesis that accepts some 

level of interbreeding, called the replacement with hybridization hypothesis. See also 

deleterious mutation, Denisovans, Homo neanderthalensis. (11/25/12) Genetics and 

Molecular Biology. 

 

A.L. 333-110, 140, 142, 162<ms > Site Hadar. Locality Afar Locality 333. Surface/in 

situ Surface. A.L. 333-140, -142, and -162 are among twenty-eight postcranial specimens 

from a previously unexplored lag deposit immediately to the north and east of the A.L. 

333 locality. Ward et al. (2012) suggest that “based on preservation, adhering matrix, as 

well as the high proportion of intact hand and foot bones in the small collection described 

here, there is little doubt that these remains derive from the same DD-2 sandy-silt deposit 

.. at A.L. 333” (ibid, p, 3). Date of discovery A.L. 333-110, 1970s; A.L. 333-140 and 

142, 1993, 1994; A.L. 333-162, 1994 Finder N/A. Unit DD-2 sandy-silt deposit. Horizon 

Denen Dora 2. Bed/member Denen Dora. Formation Hadar Formation. Group N/A. 

Nearest overlying dated horizon Kada Hadar Tuff. Nearest underlying dated horizon 

Triple Tuff-4. Geological age c.3.2 Ma. Developmental age Subadult – the epiphyses are 

missing. Presumed sex Unknown. Brief anatomical description A.L. 333-110, distal half 

of a left femur; A.L. 333-140, distal one-quarter of a right femur; A.L. 333-142, proximal 

end of a right femur; A.L. 333-162, diaphyseal fragment that conjoins with A.L. 333-110. 

Announcement N/A. Initial description Ward et al. 2012. Photographs/line drawings and 

metrical data Ward et al. 2012. Detailed anatomical description Ward et al. 2012. Initial 

taxonomic allocation Australopithecus afarensis. Taxonomic revisions N/A. Current 

conventional taxonomic allocation Au. afarensis. Informal taxonomic category Archaic 

hominin. Significance There is no certainty these four specimens belong to the same 



individual, but it is very likely they do. Location of original National Museum of 

Ethiopia, Addis Ababa, Ethiopia. (10/19/12) Paleoanthropology: East Africa. 

 

A.L. 333-147<ms > Site Hadar. Locality Afar Locality 333. Surface/in situ Surface. 

A.L. 333-147 is among twenty-eight postcranial specimens from a previously unexplored 

lag deposit immediately to the north and east of the A.L. 333 locality. Ward et al. (2012) 

suggest that “based on preservation, adhering matrix, as well as the high proportion of 

intact hand and foot bones in the small collection described here, there is little doubt that 

these remains derive from the same DD-2 sandy-silt deposit .. at A.L. 333” (ibid, p, 3). 

Date of discovery 1994 Finder N/A. Unit DD-2 sandy-silt deposit. Horizon Denen Dora 

2. Bed/member Denen Dora. Formation Hadar Formation. Group N/A. Nearest 

overlying dated horizon Kada Hadar Tuff. Nearest underlying dated horizon Triple Tuff-

4. Geological age c.3.2 Ma. Developmental age Adult. Presumed sex Unknown. Brief 

anatomical description A right talus that is complete except for the margins of the head, 

thus the shape and the torsion angle of the head are unknown. Announcement N/A. Initial 

description Ward et al. 2012. Photographs/line drawings and metrical data Ward et al. 

2012. Detailed anatomical description Ward et al. 2012. Initial taxonomic allocation 

Australopithecus afarensis. Taxonomic revisions N/A. Current conventional taxonomic 

allocation Au. afarensis. Informal taxonomic category Archaic hominin. Significance 

A.L. 333-147 is the first well-preserved large Au. afarensis talus; its linear dimensions 

are c.30% larger than those of A.L. 288-1. According to McHenry’s (1992) regression 

equations, based either on modern humans or on a combined large-hominoid sample, the 

A.L. 333-147 talus would have come from an individual weighing 43-67 kg: this 

compares with the talus-derived body mass estimates for the A.L. 288-1 talus of 19-27 

kg. This is one of the many lines of evidence that suggest Au. afarensis was characterized 

by substantial dimorphism in body size. Location of original National Museum of 

Ethiopia, Addis Ababa, Ethiopia. (10/19/12) Paleoanthropology: East Africa. 

 

A.L. 438-4<ms > Site Hadar. Locality Afar Locality 438. Surface/in situ Surface and in 

situ. Date of discovery 1992. Finder N/A. Unit “fluvial cycle in the KH-2 submember of 

the Kada Hadar Member”. Horizon KH-2. Bed/member Kadar Hadar. Formation Hadar 

Formation. Group N/A. Nearest overlying dated horizon BKT-2 complex. Nearest 

underlying dated horizon BKT-1 complex. Geological age c.3.0 Ma. Developmental age 

Old Adult. Presumed sex Unknown. Brief anatomical description Thumb phalanx. 

Announcement N/A. Initial description Ward et al. 2012. Photographs/line drawings and 

metrical data Ward et al. 2012. Detailed anatomical description Ward et al. 2012. Initial 

taxonomic allocation Australopithecus afarensis. Taxonomic revisions N/A. Current 

conventional taxonomic allocation Au. afarensis. Informal taxonomic category Archaic 

hominin. Significance The proximal portion of the thumb phalanx, A.L. 438-4, is heavily 

weathered and cracked unlike the A.L. 438-1 fossils, which although broken post-

fossilization, are all well preserved (two fragments of the nearly complete left ulna were 

excavated in situ) with sharp, fresh breaks and clean, unabraded surfaces. For this reason, 

and because a second dentally younger individual (A.L. 438-2 and 438-3, relatively 

unworn P3s) is also known from the locality, Ward et al. 2012 refrained from assigning 

the thumb phalanx to the A.L. 438-1 skeleton. Location of original National Museum of 

Ethiopia, Addis Ababa, Ethiopia. (10/19/12) Paleoanthropology: East Africa. 



 

A.L. 827-1<ms > Site Hadar. Locality Afar Locality 827. Surface/in situ Surface. Date 

of discovery 2000 Finder N/A. Unit BKT-1 complex. Horizon KH-1. Bed/member Kadar 

Hadar. Formation Hadar Formation. Group N/A. Nearest overlying dated horizon BKT-

2 complex. Nearest underlying dated horizon Kadar Hadar Tuff. Geological age c.3.11 

Ma. Developmental age Adult. Presumed sex Unknown. Brief anatomical description 

Well-preserved left femur that lacks only the distal articular surface. There is some 

damage to the lesser trochanter. Announcement N/A. Initial description Ward et al. 2012. 

Photographs/line drawings and metrical data Ward et al. 2012. Detailed anatomical 

description Ward et al. 2012. Initial taxonomic allocation Australopithecus afarensis. 

Taxonomic revisions N/A. Current conventional taxonomic allocation Au. afarensis. 

Informal taxonomic category Archaic hominin. Significance Because A.L. 827-1 is so 

complete its length can be estimated accurately and precisely. The estimate, 368 mm, is 

one-third longer than the A.L. 288-1 femur, which is 280 mm, but it is not as long as 384 

mm, which is the average length estimate for the A.L. 333-3 femur. This is one of the 

many lines of evidence that suggest Au. afarensis was characterized by substantial 

dimorphism in body size. Location of original National Museum of Ethiopia, Addis 

Ababa, Ethiopia. (10/19/12) Paleoanthropology: East Africa. 

 

ALA<ms> Acronym of α-linoleic acid. See essential fatty acids. (9/25/12) Behavior: 

Diet – terms. 

 

Antarctic Bottom Water<ms> See thermohaline circulation. (5/14/12) 

Paleoclimatology: Terms. 

 

anterior cranial fossa<ms> (L. fossa = hole, cavity or depression) The anterior of the 

three hollowed areas that comprise the endocranial aspect of the base of the cranium. 

Together with the middle and posterior cranial fossae, the anterior cranial fossa makes up 

the basicranium, which lies beneath and supports the brain and the structures associated 

with it. The bones that form the floor of the anterior cranial fossa are the frontal, ethmoid 

and the sphenoid. The orbital plates of the frontal bone, which also form the roof of the 

bony orbits, and which underlie and support the frontal lobes of the brain, make up the 

majority of the floor of the anterior cranial fossa. The cribriform plates of the ethmoid 

bone, which lie on either side of the midline between the orbital plates, also form the roof 

of the nasal cavity. Perforations in the cribriform plates transmit small branches of the 

olfactory nerve (first cranial nerve, CN I) that run from olfactory epithelium in the nasal 

cavity to the olfactory lobes on the underside of the frontal lobes of the cerebral 

hemispheres. Between the cribriform plates, in the midline, is a thin spicule of bone, the 

crista galli, which, together with the frontal crest (located in the midline on the frontal 

bone, anterior to the ethmoid bone) anchors the falx cerebri, the part of the fibrous layer 

of the dura mater that lies between the two cerebral hemispheres. The lesser wings of the 

sphenoid make up the posterior part of the floor of the anterior cranial fossa; their 

posterior edge forms the border between the anterior and middle cranial fossae. In most 

nonhuman primates, the frontal bone completely surrounds the ethmoid bone in the floor 

of the anterior cranial fossa, thus the ethmoid does not articulate with the lesser wings of 

the sphenoid. This differs from the condition in most modern humans and orangutans, in 



which the ethmoid bone is not completely surrounded by the frontal bone, thus allowing 

it to articulate directly with the lesser wings of the sphenoid (Aiello and Dean 1990, 

McCarthy 2001). (8/6/12) Anatomy: Regional - cranium. 

 

arachidonic acid<ms> See essential fatty acids. (9/25/12) Behavior: Diet – terms.  

 

ATD6-95<ms> Site Gran Dolina (Sierra de Atapuerca, Burgos, Spain). Locality N/A. 

Surface/in situ In situ. Date of discovery July, 2004. Finders Atapuerca Research Team. 

Unit N/A. Horizon TD6. Bed/member TD6-1. Formation N/A. Group N/A. Nearest 

overlying dated horizon N/A. Nearest underlying dated horizon N/A. Geological age Pre-

780 ka (TD6 is assumed to be in the Matuyama chron) and the uranium-series dating 

and electron spin resonance spectroscopy dating age is 731 ± 63 ka. Developmental 

age Adult. Presumed sex Male, based on overall size. Brief anatomical description An 

almost complete left talus. Announcement Pablos et al. 2012. Initial description Pablos et 

al. 2012. Photographs/line drawings and metrical data Pablos et al. 2012. Detailed 

anatomical description Pablos et al. 2012. Initial taxonomic allocation Homo antecessor. 

Taxonomic revisions None. Current conventional taxonomic allocation H. antecessor. 

Informal taxonomic category Pre-modern Homo. Significance A well-preserved talus 

that, together with metatarsal remains, is linked with Hominin 10, the presumed male 

individual from TD6. The morphology of ATD6-95 is consistent with the foot of H. 

antecessor being modern human-like in morphology and function. Location of original 

Centro Nacional de Investigación sobre la Evolución Humana (CENIEH), Burgos, 

Spain. 

 

Australopithecus (or Dart) Pinnacle<ms> See Taung. (8/3/12) Paleoanthropology: 

Africa Southern – South Africa. 

 

Bayesian modeling of radiocarbon dates<ms> Bayesian statistical methods trace their 

roots to the Reverend Thomas Bayes (1701–61), a Presbyterian minister who formulated 

a rule that described how to calculate the posterior probability of a hypothesis after 

observing data and after considering one’s prior belief in the hypothesis (i.e., at a time 

before the data could be observed) (Bellhouse 2004). Bayes’ theorem states that P(HD) = 

P(DH)=P(H)/P(D), where P(HD) is the probability of the hypothesis given the data, 

P(DH) is the probability of the data given the hypothesis (i.e., the “likelihood” of the 

data), P(H) is the prior probability of the hypothesis, and P(D) is the unconditional 

probability of the data; that is, the data probability given all possible hypotheses (Bolker 

2008). According to Bayes’ theorem ‘the posterior belief is proportional to the likelihood 

times the prior’. In terms of archeological radiocarbon dating, this can be understood as 

meaning that ‘the results are proportional to the probability derived from the radiocarbon 

dates multiplied by the probabilities defined by purely archaeological constraints’. Thus, 

the calibrated radiocarbon probability distributions are the “likelihood”, and the “priors” 

are any information derived from site sequences, phases, seriated pottery sequences, etc. 

The latter information could be derived from a single site, from several sites related in 

some way (perhaps through material culture), or from a more general historical 

framework. All of this information is available before the data (the dates) are obtained 

and the archeologist can use it to help generate the relative age. Bayesian modeling is 



undertaken mathematically using numerical integration tools, usually Markov Chain 

Monte Carlo (MCMC) methods, which allow sampling from probability distributions to 

produce new posterior probability distributions. A consideration of radiocarbon ages 

within an explicit, probabilistic modeling framework is crucial because radiocarbon 

results, and their calibrated ranges, tend to scatter statistically around the mean and 

therefore they are difficult to interpret by eye. It is important that the influence of priors 

on the modeling is examined carefully, since they may significantly affect the results. 

There is no one perfect model for any archeological chronology. Bayesian modeling 

initially focused on Holocene-aged sites (Buck et al. 2003), but more recently work has 

been undertaken on the chronology of the British Neolithic (Bayliss 2009). Until recently 

Bayesian modeling could not be applied to the Paleolithic because prior to 2009 the 

Intcal04 curve only extended back to 26,000 cal BP. However, the Intcal09 

internationally-agreed radiocarbon calibration curve now extends back to 50,000 cal BP 

(Reimer et al. 2009) thus enabling the use of Bayesian modeling for this earlier period. 

See also Bayesian methods. (8/6/12) Earth Sciences: Dating – Terms. 

 

Beaumont, Peter<ms> See Equus Cave. (5/10/12) History: Biographies. 

 

bell stage<ms> See tooth development in modern humans. (10/4/12) Anatomy: Teeth 

– development. 

 

biological role<ms> See form-function complex (7/26/12) Evolution/biology - terms. 

 

bud stage<ms> See tooth development in modern humans. (10/4/12) Anatomy: Teeth 

– development. 

 

Buffalo Cave<ms> One of a number of cave complexes [others include Cave of Hearths, 

Gwasa Cave (aka Makapan’s Cave, Historic Cave), Makapansgat and Peppercorns] in the 

Makapan Valley, which is in the Highlands Mountains, 22.5 km/14 miles northeast of 

Mokopane in Limpopo Province (formerly Northern Province). The site, known for its 

fauna, has been dated by biostratigraphy and magnetostratigraphy. The fossil bearing 

layers occur in a reversed polarity period and are interpreted as being the end of the 

Matuyama chron (C1r.1r) between 0.99 and 0.78 Ma, but closer in age to 0.99 Ma 

(Herries et al. 2006). The fauna belongs to the Cornelian Land Mammal Age as typified 

at the slightly older site of Cornelia-Uitzoek. Three Cercopithecini fossils have been 

recovered along with hyena, lion and equids, but the vast majority of fossils are of large 

bovids (Kuykendall et al. 1995). (10/25/12) Paleoanthropology: Africa Southern – South 

Africa. 

 

Burkitt, Miles<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) History: 

Biographies. 

 

Buxton-Norlim Limeworks<ms> See Taung. (8/3/12) Paleoanthropology: Africa 

Southern – South Africa. 

 



cap stage<ms> See tooth development in modern humans. (10/4/12) Anatomy: Teeth 

– development. 

 

Caton-Thompson, Gertrude<ms> See Leakey, Louis Seymour Bazett (1903-72), 

Leakey, Mary Douglas Nicol (1913-96). (8/9/12) History: Biographies. 

 

causality<ms> Those who seek explanations for the patterns we observe in the fossil 

evidence for human evolution should have some shared understanding of causality. In a 

classic essay Mayr (1961) addressed causality in biology and suggested two categories of 

causes, proximate and ultimate. Proximate causes include the environmental factors (e.g., 

an extended period of drought) that “cause” an individual hominin (or a population of 

hominins) to adjust its behavior in one or more ways (e.g., dietary, locomotor, social, 

etc.) to take account of the lack of water, the lack of its staple foods, or the lack of its 

preferred sleeping sites. Mayr suggested that the ways such a population can respond, or 

adapt, in the short and the long term are determined and constrained by its evolutionary 

history. Mayr suggested that these constraints be referred to as ultimate causes. For 

example, if two hominin taxa are faced with the same environmental challenge, but one 

had averagely thicker enamel than the other, this would be an example of an ultimate 

cause that would enable the former taxon to process tougher and harder fallback foods 

that the latter taxon. In contrast, if the thin-enameled taxon had relatively longer 

hindlimbs than the taxon with the thicker enamel, this would be an example of a different 

ultimate cause that might allow the former taxon to extend its foraging range, or even to 

migrate to a region less affected by the drought. (7/26/12) Evolution/biology - terms. 

 

CDP<ms> Acronym for central debris pile. See Makapansgat. (10/25/12) 

Paleoanthropology: Africa Southern – South Africa. 

 

cementoblast<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

central debris pile<ms> See Makapansgat. (10/25/12) Paleoanthropology: Africa 

Southern – South Africa. 

 

cervical loop<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

CLMA<ms> Acronym for Cornelian Land Mammal Age. See Cornelia-Uitzoek. 

(10/19/12) Paleoanthropology: Sites – Europe. 

 

COR<ms> Abbreviation of Cornelia and the prefix for fossil hominins recovered from 

Cornelia, South Africa. (10/19/12) Paleoanthropology: Site abbreviations. 

 

COR 2011<ms> See Cornelia. (10/19/12) Paleoanthropology: Africa Southern – South 

Africa. 

 



Cornelia-Uitzoek<ms> (Location 27°09’41”S, 28°52’41”E, Free State, South Africa. 

The locality of ‘Cornelia’ is named after the local town and the various sites [e.g., 

‘Uitzoek’, ‘Mara’] are named after the farms on which they are located). History and 

general description Cornelia is located 115 km south of Johannesburg and about 160 km 

southeast of the dolomitic area containing the well-known hominin fossil-bearing caves. 

Numerous fossil and archeological sites are located around the town of Cornelia within 

what are predominantly alluvial clay deposits. Cornelia-Uitzoek, which is the oldest and 

richest of the Cornelia sites, consists of a limited pocket of valley-fill, alluvial and 

colluvial fossil and stone tool-rich gravels and clays that accumulated in a restricted basin 

carved into a basement of Permian-aged Ecca Group mudstones and siltstones. Cornelia 

became known in the 1920s and 1930s through the work of Van Hoepen. Apart from a 

short field season in 1953 by Hoffman and others, no further fieldwork was undertaken, 

until the early 1990s when surface collecting and excavation was resumed at Cornelia-

Uitzoek by the National Museum, Bloemfontein. These excavations uncovered part of a 

dense bone bed that contains Acheulean artifacts that has yielded a single tooth of early 

Homo. Cornelia-Uitzoek is the type locality of the Cornelian Land Mammal Age 

(CLMA) of southern Africa. The vertebrate assemblage from Cornelia-Uitzoek suggests 

a diminishing biogeographic link with East Africa and evidence for incipient southern 

endemism. The site has yielded rich Artiodactyla and Perissodactyla remains, notably 

Damaliscus niro and Antidorcas bondi, Connochaetes gnou laticornutus, Equus cf. 

quagga and Equus cf. capensis. Other species include Panthera leo and Homo sp. 

Temporal span and how dated? The Cornelia-Uitzoek hominin-bearing bone bed occur in 

a mottled yellow clay (MYC) dated to the Jaramillo reversed polarity subchron (C1r.1n) 

(i.e., to between 1.07 and 0.99 Ma). It overlies an undated banded gravel bed (BGB) and 

underlies laminated orange clays (LOC) containing Acheulean artifacts and fossils dating 

to the end of the Matuyama reversed polarity chron (C1r.1r) between 0.99 and 0.78 Ma. 

A series of later Acheulean to Middle Stone Age bearing deposits occur in deposits that 

cap the LOC; these are thicker further to the south. All date to the Brunhes normal 

polarity chron (C1n) (i.e., <0.78 Ma). Hominins found at site The single hominin right 

M
1
 (COR 2011) falls within the size range of early Homo rather than Mid-Pleistocene 

Homo. The tooth is the oldest hominin evidence in southern Africa outside of the 

geographically restricted karstic caves and tufa of the Malamani dolomite in northern 

South Africa. Archaeological evidence found at the site The new excavations at Cornelia-

Uitzoek have yielded an Acheulean assemblage with 13 bifaces and biface flakes, 6 cores 

and over 100 other flakes and lithics made on hornfels. Several specimens stand out for 

their great size; two large handaxes are made from flake blanks that exceed 240mm in 

length. Key references: Geology, dating, fauna and paleoenvironment Van Hoepen 1930, 

Bender and Brink 1992, 2004, Brink et al. 2012; Archeology; Clark 1974, Brink and 

Rossouw 2000, Brink et al. 2012; Hominins Brink et al. 2012. (10/19/12) 

Paleoanthropology: Sites – South Africa. 

 

Cornelian Land Mammal Age<ms> See Cornelia-Uitzoek. (10/19/12) 

Paleoanthropology: Sites –South Africa. 

 

Coryndon, Shirley<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

History: Biographies. 



 

Curtis, Garniss<ms> See KBS Tuff controversy, Leakey, Louis Seymour Bazett 

(1903-72). (8/9/12) History: Biographies. 

 

Dart Pinnacle<ms> See Taung. (8/3/12) Paleoanthropology: Africa Southern – South 

Africa. 

 

dental development<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

dental follicle<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

dental lamina<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

dental papilla<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

digital copy<ms> An image of a fossil generated from digital data. See virtual 

reconstruction. (7/16/12) Morphometry: Data capture - Methods, Paleoanthropology: 

Terms. 

  

DNE<ms> Abbreviation of Dirichlet Normal Energy, one of a family of dental 

topographic analytical methods (which see). (7/26/12) Behavior: Diet – Categories. 

 

docosatetraenoic acid<ms> See essential fatty acids. (9/25/12) Behavior: Diet – terms.  

 

DTA<ms> Abbreviation of docosatetraenoic acid. See essential fatty acids. (9/25/12) 

Behavior: Diet – terms. 

 

EARS<ms> Acronym for East African Rift System (which see). (9/15/12) Earth 

Sciences - Terms. 

 

edge detection<ms> See segmentation. (7/16/12) Morphometry: Data capture - 

Methods, Paleoanthropology: Terms. 

 

EFAs<ms> Acronym for essential fatty acids (which see). (9/25/12) Behavior: Diet – 

terms.  

 

electronic preparation<ms> See preparation; virtual reconstruction. (7/16/12) 

Morphometry: Data capture - Methods, Paleoanthropology: Terms. 

 

Elementaita<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

Paleoanthropology: East Africa. 

 



enamel knot<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

enamel matrix<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

EPB<ms> Acronym for extant phylogenetic bracket (which see). (9/3/12) Evolution. 

 

epithelial root sheath of Hertwig<ms> See tooth development in modern humans. 

(10/4/12) Anatomy: Teeth – development.  

 

essential fatty acids<ms>(ME. essencial, from L. essentia, M.E. fat, and L. acidus = 

sour) First described by George and Mildred Burr in a series of papers in the early 1930s 

on diseases induced and observed in rats fed on a diet free of fats. Essential fatty acids (or 

EFAs) comprise a group of fats that are necessary components of the diet because the 

body is not capable of producing them. They are classified by scientists as either omega-3 

or omega-6 fatty acids, based on their molecular structure and hydrogen-binding 

properties. Both forms are important nutrients found in every healthy cell of the body. 

Recent research has focused on the potential importance to human evolution of a class of 

biologically significant polyunsaturated fatty acids (PUFA), specifically linoleic (LA) 

and α-linoleic (ALA) acids. Linoleic acid is the foundation for omega-6 fatty acids and 

ALA is the foundation for omega-3 fatty acids. The body is capable of taking ALA and 

LA and then synthesizing docosahexaenoic acid (DHA) and arachidonic acid (AA), 

which are longer-chained fatty acids incorporated into the cell membranes of neurons in 

the central nervous system. The transitional brain growth seen in early members of the 

genus Homo could have reasonably been fueled by changes in subsistence strategy, 

including a shift from the chimpanzee-like ratio of 95% plant food/5% small game, to the 

65% plant food/35% game ratio observed in some modern hunter gatherer groups (Eaton 

et al. 1998). A change in energy source as described above would mark a c.6-fold 

increase in AA, docosatetraenoic acid (DTA), and DHA intake; researchers have 

estimated that this is more than enough for the c.4 plus-fold increase in endocranial 

volume observed between early hominins and later anatomically-modern Homo. 

(9/25/12) Behavior: Diet – terms. (WC: 265) 

 

estimation of missing parts<ms> See virtual reconstruction. (7/16/12) Morphometry: 

Data capture - Methods, Paleoanthropology: Terms. 

 

ethmo-maxillary complex<ms> See neutral horizontal axis; posterior maxillary 

plane. (7/16/12) Anatomy: Regional - cranium. 

 

Evernden, Jack<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) History: 

Biographies. 

 

extant phylogenetic bracket<ms> A term introduced by Witmer (1995) to describe the 

principle of using the attributes of phylogenetically closely-related extant taxa to infer 

unknown characteristics of the behavior or anatomy of intervening extinct taxa descended 



from the same shared recent common ancestor. Consider an extinct early hominin taxon 

for which some parts of the skull and dentition are relatively well sampled, whereas other 

parts of the skull, and the rest of the skeleton are either sparsely sampled or unreliably 

sampled. How do you make inferences about the poorly sampled or unsampled regions of 

the skeleton, or about the soft-tissues or species-level attributes (e.g., sexual dimorphism) 

of that taxon? Bryant and Russell (1992) suggested that if reliable hypotheses about the 

relationships among the fossil taxon and closely-related extant taxa had been generated, 

then the principles of phylogenetic analysis could be used to make inferences about the 

extinct taxon. For example, if a structure was the same, or similar, on modern humans, 

chimpanzees, bonobos, and gorillas, then it would be a reasonable to take as the null 

hypothesis that the structure would be the same, or similar, in an extinct hominin (i.e., a 

taxon that is judged to be more closely-related to modern humans than to chimpanzees, 

bonobos, or gorillas). In essence Bryant and Russell (1992) recommended using multiple 

outgroup comparisons, the logic of parsimony, and the a priori assumption that 

similarities among the extant taxa are, most parsimoniously, due to descent from a 

common ancestor (i.e., homology). Bryant and Russell (1992) did not give the principle a 

name, but Witmer (1995) did: he referred to it as the “extant phylogenetic bracket”. 

Bryant and Russell (1992) and Witmer (1995) used extant phylogenetic bracketing to 

reconstruct the soft tissue features of fossil taxa, but this form of parsimonious reasoning 

can be used to infer any aspect of morphology, function, behavior, or ecology that has 

preserved osteological correlates. The extant phylogenetic bracket (or EPB) principle is 

not often referred to in paleoanthropology, but many paleoanthropologists use the 

principle to make inferences about aspects of the form, function and behavior (e.g., 

locomotion, sexual dimorphism, etc.) of early fossil hominins. See also phylogenetic 

analysis, homology (9/3/12) Evolution. 

 

faculty<ms> See form-function complex (7/26/12) Evolution/biology - terms. 

 

form-function complex<ms> In 1965 Walter Bock and Gerd von Wahlert published an 

influential review in which they introduced a system that helps understand the complexity 

of an organism’s overall adaptation. They started by considering the relationships 

between what they variously called a structure, trait, part or feature (i.e., a piece, or unit, 

of morphology) of an organism and the functional role it plays in the life of that 

organism. They suggested that all such features have a form (e.g., the size and shape of a 

molar tooth, or the length and shape of a femur) and a function. They further suggested 

that the form and function of a feature be thought of in combination as the faculty of that 

structure. For example, the physical properties and the shape of a hominin molar tooth are 

such that it generally induces failure in the foods it processes before failing itself, and the 

physical properties and shape of a hominin femur allows it to bear several times the body 

weight when used in locomotion. If a feature has more than one form (e.g., a muscle can 

contract to generate movement, but it can also, when stretched, limit movement) and each 

form more than one function, then this would result in a feature having many faculties. 

However, with respect to the hard tissues that make up the fossil record, almost all have 

just one form, but they may have more than one function, in which case a feature will 

have as many faculties as it has functions. An example of a faculty with respect to the 

hind limb, of which the femur is an important component, would be bipedal walking; 



endurance running would be another. Bock and von Wahlert’s next concept is the 

biological role, which they define as any use the organism makes of a faculty in the 

course of its life history (ibid, p. 278). Thus, if an organism uses its facility for bipedal 

locomotion for escaping from predators, or to forage widely for dispersed food resources, 

then these would be examples of different biological roles. As they write “each biological 

role of the faculty is under the influence of a set of selection forces” (ibid, p. 279). They 

also thought systematically about the environment. They refer to the potential habitat of 

an organism as the umgebung, and the parts of the habitat the organism actually uses, or 

which influence it, as the umwelt. They point out that the umwelt can change both during 

ontogeny or if the climate changes. In their categorization, Bock and von Wahlert suggest 

that the unit of selection is the link between a biological role and its particular umwelt. 

The author’s refer to this combination as the synerg; thus the niche of an organism is the 

sum of all of its synergs. The two authors consider adaptation in terms of energy (see 

optimal foraging theory for another example of optimization) and they define the 

process of evolutionary adaptation “as any evolutionary change which reduces the 

amount of energy required to maintain successfully a synerg, or the niche as the case may 

be, toward the minimum possible amount” (ibid, p. 287). The authors provide a useful 

summary of their complex concepts on p. 295 and thereafter. The reader is unlikely to 

grasp the points raised by Bock and von Wahlert in one sitting, but the paper repays 

repeated reading. The distinction between function, faculty and biological role is 

particularly helpful for a clear-headed consideration of hominin adaptations. See also 

adaptation (10/26/12) Evolution/biology - terms. 

 

Fuchs, Vivian<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) History: 

Biographies. 

 

Gamble’s Cave<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

Paleoanthropology: East Africa. 

 

GDA<ms> Acronym for Gondolin Dump A. See Gondolin. (8/3/12) Paleoanthropology: 

Africa Southern – South Africa. 

 

GDA-1<ms> Site Gondolin. Locality N/A. Surface/in situ Extracted from a piece of 

breccia from Gondolin Dump A. Date of discovery 1997. Finder Andre Keyser. Unit 

N/A. Horizon N/A. Bed/member N/A. Formation N/A. Group N/A. Nearest overlying 

dated horizon N/A. Nearest underlying dated horizon N/A. Geological age c.1.9–1.5 Ma 

(equivalent to Swartkrans Mb 1). Developmental age Adult. Presumed sex Unknown. 

Brief anatomical description The partial crown of a left M1 or M2. Parts of the mesial and 

buccal cusps are missing, but the distolingual section of the crown, including the 

complete entoconid, is preserved. The crown is worn, but no dentine is exposed. It is too 

damaged for reliable standard measurements to be taken. There are no accessory cusps on 

the part of the crown that is preserved. Announcement Menter et al. 1999. Initial 

description Menter et al. 1999. Photographs/line drawings and metrical data Menter et al. 

1999, Kuykendall 2012. Detailed anatomical description N/A. Initial taxonomic 

allocation ?Paranthropus. Taxonomic revisions N/A. Current conventional taxonomic 

allocation ?Paranthropus. Informal taxonomic category Archaic hominin. Significance 



One of only two hominin teeth from Gondolin. Location of original School of 

Anatomical Sciences, University of the Witwatersrand, Johannesburg, South Africa. 

(8/3/12) Paleoanthropology: Africa Southern – South Africa. 

 

GDA-2<ms> Site Gondolin. Locality N/A. Surface/in situ Extracted from a piece of 

breccia from Gondolin Dump A. Date of discovery 1997. Finder L. Dihasu. Unit N/A. 

Horizon N/A. Bed/member N/A. Formation N/A. Group N/A. Nearest overlying dated 

horizon N/A. Nearest underlying dated horizon N/A. Geological age c.1.9–1.5 Ma 

(equivalent to Swartkrans Mb 1). Developmental age Adult. Presumed sex Unknown. 

Brief anatomical description The crown of a worn left M1 or M2; its large size suggests it 

is more likely a second molar. Apart from the volume of the crown lost at the mesial and 

distal interproximal wear facets, the crown is complete. The occlusal surface is worn flat, 

yet enamel exposure is limited to two tiny areas on the protoconid and hypoconid; this 

suggests the enamel is thick. There are two substantial distal accessory cusps (or C6s); 

there are no lingual accessory cusps. Announcement Menter et al. 1999. Initial 

description Menter et al. 1999. Photographs/line drawings and metrical data Menter et al. 

1999, Kuykendall 2012. Detailed anatomical description Kuykendall 2012. Initial 

taxonomic allocation Paranthropus sp. indet. Taxonomic revisions Grine et al. 2012. 

Current conventional taxonomic allocation Paranthropus robustus. Informal taxonomic 

category Archaic hominin. Significance This tooth is larger than expected for a P. 

robustus M2 and it would be very unusual for a P. robustus M2 to have two C6s. 

However, neither the size nor the presence of the accessory distal cusps would be unusual 

for a Paranthropus boisei M2. One explanation is that it is a P. boisei M2, in which case 

it would be the only evidence of this taxon in southern Africa. Another explanation is that 

it is the M2 of an unusually large P. robustus individual that is in a part of the size range 

that, for one reason or another, has not been sampled at other hominin fossil sites that 

preserve evidence of P. robustus. This is the interpretation favored by a comprehensive 

study of GDA-2 (Grine et al. 2012) Location of original School of Anatomical Sciences, 

University of the Witwatersrand, Johannesburg, South Africa. (10/14/12) 

Paleoanthropology: Africa Southern – South Africa. 

 

Gregory, John Walter <ms> See Leakey, Louis Seymour Bazett (1903-72), 

Olorgesailie. (8/9/12) History: Biographies. 

 

Gruta da Oliviera<ms> (Location 39°30’23”N, 8°36’49”W, northeast of Lisbon, 

Portugal. History and general description Discovered in 1989, the site is the collapsed 

entrance of a karstic system fed by a spring linked with the Almonda River.  It has been 

excavated since 2001. The c.7m-thick Middle Paleolithic sequence is divided into 25 

layers. The hominins come from layers 9 and 10 (Oliveira 1 and 2), layers 18 and 19 

(Oliveira 3 and 4), layer 22 (Oliveira 8 and 9), layer 18 (Oliveira 3 and 7), and the 

interface between layers 17 and 18 (Oliveira 5 and 6). The results of radiocarbon dating 

suggest that Oliveira 1 and 2 date to c.40 ka BP; uranium-thorium dating suggests that the 

other hominins from the Gruta da Oliviera come from sediments that are early in Oxygen 

Isotope Stage 3. Hominins found at site Oliveira 1 (Olv U18/A5), middle manual phalanx 

Oliveira 2 (Olv T17-73/A9), right proximal ulna fragment; Oliveira 3 (Olv O17-

362/A27), distal part of the diaphysis of a right ulna; Oliveira 4 (Olv O18-720/A44), left 



tibial diaphysis; Oliveira 5 (Olv P15-478), proximal manual phalanx; Oliveira 6 (Olv 

P16-182), postcanine tooth fragment; Oliveira 7 (Olv O16-422), right distal humeral 

diaphysis; Oliveira 8 (Olv N16-373), distal part of a right lower molar crown; Oliveira 9 

(Olv N15-383); crown and most of the root of a right P3. Archeological evidence found at 

the site Burnt bone. Key references: Geology, dating, and paleoenvironment Angelucci 

and Zilhão 2009, Zilhão et al. 2010; Archeology Willman et al. 2012; Hominins Trinkaus 

et al. 2007, Willman et al. 2012. (10/19/12) Paleoanthropology: Sites – Europe. 

 

Haasgat<ms>(Location 25°51’31”S, 27°50’9”E, North West Province, South Africa. 

‘Rabbit/ Hare Hole’ in Afrikaans.) History and general description An abandoned 

limeworks near the northern border of the UNESCO Cradle of Humankind World 

Heritage site, this site was first excavated in 1988 by Andre Keyser, who collected 

fossiliferous ex-situ sediment blocks that were subsequently curated at the Council for 

Geosciences in Pretoria (HGD assemblage, see Keyser and Martini 1991, Plug and 

Keyser 1994). New excavations, including the first excavation of in situ materials, were 

initiated at the site in 2009 by a team coordinated by the Ditsong National Museum of 

Natural History. The site is best known for its fossil primate assemblages. It is the type 

locality for the colobine species Cercopithecoides haasgati (McKee et al. 2011) and has 

among the largest and most demographically diverse accumulations of Papio angusticeps 

and C. haasgati from a single locality in southern Africa (McKee and Keyser 1994, 

Adams 2011, in press). Though the original publications described a variety of primate 

species (Keyser 1991), only P. angusticepts and C. haasgati are confirmed by recent 

reanalysis (McKee and Keyser 1994, Heaton 2006, McKee et al 2011), though several 

specimens are missing from the original collections (Adams 2011, 2012).  The non-

primate mammal species in the sample are broadly shared with other southern African 

Plio-Pleistocene assemblages, but the assemblage is dominated by hyraxes and 

klipspringers (Oreotragus sp.) (Plug and Keyser 1994, Adams 2011, 2012). Temporal 

span Keyser originally suggested a date older than Sterkfontein Member 4 and 

Makapansgat Member 3 (3.0-2.0 Ma) based on the presence of extinct Plio-Pleistocene 

fauna and elevation of the cave. Subsequently, Plug and Keyser (1994) suggested that the 

site was younger than 1.5 Ma, and perhaps <1.0 Ma, based on the recovered Artiodactyla, 

Perissodactyla and Hyracoidea. In contrast, Adams (2011, 2012), while noting some 

fauna more common in later Pleistocene deposits, suggested an age of c.2.3-1.9 Ma based 

on the occurrence of Equus and shared morphology of some of the fauna to Makapansgat 

Member 3 (thus contrasting with the nearby Gondolin site, dated to c.1.8 Ma). How 

dated? Biostratigraphy. Geology, dating and fauna Keyser 1991, Keyser and Martini 

1991, Plug and Keyser 1994, Adams 2011, 2012, McKee et al. 2011, Herries and Adams 

(in prep.). (10/24/12) Paleoanthropology: Sites – Southern Africa. 

 

Haddon, Alfred C.<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

History: Biographies. 

 

Hooijer, Dick <ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) History: 

Biographies. 

 



Hrdliĉka Pinnacle<ms> See Taung. (8/3/12) Paleoanthropology: Africa Southern – 

South Africa. 

 

ILS<ms> Acronym for incomplete lineage sorting (which see). (7/10/12) Genetics and 

molecular biology. 

 

incomplete lineage sorting<ms> The term used to describe the situation that has 

occurred when a gene tree does not match a species tree. Although two taxa may be more 

closely-related to each other than to any other taxon, this does not mean that all of the 

DNA has to reflect that close relationship. When Scally et al. (2012) sequenced the 

gorilla genome they found that 30% of the bases across all of the DNA (both the DNA 

that codes for proteins and non-coding sequences) did not reflect the close relationship 

between modern humans and chimpanzees/bonobos (((H, C), G), O). Instead, it was more 

or less equally split between reflecting a closer relationship between 

chimpanzees/bonobos and gorillas (((C, G), H), O) or modern humans and gorillas (((H, 

G), C), O). See DNA sequence. (7/10/12) Genetics and molecular biology. 

 

inner enamel epithelium<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

interoceanic confluence<ms> The interoceanic confluence (or IOC) refers to the 

confluence zone where the water vapor from the Atlantic and Indian Oceans meet off the 

southeast coast of Africa. Seasonal migrations of the IOC and the intertropical 

convergence zone result in an annual cycle in eastern and southern Africa consisting of 

two ‘rainy seasons’ separated by arid conditions that last from May to September. The 

so-called ‘long rains’ (March-to-May) produce the largest proportion of total annual 

precipitation. The ‘short rains’ (October-to-December) are more variable. See also 

intertropical convergence zone (9/15/12) Paleoclimate/Paleoenvironment – Terms. 
 

IOC<ms> Acronym for interoceanic confluence (which see). (9/15/12) 

Paleoclimate/Paleoenvironment – Terms.  

 

ITCZ<ms> Acronym for intertropical convergence zone (which see). (9/15/12) 

Paleoclimate/Paleoenvironment – Terms.  

 

Jarama VI <ms> (Location 40º56'49"N, 3º19'2"E, Central Spain, in the Upper Jarama 

Valley, near Valdesotos, in the Guadalajara province). Middle Paleolithic (level 2 and 3) 

and Early Upper Paleolithic (level 1) according to radiocarbon dating (Jordà Pardo, 

2007). An adult left first metatarsal, that lacks a head, has been recovered from level 2. 

More than 300 artifacts, mostly quartz, made with the Levallois technique and attributed 

to Mousterian have come from level 2 and 3, together with macrofauna (Rupicapra 

rupicapra, Cervus elaphus, Bos/Bison, etc.) and evidence of micrommals. Geology, 

dating and paleoenvironment Jordá Pardo 2007. Hominins Lorenzo et al. 2012. 

Archeology Jordá Pardo 2001. (10/23/12) Paleoanthropology: Sites – Europe. 

 

JK<ms> Acronym for Juma’s Korongos at Olduvai Gorge. There are three JK localities, 

JK, JK 1 and JK 2. Maxine Kleindienst excavated at JK 1 and JK 2 in 1962; the OH 34 



femur was found during that excavation. See also Korongo, OH 34, Olduvai Gorge. 

(8/9/12) Paleoanthropology: East Africa. 

 

Kattwinkel, Wilhelm<ms> See Olduvai Gorge. (8/9/12) History: Biographies. 

 

Kleindienst, Maxine<ms> See JK. (8/9/12) History: Biographies. 

 

LA<ms> Acronym of linoleic acid. See essential fatty acids. (9/25/12) Behavior: Diet – 

terms.  

 

Leakey, Frida<ms> See FLK, Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

History: Biographies. 

 

Leakey, Jonathan<ms> See Leakey, Louis Seymour Bazett (1903-72), OH 7. (8/9/12) 

History: Biographies. 

 

linoleic acid<ms> See essential fatty acids. (9/25/12) Behavior: Diet – terms.  

 

longitudinal axis of the orbit<ms> See neutral horizontal axis. (7/16/12) Anatomy: 

Regional - cranium. 

 

MacInnes, Donald<ms> See MK. (8/9/12) History: Biographies. 

 

Member X<ms> See Makapansgat. (10/25/12) Paleoanthropology: Africa Southern – 

South Africa. 

 

membrana praeformativa<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

mesenchyme<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

metopic suture<ms> (Gk. meta = between and ops = eyes, and L. sutura = seam) The 

metopic suture is a persistent suture in the midline between the right and left sides of the 

frontal bone. The squamous part of the frontal bone, which is part of the neurocranium, 

develops in two symmetrical parts. Each develops from a layer of mesenchyme that 

begins to ossify in utero around the eighth week; the single ossification center is located 

roughly where the frontal tuber will be in the adult. At birth the frontal bone is still in two 

parts, separated by a sagittal fibrous sutural joint, but in modern humans the frontal suture 

usually becomes obliterated, or fuses, by c.8 years. However, in some individuals the 

frontal suture persists and when it does so after c.8 years it is known as a persistent 

frontal, or metopic, suture. In non-human higher primates the frontal suture normally 

fuses much earlier, soon after birth. The frontal suture, the sagittal suture, plus the two 

lambdoidal sutures and the paired squamosal sutures (between the lateral borders of the 

parietal bones and the superior border of the squamous parts of the temporal bones) are 

all part of the mechanism that allows the fetal cranium of modern humans to change its 



shape, or mold, as it passes through the birth canal. The delayed obliteration of these 

sutures in modern humans compared with their much earlier obliteration in non-human 

higher primates is interpreted as an adaptation to the passage of a relatively large-brained 

term fetus through a relatively narrow birth canal. There is evidence from some fossil 

hominin crania that delayed obliteration of the frontal suture was already established by 

the time of Australopithecus africanus (Falk et al. 2012)  (7/8/12) Anatomy: Regional - 

cranium. 

 

middle cranial fossa<ms> (L. fossa = hole, cavity or depression) The middle of the three 

hollowed areas that comprise the endocranial aspect of the base of the cranium. Together 

with the anterior and posterior cranial fossae, the middle cranial fossa makes up the 

basicranium, which lies beneath and supports the brain and the structures associated 

with it. The anterior border of the middle cranial fossa is the posterior edge of the lesser 

wings of the sphenoid. The posterior border is formed in the midline by the articulation 

between the sphenoid and occipital bones called the sphenooccipital synchondrosis. 

Laterally, the posterior border of the middle cranial fossa is formed by the superior 

border of the petrous part of the temporal bone. The middle cranial fossa is 

anteroposteriorly shortest in the midline and lengthens laterally; this gives it a butterfly 

shape when viewed from above. The floor and walls of the middle cranial fossa are 

formed from the sphenoid (except for the lesser wings, which are part of the floor of the 

anterior cranial fossa) and the temporal bones. The sphenoid comprises all of the middle 

portion of the middle cranial fossa, plus the anterior part of the expanded lateral portion; 

the temporal bone forms the posterior part of the lateral portion. The main function of the 

lateral portion of the middle cranial fossa is to support the temporal lobes of the cerebral 

hemispheres. The central part houses the pituitary gland in a depression in the body of the 

sphenoid called the sella turcica. The middle cranial fossa transmits cranial nerves and 

important blood vessels through various passages called fissures, foramina, and canals. 

They include: (1) the superior orbital fissure, which lies between the lesser wings of the 

sphenoid superiorly and the greater wings of the sphenoid inferiorly, that transmits the 

oculomotor nerve (third cranial nerve, CN III), the trochlear nerve (fourth cranial nerve, 

CN IV), the ophthalmic division of the trigeminal nerve (fifth cranial nerve, CN V[1]), 

the abducent nerve (sixth cranial nerve, CN VI) and the ophthalmic veins; (2) the optic 

canal, which is located at the root of the lesser wing of the sphenoid, that transmits the 

optic nerve (second cranial nerve, CN II) and the ophthalmic artery; (3) foramen 

rotundum, which is located on the greater wing of the sphenoid just lateral to the sella 

turcica, that transmits the maxillary division of the trigeminal nerve (fifth cranial nerve, 

CN V[2]); (4) foramen ovale, which is located just posterior and lateral to foramen 

rotundum, that transmits the mandibular division of the trigeminal nerve (fifth cranial 

nerve, CN V[3]), and (5) the foramen spinosum, which is located just posterior and 

lateral to the foramen ovale, that transmits the middle meningeal artery. (8/6/12) 

Anatomy: Regional - cranium. 

 

MK<ms> Acronym for the MacInnes Korongo at Olduvai Gorge. This locality was 

named after Donald MacInnes because it was there that in 1931 he recovered the first 

aquatic animal fossils to be found at Olduvai Gorge. The two hominin teeth, a molar in 

amandible fragment and an isolated premolar, that make up OH 4 were recovered from 



MK in 1959. See also Korongo, OH 5, Olduvai Gorge. (8/9/12) Paleoanthropology: 

East Africa. 

 

MLD 2<ms> Site Makapansgat. Locality N/A. Surface/in situ ‘Limeworks dumps of 

Lower Phase 1 breccia”. Date of discovery July 1948. Finder Alun Hughes and Schepers 

Kitching. Unit N/A. Horizon N/A. Bed/member Member 3. Formation Makapansgat 

Formation. Group N/A. Nearest overlying dated horizon N/A. Nearest underlying dated 

horizon N/A. Geological age c.2.8 Ma. Developmental age Subadult. Presumed sex Male. 

Brief anatomical description The corpus of a mandible broken just distal to the M2 on 

both sides. No crowns of the anterior teeth are preserved. On the left side the P3 and M1-2 

are erupted and the P4 is in its crypt. On the right side the P3 and M1-2 are erupted 

alongside the worn crown of the dm2. The mesial wall of the M3 crypt can be seen on the 

right side. Announcement Dart 1948a. Initial description Dart 1948b. Photographs/line 

drawings and metrical data Dart 1948b, Robinson 1956. Detailed anatomical description 

N/A. Initial taxonomic allocation Australopithecus prometheus. Taxonomic revisions 

Robinson (1954) proposed that a subspecies of Australopithecus africanus, 

Australopithecus africanus transvaalensis, be used to distinguish the australopiths from 

“Sterkfontein, Makapan and East Africa” (ibid, p. 196) from the australopith taxon, 

Australopithecus africanus africanus, represented by the Taung skull. Current 

conventional taxonomic allocation Australopithecus africanus. Informal taxonomic 

category Archaic hominin. Significance One of the mandibles cited by Aguirre (1970) as 

possible evidence for Paranthropus at Makpansgat. It very likely belongs to the same 

individual as MLD 7 and 8, both of which are fragments of the ilium. Location of original 

School of Anatomical Sciences, University of the Witwatersrand, Johannesburg, South 

Africa. (10/14/12) Paleoanthropology: Africa Southern – South Africa. 

 

MLD 6<ms> Site Makapansgat. Locality N/A. Surface/in situ ‘Limeworks dumps of 

Lower Phase 1 breccia”. Date of discovery October 1948. Finder Ben Kitching. Unit 

N/A. Horizon N/A. Bed/member Member 3. Formation Makapansgat Formation. 

Group N/A. Nearest overlying dated horizon N/A. Nearest underlying dated horizon N/A. 

Geological age c.2.8 Ma. Developmental age Adult. Presumed sex Female. Brief 

anatomical description The right side of the face including the inferio-medial quadrant of 

the orbital margin, the root of the zygomatic process and the right alveolar process from 

the broken root of the right canine to the broken root of the M
3
. The lingual half of the 

right P
3
 crown and the crowns of the right P

4 
and M

1-2
 are preserved. Announcement Dart 

1949. Initial description Dart 1949. Photographs/line drawings and metrical data Dart 

1949, Robinson 1956. Detailed anatomical description N/A. Initial taxonomic allocation 

Australopithecus prometheus. Taxonomic revisions Robinson (1954) proposed that a 

subspecies of Australopithecus africanus, Australopithecus africanus transvaalensis, 

be used to distinguish the australopiths from “Sterkfontein, Makapan and East Africa” 

(ibid, p. 196) from the australopith taxon, Australopithecus africanus africanus, 

represented by the Taung skull. Current conventional taxonomic allocation 

Australopithecus africanus. Informal taxonomic category Archaic hominin. Significance 

It is almost certainly the same individual as a fragment of left maxilla, MLD 23 (see 

Plates 3B and 3C in Rak 1983), and possibly the same individual as the partial cranial 

vault, MLD 1.  It displays an excellent example of a maxillary furrow and an anterior 



pillar. Location of original School of Anatomical Sciences, University of the 

Witwatersrand, Johannesburg, South Africa. See also anterior pillar, maxillary furrow. 

(10/14/12) Paleoanthropology: Africa Southern – South Africa. 

 

MLD 18<ms> Site Makapansgat. Locality N/A. Surface/in situ ‘Limeworks dumps of 

Lower Phase 1 breccia”. Date of discovery July 1953. Finder Alun Hughes. Unit N/A. 

Horizon N/A. Bed/member Member 3. Formation Makapansgat Formation. Group 

N/A. Nearest overlying dated horizon N/A. Nearest underlying dated horizon N/A. 

Geological age c.2.8 Ma. Developmental age Adult. Presumed sex Female. Brief 

anatomical description Mandible that extends from just posterior to the right M3 to just 

distal to the left C; an additional fragment that articulates with the main specimen 

includes the crown of the left P4. Exceptionally heavy tooth wear has removed the enamel 

from most of the crowns of the postcanine teeth (only the peripheral enamel remains on 

the right M1). All four incisors are worn down far enough to expose the root canal. The 

surface bone is abraded. Probably the same individual as MLD 4. Announcement Dart 

1954. Initial description Dart 1954. Photographs/line drawings and metrical data Dart 

1949, Robinson 1956. Detailed anatomical description N/A. Initial taxonomic allocation 

Australopithecus prometheus. Taxonomic revisions Robinson (1954) proposed that a 

subspecies of Australopithecus africanus, Australopithecus africanus transvaalensis, 

be used to distinguish the australopiths from “Sterkfontein, Makapan and East Africa” 

(ibid, p. 196) from the australopith taxon, Australopithecus africanus africanus, 

represented by the Taung(s) skull. Current conventional taxonomic allocation 

Australopithecus africanus. Informal taxonomic category Archaic hominin. Significance 

One of the better-preserved mandibles of Au. africanus. Location of original School of 

Anatomical Sciences, University of the Witwatersrand, Johannesburg, South Africa.. 

(10/14/12) Paleoanthropology: Africa Southern – South Africa. 

 

MLD 37/38<ms> Site Makapansgat. Locality N/A. Surface/in situ ‘Eroded land surface 

of Upper Phase 1 breccia’. Date of discovery December, 1958 (MLD 37), April 1959 

(MLD 38). Finder James Kitching. Unit N/A. Horizon N/A. Bed/member Member 3. 

Formation Makapansgat Formation. Group N/A. Nearest overlying dated horizon N/A. 

Nearest underlying dated horizon N/A. Geological age c.2.8 Ma. Developmental age 

Adult. Presumed sex Female. Brief anatomical description Posterior part of a cranium. 

The face has been sheared off obliquely, leaving the occipital, most of both parietals, the 

cranial base and the posterior part of the maxilla, including the left M2 crown and the 

crowns of the right M1 to M3. Announcement Dart 1959. Initial description Dart 1959. 

Photographs/line drawings and metrical data Dart 1959, 1962, Weber et al. 2012. 

Detailed anatomical description N/A. Initial taxonomic allocation Australopithecus 

prometheus. Taxonomic revisions Robinson (1954) proposed that a subspecies of 

Australopithecus africanus, Australopithecus africanus transvaalensis, be used to 

distinguish the australopiths from “Sterkfontein, Makapan and East Africa” (ibid, p. 

196) from the australopith taxon, Australopithecus africanus africanus, represented by 

the Taung(s) skull. Current conventional taxonomic allocation Australopithecus 

africanus. Informal taxonomic category Archaic hominin. Significance The best-

preserved cranium from Makapansgat. Location of original School of Anatomical 



Sciences, University of the Witwatersrand, Johannesburg, South Africa. (10/14/12) 

Paleoanthropology: Africa Southern – South Africa. 

 

Mollet Cave<ms> (Location 42º09'47"N, 2º44'52"E, Northeast Spain, Serinyà, near the 

city of Banyoles; etym. N/A) Mollet Cave, a small cave within the complex of cave sites 

known as Reclau Caves, was discovered in 1947. It was excavated shortly thereafter and 

then again between 1958 and 1972 when most of the cave filling was removed. The most 

recent excavations, undertaken between 2001 and 2005, have focused on better 

understanding the lowermost layer, Layer 5, which consists of tufaceous sands and 

laminated tufa. Temporal span and How dated? The fauna, which is broadly Middle 

Pleistocene, is similar to the fauna from Ambrona, Galería, and Bolomor. 

Uranium/thorium dates of travertine bodies in Layer 5 suggest that it is c.215 ka and thus 

equivalent to OIS 7. Hominins found at site The faunal assemblage within Layer 5 

includes a hominin right M
1
. Archeological evidence found at the site None. Geology, 

dating and paleoenvironment Maroto et al. 2012. Hominins Cortado and Maroto 1990, 

Maroto et al. 2012. Archeology N/A. (10/16/12) Paleoanthropology: Sites – Europe. 

 

Nakuru<ms> See Leakey, Louis Seymour Bazett (1903-72). (8/9/12) 

Paleoanthropology: East Africa. 

 

neutral horizontal axis<ms> A radiographically-determined line that serves as a proxy 

for the longitudinal axis of the orbit. The neutral horizontal axis (or NHA) was originally 

defined by Donald Enlow and colleagues (e.g., Enlow and Azuma 1975, Enlow 1990; see 

also Bromage 1992, McCarthy and Lieberman 2001) and is defined on lateral 

radiographs as a line passing between the orbital margin point (i.e., the midpoint of a line 

running between the most superior and inferior points on the margins of the orbit) and the 

orbital axis point (i.e., the midpoint of a line running between the superior rim of the 

superior orbital fissure and the deepest point on the inferior rim of the optic canal). Due 

to normal asymmetry and/or parallax, the landmarks on each side may not coincide in a 

lateral radiograph; in this case the average of the location of the neutral horizontal axis in 

each orbit is used to define its location in that individual. The neutral horizontal axis is 

important for studies of craniofacial architecture in primates (including hominins) 

because relationships within the cranium are apparently constrained so that among adult 

anthropoid primates the neutral horizontal axis is perpendicular to the posterior maxillary 

plane, which lies at posterior margin of what has been described as the ethmo-maxillary 

complex (i.e., the maxilla, ethmoid, and palatine bones, see Enlow 1990). The 

relationship between the neutral horizontal axis and the posterior maxillary plane may 

represent an important determinant of overall craniofacial architecture in primates. See 

also posterior maxillary plane. (7/22/12) Anatomy: Regional - cranium. 

 

NHA<ms> Acronym for neutral horizontal axis (which see). (7/16/12) Anatomy: 

Regional - cranium. 

 

Nicol, Mary<ms> See Leakey, Louis Seymour Bazett (1903-72), Leakey, Mary 

Douglas Nicol (1913-96). (8/9/12) History: Biographies. 

 



North Atlantic Deep Water<ms> See thermohaline circulation. (5/14/12) 

Paleoclimatology: Terms. 

 

North Atlantic gyre surface circulation<ms> See thermohaline circulation. (5/14/12) 

Paleoclimatology: Terms. 

 

Northern Lime Company<ms> See Taung, Taung 1. (8/3/12) Paleoanthropology: 

Africa Southern – South Africa. 

 

OD<ms> Acronym for obstetric (or obstetrical) dilemma (which see) (8/23/12) 

Paleoanthropology: Models and hypotheses. 

 

outer enamel epithelium<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

Odontological Collection, Royal College of Surgeons of England<ms> See Royal 

College of Surgeons of England Odontological Collection. (9/27/12) History: 

Collections. 

 

periodontal ligament<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

phylogenetic bracketing<ms> See extant phylogenetic bracket. (9/3/12) Evolution. 

 

PMA<ms> Abbreviation of posterior maxillary plane (which see) (7/16/12) Anatomy: 

Regional - cranium. 

 

posterior cranial fossa<ms> (L. fossa = hole, cavity or depression) The posterior of the 

three hollowed areas that comprise the endocranial aspect of the base of the cranium. 

Together with the anterior and middle cranial fossae, the posterior cranial fossa makes up 

the basicranium, which lies beneath and supports the brain and the structures associated 

with it. Apart from the anterior portion of the lateral part of the posterior cranial fossa, 

which is formed by the petrous and squamous parts of the temporal bone, the majority of 

the posterior cranial fossa is formed from the occipital bone. The posterior cranial fossa 

supports the cerebellum and the brain stem anteriorly and the occipital lobes of the 

cerebral hemispheres posteriorly. The most conspicuous feature in the posterior cranial 

fossa is the foramen magnum, a large opening through which the brain stem connects 

with the spinal cord. In addition, the posterior cranial fossa contains passages for cranial 

nerves and vessels. They include: (1) the internal acoustic meatus, which is located just 

posterior and inferior to the superior border of the petrous, that transmits the facial nerve 

(seventh cranial nerve, CN VII), the vestibulocochlear nerve (eighth cranial nerve, CN 

VIII) and the labyrinthine artery that supplies the inner ear; (2) the jugular foramen, 

located just posterior to the internal acoustic meatus, that transmits the glossopharyngeal 

nerve (ninth cranial nerve, CN IX), the vagus nerve (tenth cranial nerve, CN X), the 

cranial part of the accessory nerve (eleventh cranial nerve, CN XI) and the internal 

jugular vein, (3) the hypoglossal canal, which is located just medial to the jugular 



foramen and just lateral to the foramen magnum, that transmits the hypoglossal nerve 

(twelfth cranial nerve, CN XII), and (4) the carotid canal, just anterior to the jugular 

foramen, that transmits the internal carotid artery. In addition to the brain stem, the 

foramen magnum also transmits the spinal part of the accessory nerve (eleventh cranial 

nerve, CN XI) and the vertebral arteries. The posterior cranial fossa also contains grooves 

for the dural venous sinuses, which drain venous blood from the brain. The larger sinuses 

are (from anterior to posterior) the sigmoid sinuses (right and left), the transverse sinuses 

(right and left), the superior sagittal sinus and, if present, the occipital sinus draining into 

the marginal sinuses. The torcular herophili, a concavity in the occipital bone formed by 

the confluence of sinuses (where the sagittal and transverse sinuses meet) is located in the 

midline near the posterior margin of the posterior cranial fossa. There may also be a bony 

protuberance where the grooves for the sinuses meet in the midline. See also dural 

venous sinuses; foramen magnum. (8/6/12) Anatomy: Regional - cranium.  

 

posterior maxillary plane<ms> A radiographically determined line that marks the 

posterior margin of the ethmo-maxillary complex. The posterior maxillary (or PM) plane, 

which was defined by Donald Enlow and colleagues (e.g., Enlow et al. 1971, Enlow and 

McNamara 1973, Enlow and Azuma 1975, Enlow 1990, Enlow and Hans 1996), is 

identified on lateral radiographs. Although the precise definition of the posterior 

maxillary plane varies somewhat in Enlow and colleagues’ writings (McCarthy and 

Lieberman 2001) the most widely used definition describes it as a line passing between 

pterygomaxillare (i.e., the inferior-most and posterior-most point on the maxillary 

tuberosity, where the maxilla articulates with the pterygoid plates of the sphenoid bone) 

and the anterior-most point on the greater wing of the sphenoid. Due to normal 

asymmetry and/or parallax, the landmarks on each side may not coincide in a lateral 

radiograph; in this case the average of the location of the posterior maxillary plane in 

each orbit is used to define its location in that individual. The posterior maxillary plane is 

not technically a plane for only two termini define it; it would be more accurately 

described as the posterior maxillary line (McCarthy and Lieberman 2001). The posterior 

maxillary plane, which separates the anterior and middle cranial fossae, anteriorly, from 

the nasopharynx and oral cavity, inferiorly, has been used to study craniofacial 

architecture in modern humans and non-human primates. Lying at the posterior margin of 

what is described as the ethno-maxillary complex (i.e., the maxilla, ethmoid and palatine 

bones, see Enlow 1990), the posterior maxillary plane is important for studies of 

craniofacial architecture in primates (including hominins) because it is apparently 

constrained to maintain a perpendicular relationship with the neutral horizontal axis; this 

relationship is apparently universal among primates. It has been suggested that the 

posterior maxillary plane, along with the neutral horizontal axis, may represent a “natural 

anatomic and morphogenetic plane” (Enlow 1990, p. 184) that defines the relationships 

between major components of the craniofacial complex in primates. See also neutral 

horizontal axis. (7/16/12) Anatomy: Regional - cranium. 

 

PUFA<ms> Acronym for polyunsaturated fatty acids. See essential fatty acids. 

(9/25/12) Behavior: Diet – terms.  

 



PVC<ms> Acronym for primary visual cortex. See striate cortex (8/2/12) Nervous 

system: Macrostructure. 

 

OPC<ms> Abbreviation of orientation patch count, one of a family of dental 

topographic analytical methods (which see). (7/26/12) Behavior: Diet – Categories. 

 

OxCal<ms> OxCal is a computer program designed and built by Christopher Bronk 

Ramsey at the University of Oxford’s Research Laboratory for Archaeology and the 

History of Art. The program, first developed in 1994, provides a formal implementation 

of the Bayesian statistical paradigm with reference to radiocarbon dating in archeology, 

environmental science and other related fields (see Bayesian modeling of radiocarbon 

dates). The initial statistical work was undertaken largely by Caitlin Buck and colleagues 

in the early 1990s, but wider application of the methods was not possible until the advent 

of computers powerful enough to run the simulation algorithms (e.g., Markov Chain 

Monte Carlo). OxCal is a program that enables the Bayesian analysis of radiocarbon 

dates, allowing the user to incorporate archeological knowledge (i.e., the “prior”) along 

with calibrated radiocarbon probability distributions (i.e., the “likelihood”) to generate 

more precise and probabilistic posterior probability ranges. OxCal allows the user to 

calibrate individual radiocarbon dates and determine probable age ranges for dated 

samples, as well as enabling the analysis of groups of events that incorporate stratigraphic 

relationships. The program consists of three modules. The first, the “Project Manager” 

uses a language code called Chronological Query Language (CQL) that allows the user to 

input the data and the archeological information. There is an option to view the CQL 

code within a user-friendly interface that represents archeological and sedimentological 

phases and sequences. The “Analysis Module” is the core of the program and is a C++ 

command-line based program. It takes the CQL input data and produces output files that 

contain the modeling and calibration results (in a Javascript format, tab-delimited format 

and as a text report). The “Output Module” comprises the data presentation part of the 

program, allowing the user to view the data and assess the mathematical details of the 

results and analysis. It also data to be as multiple plots, single calibrated plots, calibration 

curve plots, or plots with respect to age and depth. OxCal is also able to plot calibrated 

determinations through time using a mapping tool. The first release of the OxCal program 

was reported in 1994 in the Archaeological Computing Newsletter (Bronk Ramsey 1994) 

and then in 1995 in Radiocarbon (Bronk Ramsey 1995). Version 4.0, released in 2006, 

was fully web-based for the first time, and uses Metropolis-Hastings MCMC rather than 

Gibbs sampling. In 2008 a range of depositional models were incorporated in the 

program, allowing the calibration and age-depth modeling of dated sediment sequences 

within a Bayesian format and widening the application of OxCal into the earth and 

environmental sciences (Bronk Ramsey 2008). In 2009 outlier detection methods were 

included that allow outlying results to be identified and down-weighted in the calibration 

and modeling (Bronk Ramsey 2009). Calibration datasets in the program are regularly 

updated. The software is free and may be used online at https://c14.arch.ox.ac.uk/oxcal 

after registration for a username and password, or by downloading a stand-alone version 

of the program. At the time of writing (2012) OxCal has over 3000 registered users. 

(8/6/12) Earth Sciences: Dating – Terms. 

 

https://c14.arch.ox.ac.uk/oxcal


Oxland tufa<ms> See Taung. (8/3/12) Paleoanthropology: Africa Southern – South 

Africa. 

 

predentine<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

premolar<ms> (L. prae = before and mola = mill stone) A type of permanent tooth lying 

immediately behind the canines that replaces the deciduous molars. The hypothetical 

ancestral eutherian mammalian dentition contained four deciduous molars, of which at 

least the last three were replaced by premolars. New World Monkeys retain the second, 

third and fourth premolars, but Old World monkeys, apes and modern humans retain only 

the third and fourth premolars. Thus, the upper premolars of all Old World monkeys and 

apes, including modern humans, are referred to as the P
3
 (anterior) and the P

4 
(posterior); 

the equivalent lower premolars are referred to as the P3 and the P4. In the text 

accompanying his anatomical drawings Leonardo da Vinci (1452-1519) accurately 

describes the six teeth in each jaw that we refer to as molars, and the four teeth we refer 

to as premolars. These drawings are not dated, but come from an early set of anatomical 

drawings dated as a group to between 1485 and 1495, thus they pre-date Leonardo’s 

death by at least 25 years. In The Natural History of the Human Teeth (1771) John 

Hunter uses the term “grinder” for the class of teeth we now refer to as molars. He also 

refers to molars as “cuspides” and to the teeth in front of the molars as the “bicuspides”. 

Exactly when the term “bicuspid” was replaced by “premolar” is not clear. In higher 

primates premolars are the two teeth immediately mesial to (i.e., in front of) the three 

molars in the tooth row. In modern humans the crowns of the upper and lower premolars 

consist of two cusps. The upper premolars have subequal-sized cusps, the metacone 

buccally and the protocone lingually. The lower premolars have a larger cusp, the 

protoconid, on the buccal side and a smaller cusp, the metaconid, on the lingual side. 

One of the features used to distinguish hominins from non-hominins is the morphology of 

the crown of the anterior mandibular premolar. In the extant apes, and presumably in 

fossil apes, too, its morphology is referred to as being “sectorial”. This term refers to the 

way the mesiobuccal face of the dominant cusp, the protoconid, of the anterior lower 

premolar wears against the upper canine to form the blade-like facets on each tooth that 

make up the “honing complex”. The lower anterior premolars of the extant apes generally 

have three roots, a substantial mesiobuccal root beneath the protoconid and two smaller 

distal roots, one buccal and one lingual. Archaic hominins (e.g., Australopithecus 

afarensis) tend to retain the three roots and the dominance of the protoconid. Modern 

human lower premolars generally have a single root beneath a bicuspid crown. The 

crowns of the upper premolars of all hominins, including archaic hominins, are bicuspid. 

Upper premolars generally have two roots, a buccal root and a lingual root. Modern 

human upper first premolars are almost always two-rooted and are distinguished by a 

depression mesially, the canine fossa, purportedly created during development as the 

canine crown lies against it. The other premolars in both jaws generally have a single 

root. In modern humans, the lower first premolar is smaller than the second with a greatly 

reduced lingual cusp. In the upper jaw, the anterior premolar generally has a larger crown 

than the posterior premolar. This is also generally the case in archaic hominins and in 

fossil Homo taxa. The exception is species within the genus Paranthropus. In all 



Paranthropus species, but particularly in Paranthropus boisei, the premolar crown size 

order is reversed, with the occlusal area of the crown of the posterior premolar exceeding 

the anterior in both jaws. Also, in P. boisei, both lower premolars, but especially the 

posterior lower premolar, and the posterior upper premolar, are described as being 

“molarized”. This term refers to the way the crowns and the roots of the premolars of P. 

boisei come to resemble molars. This is achieved on the crown by the relative 

enlargement of the talonid (lower premolars) and the talon (upper premolars). With 

respect to the roots of the lower premolars in P. boisei, and to a lesser extent in P. 

robustus, they come to resemble the plate-like roots of the lower molars. See also 

molarization, sectorial. (8/5/12) Anatomy: Teeth - Terms. 

 

preparation<ms> (L. prae = before and parare = to prepare, thus to prepare in advance) 

Some fossils (e.g., tooth crowns) are found in a pristine state, with no damage apart from 

natural occlusal and/or interproximal wear, and with no matrix adhering to them. They 

can be studied without any further preparation. However, many fossils are found with 

matrix adhering to them, and most of the hominin fossils recovered from cave sites in 

southern Africa are found either partly, or nearly wholly (e.g., StW 573), embedded in 

breccia. Some researchers like to prepare the fossils themselves, others delegate the task 

to highly-skilled preparators who work either by hand with picks and chisels or powered 

tools that either use vibrations to loosen the matrix or a mixture of air and an abrasive to 

remove it. It is always wise to leave some matrix on a fossil because this is evidence that 

can be used to help determine its provenance. If researchers have access to computed 

tomography it can be used to prepare the fossils virtually by using the principle of 

segmentation to discriminate between bone and matrix. The matrix stays on the actual 

fossil, but it can be removed on virtual images of the fossil. Weber et al. (2012) describe 

the use of electronic preparation to virtually remove the matrix from the endocranial 

cavity of the MLD 37/38 cranium. See also segmentation; virtual reconstruction. 

(8/4/12) Paleoanthropology: Terms.  

 

primary epithelial band<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

proximate causes<ms> See causality. (7/26/12) Evolution/biology - terms. 

 

pulp chamber<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

Reck, Hans<ms> See Leakey, Louis Seymour Bazett (1903-72), Olduvai Gorge. 

(8/9/12) History: Biographies. 

 

reduced enamel epithelium<ms> See tooth development in modern humans. 

(10/4/12) Anatomy: Teeth – development. 

 

reflected relabeling<ms> A process used in virtual reconstruction that involves 

changing the algebraic sign of one axis and swapping the labels of the paired bilateral 

landmarks. See virtual reconstruction. (7/16/12) Morphometry: Data capture - Methods, 



Paleoanthropology: Terms. 

 

reflection<ms> See reflected relabeling; virtual reconstruction. (7/16/12) 

Morphometry: Data capture - Methods, Paleoanthropology: Terms. 

 

region-growing algorithms<ms> See segmentation. (7/16/12) Morphometry: Data 

capture - Methods, Paleoanthropology: Terms. 

 

retrodeformation<ms> See virtual reconstruction. (7/16/12) Morphometry: Data 

capture - Methods, Paleoanthropology: Terms. 

 

RFI<ms> Abbreviation of relief index, one of a family of dental topographic analytical 

methods (which see). (7/26/12) Behavior: Diet – Categories. 

 

Royal College of Surgeons of England Odontological Collection<ms> The collection 

dates back to the Odontological Society of Great Britain, which in 1859 resolved to 

gradually accumulate ‘books, drawings, diagrams, casts or preparations’ to help further 

research in the field of dentistry. When the College of Dentists was amalgamated with the 

Odontological Society in 1863, the former’s large collection of dental specimens was 

added to the Society’s own growing collection. The first catalogue of the collection, 

which was issued in 1872, records just over 1,000 entries, several of which refer to large 

groups of specimens. In 1900 Sir Frank Colyer (1866-1954) took over as curator, and it 

was during his tenure, in 1909, that much of the Society’s museum collection was 

transferred, on a temporary basis, to the Royal College of Surgeons of England. After the 

latter’s Hunterian Museum collections were badly damaged by bombing in 1941 the 

Odontological Society of Great Britain transferred in perpetuity the whole of its 

collection to the Royal College of Surgeons of England, where it became the latter’s 

Odontological Collection. The Odontological Collection is one of the largest and most 

extensive dental collections in the world. It contains both modern human (c.3.5K 

specimens, both normal and pathological) and non-human (c.7.5 K specimens, both 

normal and pathological) specimens. Almost half of the non-human specimens are 

primates and of these, 237 of these belonging to the Hominoidea. It includes a wide range 

of specimens illustrating various aspects of dental pathology; many of them are 

referenced in Colyer’s Variations and Diseases of the Teeth of Animals. The 

Odontological Collection includes Sir John Tomes' collection of modern human jaws and 

skulls of known sex and age at death. In addition the Collection possesses over 1800 original 

microscope slides prepared by Sir John and Sir Charles Tomes. These are mainly ground 

sections demonstrating the structure of the teeth of all the main groups of living vertebrates, 

namely fish, amphibians, reptiles, marsupials and mammals. It includes a large number of 

sections of the teeth of various primates, including man. There are also some sections of 

extinct vertebrates. There is also a large collection of modern human skulls from the Anglo-

Saxon cemetery site of Breedon-on-the-Hill; this was the collection used by A. E. W. Miles 

in the mid-20
th 

C to establish criteria for using tooth wear to age modern human remains 

(Gilmore and Grote 2012). Notable additions to the collection made in the 20
th 

C include 

an extensive comparative collection of animal skulls donated by Sir James Frank Colyer 

(1866-1954), 130 primate skulls donated by the epidemiologist Alexander John Haddow 



(1912-1979), a donation of primate skulls from the Powell Cotton Museum (these were 

collected in Cameroon by Frederick G. Merfield), and a large collection of skulls and 

post-cranial skeletons bequeathed by the primatologist William Charles Osman Hill 

(1901-1975); the latter includes both dry and wet preparations. The Odontological 

Collection also contains casts of fossil hominins, many made by Frank Barlow (1880-

1951) who was a preparator at the British Museum (Natural History), as it was then 

called.  More details can be accessed using the online public catalogue 

(www.surgicat.rcseng.ac.uk). Contact person Milly Farrell (mfarrell@rcseng.ac.uk). 

Postal address The Odontological Collection, The Royal College of Surgeons of England, 

35-43 Lincoln’s Inn Fields, London WC2A 3PE, UK. Website www.rcseng.ac.uk. Tel 

+44 (0)20 7869 6560. See also Tomes, Sir Charles Sissmore (1846–1928), Tomes, Sir 

John (1815–95), Powell Cotton Collection (10/10/12) History: Collections. 

 

Shackley, Myra<ms> See Equus Cave. (5/10/12) History: Biographies. 

 

SD<ms> Acronym and abbreviation of Shi’bat Dihya (which see). (10/20/12) 

Paleoanthropology: Site abbreviation. 

 

segmentation<ms>In computed tomography (CT) images the gray values of tissues are 

related to their physical density. It is possible to use these different values to identify 

boundaries between tissues (e.g., enamel and dentine at the enamel-dentine junction), 

different expressions of the same tissue (e.g., cortical and trabecular bone), and the 

internal surfaces of cavities (e.g., endocranial cavity, bony labyrinth). It is also possible 

to use segmentation to separate bones bound together by matrix, or remove matrix from 

the surface of bones. Segmentation methods include manual segmentation, region-

growing algorithms (in which a gray value range is specified) and edge detecting 

algorithms. (10/27/12) Morphometry: Data capture - Methods, Paleoanthropology: 

Terms. 

 

Sharpey’s fibers<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

shearing quotient<ms> An early method of quantifying the functional morphology of 

tooth shape, particularly the shape of the occlusal surface. The shearing quotient is 

defined as the residual from a regression of the sum of shearing surface lengths on a 

tooth’s occlusal surface plotted against the mesiodistal length of the tooth (Kay 1975). 

Long shearing crests, which yield positive residuals, are associated with folivores and 

insectivores. Newer methods such as dental topographic analysis are now being used in 

place of the shearing quotient. (7/26/12) Behavior: Diet – Categories. 

 

Shi’bat Dihya 1<ms> (Location 15º11'37"N, 43º25'67"E, Yemen, Arabian Peninsula; 

etym. The name of a nearby ephemeral stream) The site was identified in 2005 and 

excavated in 2006 and 2008. It is one of the few inland arid sites in the Arabian Peninsula 

used by hominins during Oxygen Isotope Stage 3. Temporal span and How dated? 

Optically stimulated luminescence dating results on the sediments range from 84±10 ka 

at the base and 42±4 ka at the top. The vast majority of the ages give a mean age of 55 ka 



(see Delagnes et al. 2012, fig. 3). Hominins found at site N/A. Archeological evidence 

found at the site More than 5 K artifacts, mostly rhyolite, plus some poorly preserved 

faunal evidence. Most of the artifacts are triangular or pointed flakes and blades. The 

collection includes artifacts made with the Levallois technique, and there are several 

examples of refitted pieces. Geology, dating and paleoenvironment Delagnes et al. 2012. 

Hominins N/A. Archeology Delagnes et al. 2012. (11/17/12) Paleoanthropology: Sites – 

Arabian Penisula: Yemen. 

 

SR<ms> Acronym for Sima Rampa and the prefix for fossil hominins recovered from 

excavations in the ramp that leads down to the main cave of the Sima de los Huesos, at 

Atapuerca, Spain. The three excavations are referred to as Sima Rampa Alta (SRA), Sima 

Rampa Media (SRM) and Sima Rampa Baja (SRB). See Sima de los Huesos. (7/18/12) 

Paleoanthropology: Site prefixes. 

 

stellate reticulum<ms> See tooth development in modern humans. (10/4/12) 

Anatomy: Teeth – development. 

 

StW 89<ms>Site Sterkfontein. Locality Grid S/59. Surface/in situ In situ at a depth of 

120-134 (a proximal foot phalanx, StW 355, was found in close proximity). Date of 

discovery 1980. Finders Alun Hughes. Unit N/A. Horizon N/A. Bed/member Member 4. 

Formation Sterkfontein Formation. Nearest overlying dated horizon N/A. Nearest 

underlying dated horizon N/A. Geological age c.2.6–2.0 Ma (Pickering and Kramers 

2010). Developmental age Adult. Presumed sex Unknown. Brief anatomical description 

A well-preserved second metatarsal. Announcement and initial description Clarke (1985). 

Photographs/line drawings and metrical data Deloison 2003, DeSilva et al. 2012. Detailed 

anatomical description DeSilva et al. 2012. Initial taxonomic allocation Australopithecus 

africanus. Taxonomic revisions DeSilva et al. 2012 suggest that it should not be 

uncritically assumed that StW 89 belongs to Au. africanus; it could belong to a second 

species, if such exists at Sterkfontein, or even Australopithecus sediba. Current 

conventional taxonomic allocation Au. africanus. Informal taxonomic category Archaic 

or transitional hominin. Significance The initial assessment of this second metatarsal 

suggests that it is markedly different, and more primitive, than another second metatarsal, 

StW 377, from Sterkontein. If, as is very likely, the StW 355 proximal foot phalanx 

belongs to the same individual as StW 89, this would suggest that although it shows 

evidence of bipedalism (e.g., evidence of dorsiflexion at the metatarsophalangeal joint), 

this individual has an “ape-like range of plantarflexion” (DeSilva et al. 2012, p. 490) at 

the same joint. This is yet more evidence that the functional modules in the foot skeleton 

are relatively small. It seems that in several early hominin foot skeletons, including StW 

89, one foot bone whose morphology has hitherto been interpreted as being 

pathognomonic of a particular locomotor mode, is being found associated in the same 

foot with a different foot bone whose morphology has also been interpreted as being 

pathognomonic, but of a different locomotor mode. Location of original School of 

Anatomical Sciences, University of the Witwatersrand, Johannesburg, South Africa. 

(10/29/12) Paleoanthropology: Africa Southern – South Africa. 

 

synerg<ms>See form-function complex (7/26/12) Evolution/biology - terms. 



 

TE<ms>Abbreviation of Trinchera Elefante and the prefix used for the fossils recovered 

from the Sima del Elefante in the Trinchera del Ferrocarril at Atapuerca, Spain. 

 

TG<ms>Abbreviation of Trinchera Galería and the prefix used for the fossils recovered 

from the Galería site in the Trinchera del Ferrocarril at Atapuerca, Spain. 

 

Thabaseek tufa flow<ms> See Taung. (8/3/12) Paleoanthropology: Africa Southern – 

South Africa. 

 

thermohaline circulation<ms> (L. thermo = temperature and haline = salt) A term that 

refers to the density-related stratification and circulation of water within the oceans. 

Wallace (Wally) Broecker likened the thermohaline circulation to a “conveyor belt” 

because the motion within the oceans is primarily horizontal; convection (vertical 

motion) only occurs in a few locations. Whereas the circulation of the surface water of 

the oceans is driven by winds, the slow circulation of sub-surface water masses is linked 

to differences in the density of water. Density controls buoyancy and thus it determines 

whether a water mass will rise or sink. Density differences are created at the surface by 

adding or removing heat, or by adding or removing water. For example, when the surface 

water in the Gulf of Mexico is heated by insolation it undergoes evaporation and it 

becomes warmer and saltier. These warm salty waters are carried northwards in the Gulf 

Stream (part of the North Atlantic gyre surface circulation) but when that water warms 

the atmosphere in the higher latitudes it loses heat and because the cold and salty water is 

denser than the surrounding water it sinks. When surface water sinks down below c.2km 

(the average depth of the world’s oceans is c.4km) it is referred to as “deep water 

formation”. Today deep water forms in the high latitudes in two main locations, in the 

North Atlantic as “North Atlantic Deep Water” and in the Southern Ocean in ice-

marginal locations as “Antarctic Bottom Water”. These two masses of deep water move 

slowly around the world (the circulation time around the world’s oceans is c.2 ka) and 

when the North Atlantic Deep Water and Antarctic Bottom Water meet, the latter sinks 

below the former because it is denser. Slow mixing between water masses eventually 

causes the deep water to become less dense and upwell (rise). Today upwelling 

principally occurs at the equator and in a few regions of the world’s oceans (e.g., off 

Oman, Somalia, Namibia, Peru, California); the latter are the locations of some of the 

world’s most fertile fisheries. Upwelling brings cold water to the surface and when this 

cold water contrasts with summer heating of the land surface it impacts the strength of 

the monsoon. In principle, the combination of a colder ocean and a warmer land surface 

will generate a stronger summer monsoon. It is important to realize that the differences in 

the temperatures and salinities of these deep ocean water masses, which are set at the 

ocean surface by climate, were almost certainly not the same in the geological past. Since 

ocean circulation creates anomalous (different to latitudinal average) sea surface 

temperatures, this has the potential to alter terrestrial paleoclimate and impact the 

resources available to early hominins. See also monsoon. (5/14/12) Paleoclimatology: 

Terms. 

 



tooth bud<ms> See tooth development in modern humans. (10/4/12) Anatomy: Teeth 

– development. 

 

tooth development in modern humans<ms> The dentition begins to develop in the fifth 

or sixth week when a modern human embryo measures c.12 mm from the top of the head 

(C) to the underside of the rump (R) (i.e., c.12 mm CR stage). At this stage the opposing 

oral epithelium of the maxillary and the mandibular processes of the developing head 

begins to thicken. The process of thickening, which begins posteriorly and moves 

towards the midline, results in a horseshoe-shaped structure called the primary epithelial 

band. During the seventh week the outer (buccal) aspect of the primary epithelial band 

deepens to form the vestibular band; later this corresponds to the sulcus that separates the 

lips and cheeks from the gums. The inner (lingual) margin of the primary epithelial band 

develops into the dental lamina. At intervals along its length the dental lamina swells; 

each of these swellings will give rise to a tooth germ. The first swellings, for the 

deciduous incisors and canines, appear near the midline. Those for the first deciduous 

molars appear at the same time but they are situated more laterally; those for the 

deciduous second molars and the first permanent molars appear later. As you proceed 

posteriorly along the molar tooth row, the time lag between the appearance of the molar 

swellings increases, so that the swellings for the second deciduous molars do not appear 

until about ten weeks (c.40 mm CR stage). The swellings for all three of the permanent 

molars arise from a distal extension of the second deciduous molar lamina and not from 

epithelial downgrowths. This means that the dm2 and the M1-3 are all part of the same 

developmental series. The swelling for the first permanent molar appears later (c.100 mm 

CR stage) than those for the deciduous teeth, and the swellings for the second and third 

permanent molars do not appear until well after birth. Deep to each epithelial swelling the 

underlying mesenchyme (i.e., connective tissue that has migrated into the mandibular and 

maxillary jaw processes from the neural crest region of the developing hindbrain) 

proliferates to form a dense mass of cells called the dental papilla. The latter gives rise to 

most of the tissue that will occupy the pulp cavity of the tooth, plus the odontoblasts, that 

give rise to the dentine, and the dental follicle. A developing tooth, called a tooth germ or 

tooth bud, receives contributions from all three embryonic germ layers. A basal lamina or 

basement membrane, also called the membrana praeformativa, continues to separate the 

epithelial and mesenchymal (pulpal) components of the developing tooth germ. The 

epithelia and the enamel are derived from the ectoderm, the blood vessels are from the 

mesoderm, and the dental papilla, odontoblasts, dentine and dental follicle are all derived 

from endodermally-derived mesenchyme. Initially the epithelial component resembles a 

bud (hence this is called the bud stage of tooth development). But it soon expands at its 

base and becomes slightly concave at the surface adjacent to the dental papilla. The tooth 

germ develops a distinct rim that continues to grow downwards. At this stage it resembles 

a cap, hence this is known as the cap stage. The epithelium adjacent to the dental papilla 

within the region enclosed by the rim is called the inner enamel epithelium; the 

epithelium beyond the rim is called the outer enamel epithelium. During the cap stage, a 

mass of cells called the enamel knot appears in the centre of the inner enamel epithelium. 

In a uni-cuspid tooth the enamel knot is an embryonic signaling centre that controls the 

morphology of the enamel cap. In a multi-cusped tooth the first enamel knot is situated 

where the first cusp of the developing tooth is located, additional cusps and cuspids have 



their own precursor enamel knots. As the rim of the cap stage tooth germ grows it 

deepens and resembles a bell, hence the next developmental stage is known as the bell 

stage and this is the stage when the tissues that go to make up a tooth begin to 

differentiate. The inner enamel epithelium continues to invaginate and at this stage the 

dental papilla contains blood vessels as well as nerves that have migrated in. The inner 

and outer enamel epithelial layers enclose the stellate reticulum and the developing cusps 

are outlined by the cells of the inner enamel epithelium that press up against the adjacent 

stellate reticulum. The layers of the inner and outer enamel epithelium meet at the rim of 

the bell stage tooth germ to form the cervical loop. The stellate reticulum within this loop 

is thought to be the source of the stem cells that feed the ever-expanding inner enamel 

epithelium. It is also at this bell stage that a thin layer of epithelial cells, the stratum 

intermedium, becomes visible between the inner enamel epithelium and the overlying 

stellate reticulum. Along with the ameloblasts that differentiate from the cells of the inner 

enamel epithelium, the stratum intermedium is intimately involved in enamel formation. 

By the early bell stage the strand of dental lamina that connects the tooth germ to the oral 

epithelium has lengthened. It eventually breaks up into a series of discontinuous strands 

of epithelial cells, and when this happens the tooth germ is free within its follicle. During 

the fourth month of development (c.55-100 mm CR stage) buds from the lingual aspect 

of each deciduous tooth germ give rise to the permanent or successional teeth (i.e., the 

teeth that replace a shed deciduous tooth). These permanent tooth germs pass through the 

same developmental stages as the deciduous tooth germs. At the bell stage of tooth 

development of either a deciduous or a permanent tooth, after the outlines of the future 

cusp have been mapped out by the inner enamel epithelium, the hard tissues begin to 

form. Dentine formation, or dentinogenesis, begins when odontoblasts begin to 

differentiate within the dental papilla; the ameloblasts that will form the enamel 

differentiate from the inner enamel epithelium. As the odontoblasts begin to secrete 

predentine they move away from basal lamina and the future enamel dentine junction 

towards the future pulp chamber. Soon after dentinogenesis begins, enamel formation, or 

amelogenesis, begins as mature ameloblasts begin to secrete enamel matrix onto the 

surface of the predentine. Ameloblasts then begin to secrete immature enamel matrix and 

migrate in the opposite direction to odontoblasts; they move outwards, away from the 

basal lamina, towards what will become the surface of the enamel cap.  The first evidence 

of dental hard tissue formation, which is referred to as tooth initiation in the 

anthropological literature, is detected in histologically before it is evident on radiographs 

of developing tooth germs. Tooth initiation should not be confused with the first soft 

tissue evidence of tooth formation, which is the thickening of the dental lamina that 

occurs early in embryonic development. Once the final ameloblasts have differentiated at 

the cervical loop, the stratum intermedium and the stellate reticulum disappear and the 

inner and outer enamel epithelial become a two layered epithelial sheet. This is called the 

epithelial root sheath of Hertwig (pronounced 'Hartwig'). The root sheath maps out the 

shape of the root in the same way the inner enamel epithelium does the shape of the 

crown.  In a single-rooted tooth the root sheath forms a simple tube, whereas in multi-

rooted tooth horizontally-directed processes grow inward and fuse, thus dividing the 

primitive single root canal into two or more independent canals. After the shape of the 

root is mapped out, the epithelial root sheath of Hertwig begins to break down and 

fenestrate; in doing so it brings the inner vascular layer of the dental follicle into direct 



contact with the dentine of the root surface. Follicle cells differentiate into cementoblasts 

that migrate through the fragmented epithelial root sheath and onto the surface of the root 

dentine where they begin to secret the matrix of the cementum. As this process proceeds, 

collagen fibers within the periodontal ligament become incorporated into the mineralized 

cementum as Sharpey’s fibers (tightly bound bundles of collagen fibers) that anchor the 

tooth root to the periodontal ligament. When enamel formation is complete and the 

enamel has matured, the outer enamel epithelium and the remains of the maturational 

ameloblasts form a protective layer on the enamel surface called the reduced enamel 

epithelium.  As the tooth erupts this epithelial layer contributes to the plug of cells around 

the cervix of the tooth, that forms a barrier between the mouth cavity and the developing 

tooth. Scott and Symons (1971) and Schroeder (1991) provide more detail. (10/4/12) 

Anatomy: Teeth – development. 

 

tooth germ<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

tooth initiation<ms> See tooth development in modern humans. (10/4/12) Anatomy: 

Teeth – development. 

 

ultimate causes<ms> See causality. (7/26/12) Evolution/biology - terms. 

 

ultrafiltration<ms> Ultrafiltration is a method for reducing the contaminants in the 

samples used for radiocarbon dating. It refers to filtration through semi-permeable 

membranes under hydrostatic pressure, a process that results in compounds being 

separated according to their molecular weight. It is widely used in many areas of science, 

but its relevance for human evolution is its use in radiocarbon dating. Brown et al. (1987) 

were the first to use ultrafiltration to purify bone collagen for radiocarbon dating when 

they used it to improve the reliability of the dates by more effectively removing 

exogenous carbon contaminants. The method was slow to be adopted, and the first lab to 

use ultrafiltration routinely to purify bone collagen from archeological sites was the 

University of Oxford’s Radiocarbon Accelerator Unit (Ramsey et al. 2004). The process 

begins with the use of chemicals to decalcify and gelatinize the bone being analyzed. 

This pre-treatment, which separates the three polypeptide chains of procollagen - the 

precursor of the collagen fibrils found in bone - is followed by ultrafiltration using a 30 

kD (kilo-Dalton) ultrafilter. This recovers the polypeptide chains, each of which weighs 

c.95-110 kD. Improvement in the quality and composition of the ultrafiltered gelatin is 

confirmed by measuring the ratio of carbon to nitrogen (C:N). Ultrafiltration, which is 

effective at removing low molecular weight components, inevitably concentrates any 

high molecular weight contaminants, and this possibility must be taken into account 

when considering the results. The method has made the most impact on the dating of 

bone from the Late Middle and Early Upper Paleolithic of Europe. When bones that had 

been dated previously using conventional radiocarbon dated were re-dated using 

ultrafiltration the new, often older, dates are more consistent with the archeological 

evidence. This suggests that contaminants not eliminated by traditional methods result in 

an underestimation of the real age. Researchers claim that the re-dating of bone remains 

from key European sites such as Abri Pataud and Geißenklösterle, as well as the bones of 



the “Red Lady” of Paviland, has resulted in chronologies that are more reliable and more 

accurate (Higham et al. 2006, 2011a and b, 2012, Jacobi and Higham 2009). (8/6/12) 

Earth Sciences: Dating – Terms. 

 

umgebung<ms> See form-function complex (7/26/12) Evolution/biology - terms. 

 

umwelt<ms> See form-function complex (7/26/12) Evolution/biology - terms. 

 

virtual reconstruction<ms>Fossils that are incomplete, fragmentary, distorted or 

embedded in sediment can be restored as a digital copy. After acquiring information 

about the original specimen in the form of digital data collected using computed 

tomography (CT) or surface scans, virtual reconstruction typically includes electronic 

preparation, anatomical reconstruction, “retrodeformation” and the estimation of missing 

parts (Weber and Bookstein 2011). Electronic preparation involves the segmentation of 

different gray values in CT images that represent different tissues. Segmentation is used 

to separate individual bones or bone fragments and to remove sediment attached to the 

fossil. Anatomical reconstruction includes mirror-imaging of bilateral structures that are 

preserved on one side but missing on the other, and reassembling broken, but undistorted, 

fragments using anatomical expertise and smoothness criteria (Zollikofer and Ponce de 

León 2005). While digital reconstruction has the advantage that the original fossils are 

not harmed, the steps used in this method mimic those in conventional reconstruction, so 

the same caveats apply. Further steps involved in virtual reconstruction use geometric 

morphometrics based on landmark and semilandmark data (Gunz et al. 2009). 

Unilaterally missing landmarks can be estimated in three different ways. First, 

unilaterally preserved landmarks can be mirrored across a predefined midline to estimate 

the missing landmarks. Second, without the need to define a midline, the entire landmark 

configuration can be superimposed with its relabeled reflection, thereby estimating the 

unilaterally missing landmarks (“reflected relabeling” means changing the algebraic sign 

of one axis and swapping the labels of the paired bilateral landmarks, see Mardia et al. 

2000). Third, in the same way, thin-plate spline interpolation can be used to deform the 

reflection of a landmark configuration to fit the preserved landmarks of the original. 

These methods can be used to “retrodeform” fossils that are either affected by plastic 

deformation on one side, but not on the other, or that are affected by a uniform shear 

effect. Other missing parts that cannot be reconstructed in the ways described above can 

be predicted statistically or geometrically using appropriate reference individuals. It is 

important to note that if a specimen has been reconstructed using a reference individual, 

then those two specimens can no longer be considered independent with respect to 

statistical analyses. Statistical reconstruction uses multiple multivariate regressions based 

on a sample of complete reference individuals to estimate missing landmarks. Geometric 

reconstruction uses the thin-plate spline interpolation to “warp” missing parts from a 

reference individual to the incomplete individual according to preserved homologous 

landmarks and semilandmarks. It is important to choose an appropriate reference 

individual because its morphology inevitably influences the reconstruction. However, 

generating several reconstructions for a fossil based on more than one reference 

individuals can help to gain insight into the extent of these influences: in subsequent 

geometric morphometric analyses, multiple reconstructions of a fossil are treated like 



different individuals to investigate shape variation among them. Furthermore, in images 

of virtually reconstructed individuals it is easy to highlight which parts have been 

estimated. In most cases, there is more than one reasonable reconstruction, whether 

digital methods are used or not. However, the advantage of the methods used in virtual 

reconstruction is that they can help to track uncertainty during analyses and help 

determine whether different reconstructions lead to the same, or different, conclusions. 

See also reconstruction, computed tomography, geometric morphometrics, 

landmark, plastic deformation, semilandmarks, transformation grid, warp. 

(7/16/12) Morphometry: Data capture - Methods, Paleoanthropology: Terms. 

 

Wadi Surdud <m>A sedimentary basin in the Western Yemini region of Al-Mahqwit. 

To the east are the Western Yemeni Highlands; the basin empties westward into the 

Tihama coastal plain. It contains a complex of archeological sites (Shi’bat Dihya 1 [SD 

1] and Shi’bat Dihya 2 [SD 2], and Al-Sharj 1 [AS 1]) on the southern bank of the 

drainage between two ephemeral streams, the Shi’bat Al-Sharj to the west and the Shi’bat 

Dihya to the east. The potential of the region was recognized in 2005 as the result of 

surveys conducted by the Paleo-Y project. The sedimentary sequence consists of silty 

overbank sediments. Little is left of the lower Al-Sharj Member, but it does contain a few 

scattered artifacts. The overlying 30 m-thick Shi’bat Dihya Member, which truncates the 

Al-Sharj Member, consists mainly of silty overbank sediments. The significance of these 

sites is that they provide evidence that hominins were making inland incursions even 

during the arid climates that characterize Oxygen Isotope Stage 3. See also Shi’bat 

Dihya 1. (10/20/12) Paleoanthropology: Sites – Arabian Penisula: Yemen. 

 

 


