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A variety of new �nds have produced a new set of species classi�ed within the

Homo clade. Some of these appear to represent very small hominins with a

variety of traits that are often seen in pathologies. The group of traits,

however, does not associate with any known suite or any single condition,

either genetic or induced by chemicals, radiation, or other means. The �rst

�nd of a hominin, the Neandertal, was considered a pathological modern

human at �rst. Some claimed hominin �nds were fakes that displayed such

unusual traits, but whose status was supported by prominent scientists, that

only a few questioned their authenticity. The lack of �t into the evolutionary

sequence known at a given time has not been considered a single factor in

rejecting a �nd, as the consideration of the Taung fossil eventually proved.

Nevertheless, repeated �nds of the same kind of fossil in different parts of the

world, in different contexts, by the same investigator do seem remarkable.

Placing these �nds in a phylogenetic setting is in order, but the distance and

time frames are as challenging as the problem of coincidence. Reference to

pathological conditions producing several types of dwar�sm is discussed in

the context of these small-bodied �nds. This paper proposes a hypothesis that

a unique infection in several Homo erectus populations could offer a potential

explanation for the developmental anomalies seen in small-bodied hominins.
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1. Introduction

A variety of small-bodied hominins have been

discovered in recent years and given a variety of species

names, including �oresiensis and naledi. Often, they are

referred to in the literature as “diminutive” hominins.

The dates assigned to their periods also vary (Graph 1).

Some scientists also consider them to be either derived

from Homo erectus or from Homo habilis or some

australopithecine[1][2][3][4]. They are dispersed over a

considerable territory, from Africa to Polynesia. The

scienti�c standing of the fossils has been marred by

both passionate debate[5] and poor handling of some

crania, sites, and other remains[6]  and tools, especially

in making casts[7]. Nevertheless, they provide a most

important segment to our understanding of human

evolution and the process of determining species.
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Graph 1. Periods of different small-bodied hominins. New dates for the Rising Star cave for H.

Naledi are from Robbins, et al.[8] Mata Menge date from Brumm, et al.[9].  The Dmanisi fossil

site, where Homo erectus georgicus was found, is dated to 1.8 mya and would therefore range

far outside of the limits of this table[10]

The small-bodied hominins include Homo naledi, Homo

�oresienis, and Berger has not claimed a species

designation for the Palauan �nds[11]. Some of these

remains are not fossilized or are subfossils, though this

term is not a de�nitive one in the literature, often

denoting extinct recent �ora or fauna but seldom any

speci�c condition of remains (see Jungers[12]; Van

Blaricom, et al.[13]; Lucking, et al.[14]). (1) An analysis of

body size to stature, including these 3 with samples of

hominins from 4.4 mya to the present, found that the

small-bodied samples fell outside of the trend of

hominin evolution[15]. Though there has been some

dispute about whether the Palauan �nds were of

normal size or not[16][17], and while some researchers

using the same methods have produced different brain

sizes, body size estimates have also differed, especially

when scaling has been considered[18][6]. Yet

Pribram[19]  demonstrated the more signi�cant aspects

of brain organization and connectivity in cognitive

adaptability.

However, a study of a larger group of both infant

through adult microcephalic and normocephalic

subjects compared to H. �oresiensis found that the

fossil small-bodied hominin fell within the group of

microcephalics[20]. Given that they are all small

samples of supposed populations that appeared at

different times from widely separated locations (Homo

naledi from South Africa, Homo �oresiensis from

Indonesia, and Homo luzonensis from the

Philippines[21], (the sample from Palau is included), this

could represent an artifact of sampling. That would

assume that if a larger sample of these hominins were

found, they would conform with the general trend.

More samples do keep appearing, and some of these are

even smaller[9]. Caldararo has stressed the need for

reference to population genetics and variation over

time in the interpretation of hominin evolution[22].
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This variation, especially when we look at

contemporary populations of humans as well as other

primates, is quite overwhelming, as Plavcan[23]  has

demonstrated.

2. Unusual Finds and Unique Nature

in Comparison

One quality of new �nds that causes skepticism is

unique features that cannot be placed within known

species or genera that show general similarity. This was

one of the problems with Piltdown Man. In general, all

the small-bodied hominins thus far analyzed are placed

within existing species or the general genus of Homo,

falling either within one early Homo species (e.g., habilis

or erectus) but showing unique characters that cannot

be used to assign them to any speci�c group[24]. While

there is signi�cant disagreement over whether the

small-bodied �nds are pathologically derived as noted

below, current theories appear to be unlikely and

illogical in explaining the appearance of these fossils

not only so widely separated in time but also in space. It

should also be kept in mind that some scientists who

have analyzed the group of small-bodied fossils[5] have

noted evidence of incongruent portions of the skeletons

if attributed to one species. But there are also other

reports that the context of the �nds, all of them, was

disturbed before scienti�c excavation could occur[25]

[26]. A new focus in Anthropology has appeared where

the relation of pathology to development and evolution

is considered[27]. While reference to variation in

development goes back to work by Haeckel, it has been

largely ignored in recent decades due to criticism by

Gould[28].

One aspect of the three that seems common is the

deposition of the remains in caves, in Rising Star, the

most inaccessible area. Cave use is not unusual for

hominins, and one is reminded of the long

underground treks necessary to access some of the cave

art in parts of southern France and northern Spain[29].

This Rising Star situation could simply relate to cave

living in general, burial practice, or denote hiding from

extermination as where cultural practices call for

abnormal infants to be killed[30]. Escape would be

sought if termination was known. While the Rising Star

fossils, their fragmentary nature, apparent post-

mortem treatment, and other items have indicated to

some researchers elements of mortuary ritual[31], the

lack of uniform treatment argues against it.

If we consider the general appearance and brain size of

the small-bodied hominins and other small hominins

and attempt to group them with the micro and

nanocephalic samples, it does seem that the small-

bodied group clusters with the pathology group. Recent

research has shown that viral infections can cause a

number of developmental problems in the fetus and

neonate; these include in�ammatory responses[32]. I

will discuss some of these later in this paper. Though

perhaps it is a mistake to assume that the pathologic

factors, genetic and others, would produce the same

features today as in the past. Still, we might assume

that if pathological causes are involved in a Homo

erectus morphology in ontology, all the subjects would

display similar features and would not show those more

consistent with modern humans. This assumption is

undermined by the time factor separating the locales,

as well as the spatial distances and the genetic and

environmental unknowns affecting most of the

pathologies associated with microcephaly. Though

there are parallels in some pathological conditions that

appear especially in primates, for example, Down

Syndrome[33].

While Vannucci, et al.[20] limit this association of Homo

�oresiensis to a sample of microcephalics, there is a

more general possible grouping with them all. Yet in

some samples, workers have asserted that scanning has

produced evidence of brain sizes within the

Australopithecine range[34]. Baab, et al.[35]  use a

number of similar features in comparing fossil

hominins with a number of microcephalic types. While

their polygons overlap with Homo �oresiensis, it is

almost always on the border of the Homo erectus

sample, yet also trending to the microcephalic group.

Their microcephalic sample, however, is limited. In

another study, Baab, et al.[36]  show that the Homo

�oresiensis sample does not cluster with a number of

Down Syndrome individuals. Further research is

necessary. Stringer[37]  has discussed the features of

early Homo fossils and those of Homo erectus to

attempt to understand how to �t the small-bodied �nds

in one group or another in an evolutionary grouping

(see Figure 2).

3. Burials, Caching, and Cats

Another claim for one of the small-bodied hominins is

that for Homo naledi[38] as a species that buried its dead.

There is a long history of claims of burials for early

hominins, and non-human primates, mammals, and

some birds[39]. Often, they are dismissed for a number
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of reasons: intrusion of a later Homo sapiens burial or

disturbance, accidental accumulation due to water, or

movement by predators or rodents. In some cases, we

might question a possible burial due to the simple need

to cover up a smelly rotten mass of organic material, as

in how cats bury their feces. The laboratory rat will

bury a noxious or threatening object[40].

4. Brains, Size, Speciation, and

Tools

Toolmaking and tool-using have long been associated

with a meridian of Homo fossil cognition and

evolution[41]. The brains of Homo erectus are bigger than

those of early Homo (e.g., Homo habilis and Homo

georgicus), while that of Homo �oresiensis is much

smaller. This theory could justify the idea of a smaller

species being represented, as big brains and toolmaking

do not seem necessarily linked[42], yet more evidence is

necessary to support the contention that H. �oresiensis

is a separate species and not just a pathological

example.

The discovery of a new �nd of early Homo at 2.8

ma[43]  or the idea that a new small-brained species,

Homo naledi, has been identi�ed only emphasizes the

problem of the evolution of characteristic human

behavior, as does the discovery of tools dating from 3.3

ma[44]. H. naledi[45][46] could be a version of H. habilis or

H. rudolfensis. Cranial architecture seems to place it at

the base of the australopithecine/ Homo boundary[47].

The fact that a number of individuals re�ect

australopithecine traits is not surprising, given the

small number of early Homo remains heretofore

reported. But, species and generic designation for

hominids have been in �ux for years and continue to be

so[48][49].

This problem has surfaced in the debate over the status

of the fossils from locations other than the island of

Flores. But with those from Flores, the idea that a new

small species could be described from the remains led

to discussions of potential dwar�sm[50][18], pathology,

and later the process of island dwar�sm after the

discovery of the more recent fossils of small individuals

discovered by Berger on Palau[11][51][52]. The idea of

island dwar�ng has been challenged by Stone, et al.[25],

whose own excavations on the island and in the caves

of the �nds dispute isolation, which would be necessary

for dwar�ng to occur unless extreme forms of contact

avoidance were instituted, as among the Andaman

Islanders even today. Thus, the question of how unique

these cases are may represent pathology or adaptation

in the Flores example, or insular dwar�sm in the Palau

example, as they generally fall within the range of

certain local groups of Andaman Islanders (Onge).

However, the small brain size in relation to the scaling

of body size reduction seen in island dwar�ng is too

extreme in the small-bodied hominins[53]. This �nding

is contradicted by that of Gordon, et al.[3], yet in their

analysis, the Homo �oresiensis sample consistently falls

either outside the hominin ranges or at the extremities.

But the effects of mummi�cation and different

conditions of preservation should also be considered, as

in the cases of the Alaskan and Aleutian mummies[54],

in the case of Palau and the Rising Star Cave �nds, or

Homo naledi[45][21]. Some ideas that the Rising Star

Caves had been disturbed or entered from other

directions have been reassessed[55][56][57][58][59].

Figure 1. What is considered microcephalic, both

behaviorally and morphologically, has differed over

the past 200 years. In the above image, the individual

on the left was diagnosed as microcephalic. Image

from Church & Petterson[60]. Variation in frequency,

especially the rate of twins, in Berg & Kirman[61]).

Some paleoanthropologists consider the specimen,

now dubbed Homo �oresiensis, to be a new species[62];

others think it to be a microcephalic dwarf[63]. This idea

is of interest to this discussion also due to the small

brain and body size yet obvious evidence of

considerable cognitive ability.

Nanocephalic/microcephalic dwarfs (the term varies in

the literature) can learn language and are capable of a

number of direction-led actions[64]. But the variation in

severity and limitations is considerable[65]. A

comprehensive analysis appears in Helmut P.G. Seckel’s

book Bird-headed Dwarfs[66]. Martin[63]  and others

chose to identify the H. �oresiensis specimen as a

microcephalic due to the characteristic mandible
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deformation. When you look at the fossil and then the

examples in Seckel, you see the point. There is also the

issue of rapid ageing, which can be associated with the

Homo �oresiensis specimen as an example of a

nanocephalic/microcephalic dwarf.

More interesting is the evidence of other individuals

appearing in Smith’s Recognizable Patterns of Human

Malformation by Kenneth Lyons Jones[67]. Here, we

have a number of other features that also show

similarity with the Homo �oresiensis; in one example,

two children, brother and sister, are shown side by side.

Remember, they are the size of a large capuchin monkey

as in Sapajus apella. The cerebra of both the boy and the

girl are unusual. The cerebrum shows a “simple

primitive convolutional pattern resembling that of a

chimpanzee,” according to Smith. They have only 11

pairs of ribs apiece; they cannot straighten their legs

fully; like many “bird-headed dwarfs,” they have

displaced hips. Others have displaced elbows. Yet, given

all this, some have lived to 75 years of age. The newest

�nd reported by Kaifu, et al.,[68]  reinforces this theory

as the remains are well within the pathological range.

Two studies by paleoneurologist Dean Falk and her

colleagues[62][69]  rejected the possibility of pathology.

Falk’s[62] arguments have been rejected by Martin et al.
[63]  and Jacob et al.[70], and defended by

Morwood[71]  and Argue et al.[72]. Weston and

Lister[73]  have also produced comparisons with other

mammals and dwar�sm with supporting evidence for

Homo �oresiensis. What is most interesting in this �nd

of Homo �oresiensis are the tools that appear to have

been made by these people. While this particular �nd

may be a microcephalic dwarf of a normal H. sapiens

population, the idea that an individual with such a

small brain could make tools at all, and in this case

fairly complex tools, undermines the theoretical

frameworks of brain evolution and cognitive

requirements for human cultural complexity. Evidence

of �re was initially thought to be present, but later this

was assigned to the use of the cave by later arriving

Homo sapiens sapiens[74]. This idea would �t Brown, et

al.,[75]  that a group of Homo erectus lived on the island

and were reduced by conditions of scarcity to a dwarf

condition, retaining primitive tool-using capacity. Yet

the Stone, et al.,[25] criticism of this idea for Palau seems

to apply equally to Flores. The lack of any fossil

evidence of a transition is a problem. Though this in

itself is not key in considering tool-making cognitive

capacity or the lack of �re, as some forest-dwelling

peoples lack �re[76], and �re is lacking at many

hominin sites, including Mousterian sites[77]  not

perhaps due to an inability to discover or an

opportunity to borrow it, but due to cosmological ideas

of �re as the enemy of the forest which may be dei�ed.

Even art and burial have been claimed to have been

produced by Homo naledi, though the association may

be inconclusive[55][46][78].

A molecular defect of Growth Hormone has been

claimed to produce conditions very similar to Homo

�oresiensis[79]. However, Obendorf, et al.,[80]  argue that

the Homo �oresiensis fossils are derived from

myxoedematous endemic (ME) cretins of a Homo

sapiens sapiens population and not Homo erectus. The

features they identify are typical results of congenital

hypothyroidism. A convincing analysis of the Homo

�oresiensis skeleton supports this conclusion[81].

In a focus on the dentition, some support for

microcephaly was published by Regen et al.[82]  though

Kaifu, et al.[83]  argue from similar analysis for island

dwar�ng. It must be kept in mind that this condition

(ME) is regarded as an autosomal recessive trait, but the

fact that there seems to be some variety of outcome has

caused some researchers to argue that there are type I

and type II forms. In fact, Geoffrey Woods, et al.,
[84]  consider there to be at least six genes involved in

the various contemporary forms. How these genes

interact is unknown. The genetic evidence of

contemporary examples does not seem to be well

characterized as yet, and it seems premature to

conjecture about the evolution of the genes involved

until we have more precise information on the living

varieties. Richardson[85]  describes the some 30-odd

genes that seem signi�cant in the study of brain

evolution and cognition and cautions concerning the

dif�culties of relating single gene functions to

performance. She also critiques some recent

interpretations of the function of these genes and

potential implications on IQ and some ideas of race in

general.

Suggestions have been made that one of the Homo

�oresiensis group was a small-bodied human suffering

from Down Syndrome, Henneberg, et al.,[52], but

rejected by a number of researchers (e.g., Dembo[86])

due to their character analysis placing the Homo

�oresiensis group as descended from an early Homo

group possibly derived from Australopithicus sediba, yet

they did not include pathology characters of Down

Syndrome in their analysis. But Brown and

Maeda[2]  applied character analysis to the fossil and

assigned it to also an australopith. In general, character
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analysis has been undermined by the disagreement of

workers on character, signi�cance, and weighting in

analysis[87][86]. Weins[88]  has described the problem in

coding morphological traits and made suggestions for

reducing comparative errors; however, the nature of

pathological effects and coding can introduce errors

that appear to be simple aspects of variation.

In addition to the gene variants, microcephaly can be

induced by prenatal infections and mother’s alcohol

consumption, mimicking the action of

Methylazoxymethanol in mice[89][90][91].
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Pro Con

1. New Previously unknown species a  b

2. Aberrant early Homo species c  d

3. Pathological condition mutations e f

4. Pathological condition disease g h

Chart 1. Theories about Small-bodied hominins  

a. New species often differ from existing fossil

samples; the nature of that variation can justify

new species designation. Homo �orsesiensis

displays a number of signi�cant differences from

existing species.

b. New species are often met with critical attempts to

reassign them to existing classi�cations.

Differences between existing fossils and a new

�nd often appear to pattern as population

variations or as differences introduced by

taphonomy or pathology. But with 3 different

locations with such different times, could there be

one or 3 species?

c. There is disagreement here on an australopith or

early Homo, see Dembo, et al.[86]  vs. Brown &

Maeda[2], but the outcome is similar.

d. How to explain the arrival in Polynesia and

Melanesia, as well as South Africa, of forms of

different small-bodied hominins separated in

time.

e. Pathological agency, either genetic or

developmental, seems to be a likely agent, yet the

number of cases, unless produced by preferential

mating, is curious. Though suites of mutations

produced by radiation can have effects in repeated

cases.

f. There is no agreement over the unique characters

of the small-bodied hominins nor any logical

association in time or causative agency.

g. Pathological agency induced by developmental

irregularities, as in viral disease, seems to be the

most clear and elegant explanation.

h. Uniformity of production of characteristics

appears to be variable, as in radiation-induced

mutations and developmental outcomes[92]. This

could also be a pro.

In fact, brain size variation in modern humans is

considerable, yet performance as a human is unclear as

related to brain size, weight, region size, and so forth[93]

[94]. Holloway[95]  also pointed out the arbitrary nature

of the size of the brain associated with species

designation, especially regarding Neandertals. As he

notes, it is dif�cult to understand why hominid brains

evolved after Homo habilis, and Caldararo has taken on

this problem in a recent book[96].

5. The All At Once, Appearing Full-

Blown an “Athena” Phenomenon

As in the myth of the goddess Athena being born fully

grown from the head of Zeus, the appearance of

combinations of unique features of physiology in

advanced characters in a fossil without lineage has been

problematic, and much like Piltdown Man, they create

concern[97]. Often in the history of fakes and forgeries,

an object or work will appear too good, too shaped as

would be expected by most philosophers of science.

There is, in these cases, no antecedents; the animal or

object is found without any tradition or lineage that

might provide a provenance in the case of art or an

evolutionary sequence for a fossil. In the case of the

small-bodied hominins we have been discussing, they

�t into this category. There is no evolutionary

foundation to support their lineage, and they appear

not only with tools but art as well[55]. They are simply

protégés of the philosophy of miracles.

Wendt[29] reviews the history of remarkable discoveries

that were believed to be fakes and those claims which

turned out on investigation to be fabrications. The

phenomenon of fake is described by the desire to pro�t

in money or fame and the gullibility of many, as well as

the desire to believe despite the evidence. The social

milieu has much to do with this aspect, and yet among
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learned professionals, we �nd the effect of authority to

be a powerful agency, as with the case of the Piltdown

Man. Carl Bishop, et al.,[98]  summarized the objections

of his American colleagues, pointing out the

incongruity of the “completely human skull” in Smith

Woodward’s terms, as well as the lower jaw being

“precisely that of an ape.” Smith Woodward should have

reacted to the contrast but did not. Hrdlicka’s critical

assessment (quoted in Bishop) that the case seemed

clearly to not belong together, but if so, “the case is

totally exceptional.” Yet for most of the

paleoanthropological community, it took the

development of a new analytical technique, �uorine

tests in the hands of a geologist, Oakley, to bring a fresh

view to the problem. This also relates to how the �rst

Neandertals were regarded by some as diseased, which

some were[99]. As Boas had put it in his 1922 book[100],

it sometimes takes the passing of one generation of

thinkers for a younger one to see things in a more

comprehensive fashion. An observation that became a

theory Thomas Kuhn[101]  made famous in his popular

book. Though the thought of a motive has eluded most

investigators of the hoax, Alastair

Brotchie’s[102]  biography of Alfred Jarry, the French

Symbolist writer of Ubu Roi and inventor of the

philosophy of Pataphysics, a satire of science and logic,

could have provided the incentive. The timing of his

writing and the appearance of Piltdown Man are close.

The “Athena” problem is one that has dogged studies in

the origins of domestication of plants and animals, as

human selection on organisms can produce a variety of

characters of bene�t to humans in a relatively short

period of time with few archaeologically distinct

forms[103][104]. Here we can see a number of varieties

appear in rapid succession by breeding experiments,

especially in the past 500 years, where we have fairly

good records. So the “Athena” phenomenon can

genuinely apply in this context.

6. Domestication and Some

Unappetizing Suggestions

In recent years, attention has been collected around the

process of domestication of animals by humans and the

great genetic power human-directed selection can

produce, from dogs to laboratory rats. But also, focus

has been brought to the possibility of self-

domestication of humans and other animals, including

elephants[105]. While the small-bodied hominins appear

to display a signi�cant degree of similarity, some

variations are known. The nature of a population of

humans to direct selective processes to other animals is

well established, and in some cases, sexual selection of

mates is argued to be a general feature of many

species[106]. However, preferential mating with unique

forms is also known among humans, as in the case of

albinos among the Hopi[107]. Such directed selection

could produce varieties of dwarfs that might suggest

the histories of the small-bodied hominins. It could

happen by a religious belief; dwarves have had a

remarkable history in different cultures, representing a

variety of cosmological and magical realms and

ideas[108]. Another less developed theory would be the

selection of hominins for sport, as in jockeys in horse

racing, or for food.

Figure 2. This is Figure 1 from Stringer[37] where he

discusses the potential relationships of early Homo and

Homo erectus specimens.

Map 1. #1 location Palau #2 Flores #3 Rising Star Cave

#4 Luzon.

This last topic touches on the same problem as in our

last section, tracing domestication. Humans raised as

slaves underwent a number of selective pressures from

their owners. One of the most important, from the
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standpoint of the use of slaves on large plantations or

productive services in workshops, is the selection for

docility and the ability to train for different operations

with varying skills. While some evidence has appeared

in genetic studies that selection during slavery has had

some effects[109], this evidence is weak, and the study

population is too diverse and too mixed (especially with

Southern Euroamerican populations) in time to retain

any such effects[110]. Since historic evidence indicates

that most slave populations interbred with the

dominant population, either illicitly or by marriage and

adoption, there has never been a distinct captive

population in human history (e.g.[111]). Also, it would

not explain the small-bodied hominin context where

only small-bodied individuals are found without other

sized hominins. While this could be an artifact of

preservation, it seems unlikely, even though their

fossils were always found in caves.

The same problem pertains to the domestication of a

population of normal-sized hominins bred for food to

become a small-bodied food source. Why one would

produce such a variant might be an aspect of control or

for entertainment. Positive assortative selection could

produce de�ned differences between groups[112]. This is

proposed by some who argue Neandertals were not the

same species as Anatomically Modern Humans, no

matter the amount of admixture (e.g.[49]). The question

of our sample and its relation to the diversity of the

original populations they are derived from and how

representative they are has been treated by Maxwell, et

al.[113]  and bears on the idea of species in the hominin

lineage. The proliferation of new species based on a

number of different methods for species determination

(e.g., Biological Species Concept; Ecological Species

Concept, etc.) has led some to call a temporary end to

new species[114]. This call is reminiscent of some of the

discussions at the Wenner-Gren Foundation meeting of

paleoanthropologists at Burg Wartenstein in 1962[115].

While many of those present expressed con�dence that

new methods and materials would produce more

clarity, the situation seems unchanged in many ways.

While computers and DNA analysis have provided new

methods to look at evolution, the complexity of data

and how programs and coding are fashioned can

introduce new challenges[116][117][118]. This has become

clear when considering the relationships of Archaic and

modern populations[119].

This leaves us with little potential for the features seen

in the small-bodied hominins to be the result of

domestication.

7. Conclusions

When searching for explanations, we might be guided

by the simplest, least complex, or by the most logical. In

this case, it seems that the wide separation of the

locations of the small-bodied hominins would argue for

some factor that might link them not in time or space

but by agency. By this, I mean that it appears rather

unlikely that a small-bodied hominin left Africa or even

the Caucasus after 2 million years ago to then reach the

islands of Flores and Palau millions of years later

without leaving other examples of the type in between.

Also, the general similarity of the forms does argue for

some kind of pathological agency; it could be a suite of

mutations as is associated with some forms of

dwar�sm. The recurrent appearance of small-bodied

hominins in different regions raises questions about

the evolutionary processes at play. There is no reason to

believe that microcephaly has been expressed in all

cases over the past 2 million years in the same fashion

as today. Chew and Tan[120] have broached this problem

recently with disease expression in general. What

seems more likely is a causative agent like a virus that

produced similar developmental anomalous conditions;

yet not so detrimental to survival that maturity could

not be reached. Some viral form of congenital rubella

syndrome could be such an agent. This was mentioned

by Henneberg, et al.[5] previously. There are both brain

and body developmental abnormalities as well as

relations with other conditions, as in endogenous

hypervitaminosis A[121][122][123]  that can act as a

teratogen with dysmorphogenesis; an example is in

Holoprosencephaly, where the two halves of the brain

do not develop normally[124]. While it is also possible

that the original hominin populations in the three

locations could have had different causative agents (e.g.,

Obendorf, et al.[80]; Oxnard, et al.[81]), it seems likely

they represent one pathological systematic event.

Common TORCH infections (toxoplasmosis, syphilis,

rubella, cytomegalovirus, and herpes) have been

traditionally noted as having signi�cant developmental

disturbances; Zika virus was added to the group after a

major outbreak producing developmental problems,

including microcephaly[125].

One potential hypothesis is that a viral infection may

have contributed to the developmental anomalies

observed in small-bodied hominins. This would

eliminate a need for there to be proximity, as local viral

evolution could produce the variations and still need

not be in temporal alignment. The placing of the

remains in caves in widely separated areas is no
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problem for explanation, as it is a common hominin

behavior. This also could explain the lack of normal

hominins in the burial areas, as it could be

representative of the cognitive association of the

victims, or fear of contamination or pollution seen in

disease avoidance in different contexts and even with

other animals[126][127].
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Footnotes

(1) The precise nature of the process of fossilization is

under analysis today, especially regarding soft tissue

preservation as in the case of brain tissue[128]. The case

of the Ganovce Neandertal “endocast” is an example of

soft tissue preservation of a very rare organ[129], which

has received long-overdue interest since I put a color

image of it on Caldararo's 2017 book cover.

References

�. ^Argue D, Morwood MJ, Sutikna T, Jatmiko, Saptomo

W. (2009) "Homo �oresiensis: a cladistic analysis." J. H

um. Evol.. 57, 623–639. doi:10.1016/j.jhevol.2009.05.00

2.

�. a, b, cBrown P, Maeda T. (2009) "Liang Bua Homo �ore

siensis mandibles and mandibular teeth: a contributio

n to the comparative morphology of a new hominin s

pecies." J. Hum. Evol.. 57, 571–596. doi:10.1016/j.jhevol.2

009.06.002.

�. a, bGordon AD, Nevell L, Wood B (2008). "The Homo �

oresiensis cranium (LB1): size, scaling, and early Homo

af�nities." PNAS, USA. 105 (12): 4650-4655.

�. ^Van den Bergh GD, Kaifu Y, Kurniawan I, Kono RT, Br

umm A, Setiyabudi E, Aziz F, Morwood MJ. Homo �ore

siensis-like fossil from the early middle Pleistocene of

Flores. Nature. 2016;534:245-8.

�. a, b, cHenneberg M, Eckhart RB, Scho�eld J (2011). The

Hobbit Trap, How New Species are Invented. Walnut C

reek: Left Coast Press.

�. a, bMartin RD, Genoud M, Hemelrijk CK. (2005) “Probl

ems of allometric scaling analysis: examples from ma

mmalian reproductive biology.” Journal of Experiment

al Biology. 208: 1731–1747.

�. ^Falk D (2011). The Fossil Chronicles: How Two Contro

versial Discoveries Changed Our View of Human Evol

ution. Berkeley: The University of California Press.

�. ^Robbins JL, Dirks PHGM, Roberts EM, Kramers JD, Ma

khubela TV, et al. Providing context to the Homo naled

i fossils: Constraints from �owstones on the age of sedi

ment deposits in Rising Star Cave, South Africa. Chemi

cal Geology. 2021;567:120108.

�. a, bBrumm A, van den Bergh GD, Storey M, Kurniawan

I, Alloway B, et al. (2016) "Age and context of the oldes

t known fossil hominins from Flores." Nature. 534: 249

-253.

��. ^Ferring R, Oms O, Agusti J, Berna F, Nioradze M, Sheli

a T, et al. Earliest human occupations at Dmanisi (Geo

rgian Caucasus) dated to 1.85-1.78 Ma. Proc Natl Acad

Sci U S A. 2011;108(26):10432-6.

��. a, bBerger LR, Churchill SE, De Klerk B, et al. (2008) "S

mall-bodied humans from Palau, Micronesia." PLoS O

ne. 3: e1780.

��. ^Jungers WL. (1980) “Adaptive diversity in subfossil M

alagasy prosimians.” Zeitschrift fur Morphologie und

Anthropologie. 71(2): 177-186.

��. ^Van Blaricom LR, Gerber L, Brownell RL Jr. Marine M

ammals, Extinctions of. In: Levin SA, editor. Encyclope

dia of Biodiversity. 2001:37-69.

��. ^Lucking R, Nelsen MP. (2018) “Ediacarans, Protoliche

ns, and Lichen-derived Penicillium.” In Transformativ

e Paleobotany, (Eds.) Michael Krings, Carla J. Harper, G

ar W. Rothwell. Elsevier: 551-590.

��. ^Will M, Pablos A, Stock JT (2007). "Long-term patter

ns of body mass and stature evolution within the hom

inin lineage." Royal Society Open Science 4. doi:10.109

8/rsos.171339.

��. ^Fitzpatrick SM, Nelson GC, Clark G (2008). "Small Sc

attered Fragments Do Not a Dwarf Make: Biological a

nd Archaeological Data Indicate that Prehistoric Inha

bitants of Palau Were Normal Sized." PLoS ONE. 3 (8):

e3015. doi:10.1371/journal.pone.0003015.

��. ^Gallagher A (2008). "Size Variation in Small-Bodied

Humans from Palau, Micronesia." PLoS ONE. 3 (12): e3

939. doi:10.1371/journal.pone.0003939.

��. a, bKubo D, Kono RT, Kaifu Y. (2013) “Brain size of Hom

o �oresiensis and its evolutionary implications.” Proc.

R. Soc. Lond. B Biol. Sci. 280: 1–8.

��. ^Pribram KH. Brain and Perception, Holonomy and St

ructure in Figural Processing. Hillsdale, N.J.: Lawrence

Eribaum Associates; 1991.

��. a, bVannucci R, Barron TF, Holloway RL. Craniometric

ratios of microcephaly and LB1, Homo �oresiensis, usi

ng MRI and endocasts. PNAS USA. 2011;108(34):14043-

14048.

��. a, bDetroit F, Mijares AS, Corny J, et al. (2019). "A new s

pecies of Homo from the Late Pleistocene of the Philip

pines." Nature. 568: 181–186.

qeios.com doi.org/10.32388/1BJMF5.2 10

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2


��. ^Caldararo NL. (2018) "Probability, Populations, Phylo

genetics and Hominin Speciation." Human Biology. 90

(2): 129–155. doi: 10.13110/humanbiology.90.2.04

��. ^Plavcan JM. Human Biology and the Origins of Hom

o. Current Anthropology. 2012;53(S6):S409-S423.

��. ^Shroeder L, Scott JE, Garvin HM, Laird MF, Dembo M,

et al. Skull diversity in the Homo lineage and the relati

ve position of Homo naledi. J. Human Evol.. 2016;104:1

24-135.

��. a, b, cStone JH, Fitzpatrick SM, Napolitano MF. Disprovi

ng claims for small-bodied humans in the Palauan arc

hipelago. Antiquity. 2017;91(360):1546-1560.

��. ^Wong K (2023). "This Small-Brained Human Species

May Have Buried Its Dead, Controlled Fire and Made

Art." Sci. Amer. 5 June: https://www.scienti�camerican.

com/article/this-small-brained-human-species-may-

have-buried-its-dead-controlled-�re-and-made-art/.

��. ^Diogo R, Smith CM, Ziermann JM (2015). "Evolutiona

ry developmental pathology and anthropology: a new

�eld linking development, comparative anatomy, hum

an evolution, morphological variations and defects, a

nd medicine." Developmental Dynamics. 244 (11): 1357

-1374.

��. ^Gould SJ (1977). Ontogeny and Phylogeny. Cambridg

e, MA: Belknap Press.

��. a, bWendt, Herbert (1955) In Search of Adam, New Yor

k, Houghton Mif�in.

��. ^Craig M. (2004) "Perinatal risk factors for infanticide

and infant homicide: can we identify those at risk?" J.

R. Soc. Med. 97 (2): 57-61.

��. ^Pettitt P. (2022) “Did Homo naledi dispose of their de

ad in the Rising Star Cave system?” S Afr J Sci. 118(11/1

2): Art.#15140. doi:10.17159/sajs.2022/15140.

��. ^Cordeiro C, Tsimis M, Burd I. (2015) "Infections and b

rain development." Obstet Gynecol Surv. 70 (10): 644–

655.

��. ^Hirata S, Hirai H, Nogami E, Morimura N, Udono T (2

017). "Chimpanzee Down syndrome: a case study of tri

somy 22 in a captive chimpanzee." Primates. doi:10.10

07/s10329-017-0597-8.

��. ^Holloway RL, Hurst SD, Gavin HM, Schoenemann T, V

anti WB, et al. (2018). "Endocast morphology of Homo

naledi from the Dinaledi Chamber, South Africa." PNA

S, USA. 115 (22): 5738-5743.

��. ^Baab KL, McNulty KP, Harvati K. (2013) "Homo �ores

iensis Contextualized: A Geometric Morphometric Co

mparative Analysis of Fossil and Pathological Human

Samples." PLoS ONE. 8 (7): e69119. doi:10.1371/journal.

pone.0069119.

��. ^Baab KL, Brown P, Falk D, Richtsmeier JT, Hildebolt C

F, Smith K, et al. (2016) "A Critical Evaluation of the Do

wn Syndrome Diagnosis for LB1, Type Specimen of Ho

mo �oresiensis." PLoS ONE. 11 (6): e0155731. doi:10.137

1/journal.pone.0155731.

��. a, bStringer C. The many mysteries of Homo naledi. eL

ife. 2015;4:e10627. doi:10.7554/eLife.10627.

��. ^Berger LR, Makhubela T, Molopyane K, Kruger A, Ra

ndolph-Quinney P, et al. (2023) "Evidence for deliberat

e burial of the dead by Homo naledi." eLife. https://elif

esciences.org/reviewed-preprints/89106?utm_source=c

ontent_alert&utm_medium=email&utm_content=fullte

xt&utm_campaign=17-July-23-elife-alert.

��. ^Pettitt P, Anderson JR. (2020) “Primate Thanatology

and hominoid mortuary archaeology.” Primates. 61(1):

9-19.

��. ^Whishaw, Ian Q., and (2006) “Analysis of behavior in

the laboratory rat,” In The Laboratory Rat, Defensive

Burying, Mark A. Suckow, Steven H. Weisbroth and Cr

aig L. Franklin, (eds), Second Edition, American Colleg

e of Laboratory Animal Medicine, 191-218.

��. ^Marzke M. (2013) “Tool making, hand morphology a

nd fossil hominins.” Philos Tran R. Ros Lond B Biol. Sc

i. 368(1630). doi:10.1098/rstb.2012.0414.

��. ^Shea J. Occasional, obligatory, and habitual stone too

l use in hominin evolution. Evolutionary Anthropolog

y. 2017;26(5):200-217.

��. ^Shreeve J. Oldest human fossil found, rewriting famil

y tree. National Geographic Magazine. 2015;March 5.

��. ^Thompson H. Oldest stone tools yet discovered are un

earthed in Kenya. The Smithsonian Magazine. 2015;M

ay 20. https://www.smithsonianmag.com/science-nat

ure/oldest-known-stone-tools-unearthed-kenya-1809

55341/.

��. a, bBerger LR, Hawks J, de Ruiter DJ, et al. (2015) "Hom

o naledi, a new species of the genus Homo from the Di

naledi Chamber, South Africa." eLife. 4: e09560.

��. a, bFuentes A, Kissel M, Spikins P, Molopyane K, Hawks

J, Berger LR (2023). "Burials and engravings in a small

-brained hominin, Homo naledi, from the late Pleistoc

ene: contexts and evolutionary implications." eLife. do

i:10.7554/eLife.89125.1.

��. ^Schroeder L, Scott JE, Garvin HM, et al. Skull diversity

in the Homo lineage and the relative position of Homo

nadeli. Journal of Human Evolution. 2016;97:17-26.

��. ^Schwartz JH, Tattersall I. De�ning the genus Homo. S

cience. 2015;349(6251):931-932.

��. a, bMeneganzin A, Bernardi M. (2023) “Were Neandert

als and Homo sapiens ‘good species’?” Quaternary Sci

Reviews. 303(1). doi:10.1016/j.quascirev.2023.107975.

qeios.com doi.org/10.32388/1BJMF5.2 11

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2


��. ^Lieberman DE. (2009) “Homo �oresiensis from head

to toe.” Nature. 459: 41–42.

��. ^Wilford JN (2008). "Debate over “little people” intensi

�es after recent island discovery." New York Times, 18

March. https://www.nytimes.com/2008/03/18/scienc

e/18litt.html.

��. a, bHenneberg M, Eckhardt RB, Chavanaves S, et al. (2

014). "Evolved developmental homeostasis disturbed i

n LB1 from Flores, Indonesia, denotes Down syndrome

and not diagnostic traits of the invalid species Homo �

oresiensis." Proc. Natl. Acad. Sci. U.S.A. 111: 11967–1197

2.

��. ^Perry GH, Dominy NJ. (2009) “Evolution of the huma

n pygmy phenotype.” Trends in Ecology and Evolutio

n. 24(4): 218-284.

��. ^Zimmerman MR (1998). "Alaskan and Aleutian mum

mies." In Mummies, Disease and Ancient Cultures, 2nd

ed., T. A. Cockburn, E. Cockburn, and T. A. Reyman, ed

s. Cambridge: Cambridge University Press, 138–153.

��. a, b, cBerger LR, Hawks J, Fuentes A, van Rooyen D, Tsi

koane M, et al. (2023a) "241,000 to 335,000 Years Old

Rock Engravings Made by Homo naledi in the Rising S

tar Cave system, South Africa." eLife. doi:10.7554/eLife.

89102.1.

��. ^Dirks P, Berger LR, Roberts EM, Kramers JD, Hawks J,

Randolph-Quinney PS, Elliott M, Musiba CM, Churchil

l SE, de Ruiter DJ, Schmid P, Backwell LR, Belyanin GA,

Boshof P, Eaves KL, Feuerriegel EM, Gurtov A, Harriso

n J, du G, Hunter R, Kruger A, Morris H, Makhubela TV,

Peixotto B, Tucker S (2015). "Geological and taphonom

ic evidence for deliberate body disposal by the primiti

ve hominin species Homo naledi from the Dinaledi Ch

amber, South Africa." eLife. 4: e09561. doi:10.7554/eLif

e.09561.

��. ^Dirks PHGM, Berger LR, Hawks J, Randolph-Quinney

PS, Backwell L, Roberts E (2016). "Comment on ‘Delibe

rate body disposal by hominins in the Dinaledi Cham

ber, Cradle of Humankind, South Africa?’" Journal of H

uman Evolution. 96: 149–153.

��. ^Dirks PHGM, Roberts EM, Hilbert-Wolf H, Kramers JD,

Hawks J, et al. (2017). "The age of Homo naledi and as

sociated sediments in the Rising Star Cave, South Afric

a." eLife. 6: e24231.

��. ^Elliot MC, Makhubela TV, Brophy JK, Churchill SC, Pei

xotto B, et al. (2021). "Expanded explorations of the Di

naledi Subsystem, Rising Star Cave System, South Afri

ca." PaleoAnthropology. 1: 15-22. doi:10.48738/2021.iss

1.68.

��. ^Church A, Petterson F. (1899) Nervous and Mental Dis

eases. Philadelphia: Saunders.

��. ^Berg JM, Kirman BH. (1960) "The mentally defective

twin." The British Medical Journal. 1 (5190): 1911-1917.

��. a, b, cFalk D, Hildebolt C, Smith K, et al. (2005). "The br

ain of LB1, Homo �oresiensis." Science. 308 (5719): 242

–245.

��. a, b, cMartin RD, MacLarnon AM, Phillips JL, Dussubie

ux L, Williams PR, Dobyns WB. (2006) “Comment on

‘The Brain of LB1, Homo �oresiensis’.” Science. 312(577

6): 999.

��. ^Green AJ, Yates JR, Taylor AM, et al. (1995). "Severe mi

crocephaly with normal intellectual development: the

Nijmegen Breakage syndrome." Archives of Disease in

Childhood. 73 (5): 431–434.

��. ^Minati L, Giaccone G, Incerti LD, Zucca I, Sprea�co R,

et al. (2013) “Severe microcephaly with polynodular h

eterotopia: a high-�eld MRI and neuropathological ca

se study.” European Journal of Neurology. 20: e81-e82.

��. ^Seckel HP. Bird-Headed Dwarfs: Studies in Developm

ental Anthropology Including Human Proportions. Spr

ing�eld: Charles C. Thomas; 1960.

��. ^Smith DW. Smith’s Recognizable Patterns of Human

Malformation. 6th ed. Edited by Jones KL, Jones MC, d

el Campo M. Elsevier Sanders; 1988.

��. ^Kaifu Y, Kurniawan I, van den Bergh GD, et al. (2024)

“Early evolution of small body size in Homo �oresiens

is.” Nature Communications. 15: 6381.

��. ^Falk D, Hildebolt C, Smith K, et al. (2007). "Brain shap

e in human microcephalics and Homo �oresiensis." Pr

oceedings of the National Academy of Sciences. 104

(7): 2513–2518.

��. ^Jacob T, Indriati E, Soejono RP, et al. (2006) “Pygmoi

d Australomelanesian Homo sapiens skeletal remains

from Liang Bua, Flores: population af�nities and path

ological abnormalities.” Proceedings of the National A

cademy of Sciences, USA. 103(36): 13421–13426.

��. ^Morwood MJ, Brown P, Jatmiko, et al. (2005) “Furthe

r evidence for small-bodied hominins from the Late Pl

eistocene of Flores, Indonesia.” Nature. 437(7061): 1012

–1017.

��. ^Argue D, Donjon D, Groves C, Wright R. (2006) "Hom

o �oresiensis: microcephalic, pygmoid, Australopithec

us, or Homo?" Journal of Human Evolution. 51 (4): 360

–374.

��. ^Weston EM, Lister AM (2009). "Insular dwar�sm in h

ippos and a model for brain size reduction in Homo �o

resiensis." Nature 459 (7243), May 7: 85–88.

��. ^Morley MW, Goldberg P, Sutikna T, Tocheri MW, Prins

loo LC, Jatmiko, Saptomo EW, Wasisto S, Roberts RG. “I

nitial micromorphological results from Liang Bua, Flo

res (Indonesia): Site formation processes and hominin

activities at the type locality of Homo �oresiensis.” Jou

qeios.com doi.org/10.32388/1BJMF5.2 12

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2


rnal of Archaeological Science. 2016. doi:10.1016/j.jas.2

016.06.004.

��. ^Brown P, Sutikna T, Morwood MJ, Soejono RP, Jatmik

o, Saptomo EW, Due RA. (2004) "A new small-bodied

hominin from the Late Pleistocene of Flores, Indonesi

a." Nature. 431, 1055–1061. doi:10.1038/nature02999.

��. ^Radcliffe-Brown AR. The Andaman Islanders. Cambr

idge: At the University Press; 1922.

��. ^Gowlett JAJ (2016). "The discovery of �re by humans:

a long and convoluted process." Philosophical Transac

tions of the Royal Society B. 371. doi:10.1098/rstb.2015.

0164.

��. ^Martinón-Torres M, Garate D, Herries AIR, Petraglia

MD. (2023) “No scienti�c evidence that Homo naledi b

uried their dead and produced rock art.” Journal of Hu

man Evolution. doi:10.1016/j.jhevol.2023.103464.

��. ^Hershkovitz I, Kornreich L, Laron Z (2007). "Compar

ative skeletal features between Homo �oresiensis and

patients with primary growth hormone insensitivity

(Laron Syndrome)." Amer. J. Physical Anth. 134 (2): 198

-208.

��. a, bObendorf PJ, Oxnard CE, Kefford BJ. (2008) “Are the

small human-like fossils found on Flores human ende

mic cretins?” Proceedings of the Royal Society, B. 275(1

640). doi:10.1098/rspb.2007.1488.

��. a, bOxnard C, Obendorf PJ, Kefford BJ. (2010) “Post-Cra

nial Skeletons of Hypothyroid Cretins Show a Similar

Anatomical Mosaic as Homo �oresiensis.” PLoS ONE.

5(9): e13018. doi:10.1371/journal.pone.0013018.

��. ^Regen A, Nelson LP, Woo SB. Dental Manifestations A

ssociated With Seckel Syndrome Type II: A Case Repor

t. Pediatric Dentistry. 2010;32(5):445-450.

��. ^Kaifu Y, Kono RT, Sutikna T, Saptomo EW, Jatmiko, et

al. (2015) “Unique dental morphology of Homo �oresi

ensis and its evolutionary implications.” PLoS One. 10

(11). doi:10.1371/journal.pone.0141614.

��. ^Woods GCJ, Bond C, Enard W (2005). "Autosomal rece

ssive primary microcephaly (MCPH): a review of clinic

al, molecular and evolutionary �ndings." Am. J. Hum.

Genet. May, 76 (5): 717-728.

��. ^Richardson SS. Race and IQ in the postgenomic age: t

he microcephaly case. BioSocieties. 2011;6:420-446. do

i:10.1057/biosoc.2011.20.

��. a, b, cDembo M, Matzke NJ, Mooers AØ, Collard M (201

5). "Bayesian analysis of a morphological supermatrix

sheds light on controversial fossil hominin relationshi

ps." Proceedings of the Royal Society B. 282 (1812): 201

50943. doi:10.1098/rspb.2015.0943.

��. ^Lordkipanidze D, Ponce de León MS, Margvelashvili

A, Rak Y, Rightmire GP, Vekua A, Zollikofer CPE. (2013)

“A complete skull from Dmanisi, Georgia, and the evol

utionary biology of early Homo.” Science. 342: 326–33

1. doi:10.1126/science.1238484.

��. ^Weins JL (2001). "Character Analysis in Morphologic

al Phylogenetics: Problems and Solutions." Syst. Biol. 5

0 (5): 689-699.

��. ^Anderson B. (1994) "Naltrexone (NTX) ameliorates th

e behavioral consequences of methylazoxy-methanol

(MAM)-induced microcephaly." Neurology. 44: A412.

��. ^Anderson B. (2000) "The g-factor in non-human ani

mals." Neurology. 127, Novartis Foundation symposiu

m 233: 79–90; discussion: 90–95.

��. ^Ornoy A, Ergaz Z. (2010) “Alcohol abuse in pregnant

women: effects on the fetus and newborns mode of ac

tion and maternal treatment.” International Journal o

f Environmental Research and Public Health. 7(2): 364

–379.

��. ^Sankaranarayanan K. Ionizing radiation and genetic

risks: X. The potential ‘disease phenotypes’ of radiatio

n-induced genetic damage in humans: perspectives fr

om human molecular biology and radiation genetics.

Mutation Research/Fundamental and Molecular Mec

hanisms of Mutagenesis. 1999;429(1):45-83.

��. ^Holloway RL (1980). "Within-species brain-body wei

ght variability: A reexamination of the Danish data an

d other primate species." Am. J. Phys. Anthropol. 53: 10

9–121.

��. ^Dekaban AS, Sadowsky D. (1978) "Changes in brain

weights during span of human life: Relation of brain

weights to body heights and body weights." Ann. Neur

ol.. 4: 345–356.

��. ^Holloway R (1996). "Evolution of the human brain." I

n Handbook of Human Symbolic Evolution, A. Lock an

d C. Peters, eds. New York: Oxford University Press, 74–

116.

��. ^Caldararo NL. (2017) Big Brains and the Human Sup

erorganism: Why Special Brains Appear in Humans an

d Other Social Animals. Lanham, MD: Lexington Pres

s.

��. ^Trinkaus E, Shipman P. The Neandertals, Changing I

mage of Mankind. New York: Alfred A. Knopf; 1993.

��. ^Bishop CW, Abbot CG, Hrdlicka A. (1930) Man From t

he Farthest Past. Smithsonian Scienti�c Series. 7: 134-1

65.

��. ^Virchow R. Untersuchung des Neanderthal-Schädels

[Examinations on the Neandertal skull]. Verh Berl Ant

hrop Ges (in German). 1872;4:157–165.

���. ^Boas F. (1922) The Mind of Primitive Man. New York:

Macmillan Co. p. 241.

���. ^Kuhn TS. (1962) The Structure of Scienti�c Revolutio

ns. Chicago: University of Chicago Press, Second Editio

n, enlarged, 1970.

qeios.com doi.org/10.32388/1BJMF5.2 13

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2


���. ^Brotchie A. (2015) Alfred Jarry: A Pataphysical Life. C

ambridge MA: MIT Press.

���. ^Cohen MN. (1977) The Food Crisis in Prehistory. New

Haven: Yale University Press.

���. ^Issac E. (1970) Geography of Domestication. Englewo

od Hills: Prentice-Hall.

���. ^Raviv L, Jacobson SL, Plotnik JM, Bowman J, Lynch V,

et al. Elephants as an animal model for self-domestica

tion. PNAS. 2023;120(15). doi:10.1073/pnas.220860712

0.

���. ^Trivers R. Social Evolution. Menlo Park: Benjamin/C

ummings; 1985.

���. ^Hedrick PW (2003). "Hopi Indians, ‘cultural’ selection,

and albinism." Am. J. Phys. Anthropol. 121 (2): 151-156.

���. ^Dasen V. (2013) Dwarfs in Ancient Egypt and Greece.

Oxford: Oxford University Press.

���. ^Jin W, Xu S, Wang H, Yu Y, Shen Y, et al. (2012) “Geno

me-wide detection of natural selection in African Ame

ricans pre- and post-admixture.” Genome Research. 2

2(3): 519–527. doi:10.1101/gr.124784.111.

���. ^Bryc K, Durand EY, Macpherson JM, Reich D, Mountai

n JL. (2015) "Genetic ancestry of African Americans, L

atinos, and European Americans, across the United Sta

tes." Am J Hum Genet. 96 (1): 37–53. doi:10.1016/j.ajhg.2

014.11.010.

���. ^Huemoeller KP. (2020) “Freedom in marriage: manu

mission for marriage in the Roman World.” Journal of

Roman Studies. 110: 123-139.

���. ^Goldberg A, Rastogi A, Rosenberg NA (2020). "Assorta

tive mating by population of origin in a mechanistic

model of admixture." Theor. Popul Biol. 134: 129-146.

���. ^Maxwell SJ, Hopley PJ, Upchurch P, Soligo C. (2018) “S

poradic sampling, not climatic forcing, drives observe

d early hominin diversity.” PNAS, USA. 115(19): 4891-4

896.

���. ^Quintyn C. The naming of new species in hominin ev

olution: a radical proposal – a temporary cessation in

assigning new names. Journal HOMO of Comparative

Human Biology. 2009;60:307-341.

���. ^Washburn S, ed. Classi�cation and Human Evolution.

Chicago: Aldine Publishing Co.; 1963.

���. ^Sepkoski D. Rereading the Fossil Record: The Growth

of Paleobiology as an Evolutionary Discipline. Chicag

o: Chicago University Press; 2012.

���. ^Zliobaite I, Puolamaki K, Eronen JT, Fortelius M (201

7). "A survey of computational methods for fossil data

analysis." Evolutionary Ecology Research 18: 477-502.

���. ^Zliobaite I. Measuring discrimination in algorithmic

decision making. Data Min Knowl Discov. 2017;31(2):1-

30.

���. ^Bennett EA, Fu Q. (2024) "Ancient genomes and the e

volutionary path of modern humans." Cell. 187 (5): 10

42-1046.

���. ^Chew EJ, Tan PH. (2023) "Evolutionary changes in pa

thology and our understanding of disease." Pathobiol

ogy. 90 (3): 209-218.

���. ^Rothman KJ, Moore LL, Singer MR, Nguyen UDT, Ma

nnino S, et al. Teratogenicity of vitamin A intake. N. En

g. J. Med.. 1995;333:1369-1373.

���. ^Epifanova E, Nguyen L (2023). "Brain development: t

he dangers of rubella virus." eLife. 12. doi:10.7554/eLif

e.89265.

���. ^Popova G, Retallack H, Kim CN, et al. Rubella virus tr

opism and single cell responses in human pmary tissu

e and microglia-containing organoids. eLife. 2023;12:R

P87696. doi:10.7554/eLife.87696.

���. ^Lipinski R, Godin EA, O’Leary-Moore SK, Parnell SE,

Sulik KK. (2010) “Genesis of Teratogen-induced holopr

osencephaly in mice.” Am J. Med. Genet. C. Semin Med.

Genet. 154C(1): 29-42.

���. ^Gordon-Lipkin E, Hoon A, Pardo CA (2020). "Prenatal

cytomegalovirus, rubella, and Zika virus infections ass

ociated with developmental disabilities: past, present

and future." Developmental Medicine and Child Neuro

logy. 63 (2): 135-143.

���. ^Caldararo N. (2013) Evolutionary Aspects of Disease

Avoidance. Saarbrucken: Scholars’ Press.

���. ^Caldararo N. (2015) "Social behaviour and the supero

rganism: implications for disease and stability in com

plex animal societies and Colony Collapse Disorder in

honeybees." Interdisciplinary Description of Complex

Systems. 13 (1): 82–98.

���. ^Morton-Hayward AL, Anderson RP, Saupe EE, Larso

n G, Cosmidis JG. (2024) “Human brains preserve in di

verse environments for at least 12,000 years.” Proceed

ings B. Royal Soc. 291: 20232606. doi:10.1098/npb.202

3.2606.

���. ^Eisova S, Veleminsky P, Bruner E (2019). "The Neande

rtal encocast from Ganovce (Poprad, Slovak Republi

c)." Journal of Anthropological Sciences. 97: 139-149.

Declarations

qeios.com doi.org/10.32388/1BJMF5.2 14

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2


Funding: No speci�c funding was received for this work.

Potential competing interests: No potential competing interests to declare.

qeios.com doi.org/10.32388/1BJMF5.2 15

https://www.qeios.com/
https://doi.org/10.32388/1BJMF5.2

