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ABSTRACT. Iodine is essential for modern humans and may have been
essential for Neandertals as well. Today about 30 percent of the world's
population is at risk of iodine deficiency disorders (IDD), 750 million
people suffer from goiter, 43 million have IDD-related brain damage and
mental retardation, and 5-7 million are afflicted by cretinism, the most
severe form of IDD. Distinctive Neandertal skeletal traits are identical
to those of modern humans who suffer from cretinism. Cro-Magnon Venus
figurines also exhibit distinctive traits associated with cretinism among modern humans. This new evidence, coupled with recent mitochondrial DNA findings, suggests that a single genetic alteration, which improved the ability of the thyroid gland to extract and utilize iodine, may account for differences between Neandertals and modern humans. Late Pleistocene human evolution, consequently, may be explained by several alternative interpretations involving iodine pathology an d/or biological adaptation. Speciation may have resulted from the geographical isolation of inland populations. 


The medical geography of iodine deficiency disorders (IDD) makes for
fascinating science, but consider first its human dimensions: A baby is
born as perfect as any other. During her infancy her parents gradually
notice a hoarse cry, a protruding tongue, a too-large head with a
sloping forehead, a slumping curve in the tiny spine For the rest of her
life, she will be physically deformed and mentally retarded, her joints
will ache, her neck will be disfigured by goiter, and she may experience
deafness tremors, and other neurological disorders. For want of iodine,
an otherwise healthy child has become, in proper medical terminology, a
cretin,[ 1] afflicted by cretinism--the appalling condition that gave
our language its most offensive slang term for idiocy. 

Westerners typically assume that the problem of IDD was solved early in
the twentieth century through the universal distribution of iodized
salt. Yet today more than a billion people remain at risk worldwide,
hundreds of millions suffer from goiter and diminished mental capacity,
and millions suffer from cretinism. Although the physiological roots of
such an extreme dependency surely must reach to the foundations of human
evolution (Dobson 1995), they are neglected in evolutionary theory. In
this article I describe the syndromes and causes of IDD, address the
medical geography of IDD both modern and ancient, and explore the
implications for human evolution. 


IDD PATHOLOGY IN MODERN HOMANS 


Our species, Homo sapiens sapiens, is extraordinarily dependent on
iodine. Modern humans without an adequate, continual supply of the
element typically suffer from goiter and cretinism. Goiter is an
enlargement of the thyroid gland caused by dietary iodine deficiency.
Cretinism is a more severe pathological condition involving physical
deformity and mental retardation caused either by dietary iodine
deficiency or by malfunction or absence of the thyroid glands that
normally process iodine into thyroid hormone. The form caused by dietary
deficiency is called endemic cretinism, and that caused by malfunction
or absence of thyroid glands is called sporadic cretinism (or congenital
hypothyroidism if onset is prenatal). In a European context, Ernst
Finkbeiner further categorized endemic cretinism as either gracile or
massive forms with substantially different skeletal morphologies (1923).
In 1995 Harold D. Foster wrote: "This is not a single disease but rather
a syndrome of great diversity which ranges from severe hypothyroidism to
major neurological disorder, with many intermediate gradations" (p.
139). Cretinism is diagnosed not by a single, rigid set of traits but by
numerous symptoms that vary according to the fetal stage or age of the
individual at their onset, to the severity and duration of iodine
deficiency, and to geographical location (Pharoah and others 1980). The
principal difficulty is in making a reliable diagnosis of cretinism,
given its diverse symptoms, the inadequate and confusing medical
descriptions inherited from the 1800s and early 1900s when cretinism was
common in Europe, and the complex interactions between iodine and
selenium (Foster 1995). 

Specific syndromes of cretinism include Kocker-Debre-Semelaigne (KDs)
and Brissaud infantilism. KDS is defined as "large muscle syndrome. ...
Apparent muscular hypertrophy in hypothyroid children [gives] them the
'herculean' (prizefighter, athletic, or pseudo-athletic) appearance.
Associated disorders may include retarded physical and mental
development, delayed dentition. ... peculiar facies, ... and increased
muscle mass" (Jablonski 1991,180). KDS occurs in both children and
adults (Magalini and Scrascia 1981, 456). Brissaud in fantilism syndrome
is defined as "mental deficiency, dwarfism with disproportionately long
trunk in relation to legs, epiphyseal dysgenesis, large head, delayed
closore of the fontanelles, broad nose with wide flaring nostrils, open
mouth, coarse facies, ... protruding abdomen[,] ... delayed dentition,
delayed shedding of the primary dentition, underdeveloped jaws,
especially the mandible, and a tongue enlarged ..., protruding and
leading to malocclusion" (Jablonski 1991, 84). Adult cretinous bones are
extremely dense; epiphyseal dysgenesis arrests linear growth, coincident
with adolescent sexual development, while allowing concentric growth to
continue. Epiphyseal dysgenesis is pronounced in the long bones of legs
and arms, often leading to arthritis and other diseases of the joints.
In spite of their unusual thickness, cretinous bones have been described
erroneously as rachitic (International Dictionary ... 1986, 670),
presumably referring to curvature rather than to density, although
Finkbeiner suggested that both conditions were present in some
individuals (1923). Indeed, a diet with insufficient iodine may well be
deficient in several nutrients leading to other deficiency diseases:
beriberi, pellagra, scurvy, rickets, keratomalacia, and anemia. 

Bone deformities are pronounced in the cretin skull. According to the
clinical description by Clemens E. Benda, 

The head is large, measuring at least 21 to 22 inches (55 cm.) in
circumference, which is a good-sized head for any woman but is
impressively large when the body is that of a dwarf. Measurements of 22
to 23 1/2 inches are not uncommon. The head is round or slightly
dolichocephalic [long]. ... The skull appears heavy, and the bones are
thick. A calvarium, which I had the opportunity of weighing at autopsy,
weighed more than 500 grams, while the normal weight would be around 300
grams. (Benda 1949, 39-41) 

Goiter is defined as "[a]ny diffuse or nodular enlargement or swelling
of the thyroid gland, often visible as a prominence in the lower
anterior neck"; endemic goiter is a form "occurring in parts of the
world where the iodine content of the diet is low, as in the Alps, the
Andes, the Himalayas, and the Great Lakes region of North America"
(International Dictionary ... 1986, 1226-1227). Endemic goiters may
occur with or without other symptoms of cretinism. Goiters often
accompany endemic cretinism but rarely accompany sporadic cretinism. 

Historically, the medical literature did not make dear the distinctions
between endemic and sporadic cretinism and even among cretinism and
other diseases causing mental retardation and physical deformity--for
example, mongolism and achondroplasia (Benda 1949). Insufficient intake
of iodine causes endemic cretinism, usually due to a lack of iodine in
the food supply. Severe effects result from an onset in fetal
development. The therapeutic administration of iodine can lead to a
remarkable recovery of mental and physical faculties, except that mental
retardation often cannot be reversed if onset occurred in the fetal
stage or early infancy. Sporadic cretinism is caused by malfunction,
congenital absence, or surgical removal of the thyroid glands. This form
may be prevented through therapeutic administration of thyroid hormone.
Once effected, the prognosis for recovery is "strictly correlated with
time of onset and adequacy and maintenance of therapy. Normal physical
and mental development [are] possible with correct treatment" (Magalini
and Scrascia 1981, 769). 

Thyroxine (T4), the principal thyroid hormone, is secreted by the
follicular epithelium under stimulation by the thyrotropic hormone of
the anterior pituitary. T4 stimulates metabolism and stimulates the
pituitary to secrete somatotrophic hormone (Ortner and Putschar 1981). A
T4 deficiency retards skeletal maturation and can result in severe
damage to the central nervous system (Foster 1995). 

Foster divides endemic cretinism into three subtypes (1995). The most
common, neurological cretinism, derives from severe fetal T4 deficiency,
especially during the second trimester, and may result in normal stature
without obvious morphological signs of hypothyroidism. Kaschin-Beck
Disease (Grade III), involving dwarfism, mental retardation, necrosis of
cartilage, and dystrophy of skeletal muscles, is a product of depressed
serum triiodothyronine (T3) and is geographically concentrated in a
selenium-deficient belt that crosses China from northeast to southwest.
Some portions of this disease belt are iodine deficient; others are not.
Myxoedematous cretinism comes with concurrent deficiencies of both T4
and T3, especially during late fetal and postnatal development.
Concurrent availability of selenium may regulate the relative abundance
of T4 and T3, resulting in physical deformity with varying degrees of
neurological involvement. Some observers argue that mental retardation
is less severe in myxoedematous cretinism than in neurological
cretinism; others view the difference as negligible. A combined T4-T3
deficiency is associated with geographical areas that are deficient in
both iodine and selenium, whereas T3 deficiency, alone, is associated
with areas that are short of selenium but not of iodine. To make matters
more confusing, excesses of iodine and possibly of selenium can depress
the production of thyroid hormone, and thus the resulting pathology may
resemble that of iodine and selenium deficiency. 


IDD TODAY 


The World Health Organization (WHO) estimates that 1.57 billion
people--about 30 percent of the world's population--are at risk of IDD
and that 750 million currently suffer from goiter. IDD remains the
greatest preventable cause of brain damage and mental retardation: It
affects about 43 million people, of whom about 5.7 million suffer from
cretinism. A recent front-page article in the New York Times illustrates
the severity of the problem in China: Approximately 500 million Chinese
live in iodine-deficient areas, and one-third of the salt distributed
there is not iodized (Tyler 1996, 1, 6; WHO 1996). 

China's Public Health Ministry now estimates 10 million cases of mental
retardation due to IDD, with hundreds of thousands suffering from
cretinism. A 1995 survey of newborn infants in every Chinese provincial
capital showed iodine deficiencies in 35 to 65 percent of those studied.
One survey in the 1980s found mild retardation (IQs of 50 to 69) in 25
percent of schoolchildren tested (Tyler 1996, 1, 6; who 1996). 

Widespread distribution of iodized salt has reduced endemic cretinism to
negligible levels in advanced societies, especially those of Europe and
North America. Studying in Europe, M.P. Koenig stated that it was not
possible to find endemic cretins born after 1920 (1972,22). The health
benefit is beyond estimation, but the result has been an unfortunate
lack of awareness of the global IDD problem. Kiwanis International, in
concert with the U.N. Children's Fund, the Morton Salt Company, and the
Saturday Evening Post, has launched a worldwide campaign to promote IDD
awareness. The WHO and the International Council for Control of Iodine
Deficiency Disorders lobby policymakers and press the cause of universal
salt iodization. The World Bank promotes, finances, and/or collaborates
with salt-iodization projects in Bangladesh, China, Ghana, Indonesia,
Morocco, Pakistan, Peru, Zambia, and other countries. 

Endemic cretinism occurs throughout the world, but its morphological
traits vary substantially (Pharoah and others 1980). Major
characteristics, such as dwarfism and certain neurological disorders,
may be statistically prominent in one continent and not in others. 


IDD IN EUROPE IN THE 1800s AND EARLY 1900s 


The archetype of endemic cretinism is the form that was frequently noted
in Europe, especially Alpine Europe, by physicians and even by travelers
in the 1800s and early 1900s. The prevalence of IDD in Europe in those
days was comparable to that in China today. Rigorous counts of cretins
are rare, but surviving records list the number of young men rejected
from various military drafts due to goiter. In the French draft of 1900,
for example, 45 percent were rejected in High Savoy, 23 percent in
Savoy, 16 percent in High Alps, 13 percent in Ardeges, 12 percent in
Pyrenees, 10 percent in Low Alps, and 5 percent in Puy-de-Dome and
Cantal. In the Swiss draft of 1924-1925, goiter rates of 20 percent or
greater were common, and in several cantons the proportion reached 60
percent (McClendon 1939, 98-99). In 1921, 69 percent of children in the
city of Bern, Switzerland, had full-blown goiter (Merke 1984, 31). As
late as 1937, J. Eugster described the incidence of IDD in Blumenstein,
Switzerland, as: impaired hearing, 6.0 percent; stunted growth, 6.0
percent; "cretins" (presumably a classic combination of syndromes), 3.5
percent; mental retardation, 2.0 percent; borderline "cretinoid," l.5
percent; and deaf-mutism, 0.6 percent (quoted in Koenig 1972, 25). 


IDD IN UPPER PALEOLITHIC EUROPE 


Cro-Magnons were anatomically modern humans, yet Upper Paleolithic sites
from the Pyrenees Mountains to the central Russian plain (Figure 1) have
yielded hundreds of oddly shaped female statues, known as Venus
figurines, most of which date from about 27,000 B.P. to about 22,000
B.P. (Gimbutas 1991, xix; Stringer and Gamble 1993, 209; Shreeve 1995,
284).[ 2] It is commonly believed that these artifacts represent a
prototypical Earth Mother or Earth Goddess (Stern 1969; Gimbutas 1991).
Most are obese, with pendulous breasts and large bellies that are
assumed to indicate pregnancy. Genitalia usually are exposed in a
conspicuous manner. These combined characteristics have led many
investigators to suggest that the objects served as fertility symbols.
According to Christopher Stringer and Clive Gamble, "we cannot specify
how Venus figurines were used, or why females were always carved, or
even why some of them show consistent, exaggerated proportions"
(1993,211). The physiological features of these figurines, however, are
remarkably consistent with numerous characteristics of cretinism that
Benda described: 

The trunk is short, but compared with the extremities it is relatively
long. The shortness of the trunk is accentuated by the laxity of the
spine, which will curve in upright position.... The breasts are small
and infantile up to an age of 20 or 30 years. Some females apparently
retain the infantile breasts, but many ... eventually develop huge,
pendulous breasts, which rest on the protruding belly. The nipples are
small, sometimes retracted, and the surrounding area has an indistinct
demarcation. The abdomen is round and protruding.... The belly is filled
with hard masses.... The external sex organs have few pubic hairs....
The extremities are short and broad.... The hands are broad, the fingers
short and cone-shaped. (Benda 1949, 41-43) 

This statement accurately describes the collective features of the
figurines (Figure 2). The Venus of Sireuil represents an infantile form
with small breasts, short arms and legs, and severe curvature of the
spinal column. Its torso, hips, and extremities are similar to those of
a fifteen-year-old cretin boy. The famous Venus of Willendorf typifies
the mature form. The similarity in breasts, abdomen, and body shape
between the Willendorf figurine and a thirty-eight-year-old cretin woman
is notable. In particular, the nipples of the Venus of Willendorf and of
the bas-relief Venus of Laussel are represented as indentations rather
than protrusions. This feature--also evident on the Venus of Savignano
(Italy) and two Venuses of Malta (Siberia)--is an important indicator
because retracted (inverted) nipples are uncommon among healthy women.
In this new context, conspicuously exposed Venus genitalia represent not
voluptuousness but simply a lack of pubic hair to cover the labia. Note,
also, the short, cone-shaped fingers of the Venus of Laussel. 

Morphologically, some of the Cro-Magnon Venus figurines represent the
physical deformities of cretinism with near-photographic accuracy.
Without doubt, Cro-Magnon artists knew the cretinous form based on
then-contemporary victims. Both endemic and sporadic cretinism would
have occurred in that age, just as they did in ancient historic times
(Zivanovic 1982; Merke 1984) and in Europe at the beginning of the
twentieth century. 

Cretinism is further suggested by physical evidence found at Dolni
Vestonice, near Hustopece, Czech Republic. The Upper Paleolithic site
has yielded a Venus figurine (Figure 2) and a triple burial from the
same era, about 27,000--25,000 B.P. (Stringer and Gamble 1993, 206). The
figurine indicates that the Venus tradition existed then and there, and
the central skeleton in the unusual burial shows three characteristics
frequently associated with cretinism: scoliosis of the spinal column, an
asymmetrical skull, and an underdeveloped leg. The central skeleton
exhibits a confusing combination of male and female characteristics
(Shreeve 1995). The flanking skeletons are male, and the condition of
the male on the left suggests a sacrificial death. His hip has a stake
through it, and his hands reach toward the pubic area of the central
skeleton. Red ocher, a substance of ritual significance throughout the
region, was found in the soil near his wrists. As with the figurines
themselves, a possible implication is adoration of the cretinous
individual, and flints imported from as far as 200 kilometers away
suggest a regional scope. 

Also found at the site were the grave of a woman about forty years old
and two representations of human faces, one molded in clay and the other
carved in ivory, both drooping on the left side. Analysis of the woman's
skull indicated that she suffered from a bone disease that would have
caused her face to droop on the left side. These artifacts and the
corresponding human remains suggest art that was intended to be a
realistic representation rather than a stylized abstraction of the human
form. Dolni Vestonice may well have been a place where deformity,
perhaps specifically cretinous in form, was venerated. 


IDD IN MIDDLE PALEOLITHIC EUROPE 


Any Homo sapiens was vulnerable to iodine deficiency, but what about
Homo neanderthalensis? Surely Neandertals[ 3] suffered diseases of their
own. Was their body chemistry similar enough to that of Cro-Magnons to
require iodine and to suffer from IDD? Neandertal physiology is an
enigma, as perplexing today as when the first fossil remains were
discovered in 1856 (Trinkaus 1989; Stringer and Gamble 1993; Trinkaus
and Shipman 1993; Tattersall 1995b): 

There are no two races of modern man that are nearly as different as
classical Neanderthal and sapiens. And yet one has a feeling that the
differences are mostly of a rather superficial nature, such as the size
of the supraorbital and occipital torus and the general shape of the
skull. ... As it now stands one must admit that the inference to be
drawn from the degree of morphological difference between Neanderthal
and sapiens is inconclusive. (Mayr 1963, 335) 

Iodine appears to explain these "superficial" differences. Indeed,
Neandertal skeletons resemble cretins far more closely than they
resemble healthy modern humans. Conversely, cretin skeletons resemble
Neandertals more closely than they resemble healthy modern humans. 

Because living cretins were available for examination in the late 1800s
and early 1900s, most contemporary works describe them in the flesh and
provide relatively little detail on characteristics of the underlying
bones. Finkbeiner is the rare exception to this rule (1923).
Neandertals, however, survive only as bone, so all descriptions of their
flesh and outward appearance are speculative. Approximately 300
skeletons of Neandertals reside in various collections, but cretin
skeletons are rare. My search yielded fifteen cretin skeletons in the
Galler Collection at the Institute of Pathology of the Museum of Natural
History in Basel and two cretin skulls from Europe in the Hyrtl
Collection at the Mutter Museum in Philadelphia. I visited both
collections. 

A comparison of Neandertals and cretins based on the literature
indicates conspicuous similarities in all skeletal traits for which
documentation is available (Table I). Overall body proportions, skulls,
and individual bones, including the femur and pelvis, are described in
identical terms. For example, brow ridges, a distinctive feature of
Neandertals, are described as strong, bulging, and prominent in both
literatures, and brows appear prominent in many photographs of living
cretins. Of the ten skulls in the Galler Collection, one exhibits
pronounced bulges that do not extend the full width of the orbit, and
six show slight or very slight bulges. One cretin skull in the Hyrtl
Collection has a definite bulge over each orbit; the features are
conspicuous and slightly asymmetrical, extending from mid-orbit to the
nasal bridge. Skeletal evidence further indicates that Neandertals were
extremely muscular even in childhood, a condition resembling KDS, the
"large muscle syndrome" observed in cretins. 

Graphic comparisons presented by Finkbeiner are convincing evidence that
certain bones, especially the femur and tibia, are practically identical
among cretins and Neandertals (1923) (Figure 3). Stringer and Gamble
further refer to the "high incidence of degenerative joint disease"
among Neandertals (1993,95). Similarly, Erik Trinkaus found degenerative
disease in the heads, arms, ribs, legs, and feet of the Neandertals in
the Shanidar Cave collection (1983); and Marcellin Boule found
degenerative joint disease in the skull, jaw, spinal column, hip, and
feet of the "Old Man" of La Chapelle-aux-Saints, France, the most famous
of all diseased Neandertals (1909). In regard to cretinism, Daniel J.
Ortner and W. G. J. Putschar stated that "Most epiphyses show multifocal
irregular ossification centers, which later fuse [, and are] ... often
abnormal ... misshapen flattened head[s] with a mushroom-like
deformity[.] ... '[C]retin hip' leads to early and severe degenerative
arthritis" (1981,305). 

Teeth deserve special attention because of their long-standing key role
in differentiating and identifying species of early hominids. Neandertal
teeth are described as shovel incisors, whereas cretin teeth are
described as "poorly formed." One of the five Galler skulls with teeth
present exhibits shovel incisors. Shovel incisors occur in earlier
hominids and in certain modern populations, especially in eastern Asia
(Stringer and Gamble 1993). They are identical to the shape of
undescended incisors just prior to replacement of deciduous teeth in
children, and they conceivably could be called "poorly formed" if
observed in a recent European context. Delayed dentition is common among
cretins and is consistent with Rudolf Virchow's findings in a Neandertal
lower jaw from Sipka, Czech Republic (Trinkaus and Shipman 1993). 

Practically every description of Neandertals mentions an unusual pattern
of wear on the front teeth, unlike anything found in modern humans or
earlier hominids (Lewin 1993, xii) (Figure 4). Researchers speculate
that Neandertals may have used their teeth as vices (Stringer and Gamble
1993) or may have routinely chewed hides. Each front tooth, upper and
lower, is worn in an angular fashion, with greater wear on the outer
surface, and more pronounced near the front center of the mouth. 

Iodine deficiency may explain such tooth wear in two complementary ways.
First, iodine deprivation causes a predisposition to the erosion of
enamel (Nizel 1960). Second, a distinctive characteristic of cretins is
a large, tough, protruding tongue. Benda describes a cretin infant whose
tongue was "large, covered with a yellowish fur, and dry" (Benda 1949,
47). The "yellowish fur" undoubtedly refers to hyperkeratosis of the
tongue, a condition commonly called "sandpaper tongue," which occurs
even when noncretinous humans--stroke victims, for example--allow their
tongues to protrude and dry for extended periods. Keratin grows
prominent, becoming much like the rough surface of a cat's tongue, only
dry. Cretins, especially those who live in primitive conditions, may
well experience considerable tooth abrasion from the rough exterior of
the tongue. This would account for greater wear on the outer surface of
the teeth, where lubrication by saliva would have been less effective.
An abrasive action would have been even more pronounced if the
protruding tongue accumulated dirt and grit, as might be the case among
cretinous hunter-gatherers, especially foragers. Cretinous tongues are
enlarged, not by fluid, as in edema (swelling), but by excessive
connective tissue, making them unusually tough and resistant. If chewing
hides for limited portions of time can cause tooth abrasion, perhaps
chewing one's own tongue continually over the course of a lifetime can
cause abrasion such as that observed in Neandertals. One cretin skull in
the Hyrtl Collection shows excessive tooth wear similar to that of
Neandertals (Figure 4). Four skulls in the Galler Collection exhibit a
similar pattern of slight to heavy wear on one or more teeth. 


REPLACEMENT VERSUS CONTINUITY 


The transition from Neandertals to Cro-Magnons is a matter of intense
discussion in anthropological literature. Opinions range from complete
replacement of Neandertals by Cro-Magnons to various degrees of genetic
continuity (Trinkaus 1989; Brauer and Smith 1992). Recent mitochondrial
(mt) DNA findings suggest that Neandertals were a separate species who
last shared an ancestor with modern humans 550,000-690,000 B.P. (Krings
and others 1997, 25; Lindahl 1997, 2). If upheld through extraction and
amplification of mtDNA from other Neandertal specimens, this finding may
favor replacement over continuity, suggest slightly closer affinities
with modern Africans than with modern Europeans, and provide a more
precise estimate of the timing of divergence. 

Simultaneously, the number and quality of morphological similarities
between cretins and Neandertals argues for iodine as a key factor in
controlling Neandertal morphology. Six alternatives are plausible. Four
explanations address the replacement theory: 

* Biological adaptation of Homo neanderthalensis to a low-iodine
(inland) environment 
* Biological adaptation of Homo sapiens to a low-iodine (inland)
environment 
* Biological adaptation of Homo sapiens to a high-iodine (coastal)
environment 
* Pathological causality among Homo neanderthalensis in a
low-iodine (inland) environment 

Conversely, if the new mtDNA results are rejected, continuity may remain
a viable option, and two additional explanations may be derived: 

* Pathological causality among Homo sapiens neanderthalensis in a
low-iodine (inland) environment 
* Pathological causality among Homo sapiens sapiens in a
low-iodine (inland) environment 

Iodine deficiency, whether biological or pathological, could explain the
apparent ease with which new Cro-Magnon arrivals swept aside their
Neandertal predecessors. In the most extreme interpretation, practically
all physiological differences between the last Neandertals and the first
Cro-Magnons would be due to massive endemic cretinism. In either case,
biological or pathological, recovery from cretinism may explain the
total disappearance of certain Neandertal traits in subsequent
populations. 

Pathological explanations of Neandertals have been offered and rejected
repeatedly since the first specimen was discovered in 1856. Creationists
favor pathology as an alternative to evolution, and their claims have
tainted and discouraged pathological investigation of Neandertal
morphology by mainstream anthropologists. Pathology, however, can yield
crucial insights into evolution. It seems reasonable enough that whole
populations, or entire species, may develop under stresses and
constraints like those that cause diseases in modern individuals. 

Deficiency diseases are especially telling because they reveal favorable
conditions that lead evolution toward dependency as readily as they show
unfavorable conditions that cause disease. A major evolutionary theme
during the latest advancement must have been the assimilation of iodine
into human tissues through a complex set of adaptations, which altered
the biochemistry of thyroid and pituitary glands, stimulated thyroid and
somatotrophic hormones, affected muscles and bones, and ultimately
produced a more gracile human morphology. The adaptation must have taken
place in an iodine-rich, most likely coastal, environment. 

Clearly, the simplest explanation for most, perhaps all, physiological
differences between Neandertals and modern humans with a single genetic
alteration would be an improvement in the ability of the modern human
thyroid gland to extract and utilize iodine. A pathological causality
among Homo neanderthalensis in a low-iodine environment offers the
least-demanding genetic solution and also is consistent with the new
mtDNA findings. This explanation satisfies Occam's razor because it is
relatively simple, compared with the assumption that numerous genetic
alterations controlled numerous morphological traits, and because it is
based on what is already known about the effects of iodine deficiency on
human anatomy. 


GEOGRAPHICAL ISOLATION FROM COASTAL IODINE RESOURCES 


The incidence of cretinism can serve as an indicator of geographical
isolation associated with glaciation and sea-level fluctuations during
the Pleistocene ice ages. The primary sources of iodine are saltwater
fish, shellfish, and seaweed. Sea salt is an inadequate source unless it
has been fortified with iodine derived by extraction, historically from
seaweed and more recently from phosphate rock or geologic brines. Even
today, soils are notoriously iodine deficient in continental interiors,
and the world's "goiter belts" are identified as mountainous and/or
formerly glaciated regions (Merke 1984; International Dictionary ...
1986, 1227). Benda clarifies this aspect of the geography: 

[G]oiter increases in proportion to the distance from the ocean or, more
exactly, with the [vertical] distance from sea level. The flat plains
bordering the ocean coasts have little cretinism. Wherever mountains
rise, near or far from the ocean, cretinism increases on the slopes up
to a certain level, which is thought to be 1,400 m. ... 

Where the mountains are near the ocean, as in some sections of Italy,
Southern France, and in Chile and California, cretinism occurs
relatively near the ocean. (1949,8) 

Similarly, B. Burga-Hurtado noted a higher incidence of goiter and
cretinism between 1,000 and 3,000 meters above sea level in Peru
(1956,quoted in Pharoah and others, 1980, 405), and A. Costa reported a
higher incidence at 180 to 1,600 meters for one study in Italy
(1972,31). 

Primitive societies presumably did not understand the importance of
iodine. Most coastal populations would acquire an abundant supply
fortuitously from natural sources. Conversely, most inland populations
would have suffered from goiter and cretinism without the purposeful or
routine incidental importation of iodine. The importation of sea salt
alone would not have provided an adequate source. 

Overall isolation or ongoing interaction with a coastal source region is
a crucial issue (Howell 1951, 1952). Of the six alternative explanations
I offered above, three require isolation and three require interaction.
If Neandertals were a low-iodine-adapted species, evolution leading to
such a condition would require long-term isolation from the sea and from
other peoples in contact with the sea. Conversely, if Neandertals
suffered pathologically from cretinism, high mortality rates probably
meant that viable populations could be maintained only by frequent or
continual recruitment from warm coastal areas. Recruitment would have
been highest when coastal overpopulation developed due to reduced land
availability during periods of sea-level rise or due to natural
population growth when coastal land area remained constant for long
periods of time. 

A few Neandertal sites are located relatively near the current Atlantic,
Mediterranean, and Black Sea coasts. Some of these sites, such as
Forbes's Quarry in Gibraltar, have yielded skeletal remains that have
reliably been identified as Neandertal, and Gibraltar is iodine
deficient today. Many coastal sites, however, have been designated
purely on the basis of Mousterian tool assemblages, and their occupants'
anatomy is unknown. In Israel, for instance, Mousterian tools are
associated with early modern humans as well as with Neandertals
(Stringer and Gamble 1993; Shreeve 1995). In any case, due to the
inevitable dictates of geometry, all of the present coastal sites must
have been either far from the sea when sea levels were low or situated
on steep coasts that, according to Benda, are subject to cretinism
(1949). Other factors, such as difficult currents, may have hindered
exploitation of coastal resources in some areas. 

Access to coasts and competition for coastal resources would not have
been constant during the Pleistocene ice ages. Sea levels fluctuated
dramatically, reaching extreme lows for long durations between 300,000
and 250,000 B.P. and between 185,000 and 130,000 B.P. and for shorter
durations coincident with the Wisconsin glacial advances about 55,000,
42,000, 30,000, and 18,000 B.P. and ultimately rising 125 meters in the
past 17,500 years (Fairbanks 1989, 637; Stringer and Gamble 1993, 44;
Gallup, Edwards, and Johnson 1994, 796). 

Neandertal occupance spans the millennia between about 230,000 and
32,000 B.P. or perhaps even as late as 30,000 B.P. (Stringer and Gamble
1993, 44; Shreeve 1995, 342) (Figure 5). Cro-Magnon occupance of Europe
began in approximately 40,000 B.P., but anatomically modern human
remains have been found in Israel--the Qafzeh and Skhul cave
sites--dating perhaps to 100,000 B.P. and in South Africa--the Klasies
River Mouth and Border Cave sites--dating perhaps to 120,000 B.P.
(Stringer and Gamble 1993, 104). All of these early modern human sites
are close to the sea. The only indication of modern anatomical
development in the interior of a continent prior to 40,000 B.P. is a
single braincase from Omo Kibish in Ethiopia, dating perhaps as early as
130,000 B.P. Its back resembles that of Homo erectus, and its front is
somewhat modern (Stringer and Gamble 1993, 128). Other early modern
remains have been found at Dar-es-Soltan and Jebel Irhoud, both coastal
sites in northwestern Africa. 


THE GRADIENT FROM CLASSIC TO PROGRESSIVE NEANDERTALS 


Neandertal territory can be described as four zones of decreasing
intensity, the first three of which comprised classic Neandertals who
presented the sturdiest and stockiest traits. Classic Neandertal sites
are exclusively in Europe; the greatest concentration is in southwestern
France. A fairly dense pattern extends southward no farther than the
Pyrenees Mountains, northward into northern Germany, and eastward as far
as Hungary's western border. Scattered sites are found in southern and
eastern Europe. Progressive Neandertals, who presented traits
intermediate between classic Neandertals and Homo sapiens sapiens, have
been found as far east as Uzbekistan and as far south as Israel (Figure
1). The existence of this gradient casts doubt on the geographical and
genetic isolation of two separate species unless the most distinctive
classic Neandertal traits were in large measure due to other causal
factors, such as IDD. 

Stephen Jay Gould calls the gradient from progressive to classic
Neandertals a "striking geographic variability" and states that it
matches the "climatic theory" that Neandertals were adapted to cold
(1994,24). The same geographical distribution, however, would support an
alternative hypothesis: that healthy migrants--Homo neanderthalensis,
Homo sapiens neanderthalensis, or Homo sapiens--grew progressively more
cretinous as they were forced, generation by generation, closer and
closer toward the glacial front. The primary directional impetus would
have been a push factor--competition for coastal resources--rather than
a pull factor--preference for periglacial environments. The number of
Neandertal sites does indeed increase with proximity to glacial regions,
but none is actually at the front. Moreover, the distribution of classic
Neandertal sites in France is consistent with the distribution of goiter
mapped by L. Mayet in 1836-1845 and 1887-1896 (cited in Merke 1984, 55).


The interleaved occupance of the Levant by progressive Neandertals and
early moderns highly favors the iodine-deficiency hypothesis. Even with
today's high sea level, the Neandertal sites of the Levant are in an
iodine-deficient enclave (Figure 1). Mount Carmel, close to warm coasts,
probably would have experienced considerable advance and retreat between
healthy coastal populations and iodine-deficient inland populations.
That both populations--progressive Neandertal and early modern-utilized
the same Mousterian tool assemblage argues for an origin in the same
culture and perhaps the same region. 

Early modems appeared in the Levant about 120,000 B.P., when sea level
reached its highest peak in the past 400,000 years, and they disappeared
when sea level fell precipitously about 70,000 B.P. (Figure 5).
Neandertals briefly appeared between 110,000 and 100,000 B.P., soon
after sea level rose, and reappeared when sea level fell 70,000 years
ago (Stringer and Gamble 1993, 103-104). It is tempting to interpret the
Neandertals' reappearance as due to glacial advance, but their first
appearance occurred during a strong interglacial period. Note, however,
that rising seas undoubtedly produced extreme population pressures in
coastal groups. Many individuals would have lost in the competition for
coastal resources, and these healthy modems may have become cretinous on
Mount Carmel when they were cut off from direct access to the sea. 


NEANDERTAL PATHOLOGY 


Because mtDNA reveals nothing about physiology or morphology, it is
plausible that healthy Neandertals looked very much like healthy
Cro-Magnons and that their general health later improved with an
enriched diet or with the increased efficiency of iodine extraction in
the thyroid gland. Certain lines of evidence favor pathological recovery
from Neandertal to Cro-Magnon within a single species--Homo
neanderthalensis, Homo sapiens neanderthalensis, or Homo sapiens
sapiens--and the question cannot be resolved with the mtDNA evidence
that is currently available. John H. Relethford suggests a need to test
the first undisputed Cro-Magnons (quoted in Kahn and Gibbons 1997,178).
If Cro-Magnon mtDNA closely matches the modern human reference sequence,
it will serve as further confirmation that Neandertal is a separate
species. If Cro-Magnon mtDNA closely matches the Neandertal sequence, a
purely pathological interpretation of Neandertal will be supported. 

The regional distribution of Cro-Magnon hunter-gatherer sites is
practically identical to the three zones described for classic
Neandertals, except for additional Upper Paleolithic sites in England
and an absence of sites south of the Balkan Range. Investigators marvel
at the rapidity with which Neandertals disappeared and anatomically
modern humans appeared in the same areas without any sign of struggle.
Brian M. Fagan (1990,1992), Erik Trinkaus and William Howells (1979),
and others have reasoned that evolution alone cannot account for the
transition because the change was too rapid (5,000-10,000 years for the
region as a whole). Both the similar distribution and the rapid rate of
transition favor pathological recovery within a single species. 

If some or all of the more distinctive Neandertal traits were due to
endemic cretinism, a morphological change could have occurred in just
such a rapid fashion. The introduction of iodine through wider activity
radii, trade, or other means would have resulted in skeletal changes
even in the lifetime of a single individual. Recovery of mental
faculties would have occurred in the first-generation offspring of
Neandertals who were fortunate enough to ingest iodine. Cultural change
would have occurred over a few generations, as new arrivals from the
coast encountered indigenous residents who were far more intelligent and
receptive than their ancestors had been. 

Partial replacement may have occurred as a continuation of the
immigration that had been taking place throughout the Neandertal period.
If Neandertals suffered from IDD, their long-term occupancy of uplands
may have required frequent or continual replenishment of their numbers
through migration from warm coasts. A predominantly cretinous population
may not have been self-sustaining over long periods of time. Severely
endemic cretins would have been able to do little more than meet their
most basic needs, yet Neandertals evidently made tools and hunted--or at
least foraged. Given the high variability of symptoms, some cretinous
individuals would have been able to forage and hunt, provided that the
activity did not demand advance planning or complex social organization.
This variation in severity among individuals may actually account for
the Neandertal style of hunting, which was characterized by little
planning or tactical depth (Binford 1989), as well as for the
much-debated evidence of Neandertal food-gathering skills, ranging from
simple scavenging to purposeful hunting of medium-sized fauna (Stringer
and Gamble 1993, 134; Shreeve 1995, 174). The most impressive Neandertal
achievements--constructed dwellings, care of wounded individuals, and
purposeful burials--may have been accomplished by new arrivals or by
others who, by happenstance, had less severe symptoms. 

The coastal zone that was exposed during much of the Neandertal and
Cro-Magnon periods is now inundated, but successful populations there
would have served as frequent or continual sources of migrants to
counter the presumably high attrition rate of Neandertals. Trinkaus
favors a Near Eastern origin for Neandertals, based on the sequential
dating of Neandertal sites (1989,43). The same evidence, coupled with
the southeast-to-northwest gradient of progressive to classic Neandertal
traits and the occupance of the Qafzeh and Skhul cave sites in Israel by
early modern humans perhaps 100,000 years ago (Stringer and Gamble 1993,
134; Shreeve 1995, 174), suggests that Near Eastern coasts may have been
source regions of healthy migrants. The presence of early modern humans
in South Africa--at Border Cave possibly 80,000 years ago and Klasies
River Mouth 120,000 years ago--would allow for a tropical or generally
southern origin. Sea-level fluctuations during the Pleistocene may well
have served as an impetus to emigration either to escape flooding during
times of sea-level rise or to relieve overpopulation during prolonged,
favorable times of constant sea level. An indicator of global
temperature--heavy oxygen isotope in Standard Core V-28-238--generally
supports this hypothesized relationship between the absolute dates of
principal hominid specimens and sea-level fluctuations (Figure 5). 

The final stage of a progressive immigration may be glimpsed through
Lewis Binford's suggestion of a two-tiered Neandertal society
(1981,1985). Finding two separate concentrations of artifacts and bones
in each level at the Combe Grenal site in France, Binford suggested that
one segment of the population may have resided in "nest" areas, used
simple stone tools, and depended primarily on local resources and that
the other segment may have ranged widely, employed more sophisticated
tools, and imported food and materials from distant localities. He
guessed that the sedentary segment may have been female and the ranging
segment male. Segmentation based on the severity of iodine deficiency
offers a complementary explanation, because females are significantly
more susceptible than are males. Referring to the endemic form of
cretinism, William Osier stated that "In this, women are very much more
frequently affected than men--in a ratio of one to six" (1892,715). 

Two unintentional but decided biases are present in the survival and
modern-day retrieval of Neandertal bones (Stringer and Gamble 1993).
Almost all of them come from caves or rock shelters and thus would favor
severe cretins, who would have been sensitive to cold (Benda 1949) and
unable to build shelters of their own. Most such sites are in inland
Europe, a few are scattered in the mountains of Central Asia, and a
notable concentration is found in coastal Israel. This bias also favors
cretins who would have grown progressively more severe, generation by
generation, as they migrated inland. Elsewhere, in open sites,
Neandertal distribution is identified by scanty skeletal fragments or
inferred from material culture, mainly Mousterian artifacts--neither of
which reveals much about the occupants' anatomy. 

About 40,000 years ago, migrants may have begun to take iodine or its
source materials with them to the interior. Increased iodine in the
Upper Paleolithic diet must have resulted from some innovation, and the
most likely explanations are higher mobility and wider activity radii
within groups or trade among groups that connected inland locations with
one or more warm coastal regions where saltwater fish, shellfish, and
seaweed were plentiful. In Cantabrian Spain, for example, molluscan
remains are rare in the Mousterian and early Upper Paleolithic levels
but locally abundant in the Solutrean, Magdalenian, and Azilian levels
(Butzer 1986). Significantly, throughout the rest of Europe seashells
are absent from Mousterian sites (Stringer and Gamble 1993; Mellars
1996) but present in many later sites (Mellars 1996), including
Cro-Magnon itself, dated at 32,000-30,000 B.P. (Shreeve 1995, 10). In
the Upper Paleolithic, marine shells commonly are found several hundred
kilometers from their sources (Stringer and Gamble 1993). Mollusks from
the Black Sea have been found on the Central Russian Plain, and mollusks
from the Mediterranean Sea have appeared in Gravettian sites in Germany.
Marine shells from both the Atlantic Ocean and the Mediterranean Sea
were worn as ornamentation by Cro-Magnon hunter-gatherers in the
Perigord, 500 kilometers or more inland (Mellars 1996). 

The 5,000-10,000-year transition may reflect the relatively slow
diffusion of a new imported commodity. Initially, the importation of
shellfish, for example, could have occurred fortuitously--without
explicit knowledge of the importance of iodine--due to a cultural
preference for certain foods from the sea. Later, regular trade may have
developed. If so, then a continual supply became ubiquitously available
after 30,000 B.P. Gould states that trade was an important cultural
innovation that distinguished Cro-Magnons from their predecessors
(1994). The diffusion of a superior commodity would sweep across a
region through primary pathways, bypassing scattered pockets that would
remain as holdouts and perhaps show signs of partial adoption well after
the main wave had passed. In this context, Chatelperronian sites contain
a stone industry so sophisticated that the culture was initially
identified as Cro-Magnon until Neandertal remains were found at
Saint-Cesaire (Stringer and Gamble 1993). A possible interpretation is
that these last Neandertal sites represent the final phase of iodine
diffusion through inland Europe. Other possible sources of iodine
include the return of saltwater salmon to streams that had been blocked
by glaciers and the gradual, scanty renewal of naturally occurring
iodine in soils that had been leached by glaciation. It is also possible
that Cro-Magnons learned to exploit one or more indigenous sources of
iodine that were unknown to Neandertals. 


THE ORIGINAL NEANDERTAL DEBATE 


In the current milieu, it is easy to miss a fundamental debate that
started soon after the discovery of the first Neandertal skeleton and
raged for about three decades (Figure 6). When the bones were first
presented at scientific conferences in 1857, Johann Karl Fuhlrott and
Hermann Schaaffhausen proclaimed that the skeleton represented an
earlier, evolutionary form of human. Their peers reacted negatively.
August Franz Mayer vociferously countered that the distinctive
characteristics of the skeleton were pathological in origin,
specifically that the bowed femur was caused by excessive horseback
riding and rickets and that the brow ridges were caused by unusual
tension in a certain facial muscle. Later, Rudolf Virchow, a prominent
physical anthropologist known today as the father of pathology, agreed
with Mayer's diagnosis of rickets but insisted that the cranial features
resulted from a congenital deformity and that certain distinctive
characteristics of skeletal joints came from arthritis (Lewin 1993;
Trinkaus and Shipman 1993; Tattersall 1995a). 

Both men were wrong. Mayer's hypotheses were easily dismissed, and it is
still a mystery as to how Virchow could have mistakenly diagnosed the
bowed femur as the result of rickets alone, for he had written a medical
description of rickets in 1856. Rickets does cause the femur to curve,
but rachitic bones are porous and often slender (Figure 3), precisely
the opposite of the thick, heavy femur of Neandertals. Only when
combined with iodine deficiency would rickets cause the bones to appear
both thick and curved. Both Mayer and Virchow erroneously asserted that
the remains were of recent origin. From 1886 onward, fossil discoveries
at Spy, Belgium, and elsewhere firmly established the antiquity of
Neandertals. When numerous skeletons were found in the late 1880s and
1890s, Virchow's suite of three separate causes--congenital deformity,
rickets, and arthritis--became untenable. Today his opinion is most
often cited as an amusing anecdote in the debate over human evolution,
frequently with a comment that he is still respected in pathology
despite his mistake regarding Neandertals. 

The overwhelming consensus among anthropologists is that the
Neandertals' bowed femur cannot be explained by rickets. Erik Trinkaus
and Pat Shipman contrast the stoutness of Neandertal bones with "the
weakened and slender bones of an undernourished, calcium-poor, rachitic
sufferer" (1993,59). With few exceptions, notably Francis Ivanhoe
(1970), investigators believe that the symptoms of the disease do not
match the characteristics of the Neandertal fossils. Stringer and Gamble
stated that "any other skeletal evidence of rickets is lacking"
(1993,94). Other pathological causes, such as syphilis (Wright 1971),
have been rejected as well. 

Once the antiquity and numerical abundance of the Neandertal type were
established, no one at that time seems to have asked the next logical
question: Is there a single pathological condition that could account
for all of the physiological characteristics of Neandertals, that might
be endemic across a broad region, and that might have existed in
prehistoric times? In retrospect, iodine deficiency seems a logical
candidate. How and why was this diagnosis omitted from the Neandertal
debate? In modern times cretinism has been practically eliminated from
the education and training of physicians, including pathologists.
Specialists in the disease are rare; few have ever examined a patient
exhibiting severe, classic symptoms; and fewer still are involved in
anthropological investigation of Neandertals or Cro-Magnons. In the
latter half of the 1800s, however, the disease was common, and many
specialists, like Virchow, served the dual roles of forensic pathologist
and physical anthropologist. Why was cretinism not diagnosed then? 

Consider the timing of the Neandertal debate (Figure 6). When Charles
Darwin published The Origin of Species (1859) and The Descent of Man
(1871), the single skeleton from the Neander Valley was practically the
only specimen purported to represent an extinct hominid. Neandertals
became an article of faith. Those who believed in human evolution
accepted them as part of the family tree; those who rejected human
evolution, naturally, rejected Neandertals. Paul Broca, who embraced
human evolution but rejected Neandertals as ancient and archaic humans,
was a rare exception to this general trend (Trinkaus and Shipman 1993).
The debate was lively for about three decades, a window of time in which
the iodine hypothesis might have made a difference. From 1886 into the
1890s, numerous Neandertal discoveries and Eugene Dubois's discovery of
Pithecanthropus erectus (Homo erectus) in 1891 turned the tide in favor
of human evolution. As Darwin's theory became more popular, its
proponents would have hurt their cause by raising alternative
hypotheses, and its opponents, like Mayer and Virchow, were discredited
by the later Neandertal discoveries. 

Apparently the possibility that Neandertals suffered from cretinism
never occurred to Virchow (1856,1858,cited in Benda 1949, 10). How could
this obvious candidate have escaped his notice? First, Virchow was an
outspoken proponent of the theory that all tumors in the body were
caused by irritants; that is, by the presence rather than the absence of
a substance. In his view neither goiter, being such a growth, nor
cretinism, being associated with goiter, could have resulted from a
deficiency of any kind. Second, in 1904 W. Weygandt reexamined Virchow's
specimen and concluded that the subject was suffering from
achondroplasia mistakenly diagnosed as cretinism (Benda 1949). Hence
Virchow's erroneous conception of cretinism may have led him to overlook
iodine deficiency as a candidate in the Neandertal fossils, as well.
Third, it may be that Neandertals suffered from a form of endemic iodine
deficiency that pathologists had not recognized even in the 1800s, when
cretinism was more common. Peter Pharoah and others suggest that endemic
cretinism grows worse with each successive generation, reaching full
severity in the fourth or fifth generation if the deficiency persists
(1980). Fourth and most likely, the variety of syndromes then identified
as cretinism, including true endemic and sporadic cretinism plus several
other mental deficiencies and physical deformities, may have obscured
the specific suite of symptoms that truly characterizes severe endemic
cretinism. 

The similarities were noticed, however, by Finkbeiner, a practicing
physician who wrote a book on cretinism and included an extensive
discussion of its relationship to Neandertals (1923).[ 4] He stated that
Neandertal characteristics are absent in cases of thyroid
deficiency--sporadic cretinism--but present in other--endemic-cretins.
As far as I can ascertain, Finkbeiner was the first investigator, and
perhaps the only one, to document the classification of endemic cretins
as massive versus gracile. He compares the humerus, radius, ulna, femur,
and tibia of ancient Neandertals and Cro-Magnons with those of
contemporary pygmies, massive endemic cretins, gracile endemic cretins,
sporadic cretins, and persons suffering from "Chondrodystrophie" and
rickets (Figure 3). The similarities between Neandertals and massive
endemic cretins are conspicuous and convincing. The tibia of a massive
endemic cretin appears almost identical to that of the Spy Neandertal,
even to the retroversion of the tibial plateau that caused so much
controversy regarding Neandertal posture (Trinkaus and Shipman 1993). 


CONCLUSIONS 


In retrospect, Cro-Magnon Venus figurines may represent the pathological
condition of endemic or sporadic cretin ism, and Neandertals may have
suffered from massive endemic cretinism. Many distinctive Neandertal
skeletal traits are identical to the skeletal traits of cretins (Table
I). In any case, noncretinous populations may have appeared in Europe
from 40,000 to 30,000 B.P. because some innovation, most likely trade
with coastal settlements, brought iodine to the iodine-deficient region.
Iodine deficiency offers five new alternatives regarding the transition
from Neandertal to Cro-Magnon occupancy in Europe: Iodine deficiency
among Neandertals may explain why they were so easily replaced by
Cro-Magnons; the importation of iodine starting about 40,000 years ago
may explain why certain Neandertal traits did not persist even if
Neandertal genes continued into later European populations; Neandertals
may have adapted biologically to the low-iodine environment of
Pleistocene Europe; conversely, Neandertals may have been less tolerant
of low-iodine environments than were their Cro-Magnon successors; and
Neandertals may have been anatomically modern humans who were
pathologically altered by extreme, long-term endemic cretinism. 

Iodine appears to have been a more important factor in human evolution
than was previously thought. Human dependence on supplementary iodine
suggests that the evolution responsible for major physiological
differences between Homo sapiens sapiens and other primates may have
occurred in an iodine-rich environment, probably coastal. Indeed, a
major theme of evolution in the past million years or more may have been
the gradual assimilation of iodine, T4, and T3 into body structures,
fortuitously producing a more gracile and intelligent human being.
Iodine deficiency causes each individual to revert not to a precise
replica of previous robust forms but to a cretinous form exaggerated in
precisely those skeletal features, such as brows and limb bones, that
have become most gracile during the course of hominid evolution.
Morphologically, Neandertal fossils may be inland shadows of the main
body of human evolution that was taking place on the coasts. If the main
body looked like Cro-Magnons or the early modern humans of Africa or
Israel, then Homo sapiens must have existed at least since Neandertals
first appeared some 230,000 years ago, approximately twice as long as
previously established, and about half of the 500,000 years implied by
mtDNA findings. 

I might be less bold about offering a new and dramatically different
explanation of Neandertals if prominent experts were satisfied with
debates of the past century or so. But they are not. In his review of
the field, James Shreeve observed an "enigma" central to the "mystery of
modern human origins" (1995). Stringer and Gamble went In Search of the
Neanderthals to solve "the puzzle of human origins" (1993). Trinkaus and
Shipman called for a "Rosetta Stone ... to translate the various
languages of evidence into a single tongue" (1993,397). Perhaps iodine
can be their Rosetta Stone or Shreeve's "secret player that nudged a
species of rare intelligence ... once and for all, into the inexplicable
richness of the future" (1995,286). 

The definitive resolution of alternative theories offered in this
article will require scientific advances on many fronts, not the least
of which are geographical. I could not have done my research without the
vast body of evidence tediously amassed by anthropologists,
archaeologists, and paleontologists. For 150 years they have labored,
literally in the trenches, to understand Neandertals and Cro-Magnons,
and geographers such as Karl Butzer have also contributed mightily. In
the 1990s this field reached a critical level of maturity that spawned
five comprehensive overviews (Stringer and Gamble 1993; Trinkaus and
Shipman 1993; Shreeve 1995; Tattersall 1995b; Mellars 1996). For even
longer, physicians and medical investigators have struggled to
understand goiter and cretinism, aided powerfully by geographers such as
Harold Foster. Yet no definitive, comprehensive, multiscale geographical
analysis of Neandertals or Cro-Magnons has been undertaken. Even
crueler, no one has mapped the global distribution of iodine at scales
suitable for human health studies; we rely instead on mapping fellow
humans who suffer from its absence. These fields desperately need the
integration, spatial logic, and multiscale perspective that geographers
can bring. 


NOTES


1. A popular tradition holds that cretin derives from the French
chretien, meaning Christian in the sense that cretins were considered to
be holy innocents. A less popular but equally credible tradition traces
its origin to the Latin creta (chalk). Some sources tie this etymology
to the chalky pallor of cretinous skin; others link it to a suspected
geographical association with limestone (cretaceous) aquifers. Europeans
usually pronounce cretin with a short e, consistent with the French
origin, whereas many Americans prefer kre'tin, with a long e, consistent
with the Latin origin. 

2. The statues are variously formed of clay, stone, and ivory.
Significantly, the Venus of Dolni Vestonice is the earliest fired
ceramic object of any type--artistic or utilitarian--ever found. 

3. In the original German, the spelling was Neanderthal, but the proper
pronunciation was always "Na-an' der-tal'." Thai (valley) was one of
many words in which th was pronounced t. The German language reform of
1900 changed many such spellings to conform with pronunciation. Today
most German, French, and American scholars prefer Neandertal, whereas
many British scholars prefer Neanderthal. The general public in Great
Britain and America usually use th in both spelling and pronunciation. 

4. There is a crucial distinction between Finkbeiner's conclusions and
my own. He considered cretins to be hereditary "throwbacks" and
"degenerates" linked "to certain polar [Arctic ] populations and ...
Neolithic pygmies and thus indirectly to the fossil Neandertal race"
(Finkbeiner 1923, 323). In other words, he believed that modern
cretinism is causally related to evolution rather than that Neandertals
suffered from the pathological or biological condition of iodine
deficiency. Although I acknowledge Finkbeiner's prodigious empirical
measurements and credit him for defining the massive endemic cretin form
and noticing its similarities with Neandertals, I reject his conclusions
regarding causality and his notions that cretins are "degenerates" or
that any living races are "primitive" in evolutionary development. 


TABLE I--SIMILARITIES AMONG THE SKELETAL MORPHOLOGIES OF NEANDERTALS AND
CRETINS 

Legend for Chart:

A - SKELETAL MORPHOLOGY
B - NEANDERTAL
C - CRETIN

A            B
             C

Short stature and relatively long torso

            "Very large, barrel-shaped chests [and] ... long
            back, with relatively short legs" (Stringer and
            Gamble 1993, 92)

            "Disproportionately long trunk in relation to legs"
            (Jablonski 1991, 84); "Trunk is short, but compared
            with the extremities it is relatively long" (Benda
            1949, 41)

Short arms and legs

            "Large, barrel-chested trunks were long and... legs
            short" (Tattersall 1995a, 15)

            "Body proportions are infantile and legs are short
            in proportion to height" (Stanbury and Hetzel 1980,
            409)

Attachments indicating strong musculature

            "Muscles often left marks of deep or wide attachment
            areas on bone surfaces. ... Greater muscularity and
            robusticity ... developed in children at an early
            age" (Stringer and Gamble 1993, 92)

            "Large muscle syndrome. ... Apparent muscular
            hypertrophy in hypothyroid children [gives] them the
            'herculean'... appearance ... and increased muscle
            mass" (Jablonski 1991, 180)

Heavy, thick-walled bones

            "Uncommon thickness of the other bones of the
            skeleton, which exceeds by about one-half the usual
            proportions" (Trinkaus and Shipman 1993, 59); "Bones
            have thick walls" (Tattersall 1995a, 15)

            "Bones are thick" (Benda 1949, 39); "Bones of the
            limbs may grow in thickness but not in length"
            (Evans 1949, 1069); "The calvarium is thick and
            heavily ossified in the skull of the adult cretin"
            (Benda 1949, 204)

Curved limb bones (especially the femur)

            "Rounded, curved and thick-walled femur" (Stringer
            and Gamble 1993, 79)

            "Cretins often exhibit rachitic buckling in their
            bone structure" (Finkbeiner 1923, 327)

Large, deformed joints

            "Joints of the elbow, hip and knee were large[;]...
            high incidence of degenerative joint disease"
            (Stringer and Gamble 1993, 93, 95)

            "Most epiphyses show multifocal irregular
            ossification centers, which later fuse [;] ... often
            abnormal ... misshapen flattened head with a
            mushroom-like deformity. ... 'Cretin hip' leads to
            early and severe degenerative arthritis" (Ortner and
            Putschar 1981, 305)

Long pelvis, with large exterior diameter

            "Upper front part... (... superior pubic ramus)...
            is long, thin, and relatively flattened" (Stringer
            and Gamble 1993, 86)

            "The height and therefore the exterior diameter
            is ... relatively large" (Finkbeiner 1923, 220);
            "X-rays show long, open-centered pelvis" (de
            Quervain and Wegelin 1936, 45-48)

Large, long skull

            "Theskull was long" (Stringer and Gamble 1993, 74);
            "Long low skull" (Constable 1973, 19); "Extremely
            dolichocephalic" (Trinkaus and Shipman 1993, 129)

            "Large head" (Jablonski 1991, 84); "Forehead is low"
            (Best and Taylor 1963, 548); "Head is round or
            slightly dolichocephalic" (Benda 1949, 39)

Low, flat forehead

            "Low forehead (flatter frontal bone)" (Stringer and
            Gamble 1993, 76)

            "Flat and low" (Finkbeiner 1923, 135)

Strong, bulging, prominent brow ridges

            "Bulging of the superficial layer of the bone over
            the orbits until they form the hefty browridges"
            (Trinkaus and Shipman 1993, 58); "Brow ridges were
            strong even in some females" (Stringer and Gamble
            1993, 74)

            "Strong, bulging prominent eye brow arch, under
            which the orbits lie ... pushed deeper inward"
            (Finkbeiner 1923, 135). [Contradiction: Benda (1949,
            39) contrastedcretin brows with hydrocephalic brows,
            which are rounded out through internal pressure.]

Large, rounded orbits

            "High rounded orbits" (Stringer and Gamble 1993,
            76); "Large, rounded eye-sockets" (Shreeve 1995,
            205)

            "Orbital holes are large, and the eyes are set in a
            horizontal (normal) position" (Benda 1949, 41).
            [Contradiction: Orbits are normal in shape (Benda
            1949, 204).]

Little or no chin, with wide, massive jaw

            "Spy skeleton [has a] heavy jaw but a receding chin"
            (Constable 1973, 17); "Jaw was massive and chinless"
           (Constable 1973, 52)

            "Underdeveloped jaws, especially the mandible"
            (Jablonski 1991, 84); "Jaws strong and broad"
            (Finkbeiner 1923, 141)

* I wish to express my gratitude to Jeffrey R. Dobson, who first
suggested iodine as a factor that distinguishes coastal populations from
inland ones, contributed to the discussion and research on Neandertals
and cretinism and visited the Institute of Pathology in Zurich to
acquire records in the Galler Collection. This article has benefited
from reviews and comments by him and by William Bass, Lewis Binford,
Karl Butzer, Boyd Eaton, Stephen Jay Gould, Donald Jones, Andrew Kramer,
and John Stanbury. Gretchen Worden, of the Mutter Museum in
Philadelphia, and Marian Loercher, of the Institute of Pathology, Museum
of Natural History in Basel, graciously assisted with the Galler and
Hyrtl Collections. I thank Phillip Coleman, Daniel Pack, Margaret
Setser, and Julia Spradling for their research and cartographic
assistance, the Office of Laboratory Directed Research Oak Ridge
National Laboratory, for exploratory funding, and Richard C. Duffee of
the Oak Ridge National Laboratory for his help and support. 

DIAGRAM: FIG. 1--Neandertal burial sites, selected Cro-Magnon Venus
figurines or bas-reliefs, and goitrous areas. Goitrous areas, based on
1946 survey data, are taken from a small-scale world map (Nizel 1960,
100) and should not be interpreted as cartographically precise
locations. L. Mayet, for example, shows a somewhat broader distribution
for high incidence of goiter in 1836-1845 and 1887-1896 (cited in Merke
1984, 55). Mayet's distribution includes all of the Neandertal and Venus
sites shown here in France. (Cartography by Phillip. R. Coleman, Oak
Ridge National Laboratory) 

DIAGRAM: FIG. 2--Venus figurines and cretinous bodies. Note the
similarity of spinal curvature, shape of the hips, and proportions of
body and extremities in the photograph of a fifteen-year-old cretin boy
and in the drawing of the Venus of Sireuil. Pendulous breasts and
protruding bellies are symptoms of cretinism and are definitive
characteristics of Venus figurines; note the striking similarities
between a thirty-eight-year-old cretin woman and the Venuses of
WillendoRf, Dolni Vestonice, and Laussel. Retracted nipples and
protruding abdomens are symptoms of cretinism; the Venuses of
Willendorf, Laussel, and Malta, Siberia have indentations where the
nipples should be. Many figurines have conspicuously exposed genitalia,
as does the Venus of Willendorf; sparse pubic hair is a recognized
symptom of cretinism. The short, cone-shaped fingers that are
characteristic of cretins also appear on the Venus of Laussel. Sources:
The quotations in the bubbles are from Benda 1949, 41-43; the cretin boy
is reproduced, with permission, from Evans 1949, 1070; and the cretin
woman is reproduced, with permission, from Benda 1949, 40. (Graphics by
Daniel L. Pack, University of Tennessee) 

DIAGRAM: FIG. 3--Comparison of leg- and arm-bone morphologies of a
modern human (Aurignacian), a modern human suffering from rickets, a
Neandertal, a massive cretin, and a gracile cretin. Source: Modified
from Finkbeiner 1923, 432-437). (Graphics by Dami Rich, Oak Ridge
National Laboratory) 

DIAGRAM: FIG. 4--Neandertal teeth show a distinctive pattern of wear, as
seen in this skull (top) from La Ferrassie, France. Many cretins have
protruding tongues, due to excess connective tissue, that may abrade
their teeth. A cretin skull from the Hyrtl Collection in the Mutter
Museum in Philadelphia (bottom) shows excessive tooth wear, similar to
that of Neandertals, apparently due to tongue abrasion. (Photographs
courtesy of the Mutter Museum; graphics by Daniel L. Pack, University of
Tennessee) 

DIAGRAM: FIG. 6--Time line for the Neandertal and cretinism debates.
(Graphics by Dami Rich, Oak Ridge National Laboratory) 

GRAPH: FIG. 5--Graph of hominid absolute dates and heavy oxygen isotope
in Standard Core V-28-238. Source of data: Stringer an d Gamble 1993,
43. (Graphics by Dami Rich, Oak Ridge National Laboratory) 
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