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ABSTRACT

It is only in the last decade that much archaeological
research has been carried out in Micronesia and that studies of
prehistoric human remains have emerged in any quantity. In this
study human skeletal material from eight sites in the Marianas
Islands is analysed with particular reference to the health of
the individuals. Research on the health of the inhabitants of a
site can provide an archaeologist with direct information on how
well these people adapted to their environment. The remains from
seven of these sites had been previously analysed but it is felt
that there is still much to be gained by a re-analysis.

Several variables are employed in the investigation of
the health of these people. They include sex, age at death,
stature, pregnancy markings, Harris lines, cortical thickness and
Nordin's score, as well as an examination of degeneration,
pathology and any evidence of frequently performed activities.
The dentitions are analysed for tooth wear, alveolar resorption,
caries, enamel hypoplasia, staining, calculus and any other
dental pathology. Evidence is sought of cultural modification of
teeth or other parts of the body. It is felt that the inclusion
of this many variables is the best research strategy for these
fragmentary and sometimes commingled remains.

A discussion of previous physical anthropological
research on the health of Marianas islanders is included in this
thesis. Within the present analysis, information from this
previous research is incorporated to provide a synthesis which in
turn will hopefully provide direction for future research.
ii

It was found that these Marianas islanders generally
enjoyed good health. Those who survived to adulthood died between
20 and 40 years of age and achieved a relatively tall stature.
Their bone cortex was comparable to modern well fed populations.
Menarche may not have begun until 17-18 years with a maximum of
three or four children being born to each woman by her thirties.
A few individuals had episodes of poor health during their
childhood. A physical existence for both sexes resulted in a
slight degree of degenerative change by the fourth decade of
life (30-40 years). A squatting position was consistently
adopted, and a strong downward motion of the arms was frequently
performed. Evidence of cribra orbitalia possibly due to a
childhood episode of iron deficiency anaemia was discovered in
one individual. There were only a few instances of trauma.
Individuals at three sites had bony evidence of a treponemal
infection, probably yaws.

Their dental health as indicated by slight tooth wear,
moderate alveolar resorption, the incidence of caries, calculus
deposits and stained teeth was the result of a soft carbohydrate
diet, poor oral hygiene and habitual betel nut chewing. Abcesses
and antemortem tooth loss did not develop until their thirties.
Staining, incising and filing of teeth was found at several sites
and may have occurred upon betrothal, as a rite of passage or as
a sign of status. The possibility that they were incidental to
some other practices is also discussed. The skull of one
individual was artificially flattened in the occipital region and
was the only other possible example of cultural modification
iii

among these people.

The overall conclusion that the health of these Marianas
islanders was good infers that they had adapted well to a
favourable environment. The re-analysis of these people has led
to the discovery of new aspects of their health and also points
to problems for future research thus sucessfully fulfilling its
objectives despite the limitations of the material. Another
important point which this study makes is that analysis and
re-analysis of skeletal material of poor condition can establish
useful new insights to the health of a population. In the Pacific
where skeletal remains are frequently fragmentary it is hoped
that this point will be kept in mind.
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CHAPTER ONE: INTRODUCTION

The status of physical anthropology in Micronesia can be
summed up in a few pertinent comments -

"Unfortunately the physical anthropology of Micronesia
has been sadly neglected ... " (Shapiro, 1933:273),

"There has been good archaeological work [in Micronesia]
but not much of it. The physical anthropology, except
for blood typing, is deplorable ... " (Howells,
1973:243),

"There have been very few skeletal studies of
Micronesians in recent years"

(Pietrusewsky, 1987: 10) .

The study of Micronesian human skeletal remains in the past, like
elsewhere in the Pacific, has been secondary to (or ignored
completely in preference to) the study of what these people
created or used. This is because of their assumed little
contribution of information to the archaeologist, who was often
more concerned with the establishment of chronological frameworks
based on such artefact types as pottery (Sutton, 1977)

(for

example Spoehr, 1957). Fortunately though, advances and changes
in the approaches of physical anthropology have meant that a
great deal more information is now extracted from human remains
which can be of significant value to the archaeologist.
1

Furthermore, because much of the archaeological research in
Micronesia has only taken place within the last decade (Craib,
1983; Davidson, 1988), Micronesians have been one of the most
neglected subjects of study in Pacific prehistory and physical
anthropology. Hence, we have little idea of just who or what the
Micronesians were. Hocart (cited in Brace and Hinton, 1981:554)
asked in 1923 "Who are the Melanesians?". This rather sweeping
question can also be asked of the Micronesians - who are they?

Answering this question in terms of prehistoric human
remains and physical anthropology, involves looking at the kinds
of influences which determine a person's physical being - their
genetic background, the environment (Simpson, 1979:1) and their
culture (Goodrnan et aI, 1984:15). Thus, physical anthropologists
are interested in the biological origins and relationships of the
Micronesians, and what pressures their environment and culture
put upon their health. In the past physical anthropology has
concentrated largely on the genetic origins and biological
relationships of prehistoric populations. Recent research,
however, is more concerned with the role of the environment and
culture (Simpson, 1979). This study incorporates the latter
approach although the biological background of a population is
equally important and must always be kept in mind. There are many
exciting prospects and much to be developed in the study of
biological relationships and origins, and hopefully in the near
future new research will emerge concerning the people of
Micronesia.

2

Micronesia is made up of a number of island groups and
there are several different approaches that may be taken
in an investigation of their health. One would be to study the
area as a whole, looking at all the different islands and the
skeletal material excavated on them. This approach is far beyond
the scope and time available here. Other approaches would involve
examining remains from particular parts of Micronesia, for
example a group of islands, one island or just one site. From
such a basis, future research could extend to other Micronesian
sites and islands to compare differences and draw on the
similarities not only of the Micronesians but other Pacific
Islands, because

"Judging from recent archaeological, biological, and
linguistic work, these cartographic regions (Melanesia,
Micronesia and Polynesia] must not be thought of as
discrete, unvarying entities. The same can be said for
the divisions within these regions."

(Clark and

Terrell, 1978:297).

So, the focus in this thesis is on one island group - the
Marianas Islands, specifically concentrating on eight sites on
the two islands of Saipan and Tinian. The question posed above,
therefore, may be modified to the more specific - who were the
Marianas islanders? This question may in turn also be broken down
even further because of the research which has taken place so
far. Such previous research further enhances the choice of the
3

Marianas as the subject of study. Compared with other Micronesian
islands, these islands have a history of research, albeit a small
one, and there is a growing number of skeletal samples from which
to draw upon for this study. Thus, we know something of the
prehistoric inhabitants at present and it is hoped that this
research will provide an overview of the previous work with
greater in depth discussion to provide a background for future
studies of Micronesian prehistoric peoples. Such future research
could expand and focus on regional and temporal differences among
the Micronesian and Pacific area, comparing each island and
island group in order to find out whether 'Micronesians' can be
described as a discrete and distinctive entity or physical type,
and not just as inhabitants of this geographic region. Until we
know more about each group of people in the Pacific we should not
hypothesise migrations, settlement patterns or anything about any
other group. We should not speculate about the Polynesians and
where they came from without information from Micronesians,
Melanesians, Indonesians, and so on.

The data, which most physical anthropological studies in
the Pacific are based on, primarily consist of skeletal remains
that are small in numbers and broken in condition. Inevitably,
these materials often date to a number of different time periods,
if indeed there are dates at all. This can make comparisons
difficult but unfortunately, in Pacific physical anthropology we
must make do with what we've got. This is not an excuse. The
numbers of individuals found in archaeological sites may always
be small but as long as they have been well excavated and are
accurately dated, then there is valuable information to be
4

obtained (Sutton, 1975). Moreover, Simpson (1979) has also shown
the value of poorly provenanced material in providing a data base
as background to the more 'ideal' studies containing well
provenanced materials (for example Sutton, 1975) which are
usually hampered statistically by small numbers. It will
invariably be the case that in any kind of research the condition
of the material to be studied and the types of questions being
asked of it will dictate the research strategy, and in terms of
physical anthropology, both Sutton and Simpson have shown that
all kinds of skeletal remains are of importance.

In the Marianas, physical anthropological studies
include skeletal remains uncovered by both past and recent
excavations. Unfortunately, their condition is often fragmentary
and sometimes commingled in nature. A lack of information
concerning their recovery can also be a hindrance (Pietrusewsky,
1986). However, a number of physical characteristics of these
people have become apparent and they are summed up neatly by
Pietrusewsky (1986: 21),

"Betel stained teeth, incised teeth, presence of
treponemal (yaws) infection, porotic hyperostosis,
moderately tall stature and a robust skeletal physiogamy
[sic] suggest Chamorro ancestry."

Chapter Two comprises a review of the literature and findings of
previous researchers. From the basis of this research, the
5

following general and then more specific questions can be asked
of the prehistoric Marianas islanders which will form the basis
of this thesis.

1.What is the general picture of health from all indicators? Is
there evidence of changes in health over time? Is there any
particular group of individuals whose health seems
specifically at risk? Are

he~_th

problems related to the

mortality of individuals? Are there any differences in health
between sites or islands?

2.From their general health, what can we infer about the Mariana
islanders' adaptations or reactions to their environment? Are
there any particular environmental pressures indicated?

3.At what ages did people die? Does any age group seem
particularly vulnerable to specific health problems or
diseases?

4.Is there any evidence of Harris lines? If so, at what ages do
they occur? What factors may have led to their presence in
this population?

5.What is the Nordin's score for this population, as
calculated from the second metacarpals? Are there any
differences between the sexes or between age groups?
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6.At what age groups do degenerative changes take place? Are
there any differences between the sexes? What types of
degenerative changes are most common?

7.What is the age at which individuals are found with yaws? Does
the incidence and character of the disease change over time?

8.Is there any evidence of porotic hyperostosis and cribra
orbitalia in this population? What factors may have led to
their presence? Do they occur at a particular age group?

9.Is there evidence of pregnancy markings on female pelvises?
If so, how many children are born to each woman and at what
age is the onset of menarche inferred to be?

lO.What are the most reliable equations for estimating stature?
Are there any differences in stature between sites? Are there
any changes in stature over time?

11.At what age does tooth wear become apparent? What kind of diet
can be inferred from tooth wear?

12.What type of caries is most prevalent? At what age do they
occur? What kind of diet can be inferred from them?

13.At what ages does enamel hypoplasia occur? What factors may
have led to its presence in this population?

7

14.Are specific actions, as indicated by clavicle grooves and
squatting facets,

found in a particular sex or age group?

lS.Was the staining of teeth deliberate or incidental to betel
chewing? If deliberate, is a particular sex or age group
involved? Is the incidence of calculus similar to the
incidence of staining?

16.Is the incising and filing of teeth deliberate? If so, is
a particular age group or sex affected? Does it occur in
specific sites over a certain time period?

17.Is there any other evidence of cultural modification? If so,
is a particular age group or sex involved? Is the health of
these individuals affected by such practices?

More generally then, the objectives of this thesis are to
examine several early populations from Saipan and Tinian in the
Marianas Islands looking at aspects of the health and disease of
individuals, assess their significance in the populations and the
factors which may have contributed towards their presence, and
then to compare these incidences with those of other islands and
island groups within the Marianas, Micronesia and the rest of the
Pacific. The strategies adopted to solve these problems will be
discussed in the next section.

It is hoped that this research will expand the present
growing database on Micronesians, pulling together what has been
found so far and adding to it, so that future studies of people
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in this geographic region may attempt to answer some of the other
questions raised here and others which weren't. It will take time
before the body of data on Micronesians, and other neglected
areas in the Pacific, begins to resemble that of the Polynesians.
The importance of such data is unquestionable, because without it
any suppositions we make about Pacific populations will be at best
tentative, and at worst fairy tales.

We must, also, always be aware that we are dealing with
people, with individuals and not just units of an overall
population. Those skeletons were once covered with skin and
contained living, thinking, feeling people.

"At night I frightened myself by feeling the bones of my
face under the flesh and skin. It was macabre to think
that there was a skull. Unless they burnt it, it would
lie in earth one day and might even be dug up. I
imagined somebody examining it and making learned
assumptions. But it would be my skull. I was looking out
from those eye sockets now. I had the mask of a young
girl over my bones"

(Newman, 1964:68).

RESEARCH STRATEGY

The basis of any study to do with physical anthropology
is, of course, the people themselves - their bodies.
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Unfortunately, usually only bones and teeth remain of prehistoric
populations which naturally have their limitations on the amount
and type of information they can give us regarding the living
people.

In order to describe the health and disease of early
Marianas islanders, reflecting cultural and natural environmental
influences, this thesis will include an analysis of burial
remains from a number of sites from two islands in the Marianas.
These remains, with one exception, have all been studied
previously (Pietrusewsky and Batista, 1980; Pietrusewsky, 1986;
Katayama, 1988). However, these materials comprised the most
readily available Marianas Islands collection to this research,
and there was still much information to be gained and elaborated
on from further study, as a different approach can yield
different information.

For health, the variables under investigation include age
at death, sex, stature, Harris lines, enamel hypoplasia,
pregnancy markings, cortical thickness and Nordin's score. These
have been included in many previous physical anthropological
studies and have proved themselves to be valuable in assessments
of individual health and of the health of the population overall
(for example Sutton, 1975; Simpson, 1979; Houghton, 1980). An
alternative research strategy would be to look at just one
variable, but it is felt

(Simpson, 1979:2-3; Goodman et ai,

1984:38) that the inclusion of as many variables as possible is a
more reliable indication of individual and general health in the
population, particularly where, as in this case, material is
10

fragmentary so that sometimes only a few variables can be
employed for one individual. For disease, all signs of pathology
will be examined for on the bones and teeth. This includes
evidence of yaws, porotic hyperostosis, cribra orbitalia,
degenerative changes and dental pathologies. Furthermore, there
is the influence of culture and cultural modifications, such as
betel staining and incising of teeth, will be examined for. These
will all be discusRed in more detail in Chapter Three. This
information will then be compared with the results of other
studies of Marianas populations, Micronesians and other Pacific
peoples, including ethnographic and historical sources. These may
provide clues as to possible similar environmental conditions and
cultural practices, or perhaps inherent susceptibilities to these
health problems or afflictions, and by doing so, place these
people within a Pacific context.

Chapter Two,

then, comprises a review of what we know

about the health of prehistoric Marianas islanders so far.
Chapter Three describes the materials used in this study and the
methods employed to analyse them. Chapter Four contains the
results of these analyses and Chapter Five interprets the
results, in terms of the questions asked in this introduction,
and compares them with those of other Pacific populations. Any
limitations of the research strategies applied in this thesis
will be noted, and problems for the future will be identified.
Chapter Six then draws conclusions on the health of the early
Marianas islanders.
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CHAPTER TWO: REVIEW OF EXISTING KNOWLEDGE OF MARIANAS ISLANDS
PHYSICAL ANTHROPOLOGY

As early European explorers were impressed with the
physical appearance of the polynesians, so too were they struck
by the physique of the ancient inhabitants of Guam.

"They are tall, robust, well built, and apparently of
great strength. The women, too, are very tall .. "
(Blair and Robertson, 1903 cited in Carano and Sanchez,
1964: 45) .

These comments were made by Miguel Lopez De Legazpi in the 16th
century, and Garcia in the late 1600's described them thus:

"The Marianos are in color a somewhat lighter shade than
the Filipinos, larger in stature, more corpulent and
robust than Europeans, pleasant and with agreeable
faces. They are so fat they appear swollen. They remain
in good health to an advanced age and it is very normal
to live ninety or one hundred years"

(Garcia, 1683

translated by M. Higgins, 1937 cited in Carano and
Sanchez, 1964:17).

Safford in 1903 (cited in Leigh, 1929:257) similarly observed,
"The aborigines were remarkably free from disease and physical
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defects, and lived to a great age." Other accounts of early
contacts contain much the same descriptions

(for example

Callender, 1768; Pigafetta, 1906; Weinhart, 1972; Driver, 1983).

Marche, who visited the Marianas from 1887-89, makes
little mention of the peoples' physical characteristics, the
population of which, by then, largely comprised the 'mestizo
race' of mixed blood with very few 'pure blooded' indigenous
people around (Marche, 1982). However, Marche's contribution to
our knowledge of the Marianas is significant. During his stay of
two years, Marche made a number of visits to several of the
islands, including Guam,

Rota, Saipan and Tinian. On these trips

he made note of social conditions whilst collecting ancient human
remains and artefacts and examples of the areas' flora and fauna.
Unfortunately, the skeletal material, despite being housed in the
Musee de I'Homme in Paris does not seem to have been the subject
of recent physical anthropological studies (Russell and Fleming
1986) apart from a report by Pietrusewsky (1987) which included a
few measurements from some of the crania in a statistical
analysis. Such remains contain valuable information regarding the
early inhabitants of the Marianas Islands, whether they have
little archaeological provenance or not. They can provide
background knowledge to more specific studies of individuals from
well excavated sites, and should be thororighly studied in the
future.

In 1929, Leigh made a significant contribution to the
physical anthropology of this area with his study of the teeth of
prehistoric Guamanians. The material, upon which this research
13

was based, consisted of 87 crania collected by Thompson and
Hornbostel in 1922

(Graves, 1986). This only represents a

proportion of the total collected because Leigh did not include
individuals who could not be aged or sexed (Graves, 1986)
Pietrusewsky (1971) lists 165 crania from Guam in this
collection, now housed in the Bishop Museum in Honolulu. The
remains were taken from Latte sites which are dated to a period
as early as AD 1000 until Spanish contact at AD 1565 (Hanson,
1987b). The largest numbers of individuals were excavated from
two sites on Guam

(Hanson, 1987a). Leigh also incorporated useful

descriptions of various associated cultural practices. What makes
this work so valuable to present day investigations of
prehistoric health is its focus on both the morphology and
pathology of prehistoric Guamanian dentition employing a
relatively large number of individuals.

Thus, the morphological features of these people,
according to Leigh, include - an extension of the cervical enamel
line to the root of teeth, enamel pearls, little shovelling of
the incisors, diminutive upper third molars and frequent
impaction of the lower third molars. As was usual for such studies
of the time, Leigh also included a number of measurements of the
maxilla and mandible. The pathology of these individuals
comprised - ethnic deformation by staining of the teeth and the
filing of a lattice design in the enamel of upper incisors and
canines, betel staining, lime acretions, a high percentage of
periodontal disease, 19% of individuals with caries, little wear
of teeth, some fractures and periapical lesions
evidence of yaws on the nose and palate.
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(abcesses) plus

Not only are such studies informative, and particularly
so in this area where we have little investigations of the kind,
but they further provide a useful background and basis for
comparison with later works, such as the present study.
Therefore, by incorporating all the knowledge we have of the
ancient inhabitants of the region, we can begin to build up an
overall picture of their health, noting differences and
similarities between sites where possible.

The Thompson and Hornbostel collection was also studied
by Wood-Jones in 1930, but this research was concerned with the
non-metric morphology of 92 crania. Wood-Jones presented a list
of variables and then described their expression among the
Guamanians. These variables were once considered as important
criteria in distinguishing 'races' or physical types but their
biological validity was rarely established. Thus, this study
by Wood-Jones is not regarded here as particularly significant,
but it does provide a useful description of the cranial features
of the early Guamanians.

In 1950, Hunt wrote a review of the physical anthropology
that had taken place in Micronesia. This was undertaken because
of the work done by Japanese researchers which, at the time, was
not well known. Hunt grouped the people of Micronesia into three
categories of which one was the Chamorros. These groupings seem
to be based on geographical, cultural and linguistic
considerations, rather than purely physical anthropology. Hunt
then reviewed the skeletal studies of Micronesians which range
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from Krause and Virchow who both made reports in 1881 to Japanese
researchers such as Hasebe in 1938 and Arai in 1941. What these
reports noted were crania, especially from the Marianas, with
strong muscle attachments and massive mandibles. Hunt further
looked at anthropometrical studies of living people in the
Micronesian region, the work done on Micronesian blood groups and
the possibility of Polynesian migrations through Micronesia.
Justifiably, Hunt called for much more work to be done in
Micronesia.

In an evaluation of Polynesian craniology, Marshall and
Snow (1956) included a Guam series of 13 male skulls for
comparative purposes. However, the location and date of this
collection was not specified. Importantly, they also looked at
the types of strictures such as environmental, socio-cultural,
historical and technical strictures, which can affect physical
characteristics and the interpretation of them. From observations
of the morphology of the skull series from polynesia and Fiji,
Marshall and Snow found

"A Micronesian series from Guam all lack the rocker jaw,

show more prognathism, have notably smaller glabella and
brow ridges, almost always have shallow concave nasalia
and less protrusive nasal bridge, more vertical frontal
area, smaller parietal bosses, larger and more ellipsoid
palate, less crowded teeth with more cusps and a greater
frequency of occurrence of edge bite"
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(1956:416).

They also made mention of the incidence of tooth ablation and
of betel chewing. In a statistical analysis, the Guamanians were
said to be similar to the other groups. Marshall and Snow wisely
refrained from relating the observed similarities and differences
to either the environments or biological backgrounds of these
Pacific populations.

A study by Stewart and Spoehr in 1967 concentrated on the
existence of yaws within the remains of individuals from a Tinian
site found beneath a Latte. They were concerned with the
relationship between the treponemal diseases of yaws and
syphilis, so the claim that the Tinian remains represented the
earliest evidence of yaws recorded so far was very significant.
The associated date being AD 854 +/- 145 (Stewart and Spoehr,
1967:311). Lesions were found on a cranium and three long bones
from the Blue Site on Tinian belonging to a 13-14 year old
individual. Little other information about the skeletal remains
was presented, but the report was important in terms of
demonstrating the incidence of yaws in the Marianas and its
nature, before syphilis was introduced.

It was Howells who, in his book The Pacific Islanders
(1973), really emphasized how little was known about
Micronesians. He pointed out the bias of attention in Pacific
archaeology and physical anthropology in favour of Polynesia and
Polynesians. Consequently, in Micronesia "there has been nothing
to compare with the monographic studies of Polynesian groups"
(Howells, 1973:243).
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Underwood (1977) studied the pre-Contact human skeletal
material from Guam excavated by Reinman in 1965-66.
Unfortunately, the full report was not readily available despite
attempts to obtain it, however, a summary of the complete
analysis was contained in an appendix of Reinman's report (1977)
of the site. These remains from Guam were described as being in a
poor and incomplete condition. Some of the pathological
conditions noted included evidence of trauma with subsequent
healing, caries, periodontoclasia, periapical osteitis and
paradental lesions. Compared with Polynesian populations these
people were said to be more rugged in the cranio-facial aspects
of their crania, with a lower average stature and range of
statures, a greater degree of sexual dimorphism and were also
different in the morphology of their mandibles and the occipital
regions of their crania. From an analysis of morphological and
anthropometrical features, Underwood (1977) claimed that these
prehistoric Guamanians had a greater affinity to other
prehistoric and living Micronesian populations than to
present-day Guamanians.

In another appendix of Reinman's 1977 report is a brief
analysis of six loose adult teeth by Birkby. All teeth, including
three canines, two incisors and one premolar, were observed to
have a transverse groove on their labial surfaces. Examination
under a microscope revealed "multiple lateral striations
suggestive of antemortem grinding or file mutilation marks"
(Birkby, 1977:169). Some wear facets were noted on a few of the
teeth and one left maxillary canine was also observed with enamel
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hypoplasia.

A significant figure in Marianas physical anthropology at
present is Michael Pietrusewsky. In recent years he has made a
number of contract studies of the human remains uncovered in
excavations. Finally, it seems we begin to approach the
compilation of the basic research which makes up the background
knowledge for these prehistoric peoples. Unfortunately for the
physical anthropologist, sometimes little knowledge of the
provenance is associated with the material (Pietrusewsky 1986)
Attempts at radiocarbon dating can also be thwarted (Russell,
1984; Pietrusewsky, 1986) with remains destroyed for later study.
This situation can limit the scope for comparison as can the
fragmentary nature of the skeletons.

In 1980 pietrusewsky and Batista reported on the remains
from three Saipan sites and one Tinian site, which are also the
subject of this thesis. Two were located near Latte and one was
uncovered while digging trenches for tree planting. Another was
found when digging took place for a septic tank but the material
already seems to have been reburied due to activity before World
War Two (Russell, 1984). Except for San Antonio on Saipan
comprising a mass burial, the other sites contained material
which could be sorted out into individuals and because of this,
more meaningful information can be gleaned from the

bones. They

are not just looked at like a collection of femora or tibiae but
as part of an individual from whom we can ask questions as to
their health by relating the appearance of all bones which
comprise that person.
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A range of both sexes and of ages was represented in
these sites from very young children to old-aged adults. There is
evidence of yaws from one individual on Tinian, and of porotic
hyperostosis and cribra orbitalia which pietrusewsky and Batista
related to possible malaria. The stature of these people is good
for prehistoric populations, achieving 163-164 cm (5'4")

for two

females from the Tinian site. Betel nut staining was frequent.
Attrition of the teeth was moderate to marked with few caries or
abcesses. The researchers commented on the robustness of the
remains, particularly those belonging to the mass burial at San
Antonio. The San Antonio population also had evidence of cultural
modification of their teeth by way of filing the enamel on the
labial surfaces. A number of non-metric and metric observations
were included from all individuals.

In a 1986 report Pietrusewsky studied the remains of
three sites, once again from Saipan and Tinian and likewise, this
material is again part of the present study. They had been
excavated by a Japanese expedition without permission and there
was no accompanying information about them. They were, however,
thought to be of prehistoric origin. These remains could not be
sorted into individuals and were fragmentary in condition.
Minimum numbers, therefore, had to be calculated for each bone
type. Similar observations were made to the previous study - the
occurence of yaws, porotic hyperostosis, betel staining,
moderately tall stature and robust features. There was also some
periodontal disease of the teeth. Cultural modification of the
teeth consisted of incised teeth in one individual and was
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similar to those studied by Leigh in 1929. Because Pietrusewsky
has included a great deal of information in these studies, they
have undoubted importance as a reference point and basis for
future comparison with later researches. However, they are
severely impaired by the condition of the remains and the way
they were excavated. There is, nevertheless, further information
to be gained from re-analysis as a drawback to such contract
studies is the relatively short amount of time given to complete
them.

A 1986 preliminary report was made by several Japanese
researchers on the Thompson and Hornbostel collection. It was
their intention to combine various kinds of information from this
skeletal material to look at the possible affinities and the
population history of the Marianas islanders.

The first report by Hanihara used the material from Guam
and concerned the measurement of teeth and noting the incidence
of several dental features which are used in comparative studies.

The next report by Suzuki looked at the palaeopathology
of 190 individuals from the Bishop Museum collection from the
islands of Guam, Saipan and Tinian. Evidence of trauma was found
in only a few individuals. One adult (20-45 years) male had a
penetrative wound in his skull with some subsequent healing,
which Suzuki claimed was probably caused "by a sharp spearhead"
(Suzuki, 1986:17). Four other males - three adult and one young
(under 20 years), exhibited healed fractures of the foot, femur,
frontal bone of the skull and right facial area. Six individuals
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had non-specific inflammatory bone change, while 20 people had
specific inflammatory bone changes, some of which were identified
as evidence of leprosy or treponemal disease. Benign bone tumors
were present in five skulls, one mandible and possibly one ulna
and one tibia. One adult female was diagnosed as having a
malignant tumor of the skull and an older (45+ years) male had
possible evidence of a soft tissue tumor affecting the left
femur. The incidence of cribra orbitalia, which is usually
related to iron deficiency anaemia, was 10.4% of 163 crania.
Degenerative joint disease, or osteoarthritis, of the elbow and
knee was present in several individuals as well as osteophytosis
and osteoarthritis of the vertebrae. A few individuals had
various congenital abnormalities and one adult female, as
documented by other researchers in the Marianas, had incised
maxillary teeth.

In the discussion, Suzuki looks at "cribra orbitalia,
degenerative joint disease, spondylosis deformans [osteophytosisJ
and spondylosis from the viewpoint of palaeoepidemiology in
relating with the ecological system" (Suzuki, 1986:23). This is
achieved by comparison with other populations but there is very
little detail and explanation in this preliminary report.
Hopefully, a great deal more information and discussion will be
provided in the final report.

The third study was by Dodo and concentrates on
non-metric cranial observations of crania from Guam while the
final report by Koizumi concerns cranial measurements of these
people.
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The findings of this preliminary report on the Thompson
and Hornbostel collection seem largely to support those of other
researchers concerning the Marianas islanders. It is commendable
that this research was based on a large existing collection.
Hopefully, future research will continue this example and also
include a study of the general health of the population and its
individuals as well as palaeopathology, as the two go hand in
hand. The final report is looked forward to with interest as
hopefully, it will contain a lot more detail and discussion.

A recent report which further contributes to our
knowledge of these people is provided by Hanson (1987a). He looks
at the human skeletal material in view of the health and disease
of the prehistoric population and importantly also focuses on the
mortuary practices associated with the burial of the remains.
This study is also significant because it looks at remains from
the island of Rota in the Marianas. Previous studies in
comparison have comprised of people from Guam, Saipan and Tinian,
with Rota and the other Marianas Islands not receiving as much
attention from archaeologists. Another notable feature is
Hanson's discussion of the factors which may have affected the
preservation of human bone. Many of the remains, which are
recovered from archaeological excavations in the Marianas, are
fragmentary.

Hanson's study consisted of 25 burials, containing 27
individuals, from a number of sites along a 2 km stretch of
Rota's north coast. Eighteen were associated with Latte while
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seven were preLatte, the transition of preLatte/Latte being AD
1000. He related age and sex to the way the people were buried,
trying to gain some idea of the prehistoric social complexity. A
number of burial practices were noted. Some people were buried
soon after death while others were left until their flesh had
decomposed and then buried. There were a number of body positions
but the head was usually oriented inland or southwards.
Frequently, some bones were removed from primary burials and also
before the decomposed remains were buried, but this seemed to
apply only to adults. It seems skulls and mandibles may have only
been removed from males, and long bones removed from females.
Artefacts were not usually found with the burials. Relating this
complexity in mortuary practices to social complexity is made
difficult in the Marianas by the type of samples included and by
the need for more detailed information from excavations.
Obviously, more studies of the type are required which include as
many variables, individuals and as large an area excavated as
possible to try and distinguish burial types and family groups,
for instance, within a restricted temporal and spatial framework.

Of the health and disease of these individuals from Rota,
Hanson found that their estimated stature was moderately tall 170 cm (5'7") for a male and 153 cm (5'0") and 155 cm (5'1") for
two females. There were four instances of fractures and two
individuals with cribra orbitalia or porotic hyperostosis
attributed to iron deficiency anaemia. Five young individuals
showed evidence of an infection which was indicated to be
congenital and of chronic condition. One adult was diagnosed as
having yaws, although venereal syphilis was an alternate
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possibility because of the late age of the site. There were also
single examples of a benign tumour and a cranial resorptive
lesion. Many of the adults from Rota had experienced some
degenerative changes to their vertebrae and metatarsals. Changes
to the metatarsals also seemed to indicate frequent kneeling or
squatting. There was a high frequency of caries among deciduous
teeth of 33%. Percentages were based on the number of teeth and
not number of individuals. The caries were circular in shape and
have been related to hypoplastic defects due to rigorous
perinatal stress. Some of the deciduous teeth were also
discoloured, mottled and hypocalcified. The permanent teeth,
however, had few caries and abcesses, little enamel hypoplasia,
but 43% had calculus acretions. The deposition of these acretions
appear to be related to betel nut chewing, as 37% of teeth were
stained. Thus, we can see that young children under five years of
age may have been particularly vulnerable to unfavourable
environmental conditions. Once past this age, however, survival
was not so difficult and health was generally good. Hanson
suggests that storms or drought contributed to the morbidity and
mortality, along with poor diet during weaning and congenital
diseases, but just how widespread this was among the prehistoric
population is difficult to say when such small samples are
involved.

Hanson noted an interesting and hitherto unreported
dental anomaly among two incisors. They were bifurcated so that
the tooth was split into two halves with their own incisal edge.
As with other sites mentioned so far, the people on Rota modified
their teeth by incising and filing. But Hanson also found an
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individual with a drilled hole in the left canines. Hanson thinks
it possible that these people filed their teeth incidentally
while cleaning with an abrasive substance such as sand or squid
cuttle in an attempt to remove the mottled and discoloured
appearance of their teeth. This could have occurred from the
intake of excess fluoride through food and water "during
development of the permanent dentition [which] produces the
hypocalcified, brown-stained teeth" (Hanson, 1987a:40f). The
situation is possible although only one individual in this study
is recorded with this modification. This aspect obviously
requires more attention.

In another report by Hanson (1987b), he again refers to
the same sample of individuals from Rota but looks in more depth
at the various factors which could have contributed to the high
infant morbidity and mortality. These factors are - an excessive
fluoride intake of the mother while pregnant or lactating, which
leads to caries susceptibilty of deciduous teeth because of
normal formation and mineralization interference; a starchy diet
deficient in protein during weaning which also aids caries
formation and subsequent low resistance and introduction to
disease; and diarrhoea from water contamination. Hanson's
researches obviously show the enhancement of information when
there is knowledge of the site and the mortuary practices of the
population and when they can be discerned as individuals. It is
clear that more such studies are required to substantiate,
compare with, or just expand on Hanson's findings. Although there
will still be the problems of small numbers within individual
sites and poor preservation and condition of remains.
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One of the most recent studies of prehistoric Mariana
islanders is by Suzuki (1987) and is based on his findings in the
1986 preliminary report mentioned previously. This study looks
at, and compares, the incidence of cribra orbitalia among early
Hawaiians, the Mariana islanders and modern Japanese. Cribra
orbitalia is regarded as an indicator of health among individuals
in a population. In this study it is particularly linked to the
incidence of iron deficiency anaemia. Once again, the Marianas
crania were from the Thompson and Hornbostel collection,
demonstrating the value of such remains to specfic studies.
Suzuki found a 9.9% frequency of cribra orbitalia among the 161
Marianas crania compared with 12.5% among the Hawaiians and 13.5%
among the Japanese. The differences are not significant. These
results, Suzuki claimed, represented not unfavourable living
conditions, but this is based on the presumption of iron
deficiency anaemia only. The prehistoric diet of these peoples
and possible sources of deficiency are not discussed. This
research, plus that of others, indicated that cribra orbitalia is
frequent among Pacific populations at 8-15%. Within this context,
the prehistoric Marianas islanders appeared to have had
relatively good health.

Katayama (1988) included the material in this thesis from
the San Antonio, Saipan Latte House and Marianas High School
sites on Saipan, and the Tinian Latte House site on Tinian, in
an analysis of auditory exostoses among various South Pacific
populations. Auditory exostoses are widely accepted to be the
result of habitual and chronic exposure to cold water, possibly
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through diving for aquatic resources. No examples of auditory
exostoses were found on these Marianas islanders although small
populations from Tonga, New Zealand and the Chatham Islands had
observed incidences of over 20%, possibly suggesting they
frequently'obtained aquatic resources by diving.

So to summarise, there is a relatively small but growing
number of physical anthropological studies for the Marianas
Islands. Most studies have taken place in the last decade or so.
Like elsewhere in the Pacific, research is hindered by small and
fragmentary samples. Only the Hornbostel and Thompson collection
is of large size but is comprised of the remains from a number of
sites and islands. However, despite these problems there are
still contributions to be made to the knowledge of these peoples'
health. Hence, all kinds of remains are useful in determining
this and the differences between sites. Furthermore, there is a
pressing need for reliable dates associated with these remains.

Thus, we know of some of these people so far that they
were in good health generally, as evidenced by their stature and
robust features. They were also afflicted by yaws, leprosy,
porotic hyperostosis and cribra orbitalia with few traumatic
injuries or bone tumors. Betel staining of the teeth was frequent
and cultural modification of the teeth occurred.
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CHAPTER THREE: MATERIALS AND METHODS

MATERIALS

The human skeletal remains from eight sites in the
Marianas are examined in this thesis. Each sample varies in
condition which accordingly affects the kind of information that
can be gleaned from them. The sites are located on the islands of
Saipan and Tinian. The remains, except those from T. Villanueva,
have already been studied by Pietrusewsky and Batista (1980) and
Pietrusewsky (1986). Thus, they have been washed and air dried,
and sorted, where possible, into individual skeletons, or
individual bones. Fractured bones were reconstructed with epoxy
resin and water soluble glue by Pietrusewsky. Bones were further
given a site identification code of three letters and numbered
according to bone type or whether it belonged to one individual.
Loose teeth were returned, if possible, to their appropriate
sockets by Pietrusewsky. The only information regarding the
recovery of the skeletal material is contained in the two
previous reports and in one by Russell

(1984)

about the San

Antonio site.

All the remains from these sites were packed in plastic
bags and cardboard boxes and sent to the University of Otago in a
large crate. They were unpacked and material from each site was
sorted, according to their identification numbers. Breakages were
repaired, where possible, with PVA water soluble glue and again
loose teeth returned to sockets. Teeth that could not be
reassigned with any certainty were studied separately.
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The Sites

Saipan Latte House or Grotto Site (SLH)

This site is situated in the north of Saipan and human
remains of two individuals were found in a burial near a Latte
(Pietrusewsky and Batista, 1980). As is becoming usual for ;:he
Marianas, prehistoric human remains are increasingly discovered
due to building construction development, and this was the case
for this site. It seems that

"one individual was found face down in a shallow pit with
another skull placed above its own. The lower legs and
feet were missing"

(Pietrusewsky and Batista, 1980: 18)

Also of interest is the observation that pottery sherds,
seemingly belonging to one container, covered the remains
(pietrusewsky and Batista, 1980). The burial further included
stone flakes, fish bone, shell and coral. There is no date
associated with the remains, so the left long bones from SLH-3
were submitted for radiocarbon analysis. These produced a
determination of 720 +/- 100 BP (UCR-1232D)

(Russell, 1988:pers.

comrn.). The skeletal material was sorted into at least two
individuals by Pietrusewsky and Batista.

The first

(SLH-1) consists of a mandible, some skull
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fragments, broken clavicles, scapulae pieces, rib and vertebrae
fragments, a broken right humerus and right ulna, patellae,
femora pieces, carpals, a few metacarpals and phalanges plus
tarsals, some metatarsals and phalanges. Preservation was said to
be fair

(Pietrusewsky and Batista, 1980). The second individual

(SLH-2) comprises a broken mandible, skull fragments, vertebrae
and rib fragments, a broken clavicle, scapulae pieces and broken
right patella . However, this pe t.e Ll.a vwa s large and did not
compare well with the size of the clavicle present. It may
therefore possibly represent another individual, but it is
difficult to confirm this.

Tinian Latte House Site (TLH)

This Latte site, on Tinian, contained the remains of at
least six individuals. These were sorted from the two burials
listed by the excavators, taken from pits within limestone
bedrock. Pietrusewsky and Batista submitted two femora from TLH-3
for radiocarbon dating and they were dated to 313 +/- 70 BP
(UCR-1231)

(Russell, 1988 :pers. comm.). Bone preservation of

these remains ranges from excellent (TLH-1 and TLH-2)
(TLH-3 and TLH-5) to poor (TLH-4 and TLH-6)

to fair

(Pietrusewsky and

Batista, 1980). According to Pietrusewsky and Batista (1980),
these individuals may represent a family group because there are
some morphological similarities and the adults are also
apparently the same sex.

TLH-1 is represented by a skull, mandible, broken humeri,
rib fragments, three cervical vertebrae, broken radii and ulnae,
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hand phalanges, broken femora, fibulae and tibiae and some
tarsals. TLH-2 consists of clavicles, humeri, sternum and
manubrium, ribs, scapulae, vertebrae (seven cervical, 12
thoracic, two lumbar and the sacrum), right radius and ulna,
pelvis, left femur, fibulae, patellae, tibiae and some foot
bones. Of special note is the loss of the skull of TLH-2 as
mentioned and photographed by Pietrusewsky and Batista (1980:9)
It was not amonq the remains sent here. Only three loose teeth
were associated with these remains and it is unclear whether they
belong to this individual. The individual TLH-3 comprises the
left half of the skull and some skull fragments, the left side of
the mandible and right half of the maxilla, broken clavicles and
humeri, the right ulna and radius, rib pieces, seven cervical and
two thoracic vertebrae, carpals, metacarpals and phalanges,
pelvic fragments, epiphyses of the femora and patellae. TLH-4 is
represented by skull fragments, a piece of the maxilla, the
mandible, broken left clavicle, broken humeri,

ribs and vertebrae

and the right femur head. TLH-5 only consists of a skull
fragment, mandible fragment and some loose deciduous and
permanent teeth, while TLH-6 comprises rib and vertebrae
fragments, a piece of clavicle and broken tibia.

Marianas High School Site (MHS)

Human skeletal remains of five individuals were found in
this site on Saipan due to the digging of trenches for tree
planting (Pietrusewsky and Batista, 1980). It is possible that
these individuals may be Caroline islanders due to the find of
associated medicine beads and local legend, although there is no
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substantiating archaeological information. The site contained
cultural material that was both prehistoric and historic in
origin, such as the beads already mentioned, pottery sherds,
glass bottle fragments, metal pieces and a nail, stone flakes,
shell and fish bones. No bones from these people were submitted
for radiocarbon dating. Preservation of these remains is
generally poor (Pietrusewsky and Batista, 1980).

MHS-1 comprises a skull and fragments, a broken mandible,
broken left humerus, pelvic fragments, broken right femur,
tarsals and metatarsals. MHS-2 consists of skull pieces, a broken
mandible, broken right clavicle and left humerus, rib fragments,
broken scapulae, foot bones and the left patella. MHS-3 is
represented by skull pieces, the right half of a mandible and a
tarsal bone, and MHS-4 is represented by two loose teeth,
clavicle fragments, broken humeri and scapulae, metacarpals,
pelvic fragments and epiphyses of the femora. MHS-5 lastly
comprises skull fragments, some loose teeth, mandible and maxilla
fragments and rib and vertebrae fragments.

Rib fragments from individuals SLH-1, TLH-l, TLH-3, TLH-4
and MHS-2 were included in an independent project of isotope
analysis (Quinn, 1989).

San Antonio Site (SSA)

Information regarding the excavation of this site is
supplied in a report by Russell (1984). San Antonio is situated
on the southwestern coast of Saipan and consists of a mass burial
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of at least 33 individuals uncovered when digging for a septic
tank pit. Only a 2x2 metre square was excavated as limitations
were placed upon the amount of time allowable and the available
manpower.

Above the burial was a 40cm layer of midden containing
shell, pottery, stone, bone and artefacts. The skeletal remains
were contained within an orange sand unit. An extended burial was
also found within the site at a depth of 80cm but only its legs
and feet were excavated, the remainder being beyond the
excavation square. This burial appeared to be separate from the
mass burial. From 60-80cm down some mandibles and disarticulated
infracranial bones were found. At 80cm a stack of five crania
were discovered and at 90cm a similar stack of three crania. From
100cm there was a sterile sand layer with one cranium recovered
from on top of it. Most skeletal material was found in the
southern third of the excavation square (Russell, 1984).

Radiocarbon analysis produced different dates for the
mass burial and the extended burial. The latter was dated at 1360
+/- 100 BP (UCR-1230)

(Russell, 1988:pers. comm.) while the

former gave a date of >100 BP (UCR-1229) (Russell, 1988 :pers.
comm.). This late date, however, is presumed by Russell to be the
result of reburial after discovery due to "prewar agricultural
activities in the Afetna area"

(Russell, 1984: 36). Material

sacrificed for the radiocarbon analyses included femora fragments
from the mass burial and the long bones from the extended burial.
Therefore, the extended burial cannot be included in this present
study since only the legs were excavated. However, pietrusewsky
34

and Batista (1980) include a brief description of the remains
which were excavated from this burial. Many of the mass burial
remains were cleaned with a dental pick to remove a
sandstone-like matrix (Pietrusewsky and Batista, 1980)

The San Antonio mass burial is represented by 14 crania
and only a few have associated maxillae or mandibles. There are
also many skull fragments including zygomatic, occipital,
parietal, frontal and temporal bones. Twenty-one maxillae and
thirty mandibles, also varying in degrees of completeness, are
present. Preservation ranges from good to fair

(Pietrusewsky and

Batista, 1980). The infracranial remains represented include
clavicles, radii, ulnae, humeri, scapulae, rib and vertebrae
fragments,

innominates, hand and foot bones, femora, patellae,

tibiae and fibulae. Their preservation was said to be poor
(Pietrusewsky and Batista, 1980) and most remains are very
fragmentary. Pietrusewsky and Batista calculated the minimum
number of individuals for each bone type, but "The minimum number
of individuals represented by all the infracranial bones is
seventeen"

(Pietrusewsky and Batista, 1980: 30). The minimum

number of individuals as calculated by cranial material was
between 28 and 33, thus, the minimum number of individuals for
the site is said to be 33

(Pietrusewsky and Batista, 1980).

The following three sites have little information
concerning the recovery of human skeletal material. They were
obtained by a Japanese bone collecting expedition without
permission (Pietrusewsky, 1986). The Historic Preservation Office
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found them to be of prehistoric origin and they were studied by
Pietrusewsky (1986). All remains are fragmentary and
disarticulated.

Hafa Dai Beach Hotel Site (HDB)

The remains of at least 20 individuals were recovered
during the expansion of the Hafa Dai Beach Hotel on Saipan and
given to the Japanese team (Pietrusewsky, 1986). Preservation is
good (Pietrusewsky, 1986) but many bones are broken. Twenty-one
skulls are represented in this site and their condition varies
from a few fragments to almost complete crania. Most have
associated mandibles and/or maxillae. There are also several
loose teeth which could not be reassigned to their appropriate
sockets. They were, however, grouped according to type incisors, canines, premolars or molars. Most infracranial remains
are present and comprise tibiae, fibulae,

femora, humeri, ulnae,

radii, clavicles, scapulae, innominates, patellae, rib and
vertebrae fragments, tarsals, metatarsals and phalanges plus
carpals, metacarpals and phalanges. Some of the long bones are
intact but most are broken. Pietrusewsky (1986) calculated that
a minimum number of 20 individuals is represented at this site.
Bone fragments from Hafa Dai Beach were submitted for radiocarbon
dating but it appears to have been unsuccessful "as the observed
radioactivities are very close to that of the modern standard"
(Pietrusewsky, 1986:14).

36

Tanapag Site (TPS)

Pietrusewsky (1986)

states that this skeletal material

from seven individuals was accumulated by the Japanese bone
collecting team in an analagous situation to the Hafa Dai Beach
remains. Bone preservation was said to be excellent
(Pietrusewsky, 1986). The Tanapag remains consist solely of six
ma'ldibles or mandible fragments and one maxilla piece. Thus, the
minimum number of individuals appears to be seven.

unai Chulu Site (UCT)

This site is situated on Tinian and contains the remains
of at least 14 individuals. Again, the bones were commingled

and

fragmentary, but preservation is good (Pietrusewsky, 1986). The
infracranial skeletal material consists of femora, tibiae,
fibulae, ulnae, radii, humeri, clavicles, rib and scapula
fragments,

innominate and vertebrae fragments, hand and foot

bones and patellae. pietrusewsky (1986)

states that only a few

cranial fragments were represented at Unai Chulu, however, the
remains sent to Otago University included a plastic bag of
cranial fragments which also contained four mandibles or mandible
fragments and two maxillae pieces. Two skulls were partially
reconstructed from the cranial fragments with two of the maxillae
and mandibles then being found to belong to them. These
individuals were numbered UCT-1 and UCT-2. A number of loose
teeth were also received and they were again studied according to
type. It is clear that these were not studied by Pietrusewsky as
they were still covered in dirt and not numbered. They were
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gently cleaned, where necessary, with a toothbrush so that the
tooth surfaces could be seen, and assigned numbers with the same
site identification code. The remaining two mandibles were
numbered separately UCT-3 and UCT-4. Numbers were not inscribed
on the bone but on a plastic bag in which each was separately
placed. The minimum number of individuals at this site was
calculated by pietrusewsky (1986) from the right ulnae as 14.

T. Villanueva Site (TVL)

Very little is known about the background of the remains
of two individuals from this site other than their location
within the San Antonio area on Saipan. Attempts to find out any
information (Fleming, 1988:pers. comm.) proved fruitless. The
remains do not appear to have been studied previously since many
bones had sand adhering, presumably from the matrix in situ. Bone
preservation is excellent. There would appear to be a minimum
number of two individuals based on two left innominates and two
right first metacarpals. Because both individuals are male and of
comparable age and lacking any excavators' report, it is
difficult to tell which bones belong to which individual, even
though one may be slightly larger than the other. The skeletal
material from T. Villanueva, therefore, comprises a skull,
mandible, a pair of clavicles and scapulae, right broken humerus,
radius and broken ulna, ribs, manubrium, vertebrae, some hand and
foot bones, one right and two left innominates, an unfused femur
head epiphysis, a tibia fragment and right patella. For ease of
identification, the site name is referred to,

like the previous

sites, with a three letter site identification code, which, in
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this case is TVL.

METHODS

CRANIA AND INFRACRANIAL SKELETON

As described in the introduction, a number of indicators
of health will be employed in this thesis. They are - age at
death, stature, pregnancy markings, Harris lines, Nordin's score,
enamel hypoplasia, tooth wear, incidence of caries and alveolar
resorption of teeth. They have been used singly and in
combination in many previous studies of physical anthropology.
Some indicate an aspect of health at a specific time of life.
Thus, enamel hypoplasia and Harris lines reflect episodes of
illness or inadequate diet during childhood while age at death
and pregnancy markings reflect health during adulthood. When the
stature attained, Nordin's score, other dental conditions and
kinds of diseases suffered by an individual are included in an
assessment of health, the physical anthropologist is able to gain
an insight into the various stages of life of a person. When
several individuals are analysed, the health of the population as
a whole can be considered and lead to discussion of their
environmental conditions, economy and diet, for instance. Besides
the variables mentioned above, sex, plus any evidence of
pathology on bones and teeth and cultural modifications will also
be assessed. The methodology involved for each variable will be
described separately in the following sections. They are
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intentionally as brief as possible because these methodologies
have been fully described in many previous physical
anthropological studies and reports (for example Sutton, 1975;
Simpson, 1979; Brothwell, 1981; Evans, 1987).

Age at Death

Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
had previously estimated the age at death of these prehistoric
individuals, except those from the T. Villanueva site.
Individuals were categorized into three groups of young,
middle-aged and old-aged "Because of the inexactness of the
estimations of adult ages and the predominantly Western standards
upon which these estimates are based"

(Pietrusewsky and Batista,

1980:3). More specific estimates, however, were sometimes given.
Age estimation in this thesis was made independently of these
previous reports but estimates were then compared. If any
differences occurred and no agreement could be reached, the
differences were recorded. The criteria used were from Ascadi and
Nemeskeri (1970), the Workshop of European Anthropologists
(1980), Houghton (1980) and Brothwell (1981).

Age at death of individuals, of course, particularly
relates to their health. It is rare, however, to ascertain the
cause of death. From estimates of lifespan of individuals, the
physical anthropologist may estimate life tables and survivorship
curves for the population.

Of those sites where remains were sorted into
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individuals, subadults were aged, usually within a two to five
year range, from tooth eruption and calcification using charts in
Bass (1979), plus the state of epiphyseal fusion of the long
bones. For those sites where individuals could not be sorted from
the remains present, mandibles and maxillae of subadults were
aged using the same dental criteria as above. Some of the long
bones of subadults could be aged from the state of epiphyseal
fusion if the epiphyses were in the process of just fusing. If
the epiphyses were unfused then the long bones could only be said
to be under the age at which epiphyseal fusion usually occurred.
Adult individuals were aged from the degree of tooth wear, tooth
degeneration, tooth loss, skeletal degeneration, pathology and
size. These relative aging methods were first correlated with
such criteria as state of epiphyseal fusion, tooth eruption and
calcification and then applied to other individuals from the same
site. The age ranges given for adult individuals were much
larger, seven years or more, than those given for subadult
individuals. Only crania, mandibles, maxillae, clavicles,
pelvises and long bones from those sites where individuals could
not be sorted were aged. The aging criteria employed were mainly
size, degree of tooth wear and state of epiphyseal fusion,

if

present. Since these methods could not be correlated with any
others, the individual bones were usually only described as
adult, or in a few cases as young adult or old adult where the
criteria indicated that this was obviously so.

Sex

The sex of these remains had already been evaluated by
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Pietrusewsky and Batista (1980) and Pietrusewsky (1986), except
the T. Villanueva material. However, it was again determined
since, as Pietrusewsky (1986) admits, evaluation is largely
subjective. The results were obtained independently and then
compared with those of the previous researchers. If any
differences occurred and no agreement could be reached, the
differences were recorded. Determination of sex is necessary
to discriminate possible differences in health between males and
females in a population.

The main criteria used in determination of sex were from
Ascadi and Nemeskeri (1970), recommendations by a Workshop of
European Anthropologists (1980), Houghton (1980) and Brothwell
(1981). In particular, the pelvis was preferred but was almost
always absent or fragmentary. The skull and mandible were then
employed and some individuals were only provisionally sexed
(indicated by a question mark) because of the limited nature of
their remains. Subadult individuals and remains were not able to
be sexed. For individuals, the remaining infracranial bones,
especially long bones, were examined on the basis of their
relative size and robusticity to back up determinations already
based on the morphology of pelvic or cranial remains.

Individual

bones from those sites with commingled remains, in particular
long bones, pelvises and clavicles were examined for comparative
size and robustness and then provisionally sexed. Skulls and
mandibles were also provisionally sexed according to
morphological considerations. Any other bones were not sexed, as
sexual dimorphism was less obvious and accuracy is much
diminished. Citrate estimation was not considered because it
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involves some destruction of material (Houghton, 1980).

An attempt was made to discriminate sex by tooth
measurement of mandibles and maxilla which could be sorted into
individuals, but sexual dimorphism was not made apparent.

Stature

Stature had already been estimated by Pietrusewsky and
Batista (1980)

and Pietrusewsky (1986), except for the T.

Villanueva remains. In the first report, Mongoloid formulae
(Trotter and Gleser, 1952; 1958) had been used and in the second,
New Zealand Maori formulae (Houghton et al., 1975) were employed.
Both equations are related to specific body proportions, so it
was felt that the use of White American formulae

(Trotter and

Gleser, 1952; 1958) with their more equal body proportions, and
the previous two formulae, might show, via the range of estimates
from one individual, which was the most reliable given the
absence of specifically derived Micronesian formulae. The stature
achieved by individuals in a population reflects both their
genetic background and diet. Thus, a good diet will help
individuals to achieve their genetic potential for stature
(Houghton, 1980).

Only long bones which were complete, including those
which were broken and then reconstructed, were used. Thus,
humeri, ulnae, radiii, tibiae, fibulae and femora were measured
on an osteometric board according to the methods described in
Brothwell (1981: 85-86) .
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Pregnancy Markings

Pietrusewsky and Batista (1980)

and Pietrusewsky (1986)

do not include any mention of the assessment of pelves for
pregnancy markings. Such markings, or pitting, of the pubic
symphysis and preauricular groove of the ilium have been noted
and related to the number of birth8 or pregnancies

(Phillipps,

1980; Houghton, 1980). This evidence in turn can be related to
age at death and then estimation of the onset of menarche, the
birth interval and lead to discussion of prehistoric diet,
demography and fertility (Phillipps, 1980; Houghton, 1980).
Phillipps

(1978; 1980) has presented a scheme of four stages of

pitting at the ilium and facies posterior of the pubis which are
related to specified numbers of births or pregnancies. The
underlying assumption is "that the increasing extent of pitting
corresponds to an increasing number of births/pregnancies"
(Phillipps, 1980:152). Factors which may affect the extent of
pitting, however,

include arthritic changes and other diseases of

the pelvis. Bone may also be replaced after pregnancy making pits
shallower (Phillipps, 1980). Thus, any interpretation of
pregnancy markings must be aware of these problems and take their
possible influence into account.

All female pelvic bones from the eight sites were
examined for pregnancy markings and graded according to the
schemes presented by Phillipps

(1978; 1980) in drawings and

photographs. These will then be discussed in relation to the
health of these prehistoric people.
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Harris Lines

The remains from these eight sites had not been
previously x-rayed for Harris lines

(lines of arrested growth)

These lines, made visible by x-ray, are often related to
childhood episodes of illness or malnutrition such that bone
growth is arrasted, but is then followed by a recovery of growth
when the "illness is recovered from or the diet improves"
(Houghton, 1980:113). Although Goodman et al.

(1984) have pointed

out some possible problems in the analysis of Harris lines, they
can be used as an indicator of health during childhood when
interpreted in conjunction with other variables.

Any intact long bones, particularly the radius and tibia,
were x-rayed in anterior-posterior position at a tube to film
distance of 100 cm. The tibia is often selected by other
researchers because Harris lines "appear most clearly and
consistently"
(1979:39),

(Houghton, 1980:113) on it. As described by Simpson

"A line of arrested growth was defined as any

transverse arrangement of trabeculae, the distance across the
bone shaft it extended was not considered." Any Harris lines
apparent on each bone x-ray were counted and an attempt to
approximate their age of occurrence was made. This was also done
by Simpson (1979) for Harris lines appearing on the distal tibia,
because previous attemts to do so did not appear adequate to him.
Simpson makes a number of assumptions concerning bone growth of
the proximal and distal tibia, birth length of the tibia and so
on, in order to calculate the time interval at which Harris lines
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occurred. However, since most of the data on bone lengths and
bone growth are derived from populations other than the ones
being investigated, it was considered that a very general
approximation would be sufficient for this study.

Thus, the length of the x-rayed bone was measured, by
ruler, to the nearest millimetre and halved to locate the midshaft
point. The distance from this midshaft point to each Harris line
was then measured and the figure doubled, the magnification of
the x-ray being taken into account. This was assumed to give the
diaphyseal length of the bone when the line of arrested growth
was formed, and assumes that proximal and distal growth of the
bone is equal and that the midshaft is the point of original
ossification. Consequently, our estimations will be somewhat
inaccurate, but, until specific data is derived from Micronesian
populations, only a general approximation is required here.

The calculated diaphyseal length at which the Harris line
occurred was next compared with tables of average diaphyseal
lengths of children at particular age groups

(Sundick, 1978;

Workshop of European Anthropologists, 1980) to obtain an
estimation of the age when the Harris line was formed. Where
possible, these estimations will be compared with any evidence of
enamel hypoplasia for the same individual, and the calculated age
at which these occurred, plus other evidence of their state of
health. The age and sex of individuals with Harris lines will
also be assessed.
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Cortical Thickness and Nordin's Score

Nordin's score is a measure of the cortical thickness of
bone in relation to the total bone diameter (Simpson,

1979;

McGill, 1986) and reflects the nutritional adequacy of the diet
for an individual. It can, however, also be related to physical
activity and age

(Houghton, 1980). It was assessed from x-rays,

in this case, of the second metacarpals. This bone is frequ(!lltly
used by previous researchers and allows for comparison with their
findings

(McGill, 1986).

The methodology for assessing cortical thickness and
Nordin's score was taken from a recent report by McGill

(1986)

chosen for its ease of replication. Thus, x-rays of complete
right and left second metacarpals in anterior-posterior position
were taken at a tube to film distance of 100 cm employing fine
grain film. The x-rays were then placed on a light table so that
they were lit from underneath. Graph paper of one by one
millimetre squares was put on top of the x-rays so that vertical
lines at each end of the bone could be seen. The distance between
the two vertical lines, being the length of the metacarpal, was
halved in order to find the midshaft point of the bone. At the
midshaft point using Mitutoyo calipers, graduated to 0.05 mm,
measurement was taken of the total diameter (T)

of the bone and

of the medullary diameter (M). Calculations were then carried out
with these two measurements to work out the cortical thickness
(C) of bone at the midshaft. Thus cortical thickness is equated
by C = T-M, and Nordin's score, which measures the cortical
thickness of the metacarpal in relation to the total bone
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diameter, is equated by

Nordin's score = e!T = T-M!Tx100. These

cortical thickness and Nordin's score estimations will be
discussed in relation to sex, age and the other indicators of
health for each site, and the findings for each site then
compared.

Degeneration

Degeneration, or osteoarthritis and osteophytosis, was
recorded on a four degree scale from Brothwell (1981:150).
Osteoarthritis, sometimes referred to as degenerative joint
disease (Goodman et al., 1984), involves "changes in the
articular surface areas of joint systems"

(Goodman et al.,

1984:35). Osteophytosis "is another form of degeneration which is
characterized by marginal lipping on the vertebral bodies"
(Goodman et al., 1984:36). Both may be the result of frequent
physical strain over time as well as injury or infection
(Brothwell, 1981).

Evidence of frequently performed activities in the form
of non-pathological morphological changes may be seen on such
bones as the clavicles, tibiae and tali. These may occur as
grooves or facets, the result of particular habitual movement or
positions. Squatting facets on the talus and tibia of individuals
were assessed with reference to photographs in Rao

(1966). Both

these, costo-clavicular sulci and degeneration were assessed in
terms of their degree and location in the body, and related to
age, sex and other indicators of health, to gain insight into the
physical activities of these people.
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Pathology

Any signs of pathology, including evidence of trauma or
inflammatory bone change, were examined for and their position
noted. The etiology of these conditions will be discussed as well
as their relationship to age, sex and other health indicators.

TEETH

Teeth were identified with reference to diagrams in Brown
(1984). Loose teeth were then returned to their appropriate
sockets, if possible, or grouped according to whether they were
incisors, canines, premolars or molars and each group studied
separately for each site. Observations were made, if necessary,
with the aid of a hand held magnifying glass. Teeth assigned to
individuals or individual mandibles or maxillae were numbered
according to the International Numbering System outlined by
Wiriyaromp (1984) and Evans (1987). The features observed from
the teeth, which relate to health and disease, in this study were
- incidence and degree of wear, caries, alveolar resorption,
calculus, enamel hypoplasia and any pathology. Betel staining and
cultural modification were also noted. These have been previously
observed by Pietrusewsky and Batista (1980) and Pietrusewsky
(1986), however, assessment in this thesis was made
independently. They will be discussed separately in the following
sections. All were recorded, where possible in numerical form, on
a single data collection form, for each individual or individual
mandible or maxilla, which was devised by Tayles (1989:pers.
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comm.) .

Presence/Absence of Teeth

For each mandible and maxilla, teeth were first recorded as
present or absent according to a 10 category scheme devised by
Tayles

(1989:pers. comm.). Each category represented a different

state ranging from unerupted teeth to tooth loss.

Table 1: Ten category scheme for recording presence and absence
of teeth devised by Tayles (1989:pers. comm.)

Code Number

Category

o

Postmortem loss, socket remaining.

1

Present, in situ or loose.

2

Broken, all or part of crown remaining.

3

PostmOrtem loss, root only remaining.

4

Premortem loss, pathological.

5

Premortem loss, ablation.

6

Erupting.

7

Unerupted.

8

Agenesis.

9

Unknown, pending x-ray.
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Wear

Occlusal wear of teeth was recorded with reference to
Molnar's (1971) diagrams and descriptions of eight degrees of
wear. A ninth category which represents tooth loss due to wear,
introduced by other researchers (for example Simpson, 1979;
Wiriyaromp, 1984; Evans, 1987) was not employed here. This is
because in many cases it was not possible to tell whether teeth
were lost as the result of wear or alveolar resorption. Direction
of wear was also not recorded as it can be difficult to analyse
(Evans, 1987).

Tooth wear can be caused by contact between teeth, which
can result in interproximal wear; contact with abrasive or hard
and fibrous materials, usually related to the nature and type of
diet; and by the use of teeth as tools (Molnar, 1971; Brothwell,
1981; Powell, 1985). Tooth wear may also be connected to other
dental conditions "as very light wear offered little protection
against carious invasion of the natural "food traps" of the
occlusal and interproximal surfaces and very rapid wear promoted
invasion of the pulp cavity by oral pathogens"
1985:312)

(Powell,

Furthermore, as already noted, tooth wear can be

related to age within a specific population. In this analysis
then, the degree of occlusal tooth wear was noted. Discussion of
the possible causes will then take place in Chapter 5, as well as
the relationship of wear to age, sex and other dental conditions.

For each site an average degree of wear for each
permanent and deciduous tooth type was calculated by dividing the
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cumulative degrees of wear by the total number of each tooth. It
was assumed that the differences between the average values from
one site to another were caused only by sampling bias. An average
degree of wear for each permanent and deciduous tooth type was
then calculated for all sites by dividing the cumulative averages
for each sites by the total number of sites. It was assumed that
the average for any site was the best value for that site and
that variation between sites may be real and useful information
of variation in this population. The latter method was also
applied in calculating the average degree of wear for all
permanent and deciduous teeth for each site and for all sites
with the same assumption.

Alveolar Resorption

Alveolar resorption was recorded on a scale of four
degrees with reference to a diagram in Brothwell (1981).
Although, this method is more subjective than that of other
researchers

(for example Evans, 1987) who use measurements, the

employment of diagrams was felt to be an adequate means of
judgement and reproducibility.

Alveolar resorption, or erosion, is frequently associated
with periodontal disease, but, since this also affects the soft
tissues of the gums and they are not present in archaeological
material, such a diagnosis may lack confirmation. Other variables
which may cause alveolar resorption are the presence of calculus
which can result from betel chewing (Evans, 1987) and other
dental conditions such as tooth wear and caries. The incidence
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and severity of alveolar resorption, then, was noted and related
to age, sex and other dental conditions in an attempt to define
possible causes.

The average degrees of alveolar resorption for each tooth
type for each site and for all sites were calculated by the
methods described in the section on tooth wear.

Caries

Caries were recorded as being on one of six locations on
a single tooth in a scheme devised by Tayles

(1989:pers. cornrn.)

adapted from Evans (1987), itself adapted from those of previous
researchers. The scheme used here added one category (massive)
which pertains to those caries too large to attribute as
belonging to anyone particular locus on the tooth. The degree of
caries was not noted as it was inherent in the scheme for the
location of caries that they were either absent or present, and
if present, of massive or smaller size.

Powell (1985) describes the epidemiology of caries which
includes such factors as the environment and pathogenic agents,
which together affect the promotion of caries in a population,
and exogenous and endogenous factors, which are related to host
susceptibilty to caries of an individual. Although interpretation
must take into account the other factors which can influence
caries prevalence,

"Generally speaking, exogenous factors in host resistance
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influence caries epidemiology more strongly than do
endogenous factors, as they exhibit far more variation
both within and between populations than do features of
tooth morphology and oral physiology. Certain dietary
factors ... outweigh the most cariostaticallyadvantageous combination of endogenous factors"

(Powell,

1985: 316) .

Thus, the frequency and positioning of caries in this study will
be related to age, sex, possible diet, other dental conditions
and any other apparent variables.

Table 2: Seven category scheme for recording location of caries
devised by Tayles (1989:pers. comm.)

Code Number

Location

0

Absent

1

pit/fissure

2

Interproximal

3

Smooth surface

4

Cemento-enamel junction

5

Root

6

Massive
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Enamel Hypoplasia

Enamel hypoplasia of teeth, like Harris lines, reflect
episodes of illness or inadequate diet during childhood. They are
considered, from an experimental basis (Goodman et al., 1984) to
be a more valid indicator of health than Harris lines. They are
visible by inspection as transverse pits, lines or grooves
"caused by arrested calcium deposition during the initial phase
of enamel development (apposition of the enamel matrix) and
involve only the transverse bands of enamel being laid down
during metabolic stress" (Blakey and Armelagos, 1985:371). The
age of the individual at the time of formation of enamel
hypoplasias was estimated with reference to charts in Bass

(1979)

with usually a range of two to three years. All teeth were
examined, with the aid of a hand held magnifying glass if
necessary, as "The two main advantages of this method are (1) an
ability to check that the underlying stress is systemic rather
than local in origin by showing that the same episode is recorded
on different teeth, and (2) an extension of the chronology by use
of teeth developing at slightly different times"

(Goodman et al.,

1984:26). The presence of calculus, betel staining and severe
tooth wear or caries on the tooth surface, however, sometimes
made inspection difficult, if not impossible. The age of
occurrence of enamel hypoplasia will be related in this study to
sex and other indicators of health, particularly Harris lines,
to reveal the health of individuals during childhood.
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Calculus

The presence of calculus was noted as being one of three
degrees based on diagrams in Brothwell (1981). Calculus consists
of a calcium deposit contained in salts in the saliva. It also
occurs as the result of betel chewing which involves the use of
lime to release the betel nut stimulant. The lime can result in
considerable calculus formation

(Evans, 1987). The presence of

calculus may affect periodontal disease or alveolar resorption.
Calculus and its severity will be, again, related to age, sex and
other dental conditions including the incidence of betel chewing.

Staining

The staining of teeth was noted according to colour,
position on tooth and which teeth were affected. Such staining
may be the result of betel nut chewing as reported by Leigh
(1929) or the purposeful staining of teeth as recorded by
Callender (1768). Thus, any differences in colour and position
may correspond to the difference between incidental or purposeful
staining. Any staining of teeth will also be related to the
incidence of calculus as this may indicate betel nut chewing. Age
and sex of individuals with stained teeth was further noted.

Other Dental Pathology

Any evidence of abcesses or other dental pathology and
their position in the dental arcade was recorded. Abcesses may
occur in association with severe tooth wear, caries and alveolar
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resorption (Brothwell, 1981). Thus, the occurrence of pathology
and any apparent relationship to other dental conditions will be
discussed.

Cultural Modification of Teeth

Any cultural modification of teeth was recorded according
to its expression and the t?eth affected. This includes such
evidence of filing or incising the enamel as noted by Leigh
(1929). Such modification will be related to age, sex and status
of health of individuals to determine whether it is confined to
any particular group of people in the population. Other dental
conditions were also noted as modification of teeth may have
assisted their presence or character.
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CHAPTER FOUR: RESULTS

This chapter contains the results of the skeletal and
statistical analyses of human remains as described in the
previous chapter. Where possible, the majority of results will be
presented in tabular form.

CRANIAL AND INFRACRANIAL REMAINS

Age and Sex

The estimated age and sex of individuals fron the T.
villanueva, Saipan Latte House and Marianas High School sites on
Saipan, and the Tinian Latte House site on Tinian, are presented
in Table 3. A range of ages and sexes is represented at these
sites, although the small number present at each site prevents
valid comparisons. Three females, of which one is provisionally
sexed, reached the age group of 40+ years while five of the total
15 individuals were aged under 15 years of age.

Table 3: The estimated age and sex of individuals from the T.
villanueva, Saipan Latte House and Marianas High School
sites on Saipan, and the Tinian Latte House site on
Tinian.

(E= epiphyseal fusion, Tc= tooth calcification,

Tw= tooth wear, Tl= tooth loss, Td= tooth degeneration,
Te= tooth eruption, Sd= skeletal degeneration, Pt=
pathology; ?= unknown; P= pelvis morphology, C= cranial
morphology, M= mandible morphology, R= robusticity, S=
size)
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Site

TVL

SLH

MHS

TLH

Individual

Age (years)

Aged From

TVL-1

17-18

E,

TVL-2

15-17

SLH-1

18-25

SLH-2

Tc

Sex

Sexed From

Male

P, C, M, R

E

Male

P, R

Sd, Tc, Tw

Male

C, M, R

40+

Tw, Tl

Female?

M, S

MHS-1

40+

Tl, Sd

Female

C, M, R

MHS-2

20-40

Tw, Td, Sd

Male

C, M, R

MHS-3

20-30

Tw

Female?

C, M

MHS-4

7-8

Tc, Te

?

MHS-5

3-4

Tc

?

TLH-1

30+

Tw, Td, Pt,

Female

C, M, R

Sd
TLH-2

18-25

E

Female

P, R

TLH-3

12-15

Tc, E

Female

C, M, R

TLH-4

40+

Tw, Td, Tl,

Female

C, M, R

Sd
Tc, Te

TLH-5

4-6

TLH-6

0-6months S

?
?

-------------------------------------------------------------------

Remains from the Tanapag, Rafa Dai Beach, San Antonio and
Unai Chulu sites could not be sorted into individuals. Age and
sex determinations, therefore, had to be based on individual
bones. The bones used were crania, mandibles, maxillae,
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clavicles, pelvises and long bones. As described in Chapter 3,
attempts to sex and age bones from the axial skeleton of the Hafa
Dai Beach, San Antonio and Unai Chulu sites, apart from
clavicles and pelvises, were not made.

For crania, mandibles and maxillae, size and the degree
of tooth wear were considered in assigning the broad category of
"adult". A more accurate determination could not be mad:: as there
was no means of establishing a certain degree of tooth wear with
a particular age based on some other aging method, for example
skeletal degeneration or state of epiphyseal fusion. Young
individuals could be aged more accurately on the basis of tooth
calcification and state of tooth eruption. A few individuals were
described as "old adult" on the basis of extreme tooth wear,
tooth loss and/or dental degeneration. Likewise, some individuals
were described as "young adult" because of minimal tooth wear.

The six mandibles and one maxilla from the Tanapag site,
Saipan were all estimated to be adult in age. The maxilla and one
mandible fragment were not able to be sexed, and from the
morphology of the mandibles, one was estimated to be female and
three were estimated to be male. Mandible TPS-5 was provisionally
sexed male.

Twelve of the 20 associated crania and mandibles from the
Hafa Dai Beach site, Saipan were considered to be adult. From
their morphology, five were determined to be male and three
provisionally male, two were determined to be female with one
provisionally female and the sex of one was unknown. Six skulls
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were estimated to be old adults. Four of these were estimated to
be male and one provisionally male, while one was provisionally
female. Two skulls and mandibles belonged to subadults. One was
aged between 12-15 years from tooth calcification and the other
was aged between 6-8 years from tooth calcification and state of
eruption of teeth. The sex of these two individuals could not be
determined.

The majority of skulls, mandibles and maxillae were aged
and sexed separately for the San Antonio site, Saipan since it
was not possible to determine whether any belonged to each other.
Ten of the 14 skulls present were judged to be adult in age
because of their size. Two of these were male with three
considered provisionally male while two were female, two
provisionally female and one was of unknown sex. Skull SSA-SK-14
was estimated to be between 5-7 years of age from the state of
eruption and calcification of teeth in an associated mandible.
Two further skulls had associated maxillae and were estimated to
be adults, with one female and the other provisionally male. One
other skull with an associated maxilla and mandible was thought
to belong to an old male adult because of extreme tooth
degeneration and loss. One skull fragment, because of its size,
was estimated to be adult in age and was provisionally sexed
female from the relatively gracile morphology of the occipital
protuberance. Other cranial fragments from San Antonio were not
aged or sexed because of their broken condition.

Thirty mandibles from this site were sexed and aged.
Twenty-six were estimated to be adult and of these, nine were
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male, one was provisionally male, five were female,

five were

provisionally female and the sex of six could not be determined.
Three mandibles were considered to belong to old adults. Two were
male and one provisionally female. One other mandible estimated
to be male was thought to be a young adult because of very little
tooth wear. An attempt to sex the 21 maxillae present at San
Antonio, with the exception of one, was not made since most were
fragments and little apparent differentiation in size could be
observed. Only one was, therefore, sexed provisionally as male
because of large size only. Fifteen maxillae were estimated as
adult and one as an older adult. One maxilla, on the basis of
tooth calcification, was aged between 12-15 years. The remaining
four maxillae were not aged since they were very small fragments
without teeth.

Remains from the Unai Chulu site on Tinian revealed only
two skulls with associated maxillae and mandibles and two other
separate mandible fragments. The two skulls were considered adult
in age and were provisionally sexed as one male and one female.
One of the other mandibles was also adult but could not be sexed
because of its fragmentary condition. The remaining mandible was
estimated to have belonged to a child aged between 5-8 years on
the basis of tooth calcification and the state of tooth eruption.

A range of ages and sexes is also indicated by the
limited remains at these four sites. It seems that a few
individuals died before reaching adulthood and several persons
reached old age, but the majority of individuals, as evidenced by
these rather tentative results, were in adulthood when they died.
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The long bones from Hafa Dai Beach, San Antonio and Unai
Chulu sites were not able to be sexed or aged with much
confidence. The bones from these sites were often fragmentary and
without ends so that the state of epiphyseal fusion and the
presence of any degenerative joint disease could not be observed
for aging purposes. The broad category of "adult" was therefore
applied where the size of the bone indicated this was so. It is
also significant that many bones were robust with strong muscle
markings and they were usually estimated to be male, since there
were no other means, via associated crania or pelvises, in
particular, to corroborate or refute these estimations. The
smallest and most gracile long bones were, likewise, assumed to
be female, although it is possible that, given the probable
physical lifestyle of all prehistoric inhabitants of the
Marianas, female long bones could also be robust with strong
markings for muscle attachments. For this reason the estimated
sex of most long bones was regarded as provisional. The fibulae
of these sites were not able to be sexed since no apparent
difference in size and robusticity could be seen. Only a few
pelvic remains from the Hafa Dai Beach site were able to be sexed
and aged, the remainder from this site and bones from the San
Antonio and Unai Chulu sites being of very fragmentary and poor
condition. The estimated age and sex of clavicles, radii, ulnae,
humeri, femora, tibiae and fibulae from the three sites are given
in Appendix 1.
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Stature

The lengths of long bones of individuals TLH-l and TLH-2
from the Tinian Latte House site, Tinian are contained in Table
4. The measurements recorded by Pietrusewsky and Batista (1980)
are represented by those figures in brackets. These include
measurements of some fragmentary long bones. It is not clear if
these lengths were reconstructed by Pietrusewsky and Batista
(1980) or were intact at the time. Very slight differences
between measurements of the same bone are observable and may be
accounted for by inter-observer error in measurement.

Table 4: Long bone lengths of two individuals from the Tinian
Latte House site on Tinian.

(Figures in brackets

represent estimations of pietrusewsky and Batista
(1980))

Individual

TLH-l

(F= female, L= left, R= right)

Side

Length (cm)

Sex

Bone

F

Ulna

L

Ulna

(R)

(24.2)

Humerus

(R)

(30.1)

Humerus

(L)

(30.1)

Radius

(R)

(22.6)

Radius

(L)

(23.4)

Femur

R

Femur

(L)

'l'ibia

R

25.0 (25.1)

42.3 (42.4)
(42.4)
34.4 (34.2)
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Table 4 continued.

Individual

Sex

Bone

Side

Length (cm)

TLH-1

F

Tibia

L

34.1 (34.5)

TLH-2

F

Ulna

R

23.8

Humerus

R

29.1

Humerus

L

29.2

Radius

R

22.0

Femur

(R)

(41. 9)

Femur

L

41.5 (41.6)

Tibia

R

34.1 (34.4)

Tibia

L

34.4

(34.6)

Fibula

R

33.4

(33.6)

Fibula

L

33.6

(33.7)

(23.9)

(29.3)

--------------------------------------------------

Tables 5 and 6 contain the stature estimates from the
long bones of individual TLH-1 using White American female
and Polynesian female formulae respectively. Pietrusewky and
Batista (1980) calculated the stature of this female to be 163.8
+/- 3.24cm using Mongoloid male formulae. The reasons for this
are not given.

Table 5: Stature estimations for long bone lengths of TLH-1
employing formulae for White American females devised by
Trotter and Gleser (1952; 1958).
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(F= female)

Individual

TLH-1

Sex

Bone Used

F

Femur and

Stature (cm)

Std. Error

Tibia

159.7

3.55

Tibia

161. 0

3.66

Femur

158.6

3.72

Ulna

164.5

4.30

Range

5.9

Table 6: Stature estimations for long bone lengths of TLH-1
employing formulae for Polynesian females devised by
Houghton et al.

Individual

TLH-1

(1975).

(F= female)

Stature (cm)

Std. Error

Sex

Bone Used

F

Femur (R)

163.1

1. 57

Tibia (R)

163.4

0.47

Tibia (L)

162.6

0.71

Ulna

162.2

2.65

(L)

1.2

Range

Tables 7 and 8 contain the stature estimates from the
long bones of individual TLH-2 using the same two formulae. The
stature of this female was calculated to be 163.5 +/- 3.24cm by
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Pietrusewsky and Batista (1980), again employing Mongoloid male
formulae. The range between stature estimates from the different
long bones for each individual and formulae used are also given
in Tables 5-8. For TLH-1 the Polynesian formulae gave a smaller
range than that of the White American formulae, but the reverse
is true for TLH-2. Individual TLH-1 is slightly taller than
individual TLH-2 whatever formulae are used. Long bones of other
individuals from this site and the T. Villanueva, Saipan Latte
House and Marianas High School sites were not intact, so no
stature estimations could be made.

Table 7: Stature estimations for long bone lengths of TLH-2
employing formulae for White American females devised by
Trotter and Gleser (1952; 1958).

Individual

TLH-2

Sex

F

(F= female)

Stature (cm)

Bone Used

Std. Error

Humerus and
Femur and
Tibia

158.0

Femur and
Tibia

158.6

3.55

Fibula

157.8

3.57

Tibia

161. 0

3.66

Humerus and
Tibia

159.1

Femur

156.6

3.72

Radius

159.2

4.24
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Table 7 continued.

Individual

TLH-2

Sex

F

Bone Used

Stature (cm)

Std. Error

Ulna

159.4

4.30

Humerus

156.1

4.45

Range

4.9

Table 8: Stature estimations for long bone lengths of TLH-2
employing formulae for Polynesian females devised by
Houghton et al

Individual

TLH-2

(1975).

(F= female)

Stature (cm)

Std. Error

Sex

Bone Used

F

Tibia (R)

162.7

0.47

Fibula (R)

162.6

1. 44

159.8

2.84

159.2

2.07

158.4

2.45

Femur (L)

160.9

2.00

Tibia (L)

163.2

0.71

Fibula (L)

163.6

1. 80

161. 0

2.15

162.8

0.09

(R)

Humerus
Radius
Ulna

(R)

(R)

Humerus

(L)

Tibia (R) and
Ulna

(R) and

Fibula
Range

(L)

5.2
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Table 9 contains the statures calculated from intact
individual long bones from the Unai Chulu site, Tinian and Hafa
Dai Beach site, Saipan employing White American male and female,
Mongoloid male, and Polynesian male and female formulae. The
figures in brackets represent those measurements and stature
estimations, using Polynesian male and female formulae,

recorded

by Pietrusewsky (1986). Again, very slight differences are
notable in measurements and these can be attributed to
inter-observer error. The statures of three bones, humeri HDB-l
and HDB-31 and ulna HDB-2S, were not estimated by Pietrusewsky
(1986). The reasons for this are not known. Only one different
estimation of sex from that of Pietrusewsky (1986) was observed.
Tibia HDB-S from the Hafa Dai Beach site was recorded here as
female but was recorded by Pietrusewsky (1986) as male. The.
stature from this long bone was, therefore, estimated using all
male and female formulae. It is possible that the length of this
long bone is in the male range, since it is one millimetre larger
than the length recorded for tibia HDB-IS estimated to be male.
However, it is not as robust as some of the more obviously male
tibiae from this site. As stated in the previous section in this
chapter, estimating the sex of individual long bones was a
difficult and relatively subjective procedure. It is also
possible that some of the long bones at these sites may belong to
the same individual, but this cannot be substantiated with any
certainty.

The ranges between estimates of stature for long bones
from the Unai Chulu site were 6.9 cm for the White American male
formulae,

8.8 cm for the Mongoloid male formulae and 8.4 cm for
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the Polynesian male formulae. The tallest individual at this
site, as calculated from femur UCT-1, was between 168.0-172.8 cm
tall depending on which formulae is used. The smallest
individual, using the White American formulae was 161.6 cm tall
as calculated from humerus UCT-1. The smallest individual using
the Mongoloid formulae was 159.2 cm tall as calculated from
UCT-16. The same bone was estimated to belong to the smallest
individual by the use of the polynesian formulae at a height of
164.4 cm.

The ranges between estimates of stature for male long
bones from the Hafa Dai Beach site were 13.0 cm for the White
American formulae, 11.0 cm for the Mongoloid formulae and 10.2 cm
for the polynesian formulae. For the Polynesian formulae, the
tallest male at this site was 178.8 cm tall, estimated from tibia
HDB-14 and femur HDB-6, whereas the smallest male was 168.6 cm
tall, estimated from tibia HDB-15. For the Mongoloid formulae,
the tallest male was 174.7 cm in height, estimated from tibia
HDB-14 again and the smallest male was 163.7 cm tall, also
estimated from tibia HDB-15. For the White American formulae,

the

tallest male was 178.2 cm tall, estimated from ulna HDB-13, while
the smallest male was 165.2 cm tall, estimated from tibia HDB-15
again.

The ranges between estimates of stature for female long
bones from the Hafa Dai Beach site were 8.7 cm for the White
American formulae and 7.2 cm for the Polynesian formulae. The
tallest of three females, using the White American formulae for
humerus HDB-2, was 163.8 cm in height and the smallest female,
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calculated from femur HDB-21, was 155.1 cm tall. The tallest
female, using the Polynesian formulae, was 166.8 cm tall and the
smallest was 159.6 cm tall, both calculated from the same bones
as before. Sexual dimorphism in stature was not calculated for
the Hafa Dai Beach site because of the large discrepancy in
numbers of male and female long bones.

Table 9: Stature estimations for individual long bone lengths
from the Unai Chulu and Hafa Dai Beach sites employing
formulae for White American males and females, Mongoloid
males, Polynesian males and females devised by Trotter
and Gleser (1952; 1958) and Houghton et al

(1975)

(Figures in brackets represent estimations of
pietrusewsky (1986))

(Wf= White females, Wm= White

males, Mm= Mongoloid males, Pf= polynesian females, Pm=
Polynesian males; R= right, L= left, F= female, M= male)

Site

Bone

UCT

Femur

Side

R

ID No. Sex Length(cm) Stature (cm)

UCT-1

44 . 4

M

Wm . 1 68 . 5

3.94

(44.5) Mm. 168.0

3.80

Pm. 172.8

1. 57

(Pm.

UCT

Humerus

R

UCT-15

M

71

Std. Error

29.0

172.9)

(1.57)

Wm. 161.9

4.57

Mm. 161.0

4.25

Pm.

167.0

2.84

(Pm.

166.9)

(2.84)

Table 9 continued.

Site

Bone

UCT

Humerus

Side

L

ID No. Sex Length(cm) Stature (cm)

UCT-1

M

28.9

Wm. 161.6

4.57

160.6

4.25

Pm. 164.7

2.15

Mm.

UCT

HDB

HDB

HDB

Radius

Tibia

Tibia

Tibia

R

L

L

L

UCT-16

HDB-1

HDB-2

HDB-4

M

21.8

72

(2.84)

Wm.

162.0

4.66

Mm.

159.2

4.60

Pm. 164.4

2.07
(2.07)

Wm.

174.9

4.00

(38.6) Mm. 173.2

3.27

Pm.

0.71

177.1

(Pm. 177.5)

(0.71)

Wm . 1 6 6 . 1

4.00

(34.9) Mm.

164.6

3.27

Pm.

169.6

0.71

(Pm.

169.8)

(0.71 )

37.0

M

166.8)

164.4)

34 . 8

M

(Pm.

(Pm.

38.4

M

Std. Error

Wm. 171.5

4.00

(37.2) Mm. 169.9

3.27

Pm. 1 7 4 . 2

0 .71

(Pm. 174.6)

(0.71)

Table 9 continued.

Site

Bone

HDB

Tibia

HDB

HDB

Tibia

Tibia

Side

R

R

L

ID No.

HDB-14

HDB-15

HDB-5

Sex Length(cm) Stature (cm)

M

M

F?
(M)

39.0

Wm. 176.3

4.00

(39.3) Mm. 174.7

3.27

Pm.

0.47

HDB

Femur

Femur

R

R

HDB-1

(0.47 )

Wm. 165.2

4.00

(34.8) Mm. 163.7

3.27

Pm.

0.47

34.4

HDB-2

(0.47)

Wf. 161.6

3.66

(34.8) Wm. 165.4

4.00

163.9

3.27

Pf. 163.4

0.71

Pm.

0.71

34.5

73

169.0

(Pm. 169.6)

(0.71)

Wm. 17 0 . 4

3.94

(45.3) Mm. 169.8

3.80

Pm.

1.57

43 . 3

M

168.6

(Pm. 169.5)

45.2

M

178.8

(Pm. 179.5)

Mm.

HDB

Std. Error

174.5

(Pm. 174.7)

(1. 57)

Wm. 1 6 6 . 0

3.94

(43.4) Mm.

165.7

3.80

Pm.

170. 4

1 . 57

Table 9 continued.

Side

ID No. Sex Length (cm)

Site

Bone

HDB

Femur

R

HDB-2

M

HDB

Femur

R

HDB-3

M

HDB

HDB

HDB

HDB

Femur

Femur

Femur

Femur

R

R

L

L

HDB-6

HDB-7

HDB-20

HDB-22

Stature (cm)

(Pm.

45.5

M

M
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3.94

170.4

3.80

Pm.

175.1

1.57

(Pm.

175.3)

(1.57)

Wm. 175.0

3.94

(47.4) Mm.

174.1

3.80

Pm.

178. 8

1 . 57

(Pm.

179.2)

(1. 57)

43.9

M

Wm. 171.1

(1.57)

(45.6) Mm.

47.2

M

170.6)

Std. Error

Wm. 167.4

3.94

(44.2) Mm.

167.0

3.80

Pm .

171 . 7

1 . 57

(Pm.

172.3)

(1. 57)

Wm.

170.2

3.94

(45.4) Mm.

169.5

3.80

Pm.

173.3

2.00

(Pm.

173.9)

(2.00)

45.1

43.9

Wm. 167.4

3.94

(44.1) Mm.

167.0

3.80

Pm.

170. 7

2 . 00

Table 9 continued.

Side

ID No. Sex Length (cm)

Site

Bone

HDB

Femur

L

HDB-22

M

HDB

Femur

L

HDB-23

M

45.5

Stature

(cm)

(Pm. 171.1)

(2.00 )

Wm. 171.1

3.94

(45.8) Mm.

170.4

3.80

Pm.

17 4 . 2

2 . 00

(Pm. 174.8)

HDB

Femur

L

HDB-21

F

40.9
(41.2)

HDB

HDB

Humerus

Humerus

L

R

HDB-1

HDB-26

32 .7

M

M

32.6

Wf.

Humerus

R

HDB-31

31.2

M

3.72

Pf. 159.6

2.00

(Pf. 160.2)

(2.00 )

Wm. 172. 6

4.57

Mm.

170.8

4.25

Pm.

174 . 3

2 . 15

Wm. 172.3

4.57

170.6

4.25

Pm. 173.4

2.84

(Pm. 173.7)

(2.84)

Wm. 168.3

4.57

166.8

4.25

Pm . 1 7 0 . 9

2 .84

Wf.

4.45

Mm.

HDB

Humerus

L

HDB-2

31.5

F

75

(2.00)

155.1

(32.8) Mm.

HDB

Std. Error

163.8

Table 9 continued.

Site

Bone

HDB

Humerus

HDB

Radius

Side

L

R

ID No. Sex Length(cm)

HDB-2

HDB-l

(31.6) Pf. 166.8

F

Radius

R

HDB-3

Wm. 174.5

4.66

170.9

4.60

Pm. 172.6

2.07

(Pm. 172.7)

(2.07)

Wm. 174.5

4.66

170.9

4.60

Pm. 172.6

2.07

(Pm. 172.5)

(2.07 )

Wm. 172. 3

4.66

168.7

4.60

Pm. 171.3

2.05

(Pm. 171.5)

(2.05)

Wm. 173.8

4.66

(25.0) Mm. 170.1

4.60

Pm. 172.3

2.05

(Pm. 172.5)

(2.05)

Wm. 173.0

4.66

(24.9) Mm. 169.4

4.60

25.1

M

Mm.

Mm.

HDB

Radius

L

HDB-17

M

24 . 5
(24.6)

HDB

HDB

Radius

Radius

L

L

HDB-19

HDB-28

24.9

M

M

76

2.15
(2.15)

25.1

M

Std. Error

(pf. 167.0)

(25.2)

HDB

Stature (cm)

24.7

Mm.

Table 9 continued.

Site

Bone

HDB

Radius

Side

L

ID No. Sex Length(cm) Stature (cm) Std. Error

HDB-28

M

Pm.
(Pm.

HDB

HDB

Ulna

Ulna

L

L

HDB-2

HDB-3

(27.8) Mm. 173.5

4.66

Pm.

174.3

2.65

(Pm.

1 7 4 . 6)

(2.65)

Wm. 176.3

4.72

(27.0) Mm. 170.7

4.66

172.7

2.65

17 3 . 1 )

(2.65)

Pm.
( Pm .

HDB

Ulna

R

HDB-13

Wm. 178.2

4.72

(27.5) Mm. 172.5

4.66

173.0

2.45

173. 5 )

(2.45)

27.3

M

Pm.
(Pm.

HDB

HDB

Ulna

Ulna

R

R

HDB-16

HDB-25

M

M

77

(2.05)

4.72

26.8

M

1 72 . 3 )

2.05

Wm. 176.3

27.6

M

171.8

26. 5

25.9

Wm . 1 7 5 . 2

4.72

Mm. 169.7

4.66

Pm.

171.3

2.45

( Pm .

1 71 . 3)

(2.45)

Wm. 172.9

4.57

Mm. 167.6

4.25

Table 9 continued.

Site

Bone

HDB

Ulna

Side

R

ID No. Sex Length(cm) Stature (cm)

HDB-25

M

Pm. 169.9

Std. Error

2.45

Table 10 contains the average male and female stature
estimates for the Tinian Latte House, Unai Chulu and Hafa Dai
Beach sites and the overall average stature for both sexes, as
calculated from these averages. The average statures for the
Tinian Latte House site employ the stature estimations from each
individual and formulae with the smallest standard error.

For the Hafa Dai Beach site, the averages shown include
the sex estimation of tibia HDB-5 as female. However, if this
bone is considered to be male, as estimated by Pietrusewsky
(1986), then the average female stature at the Hafa Dai Beach
site would be 159.5 cm for the White American formulae and the
overall female average for all sites 159.2 cm. The average female
stature using Polynesian formulae would change to 163.3 cm but
the overall female average would remain 163.2 cm. The average
male stature for the White American formulae at Hafa Dai Beach
would be 171.8 cm and the overall average male stature 167.7 cm.
For the Mongoloid formulae, the average male stature would be
169.5 cm and the overall average male stature would be 165.9 cm.
The average male and overall average male stature at Hafa Dai
Beach using the polynesian formulae would remain the same.
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Table 10: Averages of stature estimations (cm)

for each formulae

for the Tinian Latte House, Unai Chulu and Hafa Dai
Beach sites and for all three sites.

(n= number of

individuals or individual bones, M= male, F= female)

Site

Sex

n

White

TLH

F

2

158.9

UCT

M

4

163.5

HDB

F

3

160.2

HDB

M

26

172.0

Average

F

5

159.6

M

30

167.8

Mongoloid

Polynesian

163.1
162.2

167.2
163.3

169.7

172.8

163.2
166.0

170.0

Pregnancy Markings

It is not surprising, given the already acknowledged
limited and fragmentary nature of this skeletal material, that
most innominate bones were fragmentary. The appropriate pieces of
female pelvises, where pregnancy markings occur, were also
frequently absent. Only three innominate bones with evidence of
pregnancy markings were found (Table 11. This small number
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severely restricts the comparison and discussion of pregnancy
markings. Also unfortunate is the fact that two of these bones
from the Hafa Dai Beach site on Saipan cannot be aged more
accurately than adult. Both of these innominates have pitting at
the ilium. It was estimated from these that one woman had borne
one or two children while the other had had two or three
children.

Pregnancy markings were also located at the ilium on the
pelvis of individual TLH-2

(Plates 16-17). Significantly, these

are the only intact bones from all sites. There is no
corresponding pitting at the pubic bone of this individual. It
was estimated that TLH-2, aged between 18-25 years, had given
birth to one or two children.

Table 11: The estimated number of children born as calculated
from the fertility stage, from Phillipps (1980), on
female innominate bones from the Tinian Latte House
site on Tinian, and the Hafa Dai Beach site on Saipan.

Site

Individual/

Age (yrs)

Fertility
Stage

ID No.

Location

Estimated No.

of Pitting

of Children
Born

TLH

TLH-2

18-25

1

Ilium

1-2

HDB

HDB-10

Adult

1

Ilium

1-2

HDB

HDB-22

Adult

2

Ilium

2-3
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Harris Lines

The number of Harris lines on intact tibiae from the Hafa
Dai Beach site on Saipan and Tinian Latte House site on Tinian
are presented in Table 12. Unfortunately, there were very few
intact long bones with lines of arrested growth. In some cases,
this may be the result of bone remodelling over time so that any
Harris lines present may have been resorbed. In other cases,
Harris lines may not have been present at all. However, there
were many fragmentary long bones present at all sites which could
not be x-rayed for analysis. Differences between sexes and
between sites, therefore, cannot be noted with any statistical
validity.

The only tibia from the Hafa Dai Beach site with Harris
lines was HDB-l from a male individual. It had six lines which
were estimated to have occurred between six and 15 years of age.
The lines are close together and seem to have occurred at regular
intervals. Individual TLH-2, a young woman, from the Tinian Latte
House site was observed to have four Harris lines present on the
left tibia and two lines on the right tibia. This discrepancy
could be accounted for by resorption of Harris lines because of
bone remodelling. On the right tibia, one Harris line is present
at the proximal end while the other is at the distal end. It
would appear from their estimated age of occurrence, between 11
and 15 years, that they are the result of the same insult.
Corresponding Harris lines to these were also found at both the
proximal and distal ends of the left tibia and were estimated to
have occurred during the same time interval. Also on the left
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tibia were two other Harris lines, one was estimated to have
occurred between five and 12 years of age and the other between
12 and 15 years of age. On the right tibia of TLH-l belonging to
a middle-aged female from the same site, one Harris line was
observed. This was calculated to have occurred between 6 and 12
years of age. No corresponding Harris line was noted on the left
tibia which may be the result of bone remodelling, post-mortem
damage to the bone, or pathological change which has left the
tibiae of this individual greatly swollen and thickened in
appearance.

Table 12: The number of Harris lines and their estimated ages of
occurrence on intact long bones from the Hafa Dai Beach
site on Saipan, and the Tinian Latte House site on
Tinian.

Site

HDB

Bone

Tibia

Side

L

(M= male, F= female, L= left, R= right)

ID No.

HDB-l

Sex

M

No. of

Estimated Age

Harris

of Occurrence

Lines

(years)

6

6-14, 8-12,
8-12, 10-15,
11-15, 11-15

TLH

Tibia

L

TLH-2

4

F

5-12, 11-15,
12-15, 11-15

TLH

Tibia

R

TLH-2

2

F

82

11-15, 11-15

Table 12 continued.

Site

Bone

Side

ID No.

Sex

No. of

Estimated Age

Harris

of Occurrence

Lines

TLH

Tibia

R

TLH-1

1

F

(years)

6-12

Cortical Thickness and Nordin's Score

The calculated cortical thicknesses and Nordin's scores
of intact second metacarpals from the San Antonio, Hafa Dai
Beach, T. Villanueva sites on Saipan, and the Tinian Latte House
site on Tinian, are contained in Table 13. The calculated average
cortical thickness and Nordin's score for all sites is also
shown. Average cortical thicknesses and Nordin's scores for each
site were also calculated (Table 14). Intact second metacarpals
were not available from the Saipan Latte House, Marianas High
School and Unai Chulu sites to be x-rayed and analysed. The
metacarpals from the Hafa Dai Beach and San Antonio sites were
not able to be sexed since remains could not be sorted into
individuals. There was no apparent difference in the size and
robusticity of bones so that sex could be assigned. The age at
death of the individuals they belonged to could also not be
estimated, so the effects of aging on cortical bone cannot be
taken into consideration.
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It is also unfortunate that it is not known which
individuals from the Tinian Latte House site the two metacarpals
x-rayed belong to. Some hand and feet bones from this site had
not been sorted into individuals like other bones. Both
metacarpals are obviously from different individuals as one is
larger and more robust than the other. The calculated cortical
thicknesses and Nordin's scores are quite different too. Of the
three individuals the metacarpals may belong to, all are female,
but one is aged 30+ years, one is 18-25 years and another is 40+
years. It is difficult though, and would perhaps be unwise, to
estimate which individuals the bones are more likely to have come
from. As a consequence of these drawbacks and again the small
numbers involved, the discussion and comparison of these results
will be severely limited.

Table 13: The calculated cortical thickness and Nordin's score
of intact second metacarpals from the San Antonio, Hafa
Dai Beach and T. Villanueva sites on Saipan, and the
Tinian Latte House site on Tinian, and the averages for
all sites.

Site

Side

(L= left, R= right)

Cortical Thickness

Nordin's Score

SSA

L

5.20

64.2

HDB

R

5.70

63.7

7.15

70.4

6.15

71.1

5.25

72.4
84

Table 13 continued.

Site

Side

HDB

HDB

TLH

TVL

Average

Cortical Thickness

Nordin's Score

6.10

67.0

5.30

64.2

6.45

72.1

4.05

57.0

5.25

68.6

5.70

69.5

7.50

74.3

R

5.05

66.0

L

4.65

54.4

R

3.95

53.4

L

3.75

48.4

5.45

64.8

R

L

Table 14: The calculated average cortical thickness and Nordin's
score of second rnetacarpals for the San Antonio, Hafa
Dai Beach and T. villanueva sites on Saipan, and the
Tinian Latte House site on Tinian.
individuals)
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(n= number of

Site

n

Cortical Thickness

SSA

1

5.20

64.2

HDB

11

5.87

68.2

TLH

2

4.85

60.2

TVL

2

3.85

50.9

Nordin's Score

The smallest calculated cortical thicknesses
3.95 mm)

(3.75 and

and Nordin's scores (48.4 and 53.4) are from a pair of

metacarpals belonging to a 17-18 year old male from the T.
Villanueva site on Saipan. The largest calculated cortical
thickness

(7.50 mm) and Nordin's score (74.3)

are from a left

metacarpal from the Hafa Dai Beach site. At this site, cortical
thickness ranges from 4.05 mm to 7.50 mm and the Nordin's score
of the same metacarpals ranges from 57.0 to 74.3. The individual
metacarpal from the San Antonio site has a cortical thickness of
5.2 mm and a Nordin's score of 64.2. At the Tinian Latte House
site the right second metacarpal present had a cortical thickness
of 5.05 mm and Nordin's score of 66.0, while the left second
metacarpal had a cortical thickness of 4.65 mm and Nordin's score
of 54.4. Metacarpals from the Hafa Dai Beach site had the largest
average cortical thickness and Nordin's score, but this site also
had the largest number of bones present which may account for the
difference. It is also impossible to state whether some right and
left metacarpals are from the same individual.
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Degeneration

A description of degeneration present on the bones of
individuals is contained in Table 15, while Table 16 lists the
degeneration present on individual bones from those sites where
skeletal material could not be sorted into individual persons.
The presence of costo-clavicular sulci on clavicles (Plate 15)
and squatting facets on tali (Plate 18) and tibiae, as evidence
of frequently performed activities, were also noted.
Unfortunately, the observation of degeneration was hindered by
the fragmentary nature of the material. Long bones, for example,
often consisted of shafts only so there were no joint surfaces to
examine for the presence or absence of degenerative disease or
for evidence of squatting facets. The age and sex of individual
bones with degeneration was also difficult, if not impossible, to
ascertain with any degree of certainty. This limits the scope for
discussion and comparison with other studies where these
variables are known. The percentages recorded are based on the
total number of bones where the appropriate surfaces were present
and degeneration could be noted as present or absent.

Table 15: A description of the degeneration and morphological
changes present on bones of individuals from the
Marianas High School, Saipan Latte House, T. Villanueva
and Tanapag sites on Saipan, and the Tinian Latte House
site on Tinian. Where applicable, the percentage of
individual bones with degeneration is given.
F= female, L= left, R= right, ?= unknown)
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(M= male,

Site

Individual

Age

Sex

Bone

Side

Condition

(yrs)

MHS

MHS-l

40+

F

Talus

MHS-2

20-40

M

Scapula

R+L

Squatting facets.

L

Slight lipping on
glenoid cavity.

Two facets have

Vertebrae

slight Upping.

(2/31 = 6.5%)

MHS unidentified

?

?

Hand and

Eight have slight

Feet Bones

Upping.

(8/46

Talus

TLH

TLH-l

30+

F

Humeri

L

R+L

= 17.4%)

Squatting facet.

Slight lipping on
the heads.

Femora

R+L

Slight lipping on
distal ends.

Ulnae

R+L

Slight lipping on
the heads.
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Table 15 continued.

Site

Individual

Age

Sex

Bone

Side

Condition

(yrs)

TLH

TLH-1

30+

F

Hand Phalanges

One has slight
lipping.
(1/5 = 20%)

Mandible

R+L

Bilateral
arthrosis of the
temporo-mandibular
joint.

TLH-2

18-25 F

Tibia

R

Squatting facet.

Talus

L

Squatting facet.

Clavicle

R

Costo-clavicular
sulcus.

Tibia

R+L

Squatting facets.

Talus

R

Squatting facet.

Toe Phalanges

One has moderate
lipping.

(1/7
89

=

14.3%)

Table 15 continued.

Site

Individual

Age

Sex

Bone

Side

Condition

(yrs)

TLH TLH-l/TLH-2?

Foot Phalanges

Seven have slight
lipping.
(7/23 = 30.4)

Hand Phalanges

Six have slight
lipping.
(6/51 = 11.8%)

Carpals

Two have slight
lipping.
(2/14

TLH-4

40+

F

=

14.3%)

Cervical

Two have slight

Vertebrae

lipping on the
facets.
(2/48 = 4.2%)
Two have marked
grooving on the
facets.
(2/48 = 4.2%)
One has slight
degeneration.
(1/2 = 50.0%)
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Table 15 continued.

Site

Individual

Age

Sex

Bone

Side

Condition

(yrs)

SLH

SLH-1

18-25

M

Clavicle

R+L

Costa-clavicular
sulci.

Talus

L

Squatting facet.

Tarsals

L

Two have slight
lipping.
(2/8

=

25.0%)

One has moderate
lipping.
(1/8 = 12.5%)

Tarsals

R

Two have slight
lipping.
(2/8

TVL

TVL-1

17-18

M

Mandible

R+L

=

25.0%)

Porosity on
tempo ra-mandibular
joint.

Vertebrae

Four are slightly

(Tll-13, Ll)

wedge-shaped.
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Table 15 continued.

Site

Individual

Age

Sex

Bone

M

Clavicle

Side

Condition

(yrs)

TVL

TVL-l

17-18

R+L

Costa-clavicular
sulci.

TPS

TVL-2

15-17

M

Talus

R

Squatting facet.

TPS-l

adult

M

Mandible

L

Slight depression
and lipping on
the condyle.

At the Marianas High School site on Saipan female MHS-l
aged 40 or more years had squatting facets on both tali, while
individual MHS-2, a male in his twenties or thirties, had slight
degenerative joint disease on his left scapula and some very
slight osteoarthritis of the vertebrae. Some 17% of unidentified
hand and foot bones from the same site had slight lipping and one
talus had squatting facets.

At the Tinian Latte House site on Tinian three female
individuals had some evidence of degenerative joint disease. The
youngest woman, TLH-2, aged 18-25 years, had one toe phalange
with moderate lipping and squatting facets on both tibiae and the
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right talus. A costa-clavicular sulcus was also present on the
right clavicle. Individual TLH-1, a 30+ year old, was affected by
degenerative joint disease in several parts of her body from the
mandible to leg bones and squatting facets were present on a
talus and a tibia. Some hand and feet bones which could belong to
either TLH-1, TLH-2 or both, had slight lipping. TLH-4, who was
40+ years of age, had serious osteoarthritis in the form of
eburnation on an axis and atlas facet

(Plate 22) and slight

osteophytosis of the cervical vertebrae. The limited and
fragmentary nature of the remains of this individual do not make
possible other observations of degenerative joint disease.

At the Saipan Latte House site on Saipan a male in his
early twenties had slight to moderate degeneration in his feet.
Both clavicles had costa-clavicular sulci and his left talus had
a squatting facet. A young 17-18 year old male from T.
Villanueva on Saipan shows evidence of porosity on his mandible
and there are costo-clavicular sulci present on both clavicles,
the one on the right being slightly deeper. Three thoracic and
one lumbar vertebrae of the same individual have a wedge-shaped
appearance. The slightly younger male from this site, aged 15-17
years, had a squatting facet present on the right talus. The
mandible of an adult male from the Tanapag site had a depression
on the left tempo ra-mandibular joint but there is no
corresponding change on the right side.
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Table 16: A description and percentage of degeneration present,
including morpholgical change due to frequently
performed activities, on individual bones from the San
Antonio, Hafa Dai Beach sites on Saipan, and the Unai
Chulu site on Tinian.
right,

Site

SSA

Bone

Clavicle

(M= male, F= female, L= left, R=

?= unknown)

Number

Condition

Cos to-clavicular

3

Total

%

7

42.9

sulcus.

Ulna

Slight lipping

Side Sex

2R

M?

lL

M?

1

8

12.5

L

?

1

3

33.3

?

?

3

81

3.7

?

?

at the head.

Ulna

Slight lipping

Fragment

at the head.

Vertebrae

Slight lipping
at the facets.

Tibia

Squatting facet.

2

2

100.0

2L

Talus

Squatting facet.

5

11

45.5

2R
3L

Hand/Foot

Slight lipping.

Phalanges

Moderate lipping.
94

IM,lF?

M
IM,2F

15

207

7.2

?

?

2

207

1.0

?

?

Table 16 continued.

Site

Bone

UCT

Femur

Condition

Number

Total

%

1

1

100.0

R

M

1

1

100.0

R

?

head.

1

4

25.0

L

?

Squatting facet.

1

1

100.0

L

?

2

62

3.2

?

?

degeneration.

2

17

11. 8

?

?

Slight lipping.

6

54

11.1

?

?

Middle Hand Slight lipping.

4

36

11. 1

?

?

Slight lipping at

Side Sex

distal end.

Ulna

Slight lipping at
distal and at

Tibia

Vertebrae

Slight lipping at

Fragments

facets.
Slight

Proximal
Hand
Phalanges

Phalanges

Talus

Squatting facet.

1

1

100.0

R

M?

Tarsals

Slight lipping.

1

19

5.3

?

?
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Table 16 continued.

Site

UCT

Bone

Distal Toe

Condition

Number

Total

%

Side Sex

Slight lipping.

9

19

47.4

?

?

Carpals

Slight lipping.

1

12

8.3

?

?

Tibia

Slight lipping

5

18

27 . 8

3R

2M, 1F

2L

1M,lF

3R

1M,lF?

3L

2M,lF

4R

3M,lF

5L

3M,2F

and Hand
Phalanges

HDB

at distal.
Squatting facet.

Femur

6

11

54.6

Slight lipping
at distal and
head.

Humerus

9

26

34.6

Moderate-marked
lipping at
distal end.

1

22

4.5

L

Slight lipping

4

22

18.2

2R

1M,lF

2L

1M,1?

5R

2M,2F,1?

at distal.

Ulna

Slight lipping
at distal and head.
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8

25

32.0

3L

M

M

Table 16 continued.

Site

Bone

HDB

Radius

Number

Condition

Slight lipping

5

Total

%

18

27.8

at distal and

Side Sex

2R

M

3L

2M,lF

6R

5M,lF

5L

4M,lF

head.

Clavicle

Costo-clavicular

11

24

45.8

sulcus.

Scapula

Slight lipping

4

19

21.1

at glenoid

3R

?

1L

?

cavity.

Innominate

Slight lipping

1

30

3.3

?

?

at acetabulum.

Patella

Slight lipping.

1

7

14.3

L

M

First Ribs

Slight lipping

2

10

20.0

?

?

17

69

24.6

?

?

4

15

26.7

3R

?

3L

?

at the tubercle.

Ribs

Slight lipping
at the tubercle.

Calcaneous

Slight lipping.
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Table 16 continued.

Site

Bone

HDB

Talus

Condition

Number

Slight lipping.

Squatting facet.

2

6

Total

13

13

%

15.4

46.2

Side Sex

1R

M

1L

M

3R
3L

2M,lF
M

Navicular

Slight lipping.

1

7

14.3

?

?

First

Slight lipping.

2

11

18.2

L

?

Slight lipping.

17

27

63.0

?

?

Slight lipping.

2

10

20.0

1R

?

1L

?

Metatarsal

Foot
Phalanges

Navicular

Lunate

Slight lipping.

1

4

25.0

R

?

Hamate

Slight lipping.

4

7

57.1

3R

?

1L

?

L

?

Greater

Slight lipping.

Multangular
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2

4

50.0

Table 16 continued.

Site

HDB

Bone

First

Condition

Number

Slight lipping.

3

Total

21

%

14.3

Metacarpal

Hand

Side Sex

1R

?

2L

?

Slight lipping.

45

101

44.6

?

?

Slight lipping

2

11

18.2

?

?

2

14

14.3

?

?

2

39

5.1

?

?

2

37

5.4

?

?

1

37

2.7

?

?

1

136

0.7

?

?

1

44

2.3

?

?

2

44

4.5

?

?

Phalanges

Axis

at facets.

Atlas

Slight lipping
at facets.

Cervical

Slight lipping

Vertebrae

at facets.
Slight
degeneration.
Moderate
degeneration.

Thoracic

Slight lipping

Vertebrae

at facets.
Slight
degeneration.
Moderate
degeneration.
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Table 16 continued.

Site

HDB

Bone

Condition

Thoracic

Slight

Vertebrae

wedge-shape.

Number

Total

%

Side Sex

2

44

4.5

?

?

Schmorl's Node

1

44

2.3

?

?

Lumbar

Slight lipping

16

63

25.4

?

?

Vertebrae

at facets.
4

63

6.3

?

?

1

14

7.1

?

?

1

13

7.7

?

?

1

13

7.7

?

?

1

13

7.7

?

?

Moderate lipping
at facets.
Slight
wedge-shape.

Vertebrae

Slight lipping

Fragments

at facets.
Slight
degeneration.
Moderate
degeneration.

The fragmentary remains of individuals at the San Antonio
site had some slight degeneration of vertebrae, two ulna heads
and hand and feet phalanges. Two hand and feet phalanges had
moderate lipping. Three clavicles had costo-clavicular sulci and
squatting facets were observed on five tali. Of the two tibia
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whose distal ends were present, both had squatting facets.

At the Unai Chulu site on Tinian, slight degeneration
occurred most frequently in hand and foot bones with single
occurrences on a femur and ulna. Osteoarthritis was present on
only two of 64 vertebrae fragments where facets were visible.
Single instances of squatting facets were noted on one talus and
one tibia, the remainder of bones were too fragmentary to allow
similar observations.

A greater degree of degenerative joint disease was
evident on the skeletal material from Hafa Dai Beach on Saipan.
However, this may be due to the slightly better condition of
remains compared to the previous two sites. Again, bones of the
foot and hand were frequently affected to a slight degree. The
vertebrae, particularly the lumbar vertebrae, of these
individuals showed evidence of osteoarthritis and osteophytosis.
The percentage of degeneration on ribs and long bones was
moderate. One humerus had quite moderate to marked lipping at the
distal end (Plates 19-20). Costo-clavicular sulci were present on
almost half of the clavicles present while squatting facets on
six tibiae and six tali were also observed.

Pathology

A description of the pathology present among these
early Marianas islanders is contained in this section. It is
again unfortunate that all remains could not be sorted into
individuals. Thus, the age and sex of some bones could not be
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estimated and the effect of the observed pathology on other parts
of the body could not be seen.

There were several instances of possible trauma. A
phalanx, probably from the foot, of individual TLH-l from the
Tinian Latte House site, Tinian, had an exostosis and bony
reaction which seemed to be the result of some trauma. At the
Unai Chulu site, also on Tinian, two proximal hand phalanges, a
middle hand phalanx, proximal toe phalanx and another phalanx,
from the hands or feet of these remains, all had bony reactions
which were probably the result of infection through traumatic
wounds or from overlying skin infections. A male tibia from the
Hafa Dai Beach site on Saipan had a slight bony reaction at the
midshaft region, while three humeri from the same site had a
chronic inflammatory change at the elbow joint. These were
ascribed to the presence of infection. Pietrusewsky (1986)
recorded two humeri from this site as having yaws and two humeri
with other pathology, a somewhat different interpretation to that
contained in this analysis.

A skull, also from the Hafa Dai Beach site and belonging
to an adult male, had evidence of a healed fracture on the left
parietal bone in the form of a depression (Plates 6-7).
Pietrusewsky (1986) also noted the presence of this healed
fracture on skull HDB-l. The skull of an old adult male, HDB-13,
from the same site had a slight bony reaction on the frontal bone
which may be due to a soft tissue infection. This was not
observed by Pietrusewsky (1986). The affected hand and foot
phalanges from the Tinian Latte House and Unai Chulu sites were
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not recorded by Pietrusewsky and Batista (1980)

and Pietrusewsky

(1986) but they could have easily been overlooked among these
fragmentary remains.

Individual SLH-1, a 18-25 year old male, from the Saipan
Latte House site, Saipan, had slight pitting on both orbital
roofs of the skull. This was attributed to cribra orbitalia and
was also observed by Pietrusewsky and Batista (1980). No other
instances of cribra orbitalia were noted in this analysis.

There were a number of bones from these sites with
evidence of inflammatory bone change. TLH-1, a woman aged 30 or
more years from the Tinian Latte House site, had crater-like
depressions on the frontal bone of her skull (Plate 8). The left
radius and ulna, both fibulae and tibiae of this individual had a
chronic inflammatory process

(Plates 11-14). There was expansion

of the shafts with destruction, or loss, of the normal cortical
structure. Nodules were also present on the tibiae. These lesions
and inflammatory bone changes are consistent with a treponemal
infection, probably yaws. Pietrusewsky and Batista (1980) made
the same observations and diagnosis. Similar bony reactions were
found in the human skeletal remains from the Unai Chulu site. Two
of the 17 femora present, one fibula and two long bone fragments
were affected by chronic inflammatory processes. The possible
diagnosis from these conditions is again yaws. Pietrusewsky
(1986) observed the presence of yaws on only one femur and found
some other pathology present on another. No pathology was
described as present on any fibulae from this site. These
differences between studies may be the result of inter-observer
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variation in the interpretation of inflammatory bone change.

The presence of yaws-like bony alterations were also
noted in the Hafa Dai Beach site population. Two tibiae, one
fibula, two femora, four ulnae and a radius were the long bones
affected by a chronic inflammatory process with expansion of the
shaft and destruction, or loss, of the normal cortical structure.
One of the 27 clavicles and six ribs out of a total of 388
fragments also had evidence of yaws in the form of a chronic
inflammatory process. One skull, HDB-21 possibly belonging to an
adult male, had destruction of the palate, nasal bones and
maxilla and could again be the consequence of yaws

(Plates 4-5).

Some differences in observations and interpretation of pathology
to those of Pietrusewsky (1986) were found once more. For
example, Pietrusewsky (1986) listed the presence of yaws in 13 of
27 ulnae but it was noted in four of 30 ulnae in the present
study. The differences in total numbers may be accounted for by
the breakage of some bones or by the inclusion of fragments in
one analysis and their exclusion in the other. Inter-observer
variation in the interpretation of pathology must account for the
difference in numbers of bones with yaws. The more apparent and
gross inflammatory bone changes may have been described in this
present analysis.

Other examples of pathology were present in these remains
of early Marianas islanders. The skull of one individual,
SSA-SK-4, from the San Antonio site on the island of Saipan,
seemed to have had a problem with the patency of the superior
saggital sinus requiring larger emissary veins evidenced by an
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unusually large parietal foramen. There was associated early
fusion of the saggital and coronal sutures resulting in waisting
of the vault

(Plate 3). The possible cause of this condition is

craniostenosis (Ortner and Putschar, 1981). No mention of this
skull was made by Pietrusewsky and Batista (1980). Its appearance
may have been attributed by them to postmortem alteration.

occipital flattening of the skull of TVL-1, a 17-18 year
old male from the T. Villanueva site, Saipan, was observed in
this analysis

(Plates 1-2). This was not thought to be the result

of any pathology, since there was no evidence of bony reaction,
but it could be the consequence of artificial deformation.

TEETH

Number of Teeth Present

The number of each permanent tooth present at the eight
sites in this analysis are contained in Table 17. The Hafa Dai
Beach and San Antonio sites have the greatest number of teeth
represented which is probably because they have the largest
number of individuals present. There were very few individuals
with all of their teeth present as many were lost postmortem.
There were several loose teeth from the Unai Chulu, Hafa Dai
Beach, San Antonio and Tinian Latte House sites. Analysis of
their dental conditions is given in Appendix 2.
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Table 17: The number of each permanent tooth present at the
Marianas High School, Saipan Latte House, Tanapag, T.
Villanueva, Hafa Dai Beach and San Antonio sites on
Saipan, and the Tinian Latte House and Unai Chulu sites
on Tinian.

Maxillary Teeth
--------------------------------------------------------

Site
Tooth No. MHS

TLH

SLH

TPS

TVL

HDB

UCT

SSA

TOTAL

--------------------------------------------------------

18

1

1

0

0

1

3

0

3

9

17

2

2

1

0

1

7

0

8

21

16

1

4

1

0

1

8

0

9

24

15

2

3

1

0

1

8

1

6

22

14

2

2

1

0

0

9

1

6

21

13

2

2

1

0

1

5

1

3

15

12

1

3

1

0

0

4

0

1

10

11

2

2

1

0

1

4

1

0

11

21

1

3

1

0

1

3

0

0

9

22

1

2

0

0

0

4

0

2

9

23

2

3

1

1

1

4

1

4

17

24

1

2

1

1

1

5

2

5

18

25

1

2

1

1

1

7

2

6

21

26

2

3

1

1

1

7

1

10

26

27

2

2

1

0

1

5

1

9

21

28

2

1

1

0

0

2

0

1

7
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Table 17 continued.

Site
Tooth No. MHS

TLH

SLH

TOTAL

37

14

25

TPS

4

TVL

HDB

UCT

SSA

TOTAL

12

85

11

73

261

Mandibular Teeth
------------------------------------------------------ -

Site
Tooth No. MHS

TLH

SLH

TPS

TVL

HDB

UCT

SSA

TOTAL

-------------------------------------------------------

48

2

1

0

4

0

6

1

2

16

47

2

2

2

5

1

13

2

14

41

46

2

4

2

5

1

11

2

14

41

45

2

3

1

0

1

13

1

9

30

44

2

2

1

1

1

9

1

5

22

43

2

1

1

0

1

6

0

3

14

42

2

1

1

1

1

4

1

1

12

41

2

3

1

0

1

2

1

1

11

31

1

1

1

0

1

4

2

2

12

32

2

2

1

1

1

7

1

3

18

33

2

2

1

1

1

9

2

3

20

34

2

3

1

2

1

8

1

9

27

35

2

2

1

1

1

12

1

9

29

36

2

1

1

5

1

12

1

16

39

37

2

2

2

5

1

12

1

14

39
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Table 17 continued.
-----------------------~~-~~-~--~-~~~-~-----~---~-~~-~-

Site
Tooth No. MHS

TLH

SLH

TPS

TVL

HDB

UCT

SSA

TOTAL

------------------------------------------------------38

o

2

3

1

o

6

o

2

14

--------------------~--~~--~-~-----~---~------~--~-----

TOTAL

31

34

18

30

14

134

18

107

386

Table 18 contains the number of each deciduous tooth
present at those sites with juvenile remains. Maxillary deciduous
teeth were not present at the Unai Chulu, Hafa Dai Beach and San
Antonio sites, although mandibular deciduous teeth were.

Table 1B: The number of each deciduous tooth present at the
Marianas High School, Hafa Dai Beach and San Antonio
sites on Saipan, and the Tinian Latte House and Unai
Chulu sites on Tinian.

Deciduous Maxillary Teeth

Site
Tooth No. MHS

TLH

TOTAL

55

1

1

2

54

1

1

2

53

1

1

2

52

1

1

2

lOB

Table 18 continued.

Site
Tooth No. MHS

TLH

TOTAL

51

1

1

2

61

1

o

1

62

1

1

2

63

1

1

2

64

1

o

1

65

1

o

1

10

7

17

TOTAL

Deciduous Mandibular Teeth

Site
Tooth no. MHS

TLH

UCT

HDB

SSA

TOTAL

85

1

1

1

o

1

4

84

1

1

1

o

1

4

83

1

o

o

o

o

1

82

o

1

o

o

o

1

81

1

1

o

o

o

2

71

1

1

o

o

o

2

72

1

1

o

o

o

2
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Table 18 continued.

Site
Tooth No. MHS

TLH

UCT

HDB

SSA

TOTAL

73

o

1

o

1

o

2

74

1

1

o

1

o

3

75

1

1

o

1

o

3

TOTAL

8

9

2

3

2

24

Wear

In Table 19, the average degree of wear, from Molnar's
(1971) eight categories, for each permanent tooth for each site
is listed. The overall average degree of wear for each permanent
tooth as calculated from all sites is also given. The calculated
average degree of tooth wear for all teeth at each site and the
overall average for all sites are contained in Table 20. These
overall averages are all below a degree of tooth wear of grade
4.0 which suggests that tooth wear was fairly moderate. At the
Marianas High School, Tinian Latte House, Saipan Latte House and
Tanapag sites the average degree of wear of some teeth was
greater than grade 4.0. A left mandibular canine from the Saipan
Latte House site had tooth wear of grade 7.0. This rather heavily
worn tooth belonged to a 40+ year old who was provisionally sexed
as female.
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There is no apparent difference in the degree of wear
between any particular tooth type. Third molars have the least
wear but this is probably due to their late age of eruption. The
Tinian Latte House site had the highest degree of tooth wear for
all permanent teeth but this may be due to a greater number of
older adults at this site than the other sites. It is not
surprising that the average degree of wear of the teeth from the
T. Villanueva site, which all belong to a 17-18 year old, is the
lowest of all sites. It was not possible to reliably age and sex
all individuals from each site. The numbers involved are probably
too small to make any valid comments on differences between age
and sex in terms of tooth wear. However, it was expected that
tooth wear, as observed, would increase with age, since degree of
tooth wear and other dental degeneration were criteria used in
the aging of individuals at these sites.

Table 19: The average degree of wear for each permanent tooth at
the Marianas High School, Saipan Latte House, Tanapag,
T. Villanueva, Hafa Dai Beach and San Antonio sites on
Saipan, and the Tinian Latte House and Unai Chulu sites
on Tinian, and for all sites.
(individuals))
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(n= number of teeth

Permanent Teeth
Right Maxillary Teeth

Site

Tooth Number

18

17

16

15

14

13

12

11

MHS

2

2.5

4

2.5

2.5

3

3

3

n

1

2

1

2

2

2

1

2

SLH

2

2

2

3

3

3

n

1

1

1

1

1

1

TLH

3.5

3

4

4

4

4.6

3.5

n

2

4

3

2

2

3

2

TVL

1

2

2

2

2

2

n

1

1

1

1

1

1

SSA

2.5

2.6

3.4

2.7

3

3

3

6

6

3

1

2.9

2.8

2.8

2.8

4

5

n

288

HDB

2.3

3.3

3.6

3.1

n

3

7

8

9

10

6

UCT

2

2

2

2

n

1

1

1

1

2.6

2.7

2.8

Average

2.0

2.7
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3.2

3.3

2.7

Left Maxillary Teeth

Site

Tooth Number

21

22

23

24

25

26

MHS

3

3

3

3

3

n

1

1

2

1

SLH

3

4

n

1

TLH

3.6

n

3

TVL

n

27

28

3

2.5

2.5

1

2

2

2

3

2

3

2

1

1

1

1

1

1

1

4

4

3.5

3

3.3

3.5

2

3

2

2

3

2

2

3

2

2

2

2

1

1

1

1

1

1

2.7

2.6

2

10

9

1

3.3

3

2

6

2

SSA

3.5

3.3

3

2.8

n

2

4

5

6

2.8

HDB

3

2.8

3.3

2.4

n

3

4

6

8

10

9

TPS

3

3

2

2

n

1

1

1

1

ueT

3

2

2

2

2

n

1

2

2

1

1
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Table 19 continued.

Tooth Number

Site

Average

21

22

23

24

25

26

27

28

2.9

3.3

3.3

2.7

2.5

2.7

2.5

1.9

Right Mandibular Teeth

Tooth Number

Site
48

47

46

45

44

43

42

41

MHS

2

3.5

4.5

3

3

3

2

2

n

2

2

2

2

2

2

2

2

SLH

2.5

4.5

2

3

4

3

3

n

2

2

1

1

1

1

1

TLH

2.5

4

4

3

3

2

4.7

n

2

4

3

2

1

1

3

TVL

2

2

2

2

3

3

3

n

1

1

1

1

1

1

1

3.3

3.1

3.1

2.4

3

3

3

14

14

9

5

3

1

1

SSA

1.5

n

2
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Table 19 continued.

Site

Tooth Number
48

47

46

45

44

HDB

2.5

3.7

3.5

3.2

n

6

13

11

13

TPS

2.8

4.2

4.4

3

4

n

4

5

5

1

1

UCT

2

2

2.5

2

2

3

3

n

1

1

2

1

1

1

1

2.2

3.0

3.6

2.8

2.6

2.9

3.1

Average

43

42

41

2.2

3

3

3

9

6

4

2

3.2

Left Mandibular Teeth

Site

Tooth Number
31

32

33

34

35

36

37

38

MHS

3

2.5

3

3

3

4

3

2

n

1

2

2

2

2

2

2

2

SLH

3

3

7

3

2

3

4

2

n

1

1

1

1

1

1

2

1
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Table 19 continued.

Site

Tooth number

31

32

33

34

4.5

4.5

3.3

35

36

37

4

2

5

38

TLH

3

n

1

223

2

1

2

TVL

3

332

2

2

2

n

1

1

1

1

1

1

1

SSA

3

2.7

2.3

2.3

2.6

3.5

3.1

1

n

2

3

3

9

9

16

14

2

HDB

3

2.7

3.1

2.6

3.3

3.5

3.7

n

4

7

9

8

12

12

12

TPS

4

2

2.5

2

4.2

4.6

2.7

n

1

1

2

1

5

5

3

UCT

3

3

3.5

2

2

3

2

n

2

1

2

1

1

1

1

3.0

3.2

3.6

2.6

2.6

3.2

3.4

Average

116

2.8
6

2.1

Table 20: The average degree of wear for all permanent teeth for
each site, and for all sites.

Permanent Teeth

Site

Average Wear

MHS

2.9

SLH

2.9

TLH

3.6

TVL

2.2

TPS

3.2

HDB

3.0

ueT

2.3

SSA

2.8

Average

2.9

The average degree of wear of each deciduous tooth for
each site is given in Table 21. The overall average degree of
tooth wear of each tooth for all sites is also calculated. Table
22 lists the average degree of wear of all deciduous teeth for
each site and then for all sites. Again, these figures are fairly
low and indicate a moderate degree of wear. Wear on the lower
molars is slightly less than on the lower anterior teeth although
the differences are no doubt insignificant because of the small
sample size. Pietrusewsky and Batista (1980) and Pietrusewsky
(1986) made similar observations of tooth wear among these
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populations.

Table 21: The average degree of wear for each deciduous tooth
for the Marianas High School, San Antonio and Hafa Dai
Beach sites on Saipan, and the Tinian Latte House and
Unai Chulu sites on Tinian, and for all sites.
number of teeth (individuals))

Deciduous Teeth
Right Maxillary Teeth

Tooth Number

Site
55

54

53

52

51

MHS

1

1

1

1

1

n

1

1

1

1

1

TLH

3

3

3

3

3

n

1

1

1

1

1

2

2

2

2

2

Average

118

(n=

Table 21 continued.
Left Maxillary Teeth

Site

Tooth Number

61

62

63

64

65

MHS

1

1

1

1

1

n

1

1

1

1

1

TLH

3

3

n

1

1

2

2

1

1

Average

1

Right Mandibular Teeth

Tooth Number

Site

82

81

85

84

83

MHS

1

1

2

2

n

1

1

1

1

TLH

2

2

3

4

n

1

1

1

1

SSA

2

2

n

1

1
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Table 21 continued.

Site

Tooth Number
85

84

UCT

2

2

n

1

1

1.8

1.8

Average

83

82

81

2

3

3

Left Mandibular Teeth

Tooth Number

Site

74

75

2

1

1

1

1

1

1

TLH

4

3

3

2

3

n

1

1

1

1

1

HDB

3

2

2

n

1

1

1

3

1.7

2

71

72

MHS

2

n

Average

3

73

2.5
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Table 22: The average degree of wear of deciduous teeth for each
site, and average for all sites.

Deciduous Teeth

Site

Average Wear

MHS

1.2

TLH

2.9

SSA

2.0

UCT

2.0

HDB

2.3

Average

2.1

Alveolar Resorption

The average degree of alveolar resorption present at each
tooth of the individuals from each site is contained in Table 23.
Alveolar resorption was graded on a scale of four degrees
according to Brothwell (1981). Small sample size and commingled
fragmentary material hinder in depth analysis of these results.
Six individuals from four sites had no evidence of alveolar
resorption. Three from the Unai Chulu, Hafa Dai Beach and Tinian
Latte House sites were under 16 years of age, while three from
the San Antonio site were adults. The presence of alveolar
resorption could not be noted on several individuals because
teeth were loose or the alveolar bone was broken. The overall
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average degrees of alveolar resorption for each site and for all
sites are listed in Table 24. Except for the Marianas High School
site, these figures are all below a degree of 2.0 and the overall
average for all sites is 1.5. This represents a moderate degree
of alveolar resorption in these individuals from the Marianas.

The overall average degree of alveolar resorption of
individuals at the Marianas High School site is 2.5 and was
calculated from the dentition of only two of the five individuals
represented. MHS-2, a 20-40 year old male, had severe alveolar
resorption of the mandibular teeth. Unfortunately, the maxillary
teeth of this individual were loose so no observations of
alveolar resorption could be made. Individual MHS-3, a 20-30 year
old who was possibly female, had a slight degree of alveolar
resorption at the mandibular teeth. Like MHS-2, the maxillary
teeth were loose. The average degree of alveolar resorption,
being taken from only these two individuals, was therefore
relatively high. The age of these individuals must also be
considered, since degree of dental degeneration was a variable
employed in aging. Thus, the lowest overall degree of alveolar
resorption observed was from the T. Villanueva site. The only
dentition at this site belonged to a 17-18 year old male.

From an examination of the overall degrees of alveolar
resorption at each tooth, some differences can be noted. The
first and second molars of the mandibular teeth have some of the
highest degrees of alveolar resorption, but the sample sizes of
the mandibular anterior teeth are very small which may account
for the observed variation. The same situation, of small sample
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size of anterior teeth, applies to the maxillary teeth at these
sites. Of the left maxillary teeth the lateral incisors and the
canines have the highest average degrees of alveolar resorption,
whereas on the right side the third molars and central incisors
have the highest figures.

Table 23: The average degree of alveolar resorption for each
permanent tooth for the Saipan Latte House,

San

Antonio, T. villanueva, Hafa Dai Beach, Marianas High
School and Tanapag sites on Saipan, and the Tinian
Latte House and Unai Chulu sites on Tinian, and for all
sites.

(n= number of teeth (individuals))

Right Maxillary Teeth

Tooth Number

Site
18

17

16

SLH

1

n

1

15

TLH

1

1

1

n

1

1

1

1.3

1.3

14

12

11

SSA

1.5

1.5

n

2

6

642

TVL

1

1

1

1

n

1

1

1

1

123

1.5

13

1
1

Table 23 continued.

Site

Tooth Number
18

HDB

2

n

2

17

16

15

14

13

1.5

1.7

1.6

1.5

1.6

1

1

n

1

1

1.2

1.3

1.8

11

1

2

2

2

1.3

1.0

1.5

26

27

28

66785

UCT

Average

12

1.3

1.2

Left Maxillary Teeth

Tooth Number

Site
21

22

23

24

25

SLH

1

n

1

TLH

1

1

n

1

1

SSA

1

n

4

124

1.2

1.3

1.4

585

2
1

Table 23 continued.

Site

Tooth Number

21

22

23

24

25

26

TVL

1

1

1

1

1

n

1

1

1

1

1

TPS

2

2

2

n

1

1

1

27

28

HDB

3

3

1.7

1.9

1.7

1.3

1

n

1

1

3

8

6

4

1

UCT

1

1

1

1

n

2

2

1

1

1.3

1.4

1.2

1.2

1.5

42

41

Average

1.0

3.0

2.0

Right Mandibular Teeth

Tooth Number

Site
48

47

46

45

44

MHS

1.5

2

2

2

2

n

2

2

2

2

2

125

43

Table 23 continued.

Tooth Number

Site

48

47

46

45

44

43

SLH

2

2

1

1

1

n

1

1

1

1

1

2.5

1.5

1

3

1

1

TLH

1

3

n

1
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SSA

2

1.7

1.6

n

1

11

TVL
n

42

1.4

1.5

1

12

8

2

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

TPS

1

1

1.4

1

1

n

3

5

5

1

1

HDB

1.6

2.1

2.1

1.8

n

7

13

11

12

UCT

2

2

1

1

n

1

1

1

1

1.5

1.9

1.7

Average

41

126

1.5

1.3
6

1.2

1.0

1.0

2.0

Table 23 continued.
Left Mandibular Teeth

Site

Tooth number
33

34

35

36

37

MHS

3

3

3

3

3

n

1

1

1

1

1

SLH

1

1

1

1

n

1

1

1

1

31

32

TLH

1

1

2

n

1

1

2

SSA

1

1.5

1.3

1.6

1.5

n

1

6

6

13

12

TVL

1

1

1

1

1

1

1

n

1

1

1

1

1

1

1

1

1.4

1.2

38

TPS

1

1

n

1

21553

HDB

1

1.5

n

1

6
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1.5

1.9

1.7

10

10

12

1

1.7
6

Table 23 continued.

Site

Tooth Number
31

32

33

34

35

36

37

UCT

1

1

1

1

1

1

1

n

1

1

1

1

1

1

1

1.0

1.0

1.4

1.4

1.4

1.6

1.6

Average

38

1.2

Table 24: The average degree of alveolar resorption for all
permanent teeth for each site, and average for all
sites.

Site

Average Alveolar Resorption

MHS

2.5

SLH

1.2

TLH

1.5

TVL

1.0

TPS

1.3

HDB

1.7

UCT

1.1

SSA

1.4

Average

1.5
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Table 25 shows the relationship between the various
degrees of grades of tooth wear and alveolar resorption at all
eight sites. It can be seen that most individuals had a low
degree of alveolar resorption and low degrees of tooth wear. As
the degree of alveolar resorption increased so did the amount of
tooth wear which may reflect the influence of age. Thus, most
individuals with grade 1.0 alveolar resorption had very slight
tooth wear and most of those with grade 2.0 alveolar resorption
had tooth wear of grade 3.0. The majority of individuals with
grade 3.0 alveolar resorption had tooth wear of grade 5.0.

The observations of the degree of alveolar resorption in this
analysis of early Marianas islanders were generally very similar
to those of pietrusewsky and Batista (1980) and Pietrusewsky
(1986) .

Table 25: The number of teeth with wear and alveolar resorption
of various grades for all sites.

1

2

3

Total

1

1

0

0

1

2

124

17

0

141

3

85

40

13

138

4

20

16

12

48

5

5

9

19

33

6

3

4

6

13

7

1

6

4

11

Wear/Alveolar Resorption
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Table 25 continued.

Wear/Alveolar Resorption

8

Total

1

2

3

Total

o

o

2

2

56

387

239

92

Caries

In Table 26 the location of caries in the permanent
dentition of these individuals from the early Marianas Islands is
described. Differences between age and sex were not noted because
of the limited nature of these remains, although a range of ages
and both sexes were represented. Caries were recorded according
to their position on each tooth from six categories in a scheme
devised by Tayles

(1989:pers. comm.). The majority of caries were

either at the cemento-enamel junction of teeth or were at
fissures on the occlusal surfaces of teeth. The molars and
premolars were the teeth most commonly found with caries and
slightly more individuals had carious mandibular teeth than
carious maxillary teeth. Only a few examples of root caries were
observed. A small number of caries were massive in size,
sometimes resulting in the removal of the crown. In several
cases, caries could be described as both interproximal and at the
cemento-enamel junction and the latter situation was usually
applied. This may account for the high number of caries in this
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category.

Two individuals with deciduous teeth had caries. MHS-5,

a

three to four year old child from the Marianas High School site,
had caries at the fissures on the occlusal surface of the left
maxillary first molar. A four to six year old child, TLH-5, from
the Tinian Latte House site had caries at the cemento-enamel
junction of the right mandibular first and second molars.

Table 26: The location and type of caries on permanent teeth of
individuals from the Marianas High School, Saipan Latte
House, San Antonio, Tanapag and Hafa Dai Beach sites on
Saipan, and the Tinian Latte House and Unai Chulu sites
on Tinian.

(*= caries were also interproximal in

location)

Maxillary Teeth

Tooth Number
Individual

MHS-2

18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28

5

1

MHS-3

1

SLH-1

1

4

TLH-l*

5

6

4

4

4

4

TLH-4*

4

SSA-MAX-6*

4

SSA-MAX-15
SSA-SK-5*

6

6

4

4
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Table 26 continued.

Tooth Number
Individual

18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28

6

SSA-SK-6

4

4

4

TPS-7*

4
2

HDB-1

4

2

HDB-2*

4
4

HDB-8*
HDB-22

1

Mandibular Teeth

Tooth number
Individual

48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38

1

MHS-2
SLH-1

1

TLH-1

4

1
4

TLH-2

4

TLH-3

1

TLH-4*

4

4

4
4

SSA-MD-7*
SSA-MD-13*

4

SSA-MD-21

1

SSA-MD-22*

4

SSA-MD-23*

1

4
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Table 26 continued.

Tooth number
Individual

48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38

---------------------------------------------------------------

TPS-1

1

TPS-2

1

TPS-3

4

TPS-4

1

1
1

4
2

3

HDB-3

1

HDB-4

1

HDB-S

1

HDB-ll

1

1

1

4

HDB-12*
HDB-13

1

UCT-1

1

UCT-2

1

1

1

1

The percentage of teeth from each site with caries
is listed in Table 27. The overall percentage of all teeth from
all sites with caries was 10.17%. The site with the highest
percentage of carious teeth was 28.95% from the Tanapag site,
however, many teeth had been lost postmortem from these
individuals.

Table 27: The percentage of teeth with caries for each site and
average for all sites.
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Site

Number of Carious Teeth

Total Teeth

% of Carious Teeth

MHS

8

74

10.81%

SLH

4

32

12.50%

TLH

15

83

18.07%

TPS

11

38

28.95%

UCT

5

31

16.13%

HDB

13

222

5.86%

SSA

14

182

7.69%

TVL

0

26

0.00%

70

688

10.17%

Total

Table 28 contains the percentage of individuals with
teeth who have one or more caries. Unfortunately, the percentages
for the San Antonio site had to be calculated separately for
skulls, maxillae and mandibles since it was not possible to
discern whether they belonged to the same individuals or not.

In

the calculation of the overall percentage of individuals with
caries only the figures from the San Antonio mandibles were
employed and those from the San Antonio skulls and maxillae
excluded. The reason for this choice being that the mandibles had
the largest sample size. The overall percentage of individuals
with caries from these sites was 44.93%. This represents almost
half of those people with teeth having one or more carious
lesions. The site with the highest percentage of individuals with
carious teeth was 100.0% from the Tinian Latte House site. All of
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the small number of individuals with teeth from this site having
one or more caries on their teeth.

Table 28: The percentage of individuals with caries for each site
and average for all sites.

Site

Number of Individuals
with Caries

Total Individuals
with Teeth

% of Individuals

With Caries

MHS

3

4

75.00%

SLH

1

2

50.00%

TLH

5

5

100.00%

TPS

5

7

71.43%

UCT

2

4

50.00%

HDB

10

18

55.56%

SSA-SK

2

4

50.00%

SSA-MAX

2

16

12.50%

SSA-MAND

5

28

17.86%

TVL

0

1

0.00%

31

69

44.93%

Total

The relationship between caries and degree of tooth wear
is shown in Table 29. Only those teeth where both could be
observed were included. Most teeth with caries at the fissures on
the occlusal surface had wear of grade 2.0. The majority of teeth
with caries at the cementa-enamel junction had grade 3.0 wear.
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One heavily worn tooth of grade 7.0 had caries at the
cemento-enamel junction, while the three teeth with massive
carious lesions had wear of grades 2.0 and 3.0.

Table 29: The numbers of teeth with caries and wear of various
grades for all sites.

Caries Type/Wear

1

2

3

4

5

6

7

8

12

Total

1

o

8

3

4

o

o

o

27

2

021

o

o

1

o

o

4

3

010

o

o

o

o

o

1

4

o

2

5

3

1

o

27

5

020

o

o

o

o

o

2

6

012

o

o

o

o

o

3

o

5

9

4

1

o

64

Total

5

23

11

22

Table 30 shows the relationship between caries and
alveolar resorption and again only those teeth where both could
be observed were included. Most of the teeth with caries at the
cemento-enamel junction had alveolar resorption of grade 2.0 or
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grade 1.0 while most of those with caries at the fissures on the
occlusal surface had alveolar resorption of grade 1.0.

Table 30: The numbers of teeth with caries and alveolar
resorption of various grades for all sites.

1

2

3

1

15

4

1

20

2

2

1

o

3

3

1

o

o

1

4

8

9

3

20

5

o

o

o

o

6

o

1

o

1

26

15

4

45

Caries type/Alveolar resorption

Total

Total

Enamel Hypoplasia

The individuals with enamel hypoplasia, the percentage of
teeth affected and their estimated ages of occurrence are shown
in Table 31. The majority of these defects, which consisted of
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transverse lines, were observed on anterior teeth and most were
estimated to have occurred under five years of age. Individual
MHS-5, a three to four year old child, was observed to have
chalky-white transverse bands on the enamel of the deciduous
teeth or enamel hypocalcification. In some of these teeth there
were small pits on the buccal surface where tiny patches of the
enamel appear to have broken off. These defects probably
occurred between a few months before birth to approximately nine
months of age when the deciduous teeth were developing. The ages
of the individuals from the San Antonio, Tanapag, Hafa Dai Beach
and Unai Chulu sites could not be estimated with any accuracy,
but were considered to be adult. The ages of the individuals from
the Saipan Latte House, Tinian Latte House and T. Villanueva
sites with enamel hypoplasia ranged from 12 to 25 years. Both
sexes were represented by these people. Only single or two to
three individuals from each site were found with evidence of
enamel hypoplasia.

Not all of the teeth in the dentition of these
individuals were affected. In several cases some teeth had been
lost postmortem and in addition, each tooth type forms at
different ages of the individual. Thus, an episode of ill health
or malnutrition will only affect the teeth developing at that
time. The first permanent molars form at similar ages to the
anterior teeth and it is notable that no lines of hypoplasia were
observed on any of the first molars present in these individuals.
This may be because lines of hypoplasia were more easily
observable and noticeable on incisors and canines than the molars
and the presence of calculus, staining and other dental
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conditions may have also hindered observations.

Table 31: The percentage of teeth with enamel hypoplasia and
their estimated ages of occurrence for individuals from
the Marianas High School, Saipan Latte House, San
Antonio, Hafa Dai Beach, T. Villanueva and Tanapag
sites on Saipan, and the Tinian Latte House and Unai
Chulu sites on Tinian.

(M= male, F= female,

J=

juvenile, ?= unknown)

Individual Sex

Number of Teeth

Total

% of Teeth

with Enamel

Teeth

With Enamel Estimated
Hypoplasia

Hypoplasia

Range of

Ages of
Occurrence

--------------------------------------------------------------

1

18

5.56%

12

28

42.86%

1-7years

F

1

4

25.00%

1-4years

TLH-3

F

14

24

58.33%

1-7years

SSA-MD-7

F

4

12

33.33%

1-5years

TVL-1

M

12

26

46.15%

1-5years

TPS-7

?

1

4

25.00%

3-5years

HDB-1

M

2

27

7.41%

1-5years

HDB-4

M?

4

19

21.05%

1-5years

HDB-7

M

1

18

5.56%

1-4years

UCT-3

?

2

2

100.00%

1-5years

UCT-1

F

1

6

16.67%

1-4years

MHS-5

J

SLH-1

M

TLH-2
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Table 31 continued.

Individual Sex

Number of Teeth

Total

% of Teeth

with Enamel

Teeth

With Enamel Estimated

Hypoplasia

Hypoplasia

Range of

Ages of
Occurrence

Total

188

55

29.26%

Calculus

The number of individuals and the grades of calculus
present on their maxillary and mandibular teeth is shown in Table
32. Those few maxillae and mandibles without teeth are included
in the no data category. There were approximately equal numbers
of individuals with no calculus and with slight calculus on both
the maxillary and mandibular teeth. Very few individuals had
moderate calculus and no examples of marked calculus were
observed. There were slightly more individuals with calculus on
their mandibular teeth than maxillary teeth. Most tooth types
were affected by calculus.

Table 32: The numbers of individuals with calculus of various
grades on their maxillary and mandibular teeth from the
Marianas High School, Saipan Latte House, T.
Villanueva, Tanapag, San Antonio and Hafa Dai Beach
sites on Saipan, and the Tinian Latte House and Unai
Chulu sites on Tinian.
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Maxillary Teeth

Calculus
Site

None

Slight

Moderate

Marked

No Data

Total

MHS

1

SLH

1

TLH

3

TVL

1

1

TPS

1

1

2

1
2

UCT
SSA

5

2

2

13

6

HDB

Total

3

20

9

2

21

2

o

5

24

1

12

6

49

Mandibular Teeth

Calculus
Site

None

Slight

Moderate

Marked

No Data

Total

1

5

MHS

2

SLH

2

2

TLH

5

5

TVL

1

1

TPS

2

5

UCT

1

3

SSA

21

9

6

1

4

2
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Table 32 continued.

Calculus
Site

None

Slight

Moderate

1

11

4

33

30

5

HDB

Total

Marked

No Data

o

Total

1

17

4

72

Table 33 contains the percentage of individuals from each
site with calculus. Almost all of the individuals from the Hafa
Dai Beach site had calculus. The percentage of individuals with
calculus at the San Antonio site was calculated from the number
of mandibles present, since they had the largest sample size.
None of the small number of individuals present at the T.
villanueva and Saipan Latte House sites were observed with
calculus.

It is possible that any calculus present on the

dentition of these people could have been knocked off postmortem.
Just over half of the total number of individuals from all of
these sites had calculus.

Table 33: The percentage of individuals with calculus for each
site and average for all sites.
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Site

Number of Individuals

Total Individuals

with Calculus

% of Individuals
with Calculus

MHS

2

4

50.00%

TLH

2

5

40.00%

SLH

0

2

0.00%

TVL

0

1

0.00%

TPS

6

7

85.71%

UCT

3

4

75.00%

SSA

9

30

30.00%

HDB

17

18

94.44%

Total

39

71

54.93%

The average degree of alveolar resorption present on the
teeth of those individuals with and without calculus is contained
in Table 34. It can be seen that the degree of alveolar
resorption increases slightly with the degree of calculus.
Calculus was present on individuals of varying ages and both
sexes. A 12-15 year old female from the Tinian Latte House site
had slight calculus and a juvenile individual from the Hafa Dai
Beach site had slight calculus also. The moderate degrees of
calculus were observed on adults and old adults. Unfortunately,
more specific age groups of these individuals could not be
estimated.
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Table 34: The average degree of alveolar resorption for
individuals with various grades of calculus from all
sites.

Calculus

Average
Alveolar Resorption

None

1.2

Slight

1.5

Moderate

1.9

Staining

The percentage of teeth with staining from individuals at
these sites in the early Marianas Islands is given in Table 35.
Table 36 contains the percentage of individuals with staining on
their teeth. The overall percentage of teeth and individuals with
staining roughly corespond, so that just over one third of teeth
and individuals had staining. None of the individuals or teeth
from the San Antonio and T. Villanueva sites had any staining,
while most of the individuals from the Hafa Dai Beach and Tanapag
sites had some stained teeth. Individuals of both sexes had
stained dentitions and of those individuals with stained teeth
who could be assigned to specific age groups there were none
under 20 years of age,

all being 20 or more years old.
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Table 35: The percentage of teeth with staining for each site and
average for all sites.

Site

Number of Teeth

Total Teeth

With Staining

% of Teeth With

Staining

MHS

54

74

72.97%

TLH

11

83

13.25%

SLH

2

32

6.25%

TVL

0

26

0.00%

TPS

18

38

47.37%

SSA

0

182

0.00%

HDB

161

222

72 .52%

UCT

17

31

54.84%

263

688

38.22%

Total

Table 36: The percentage of individuals with teeth with staining
on tooth surfaces for each site and average for all
sites.

Site

Number of
Individuals

Total Individuals
with Staining

% of Individuals
with Staining

MHS

2

4

50.00%

TLH

1

5

20.00%
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Table 36 continued.

Site

Number of
Individuals

Total Individuals
With Staining

% of Individuals

With Staining

SLH

1

2

50.00%

TVL

0

1

0.00%

TPS

5

7

71.43%

SSA

0

30

0.00%

HDB

15

18

83.33%

UCT

1

4

25.00%

25

71

35.21%

Total

The position of staining on various maxillary and
mandibular teeth is shown in Table 37. More mandibular teeth were
found with staining than maxillary teeth but as previously noted
there were more mandibular teeth present in these individuals
than maxillary teeth. Of the maxillary teeth, most molars were
stained on the buccal surface only, with most anterior teeth and
premolars being stained on both the buccal and lingual surfaces.
The majority of mandibular teeth were stained on the buccal
surface only.

Table 37: The position of staining on maxillary and mandibular
teeth at the Marianas High School, Saipan Latte House,
Tanapag and Hafa Dai Beach sites on Saipan, and the
Tinian Latte House and Unai Chulu sites on Tinian.
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Maxillary Teeth

position
Site

Buccal
MHS TLH SLH TPS UCT HDB Total

-----------------------------------------Incisors

0

0

0

0

0

3

3

Canines

0

0

0

0

0

2

2

Premolars

1

0

0

0

0

7

8

Molars

6

1

0

0

1

16

24

Total

7

1

o

o

1

28

37

position
Site

Buccal/Lingual
MHS TLH SLH TPS ueT HDB Total

-----------------------------------------Incisors

5

1

0

0

0

8

14

Canines

4

1

0

0

1

5

11

Premolars

5

2

0

0

2

14

23

Molars

4

0

0

0

0

1

5

18

4

o

o

3

28

53

Total
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Mandibular Teeth

position
Site

Buccal
MHS TLH SLH TPS UCT HDB Total

-----------------------------------------Incisors

0

1

0

2

4

9

16

Canines

0

0

0

0

1

11

12

Premolars

4

2

0

2

4

38

50

Molars

6

3

2

14

4

45

74

10

6

2

18

13 103

152

Total

position

Buccal/Lingual
MHS TLH SLH TPS UCT HDB Total

Site

-----------------------------------------Incisors

5

0

0

0

0

0

5

Canines

4

0

0

0

0

1

5

Premolars

4

0

0

0

0

1

5

Molars

6

0

0

0

0

0

6

19

o

o

o

o

2

21

Total

The darkness of the colour of staining recorded on the
teeth of individuals is given in Table 38. This shows that most
of the staining observed, particularly at the Hafa Dai Beach
site, was fairly dark.
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Table 38: The colour of staining on teeth for individuals at the
Marianas High School, Saipan Latte House, Tanapag and
Hafa Dai Beach sites on Saipan, and the Tinian Latte
House and Unai Chulu sites on Tinian.

Colour of Staining
Site

Light

MHS

Intermediate

Dark

1

TLH
SLH

1

TPS

3

Total

1

2

1

1
1

UCT

2

5

1

1

HDB

1

3

11

15

Total

5

4

16

25

Table 39 indicates the number of individuals who only had
calculus or staining and those who had both. Only one individual,
from the Saipan Latte House site, had staining only. There were
several people with calculus only including individuals from the
San Antonio site where no staining of tooth surfaces was
recorded. Most of the individuals from the Hafa Dai Beach and
Tanapag sites had both staining and calculus.

149

Table 39: The number of individuals with only calculus or
staining or both at the Marianas High School, Saipan
Latte House, Tanapag, Hafa Dai Beach and San Antonio
sites on Saipan, and the Tinian Latte House and Unai
Chulu sites on Tinian.

Site

Calculus Only

Staining Only

Calculus and Staining

MHS

o

o

2

SLH

o

1

o

TLH

1

o

1

UCT

2

o

1

TPS

1

o

5

HDB

2

o

15

SSA

9

o

o

15

1

Total

24

Other Dental Pathology

The percentage of individuals at each site with dental
pathology is contained in Table 40. Overall, 41% of individuals
at these sites in the Marianas had some kind of dental pathology
varying from antemortem tooth loss to abcesses to impacted third
molars or a combination of these. The overall percentage was
calculated using the data from the San Antonio mandibles,
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excluding that from the skulls and maxillae of this site. Dental
pathology was not observed on the only individual with teeth at
the T. Villanueva site while half of those at the Hafa Dai Beach
site had some kind of pathology. Both males and females from
these sites were affected. Of those individuals with dental
pathology who could be aged within specific age groups, all were
over 20 years of age. However, the degree of dental degeneration
was one of the criteria used in aging.

Table 40: The percentage of individuals with dental pathology for
each site and average for all sites.

Site

Number of Individuals

Total Individuals

with Pathology

% of Individuals

with Pathology

MHS

2

5

40.00%

SLH

1

2

50.00%

TLH

2

5

40.00%

TVL

0

1

0.00%

TPS

1

7

14.29%

UCT

1

4

25.00%

HDB

10

20

50.00%

SSA-SK

2

4

50.00%

SSA-MAX

3

20

15.00%

SSA-MAND

13

30

43.33%

Total

30

74

40.54%
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The number of maxillary and mandibular teeth lost
antemortem at each site is shown in Table 41. More mandibular
teeth were lost than maxillary teeth, particularly mandibular
molars, followed by mandibular incisors and then premolars.
Individuals at the Hafa Dai Beach and San Antonio sites were
affected most. Of the maxillary teeth, more molars were lost
antemortem than other tooth types. Three individuals, one each
from the Marianas High School, San Antonio and Hafa Dai Beach
sites had edentulous mandibles.

Table 41: The number of maxillary and mandibular teeth lost
antemortem for each tooth type at the Marianas High
School, Saipan Latte House, San Antonio and Hafa Dai
Beach sites on Saipan, and the Tinian Latte House and
Unai Chulu sites on Tinian.

Maxillary Teeth

Site
MHS

SLH

TLH

SSA

UCT

TPS

HDB

Total

Incisors

o

o

o

o

o

o

3

3

Canines

o

o

o

o

o

o

1

1

Premolars

o

o

o

1

o

o

o

1

Molars

o

o

o

3

o

1

2

6

Tooth Type
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Mandibular Teeth

Site
Tooth Type

MHS

SLH

TLH

SSA

UCT

TPS

HDB

Total

------------------------------------------------------ Incisors

2

0

3

13

0

0

6

24

Canines

1

0

2

4

0

0

2

9

Premolars

2

3

0

10

1

0

6

22

Molars

2

1

1

20

4

0

12

40

Several individuals from these sites in the Marianas were
found with evidence of abcesses. Two abcess cavities were found
at the front of the mandible of individual TLH-1,
female,

a 30+ year old

from the Tinian Latte House site. The teeth may have

still been present but would have probably been held quite
loosely. The upper third molars of this woman were impacted and
erupting through the maxillary bone just above the second molars
(Plates 9-10). Individual TLH-4, a 40+ year old woman,

from the

same site also had two abcesses, one at the right maxillary first
premolar and the other at the mandibular incisors.

Several individuals from the San Antonio site were
observed with abcesses. Maxilla, SSA-MAX-4, from an adult of
unknown sex, had an abcess at the left canine. The mandible of an
adult male, SSA-MD-4, had three abcesses. One was at the right
first molar, another at the right second premolar and the other
at the incisors and canines. Mandible, SSA-MD-9, from an adult
provisionally sexed female, had abcessing at the left incisors
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with evidence of a severe infection into the bone at the left
second molar. Abcessing was present at the right premolars of
mandible, SSA-MD-14, from an adult male, and there was some kind
of infection at the left third molar of mandible SSA-MD-19
belonging to an old male adult. The third molars of mandible
SSA-MD-25 from a provisionally sexed male adult were impacted and
erupting on their side towards the second molars.

There was also evidence of infection in the form of
porosity on two maxillae from the San Antonio site. The maxilla
of an adult of unknown sex, SSA-MAX-6 had some kind of dental
pathology at the left premolars which presumably resulted in the
antemortem loss of the first premolar although the second
premolar may have still been there, but probably not for very
much longer. A similar infection was present at the right first
and second molars of maxilla, SSA-MAX-14, also from an adult of
unknown sex.

Abcessing was observed on the mandible of an un sexed adult
at the left second and third molars from the Unai Chulu site.

Two abcess cavities were located in the dentition of an
old adult male, HDB-7, from the Hafa Dai Beach site, one at the
right mandibular first molar and the other at the right maxillary
third molar. HDB-l0, an old provisionally sexed female adult, had
an abcess at the maxillary left lateral incisor and canine, and
HDB-ll, an adult male, had an abcess at the right mandibular
first molar. There was evidence of infection, in the form of
porosity, at the mandibular incisors and first molars of HDB-13,
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an old adult male. A similar observation was recorded for the
dentition of HDB-14, an adult male, at the mandibular third
molars and right lateral incisor. An abcess was also present at
the mandibular right canine. Another adult male, HDB-17,

from

this site had an abcess at the right mandibular first molar and
there was some pathology at the upper central incisors of HDB-20,
an adult of unknown sex.

Table 42 shows the average tooth wear, average number of
caries and average degree of alveolar resorption on the permanent
teeth of individuals with antemortem tooth loss, abcesses or some
other pathology and those without any dental pathology. Thus, at
the Hafa Dai Beach site, for example, individuals with antemortem
tooth loss had a higher average degree of tooth wear and degree
of alveolar resorption than individuals who did not have any
dental pathology. The latter, however, had slightly more caries
on average than the former. As expected, the general trend
apparent, with only a few exceptions, was that individuals with
either antemortem tooth loss or abcesses or some other kind of
dental pathology

had on average greater tooth wear, more caries

and a greater degree of alveolar resorption than those
individuals without any dental pathology.

One individual, HDB-21, from the Hafa Dai Beach site had
no maxillary teeth because his maxilla, palate and nasal region
had been destroyed by gangosa, or yaws.
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Table 42: The average degree of tooth wear, average number of
caries, and average degree of alveolar resorption of
individuals with antemortem tooth loss

(Group 1),

individuals with abcesses or some other dental
pathology (Group 2)and those individuals with no dental
pathology (Group 3)

for each site.

(n= number of

individuals, *= may include individuals from Group 1)

Site

MHS

SLH

TLH

TVL

Group

n

1

2

2

0

3

Tooth Wear

Caries

Alveolar Resorption

3.1

2.5

2.9

2

2.6

2.5

1.0

1

1

5.5

0.0

2.0

2

0

3

1

2.6

4.0

0.9

1

2

4.8

5.0

1.8

2*

2

4.8

5.0

1.8

3

2

2.3

1.0

0.0

1

o

2

0

3

1

2.2

0.0

1.0
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Table 42 continued.

Site

TPS

Group

n

1

1

2

o

3

Tooth Wear

Caries

Alveolar Resorption

2.5

2.0

2.0

6

3.7

1.3

1.2

1

1

2.0

1.0

1.3

2*

1

2.0

1.0

1.3

3

3

2.5

1.0

0.9

1

9

4.3

0.6

2.6

2*

7

4.1

0.6

2.5

3

10

2.6

0.9

1.1

1

2

3.1

3.0

1.7

2

0

3

1

3.0

0.0

1.0

1

1

2.7

1.0

2.0

2

2

2.7

0.0

1.5

3

13

2.6

0.2

1.2

SSA-MAND 1

11

4.2

0.1

2.0

5

3.4

0.0

1.6

16

2.6

0.3

1.1

VCT

HDB

SSA-SK

SSA-MAX

2*
3
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Cultural Modification of Teeth

Evidence of cultural modification of teeth was found on
individuals from only two of these sites in the Marianas Islands.
Table 43 shows the percentage of teeth affected at each site
while Table 44 shows the percentage of individuals affected at
each site. The overall percentage of individuals was calculated
using the maxillae from the San Antonio site because they had the
largest number affected, excluding data from the mandibles and
skulls. Overall then, 5% of teeth were culturally modified in
some way while approximately 18% of individuals had teeth with
cultural modification.

Cultural modification was found on only one individual
from the Hafa Dai Beach site. HDB-l, an adult male, had a lattice
design filed in the labial surface enamel of his left maxillary
central and lateral incisors (Plate 25). Unfortunately, the right
maxillary incisors were lost postmortem so they were not
available for examination.

Nine maxillae and some maxillary teeth from one skull
from the San Antonio site had evidence of cultural modification.
The anterior teeth and sometimes the premolars and the occasional
first molar had been filed on the labial surface, in many cases
exposing the dentine (Plates 23-24). Only one mandible had
incisors and canines with a similar alteration. Many of the
maxillae at this site, including those associated with skulls,
which did not show evidence of cultural modification also did not
have the appropriate teeth present. It is therefore possible that
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the incidence of culturally modified teeth at this site could
have been higher if all teeth had been present.

Unfortunately, these maxillae could not be sexed because
there was no variation in size or morphology apparent indicating
possible sexual differences and they could not be associated with
other remains, such as pelvi or long bones, from this site. Only
SSA-MAX-5 was provisionally sexed as male because it was
obviously larger than the others. Similarly,

it was difficult to

age these maxillae and many could only be described as adult or
old adult. Some mandibles could not be aged or sexed at all
because they only consisted of fragments without teeth. SSA-MD-7,
the only mandible with culturally modified teeth at this site,
belonged to an adult female while SSA-SK-4, a skull with filed
maxillary teeth, was from an adult who was provisionally sexed
as a male.

Table 43: The percentage of teeth with cultural modification for
each site and average for all sites.

Site

Number of Teeth With

Total Teeth

% of Teeth With

Cultural Modification

Cultural Modification

MHS

0

74

0.00%

SLH

0

32

0.00%

TLH

0

83

0.00%

TVL

0

26

0.00%

TPS

0

38

0.00%
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Table 43 continued.

Site

Number of Teeth With

Total Teeth

% of Teeth With

Cultural Modification

Cultural Modification

UCT

o

31

0.00%

HDB

2

222

0.90%

SSA

35

182

19.23%

Total

37

688

5.38%

Table 44: The percentage of individuals with cultural
modification of teeth for each site and average for all
sites.

Site

Number of Individuals

Total Individuals

% of Individuals

With Cultural

With Cultural

Modification

Modification

MHS

0

4

0.00%

SLH

0

2

0.00%

TLH

0

5

0.00%

TVL

0

1

0.00%

TPS

0

7

0.00%

UCT

0

4

0.00%

HDB

1

18

5.56%

SSA-MAX

9

16

56.25%
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Table 44 continued.

Site

Number of Individuals

Total Individuals

% of Individuals

with Cultural

with Cultural

Modification

Modification

SSA-MD

1

28

3.57%

SSA-SK

1

4

25.00%

10

57

17.54%

Total

A profile of the health of each individual or site, where
individuals could not be sorted, is contained in Appendix 3.
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CHAPTER FIVE: INTERPRETATION AND DISCUSSION

In this chapter the results of Chapter Four, concerning
the health of these Marianas islanders, will be interpreted and
discussed. This discussion will look at each variable for the
skeletal analysis in turn and then compare results with those of
other researchers of Marianas islanders, including any relevant
information from ethnographic and historical sources.
Furthermore, comparisons will be made with studies of other
Micronesian and Pacific prehistoric peoples. Table 45 lists the
sites, their approximate dates, number of individuals and their
researchers. Once every variable has been discussed, an attempt
will be made to answer briefly the questions posed in the
introduction so that the information from each variable can be
interrelated with the others in order to give an overall picture
of the health of these people. Finally, research strategy
limitations and problems for the future will be addressed.

Table 45: The date, number of individuals and researchers of the
comparative Pacific sites.

Site

Date

Number of

Researcher

Individuals

Sabah, Northern

100-130 years

Borneo

ago

162

7

Gleichauf

(1979)

Table 45 continued.

Site

Number of

Date

Researcher

Individuals

Utira, Little

pre-European

3

Katayama

(1985)

Makin Island,
Gilbert Islands

Roonka, South

7000 years ago -

Australia

middle of last

132

Prokopec (1979)

century

Toruapuru Cave,

pre-European

3

Ka t ay ama

(198 6 )

AD 1330+/-100 -

3

Igarashi et al.

Mangaia, Cook
Islands

Vaitapu, Tuvalu

(1987)

AD 1510+/-70

New Zealand

late prehistoric

182

Simpson (1979)

Namu, Taumako,

AD 1250 - AD 1600

200

Houghton

(odc)

Solomon Islands

Palliser Bay,

c. AD 1100 - AD 1261

New Zealand

163

16

Sutton (1979)

Table 45 continued.

Site

Number of

Date

Researcher

Individuals

Hane Dune Site,

AD 1110+/-110 -

Uahuka, Marquesas

AD 1635+/- 90

Nebira, Papua

AD

1000 - AD 1600

42

Pietrusewsky
(1976)

38

Pietrusewsky
(1976)

New Guinea

Houghton (nda)

Mokapu, Oahu,

631

pre-European

Snow (1974)

Hawaii

Easter Island

AD

1100 - AD 1870

Eriama, Papua

c. AD 1500

New Guinea

(Bu lme r , 1 97 9 )

27

Murrill (1965)

20-30

Houghton (ndb)

(Houghton,
pers. comm. )

'Atele, Tongatapu, 770+/-200 years
Tonga

99

Pietrusewsky
(1969 )

before 1950 390+/-110 years
before 1950
(Davidson, 1969)

Non Nok Tha,

4000 - 5000

BC

80

Pietrusewsky
(1974)

Northeast Thailand
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Table 45 continued.

Site

Date

Number of

Researcher

Individuals

Ban Na Di,
Northeast Thailand

Khok Phanom Di,

c. 1400 BC - AD mid

73

first millenium

c.

4000 BC - 1250 BC

Wiriyaromp
(1984)
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McGill (1986)

76

Nakahashi

Thailand

Tenpukuji Site,

18th-19th century

Fukuoka, Kyushu,

(1987)

Japan

Hobi, Atsumi

latest Jomon Period

1

Suzuki (1975)

1

Suzuki (1975)

Medieval Period (1333) 1

Suzuki (1975)

Peninsula, Central
Japan

Sokoji, Tagata-Gun, Protohistoric Period
Japan

Gokurakuji,
Kamakura, Honshu,
Japan
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CRANIAL AND INFRACRANIAL REMAINS

Age and Sex

The limited nature of this skeletal material from the
Marianas has become particularly apparent in attempts to estimate
the age and sex of the individuals present. Table 1 contains the
data obtained from those sites where remains were sorted into
individuals. Here, the usual aging and sexing methods were,

In

general, satisfactory since the estimation from one particular
method, for example tooth wear, could be correlated with that of
another,

for example skeletal degeneration, and then applied to

other individuals from the same site.

Unfortunately, these same methods proved less
satisfactory for estimating the age and sex of individual bones
from sites which contained commingled material. Here, methods of
aging adults were usually restricted to an examination of size.
The degree of dental attrition and degeneration, when extreme,
pointed to possibly older adults but depend on the assumption
that these increase in severity with age. Methods of sexing adult
commingled remains were adequate for the few suitable innominate
bones present, but were less so for crania and long bones. Long
bones, in particular, were difficult to sex and relied on the
assumption that male bones would be the largest and most robust
and that female bones would be the smallest and most gracile.
Bones of moderate size and robusticity were either provisionally
sexed or not sexed at all, since there was no information to be
contributed by other bones belonging to the same individual. In
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such cases, citrate estimation of sex may have proved useful if
the organic content was sufficient for analysis, but the
fragmentary and commingled nature of these remains would limit
any possible discussion even if sex were known. Weiss

(1973)

has

pointed out other possible sources of error involved in the aging
and sexing of skeletal populations.

It would appear, then, that any discussion of the age and
sex of these human skeletal remains must be very restrained. This
is not only due to the difficulties already mentioned, but also
because of the very small numbers representing each site and the
lack of information about each site. Thus, no statistics can be
performed with any validity to examine any possible differences
between sites in terms of their location or date. An assumption
that the human skeletal material from these eight sites is
representative of the earlier Marianas people can also not be
made and "Where an unbiased, representative sample or census
cannot be assumed, further demographic analysis is not likely to
be productive"

(Weiss, 1973:58).

As noted in the previous chapter, a range of ages and
sexes is indicated at these sites. Only the remains of females
and infants were found at the Tinian Latte House site, while at
the T. Villanueva site only the remains of two adolescent males
were present. These two sites may be indicative of differential
burial practices of males and females in the early Marianas
Islands although it would be difficult to confirm this and both
males and females were found at the other six sites. There are a
few persons who reached 40 or more years of age and they are
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characterized by the presence of extreme tooth wear, tooth loss,
and dental and skeletal degeneration. Such factors may have
contributed towards their demise by the introduction of infection
and decreased mobility (Simpson, 1979). It is not known how many
years over 40 these individuals may have been, which reflects the
inadequacy of the adult aging criteria used (Weiss, 1973; Brewis,
1988). The largest number of individuals appear to be in the
adult age group, between 20 and 40 years. The deaths of these
persons may be related to any number of factors including the
risks of childbirth, infection, disease and injury from warfare.
Specific health problems of certain individuals may yet become
apparent in the section on pathology. General health problems of
the population as a whole may also be elucidated, but it will
probably be the case that death-related factors will remain in
the realms of conjecture as causes of death are rarely obvious
from skeletal material. There are few children under 15 years of
age represented in these remains, which may be due to a low
infant mortality or differential burial treatment or preservation
of remains in situ, such that the sample is biased towards the
recovery of adult remains (Weiss, 1973; Brewis, 1988). Evidence
from most other anthropological populations points to a juvenile
mortality rate of 30-50% (Weiss, 1973) so it would seem likely
that infants were under-represented here rather than there being
a low mortality rate.

Both Callender (1768) and Sanvitores (cited in Thompson
1945) described the Marianas islanders as normally living to
around 100 years of age in good health. How they determined the
age of the people they came across is unknown. It may be based on
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appearance only, in which case it is very likely to be inaccurate
and the early Marianas islanders' concepts of age, if consulted,
may have also been very different to those of the early voyagers
(Weiss, 1973).

Pietrusewsky and Batista (1980) and pietrusewsky (1986)
have determined the age and sex of these remains previously and,
in general, agreement with the present study is good. Suzuki
(1986), who studied the Thompson and Hornbostel collection of
prehistoric Marianas islanders, has found the majority of those
individuals to be adult in age (20-45 years) with a few
individuals under 20 years and several who died over 45 years of
age. Of 27 individuals from Rota studied by Hanson (1987a), 14
were under 20 years with the remaining individuals described as
adult and ranging to 40-50 years of age. A high infant mortality
is apparent among these people, but it would seem that if one
survived the rigours of childhood one could live for three or
four decades. Thus, despite the conflicting information from
historical sources, it seems that many prehistoric Marianas
islanders lived to an adulthood of between 20-40 years of age
which indicates fairly good living conditions.

In other areas of the Pacific there seems to be a similar
picture. In prehistoric New Zealand the overall mean age at death
of 182 individuals was calculated as 29.6 years and was 28.8
years for the males and 30.4 years for the females

(Simpson,

1979:65). At the Palliser Bay site, also in New Zealand, the
average age at death of eight adults was 38.1 years, but when
subadults were included the calculated average age at death
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dropped to 20.5 years (Sutton, 1979:188) although there were no
adults of this age present (Brewis, 1988:73). At the Hane Dune
site in the Marquesas the average age at death of the whole
population was 24.7 years

(Pietrusewsky, 1976:107), while at

Nebira, Papua New Guinea the mean was 27.7 years for 38
individuals (Pietrusewsky, 1976:16). Males at the Namu site on
Taumako in the Solomon Islands achieved an average age at death
of 32.0 years while for females it was 28.6 years (Houghton,
ndc). The average age at death of 631 individuals at the
preEuropean site of Mokapu, Oahu, Hawaii was 30.5 years

(Snow,

1974:7). Females had an average age at death of 29.0 years and
males 31.9 years. Sixty-one of the 99 individuals from Tonga
studied by Pietrusewsky (1969:359) were described as adult in
age. At Roonka, South Australia most deaths of individuals there
were occurring around 30 years of age (Prokopec, 1979:16). In
prehistoric Thailand at Non Nok Tha, most individuals died
between 37-48 years (Pietrusewsky, 1974:47) and at Ban Na oi the
average age at death was 32 years (Wiriyaromp, 1984:4:3). In
Sabah, Northern Borneo from a small sample of seven skulls of
fairly recent age, the oldest individual was in her early
thirties

(Gleichauf, 1979:130). Three individuals on Makin Atoll,

Gilbert Islands were described as being middle-aged to senile
(Katayama, 1985:82-83) and on Mangaia, Cook Islands the ages of
three individuals ranged from 25-55 years (Katayama, 1986:59). At
Vaitapu Atoll, Tuvalu, again three individuals were recovered,
the oldest being described only as adult (Igarashi et al.,
1987:107) .

Thus, it can be seen that in various places around the
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Pacific, most prehistoric peoples, on average, were dying in
their thirties and this is consistent with the situation in the
Marianas. It represents within this context, that these early
Marianas islanders appeared to have had relatively satisfactory
living conditions.

Stature

Stature estimates for individuals and individual long
bones can be seen in Tables 3-7. As already stated, the number of
estimates for each site are too small to make valid inter-site
comparisons. This is especially the case here, where only three
sites are involved, and for two of these, there is the additional
consideration that some individual bones may originally belong to
the same individual.

White American, Mongoloid and Polynesian formulae for the
estimation of stature were employed in order to reveal which of
the three were most suitable for use on Marianas populations,
since there are no existing specifically derived Micronesian
formulae. Each set of formulae relates to a specific population
and their body proportions so it is important to justify why any
particular one is being used. Previous analyses of prehistoric
Marianas human skeletal remains have used all three formulae.
Pietrusewsky and Batista (1980) employed Mongoloid male formulae
to estimate the stature of two females, while in a 1986 analysis
Pietrusewsky employed Polynesian male and female formulae because
they calculated slightly greater statures than the White American
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and Mongoloid formulae. The reasons for the preference of a
slightly taller estimation of stature for these people were not
given. Hanson (1987a) used Mongoloid male and White American
female formulae to estimate the stature of individuals from the
island of Rota. Lengths of some incomplete long bones were
reconstructed by these researchers using formulae devised by
Steele and McKern (1969) based on the remains of American
Indians. Incomplete long bone lengths were not, however,
reconstructed in this analysis because of the added error
introduced by the use of such formulae.

It was assumed in this analysis, that the formulae which
had the smallest range between stature estimates of the long
bones belonging to the same individual was the most reliable, of
those used, for the population. Likewise, it was assumed that the
formulae with the smallest range between stature estimates from
individual long bones at one site would be considered the most
reliable for that population. For the female individuals TLH-l
and TLH-2 from the Tinian Latte House site there are conflicting
results. The formulae with the smallest range between the long
bone stature estimates of TLH-1 were the Polynesian formulae.
However, the White American formulae had the smallest range for
TLH-2. For the four male long bones from the Unai Chulu site, the
White American formulae had a smaller range than those of the
Mongoloid and Polynesian formulae. The Polynesian formulae,
however, had the smallest range between stature estimates from
male long bones of the Hafa Dai Beach site. From these very
limited remains, it seems that none of these three formulae is
more consistently reliable than the others for early Marianas
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islanders in terms of the ranges obtained. It would seem
advisable, then, for future studies, that given the absence of
specifically derived Micronesian formulae and until a better
sample is available, where estimates from the long bones for
several individuals, and not individual long bones, can be
obtained, that those three formulae be employed without
preference for any particular one.

Another consideration when applying such formulae to
populations other than the those they were derived from,

is the

standard error involved in stature estimation (Wells, 1963). The
standard errors supplied by Trotter and Gleser (1952; 1958) and
Houghton et al (1975) were calculated for,

like the formulae,

specific populations. Applying these equations to Micronesians
will obviously increase the likelihood of error so the standard
errors for the stature estimates, presented in Tables 3-7, are
probably much less than the actual standard errors involved.

The average and overall average statures obtained for
males and females from the three sites are shown in Table 8.
Males from the Unai Chulu site, Tinian have, on average, a
slightly lower stature than their counterparts at Hafa Dai Beach,
Saipan for all three formuale. However, this is probably due to
the discrepancy in the number of long bones for each site. The
averages obtained from the very few females at the Tinian Latte
House site, Tinian and Hafa Dai Beach site, Saipan are minimally
different. The overall average stature of Marianas females from
these sites would appear to be between 159.6-163.2 cm
(5' 2"-5' 4"). The overall average stature of the males ranges
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between 166.0-170.0 cm or approximately 5'4"-5'7". As stated in
Chapter Four, sexual dimorphism in stature could not be
calculated. The smallest individual from all sites was estimated
from a female femur, HDB-21, using the White American formulae to
be 155.1 cm (5'1"). The tallest individuals from all sites was
estimated from a male tibia, HDB-14, and a male femur, HDB-6,
using Polynesian formulae to be 178.8 cm or approximately 5'10".

Wells

(1963) claims the average stature of males around

the world to be approximately 165.0 cm. The overall average male
statures estimated for these Marianas islanders compares well.
Wells

(1963)

further states that the female average stature is

approximately 10 cm less than the male average stature which is,
therefore, calculated to be 155.0 cm, and again the Marianas
islanders can be favourably compared. It would not appear
unsuitable to describe these individuals as a tall people from a
world wide perspective.

There are some obvious differences in height between some
males from the same site as stated in the previous chapter. The
small numbers involved must, however, be kept in mind. It is
possible that some differences may be ascribed to the long bone
used, since leg bones are considered more reliable than arm
bones in terms of the standard errors involved. A difference in
stature may also be due to a possible difference in state of
health or nutrition. It is unfortunate that these cannot be
related to other indicators of health from other parts of the
body, since remains from two of these sites could not be sorted
into individuals. There is only a slight difference in stature
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between the female individuals TLH-1 and TLH-2 infavour of TLH-1.
This is despite the obvious swelling and thickening of most of
the long bones of TLH-1 due to pathology. This pathology will be
discussed later, but it appeared to have little effect on the
stature obtained by the individual.

The prehistoric Marianas islanders were reported to have
had two or three different levels of status
Driver, 1983; Graves, 1986). Cordy (1983)

(Thompson, 1945;

suggests that social

stratification was minimal in the prehistoric Marianas Islands
and that there was little social distance between two strata
consisting of chiefs and commoners. According to Graves

(1986)

differences in status were reflected in "access to and allocation
of marine and terrestrial sources"

(Graves, 1986:140). In the

account given to Fray Juan Pobre de Zamora (Driver, 1983), at
banquets, the leading citizens and their wives in each village
were given the best food. It is not mentioned whether their
children received the same treatment. It is, therefore, possible
that some difference in status resulting in a difference in the
consumption of food may have culminated in a difference in the
stature and health achieved between individuals. As already
noted, some differences in stature were obtained but, because of
the numbers and commingled condition of remains, can be little
more than commented upon. A large sample of individuals of better
condition is obviously required from this area so that any
differences noted could be explained more satisfactorily.

Again, agreement with Pietrusewsky and Batista (1980)

and

Pietrusewsky (1986), concerning the statures obtained, is good as
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can be seen in Table 7. According to Hanson (1987a), the people
of Rota achieved a stature of 170 cm for a male and 153-155 cm
for two females.

In most accounts of early contacts with Marianas
populations they are invariably described as a tall and
well-built people (Callender, 1768; Pigafetta, 1906; Thompson,
1945; Carano and Sanchez, 1964; Weinhart, 1972; Driver, 1983).
Compared with male Europeans of the time, who ranged from 157 to
163 cm in height (Houghton, 1980), this would seem an accurate
statement. The stature attained by an individual is the result of
genetic and environmental influences. It would appear that the
Marianas islanders had a genetic predisposition for relatively
tall stature, which was achieved with a satisfactory dietary
intake. Simpson (1979) has pointed out that to reach one's
potential stature, an individual requires a diet with sufficient
protein during early childhood. If there is not an adequate
protein intake at this time, permanent stunting may occur and
this will not be altered in later childhood, when growth can be
caught up (Simpson, 1979). On Guam,

and undoubtedly the other

inhabited Marianas islands, fish seemed to be the most important
source of protein in the diet (Pollock, 1986) and was presumably
introduced at weaning time. Fray Juan Pobre de Zamora was told
how

"As a special gift, he (the fisherman] distributes the
blood, entrails, fat, and intestines to the children who
have carried the fish home for him and places the raw
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mass in their mouths" (Driver, 1983:209).

Other possible sources of protein included birds, coconut crabs,
squids (Thompson, 1945), shellfish and the fruitbat

(Graves,

1986) .

At Mokapu, Oahu in Hawaii the average stature of males
was determined as 5'7"
(158.1 cm)

(169.9 cm) and for females it was 5'3"

(Snow, 1974: 119). On Easter Island the mean stature,

using White American formulae, lies between 169.6 and 168.2 cm
for males and 153.6 and 152.4 cm for females

(Murrill, 1965:300)

At the Hane Dune site on Uahuka in the Marquesas, Pietrusewsky
(1976:139) calculated the stature of males using White American
formulae to range between 163.5 and 166.0 cm, and the stature of
females using the same formulae to range between 149.7 and 151.7
cm. Use of the Polynesian formulae would probably provide taller
estimates thus making these Marquesans more comparable to other
Polynesian populations. The prehistoric people of Namu, using the
Polynesian formulae, achieved an average stature of 175.1 cm for
males and 164.3 cm for females

(Houghton, ndc). The average

stature of prehistoric New Zealand males was around 173.4 cm and
was 161.4 cm for females according to Simpson (1979:63). The
average stature of females from Palliser Bay, New Zealand was
160.5 cm and was 175.1 cm for the males (Sutton, 1979:191). The
stature of prehistoric Tongans, calculated with the White
American formulae, ranged from 166.6-177.5 cm for males and from
161.9-182.0 cm for females

(Pietrusewsky, 1969:389). Calculation

employing the Polynesian formulae may have resulted in even
177

taller estimations.

(Houghton, 1980). The height of two male

individuals from Mangaia in the Cook Islands was estimated, using
Mongoloid formulae where Polynesian formulae might have been more
appropriate and would probably have increased the estimates
slightly, to be 173.7 cm and 170.7 cm (Katayama, 1986:61-62). The
stature of females at Nebira in central Papua New Guinea ranged
from 152.82-159.68 cm and for males it ranged from 155.92-159.02
cm (Pietrusewsky, 1976:44). The mean stature of 13 males from
Eriama, calculated by Houghton (ndb), was 162.5 cm. At Roonka in
South Australia, males achieved an average height of 167.4 cm and
females 156.5 cm (Prokopec, 1979:18). An 18 year old female from
Vaitapu Atoll in Tuvalu had an estimated stature of 157.6 cm
(Igarashi et al., 1987:109), while on Makin Atoll in the Gilbert
Islands the height of a male was calculated as 174.5 cm
(Katayama, 1985: 90) .

In Northeast Thailand at Non Nok Tha, the stature of
males was estimated to range from 163 cm to 186 cm while that of
females ranged from 144 cm to 170 cm (pietrusewsky,

1974:86),

whereas at Ban Na Di, Wiriyaromp (1984:4:13) estimated the mean
height of 15 males to be 173.7 cm and of 11 females to be 161.3
cm. Kouchi

(1987:29-33) used several formulae to estimate the

stature of some ancient Japanese populations to determine which
was the most suitable. Female statures appeared to vary from
146.1 cm to 154.4 cm depending on which formulae and long bone
was used, while male statures ranged from 153.7 cm to 168.6 cm.
At the 18th to 19th century Tenpukuji site, Fukuoka on the island
of Kyushu, Japan males achieved an estimated stature of 159.4 cm
and females 146.5 cm (Nakahashi, 1987:106)
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Thus, it can be seen that prehistoric Polynesians were a
rather tall people with the Micronesians from the Marianas and
one individual from the Gilbert Islands comparing not
unfavourably. Prehistoric Thai people were also relatively tall
but populations in Eriama, Nebira, South Australia and Japan were
of slightly smaller stature. It seems, therefore, that the
early Marianas islanders were achieving a genetic potential for
tall stature with a diet adequate in protein during childhood,
and no matter which formulae are used they still seem relatively
tall.

Pregnancy Markings

A meagre sample of only three female pelvises were found
with pregnancy markings (Table 9). There can only be a very
limited discussion because of this minute number and the added
disadvantage of a specific age group for only one pelvis. Pitting
only occurred at the ilium of the pelvis of TLH-2

(Plates 16-17)

and was not observed on the pubic bone which may be accounted for
by Houghton (1974). He postulated, and is supported by this
observation and the results of Phillipps

(1978), that the

ligaments at the sacro-iliac joint were under greater stress than
those at the pubic symphysis because the former area was directly
in line with the transference of weight of the body whereas the
latter was not. There was no evidence of osteoarthritis or any
pathology which may have altered the bone of these pelvises and
their markings. Some remodelling of bone may have occurred but,
according to Phillipps (1978), pitting due to pregnancy can still
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be seen 50 years after giving birth. she noted some repair to
bone, where markings were found,

in individuals over 35 years of

age.

It is only from individual TLH-2 that an inference to the
onset of menarche can be made. From the pitting at the
sacro-iliac joint of Fertility Stage One, it was estimated that
one or two children were borne to this young woman by the time
she died. A number of assumptions and possibilties are involved
in calculating the age of onset of menarche for this individual.
Firstly, it could be hypothesized that only one child was born to
TLH-2 at an age of around 19-20 years. It has been noted by Short
(1976), based on the research of others, that there is a period
of adolescent sterilty between the onset of menarche and when
ovulation begins. Houghton (1980) claims that this interval lasts
for an average of two years. This would seem to suggest that
menarche may have occurred in this individual at an age of 17-18
years. The age of onset of menarche is presumed to be related to
the state of nutrition of the person in question (Short, 1976;
May, 1978). For TLH-2 then, it is implied that the diet of this
woman was adequate but not entirely plentiful. By comparison, in
modern developed countries with high standards of nutrition,
menarche begins at an average age of 12.4-13.5 years

(Short,

1976) .

A second possibilty, based on the assumption that TLH-2
had given birth to two children by her early twenties, gives rise
to a slightly different portrayal of the diet and its adequacy.
Short

(1976) talks of the contraceptive effect of lactation on
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the birth interval by the suppression of menstruation and
ovulation. It is not unusual for the breast feeding of children to
have a duration of approximately two years (Houghton, 1980), but
there were several possible supplementary foods in the Marianas
Islands, such as breadfruit, bananas, taro and fish

(Pollock,

1986), which may have shortened the length of time spent
breastfeeding. However, the added possible influence of
socio-cultural factors,

such as post-partum abstinence, and the

influences of hormones and nutrition, may result in a three to
four year interval between the birth of each child (Houghton,
1980). Taking this, and again a two year interval before the
commencement of ovulation, into account, then the onset of
menarche may have occurred at an age of 15-16 years. A more
favourable state of nutrition is indicated by this set of
circumstances.

There are several other different possibilities which can
be made, from the age at which TLH-2 died and the age at which
she may have given birth, to infer the age of onset of menarche.
The other indicator of health thus far mentioned is stature and
for this individual, it was estimated between 158.0 cm (White
American formulae)

and 162.7 cm (Polynesian formulae). This

indicates that the diet of TLH-2 was good during childhood.
Further insight into the health of this young female from other
variables may yet infer which of the possibilties regarding the
onset of menarche is more likely.

The age at which individual TLH-2 died, 18-25 years,
might be related to difficulties with childbirth, perhaps a
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resultant infection occurred, however, this is pure speculation.
Implicated from any possibility though,

is the fact that when

TLH-2 died, she left behind one or two children who were probably
under the age of ten. If they survived without succumbing to any
disease or infection, then presumably someone, perhaps the father
or other close relatives, would have to take responsibilty for
their welfare. Thompson (1945) claims that the practice of
adoption was a commonplace occurrence in the Marianas. The
circumstances leading to adoption are not explained but according
to Freycinet (cited in Thompson, 1945), whose report was not made
until 1819, "the adoption of a child took place only after both
families and the male head of the district had been consulted"
(Thompson, 1945:18).

Taking all the above factors into consideration, and
assuming the average lifespan for the population was around 30
years of age, then it seems that prehistoric women in the
Marianas might have only given birth to three or four children at
most. The evidence from HDB-22 is that a maximum of perhaps three
children were born by the time this woman died. It would also
seem possible that some women would not live to see all of their
chidren grown up who, in turn, would have to be brought up by
others.

The evidence from other sites in the Marianas is not
forthcoming as previous reports have not included analyses of
pregnancy markings. It is hoped that future reports will include
them so that, perhaps, less ambiguous results will emerge. Not
unexpectedly, there is no information pertaining to the onset of
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menarche and pregnancy among females from the Marianas Islands in
ethnographic and historical sources.

A study of pelvises from prehistoric New Zealand women
(Phillipps, 1978:27) proposed an age of onset of menarche of 16
years with the birth of children beginning at 18-19 years. The
average number of children borne by the females in this sample
was three. The state of nutrition and health of prehistoric New
Zealanders would appear to have been good and compares well with
the second possibility outlined for TLH-2. Three women from the
Palliser Bay site in New Zealand had evidence of pregnancy
markings (Sutton, 1979:189). One 35 year old woman was estimated
to have given birth to a maximum of two children while another 35
year old and a 40 year old had borne 2-4 children by the time
they died. At Nebira, Papua New Guinea in a study by Houghton
(nda), five individuals had pregnancy markings. It seems
childbirth began here at 20 years of age and infers that menarche
occurred at 17-18 years of age. This concurs with the first
possibility outlined for TLH-2 and suggests that diet and health
were rather poor in comparison with prehistoric New Zealand.
Another report by Houghton (ndc) includes an analysis of
pregnancy markings, this time among the people of Namu on Taumako
in the Solomon Islands. The youngest female with evidence of
pregnancy is estimated to be 16 years of age and this suggests
that the onset of menarche was around 14 years. A very good diet
and state of health is implied for this population and for those
at Ban Na Di in prehistoric Thailand, where Wiriyaromp
(1984:4:18) found pregnancy markings on all seven complete
pelvises. The youngest belonged to a 17 year old which would
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imply that menarche began at 14-15 years.

In summary then, there is some evidence for pregnancy
markings among these remains of early Marianas islanders.
Unfortunately, it is difficult to gain a conclusive estimate of
when the onset of menarche may have occurred. Thus, it can only
be said for this variable that nutrition and health were at
worst, adequate, and at best, they were possibly quite
favourable.

Harris Lines

Harris lines were observed on only four tibiae from this
skeletal material of early Marianas islanders (Table 10). There
are a number of factors which may account for the varying
presence or absence of Harris lines in these remains. Firstly,
health and diet during childhood may have been good so that no
lines of arrested growth were formed. Secondly, it appears from
clinical and experimental studies that there can be a
considerable variability between individuals in their response to
illness or malnutrition (Simpson, 1979; Goodman et ai, 1984).
q

It

is therefore possible that, although the diet or health of an
individual may have been poor at a particular time, a Harris line
may not have been formed as a result. Bone remodelling may affect
the survival of a Harris line once formed so that it disappears
over time. All the Harris lines observed in this analysis were
rather faint in appearance and did not extend across the entire
bone shaft. This can be accounted for by remodelling from "the
lateral drift of the tibia during growth"
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(Simpson, 1979:174).

It

is possible that some Harris lines may not have been observed
because they did not show up clearly on the radiographs and their
presence went undetected. Post-mortem damage and the presence of
pathology may have also altered the structure of some bones.

The techniques employed here to estimate the age of
occurrence of Harris lines would appear to be adequate since only
a general approximation was required. Greater accuracy would
require detailed information from this particular population on
the birth length of bones and their proximal and distal growth
rates which is simply not available at present.

The Harris lines present on tibia HDB-l were noted to
occur at regular intervals which would seem to indicate some
recurrent illness or poor diet affecting this individual. The
stature estimated for this male ranged from 173.2 cm (Mongoloid
formulae)

to 174.9 cm (Polynesian formulae) which would indicate

that any problems at the time Harris lines were formed were not
so serious as to affect the ultimate growth of the individual.
Individual TLH-2, who had four lines of arrested growth on the
left tibia and two on the right, was estimated to be 158.0 cm
(White American formulae)

or 162.7 cm (Polynesian formulae)

in

height. Pregnancy markings were also observed on her pelvis. The
presence of these Harris lines between five and 15 years of age
would seem to point to the second possibility outlined in the
previous section, of a 17-18 year age for the onset of menarche.
One Harris line was observed on the right tibia of individual
TLH-l. Both tibiae and some other long bones of this woman were
swollen and thickened in appearance, the result of some
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pathology. The etiology of this pathology will be discussed
later. The stature of TLH-1 was estimated to be 159.7 cm (White
American formulae) or 163.1 cm (polynesian formulae).

It is

possible that other Harris lines may have been present but
disappeared because of the alteration in bone structure due to
disease.

The relationship between Harris lines and enamel
hypoplasia of these individuals will be examined later. All three
attained a relatively tall stature despite the presence of Harris
lines indicating episodes of malnutrition or illness. These lines
were estimated to have occurred in late childhood, between five
and 15 years of age, but, as already discussed, attainment of the
genetic potential for stature requires an adequate protein intake
in early childhood and this was presumably provided.

Simpson (1979) noted the presence of Harris lines in
prehistoric New Zealanders and similarly found that the majority
occurred bwtween five and 10 years of age. By comparison in
modern populations, it has been observed that most lines of
arrested growth occur before five years of age. This has been
correlated with the occurrence of infectious diseases, such as
measles or chickenpox (Simpson, 1979). This situation does not
apply to the prehistoric New Zealanders or Marianas islanders
because "These diseases require a definite minimum size of
population in which to survive and maintain themselves"
(Houghton, 1980:130-131), and in the Pacific populations were
below this minimum size. Consequently, when European voyagers
visited the Pacific, bringing with them these diseases, many
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populations were devastated by epidemics including the Marianas
in AD 1700, as reported by Thompson (1945).

Simpson, therefore, relates the occurrence of these
Harris lines among prehistoric New Zealanders to
"seasonally-related food shortages"

(Simpson,1979:187). In the

first few years of life a child would probably be breast fed for
several years and then gradually weaned so that from five years
onwards, it would be expected to start fending for itself.
Protection from seasonal food shortages would no longer be
provided and the individual might now experience episodes of
malnutrition.

A nutritional explanation for the occurrence of lines of
arrested growth among these people from the Marianas seems to be
supported by tibia HDB-1. The recurrent nature of the health
problem, as indicated by the six Harris lines in close proximity
and at regular interals, could be satisfactorily explained by
seasonal shortages of food,

since Callender (1768) said of the

early Marianas islanders that "Diseases are rarely known among
them"

(Callender, 1768:43). Pollock (1986), in a study of human

diet on Guam over a period of 500 years, mentions that hurricanes
were a frequent occurrence and may have caused periods of
scarcity because of damage to food resources. A recent map (Otago
Daily Times, May 8,

1989:7) showing areas of the world where

hurricane-type storms occur indicates the north-west Pacific
region, which would include the Marianas Islands, as having more
than five hurricanes or cyclones per year. From an account by
a Russian explorer in the 18th century it appears that,
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"Every twenty years or so, it is said, a terrible storm
strikes Guam from the southwest. The sea runs so high
that the town is flooded and its inhabitants flee to the
mountains for safety"

(Barratt, 1984: 24) .

These could be possible explanations for a dietary interference
resulting in the formation of Harris lines. Pollock (1986)

states

too that the perception of scarcity may be partly that of the
European voyagers who were unfamiliar with some of the foods
eaten by the Guamanians. It seems that whatever the case, wild
foods could be eaten, if necessary, such as the federico nut
which had to be processed to extract poison (Pollock,

1986) but

these may not have been in plentiful supply.

It appears too that there was a custom of sharing food
when particular individuals were affected by certain
circumstances. In an account of a shipwrecked sailor told to Fray
Juan Pobre de Zamora (Driver, 1983), who visited the Marianas in
the early 1600's, it is said of the islanders,

"they are naturally very compassionate people. On the day
an indio is ill and cannot go fishing, his son will
appear on the beach at the time the other village
fishermen are returning. The latter will know that the
father or brother is ailing and, consequently, they will
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share some of their catch with him. Although he may have
a house full of salted fish, they will give him some of
the fresh catch so that he will have it to eat that day.
The day when the master of the house, or his wife, or a
child falls ill, all the relatives in the village will
take dinner and supper to them, which will be prepared
from the best food they have in the house. This is
continued until the patient dies or recovers. At the
very least,

it is continued nine or ten days"

(Driver,

1983:210) .

It is also possible that the presence of Harris lines may
reflect differences in status related to differences in dietary
intake. This cannot, unfortunately, be examined since the sample
is too small to note any significant differences between
individuals.

Other analyses of prehistoric human remains from the
Marianas have not assessed the presence of Harris lines.

It difficult to assess from the various ethnographic and
historical sources concerning early Marianas islanders if,
and how often, situations of scarcity occurred in the Marianas.
An occasional hurricane, no doubt, did cause much damage to crops
and subsequently the diet of people was affected somewhat, and
perhaps those in a lower social position more so than others. It
is also possible that whatever was available was probably shared,
particularly among relatives.
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Prehistoric New Zealanders had an average of 5.72 Harris
lines per person and females had more lines than males

(Simpson,

1979:80). At the New Zealand site of Palliser Bay three
individuals were found with Harris lines (Sutton, 1979:195-196)
A two to three year old child was observed with eight Harris
lines on a tibia possibly representing a series of illnesses or
food shortages two years before death. Another child, aged five
years, had Harris lines on a femur and tibia while a 50 year old
male had 15 Harris lines on one tibia. It was calculated that
this man had experienced "at least one major period of illness or
deprivation per year for approximately 13 years of his sub-adult
life"

(Sutton, 1979:196) At Namu there was a mean of 3.6 lines

and again males had fewer Harris lines than females

(Houghton,

nd). At Eriama the average incidence was one line of arrested
growth per individual (Houghton, nd). An average of 4.3 Harris
lines was calculated among the prehistoric Thai population at Ban
Na Di (Wiriyaromp, 1984:4:18). The number of Harris lines present
on the bones of three individuals from the Marianas Islands fall
within this range. The childhood of these people would appear to
have been fairly healthy but may have been punctuated by
occasional seasonal shortages of food or episodes of illness.

Cortical Thickness and Nordin's Score

Once again the discussion of results

(Tables 11 and 12)

from this skeletal material is impaired by its poor condition.
The age at death of the individuals the x-rayed second
metacarpals belong to is known for only one person. Cortical
thickness is not only related to dietary adequacy but age as
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well, since over time an individual will experience some cortical
bone loss (Simpson, 1979). The age at which bone loss begins
varies between populations, sex and parts of the skeleton
(Simpson, 1979). If an individual is physically very active,
however, thinning of the cortex with age will be slower than that
of an individual who has a sedentary lifestyle (Houghton, 1980).
Regrettably, since the age of most of the second metacarpals in
this analysis is unknown, any possible age changes in cortical
thickness cannot be calculated and taken into account in an
examination of any differences observed. For the majority of
metacarpals, sex is also unknown and further restricts the scope
for comparison of results.

It is interesting to note that individual TVL-1 from the
T.

Villanueva site, Saipan, who was estimated to be a 17-18 year

old male, has the smallest calculated cortical thickness and
Nordin's score in this sample. These figures would seem to
indicate that the diet of this individual was not as good as
other individuals from sites on Saipan and Tinian in the
Marianas. The thin bone cortex calculated and young age at death
appear to represent two aspects of a serious health problem
afflicting this young man. Other variables of health may yet
elucidate whether this is so.

The only metacarpal from the San Antonio site, which is
also apparently located in the same area as the T. Villanueva
site, had a much more robust bone cortex reflecting a diet of
improved adequacy. Most second metacarpals from the Hafa Dai
Beach site, also on Saipan, have relatively large cortical
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thicknesses and Nordin's scores. Indeed, the calculated average
cortical thickness of 5.87 mm compares very favourably with
modern well nourished populations whose calculated cortical
thicknesses range from 5.2 to 5.9 mm (Houghton, 1980). The
average estimated stature of male individual long bones from Hafa
Dai Beach ranged from 169.7 cm (Mongoloid formulae)
(Polynesian formulae)

to 172.8 cm

and is relatively tall from comparison with

other Pacific populations. Other bones of the skeleton from the
Hafa Dai Beach and San Antonio sites further support the claim of
robusticity for these populations. The skulls and mandibles from
both sites, as well as the various long bones, are well formed,
thick and with strong markings for muscle attachmnents. Harris
lines were present on a tibia from the Hafa Dai Beach site which
suggested seasonal food shortages and it is very unfortunate that
a second metacarpal from the same individual cannot be located.
The diet of these people, however, seemed more than sufficient in
nutrients producing individuals with a robust bone cortex and of
tall stature.

The cortical thicknesses of the two metacarpals from the
Tinian Latte House site are not as good as those achieved by
individuals at San Antonio and Hafa Dai Beach. It is possible,
however, that one or both bones may belong to females over 30
years of age and the cortical thicknesses may therefore reflect
some age related cortical bone loss. The estimated statures of
individuals from this site, namely TLH-1 and TLH-2, were
relatively tall despite the presence of a few Harris lines on the
tibiae of these women. It is also possible, then, that the
episodes of malnutrition or illness experienced by therrl, and
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perhaps by others at the site, may have affected the development
of cortical bone to some degree. If it was known which
individuals the metacarpals belonged to, a clearer explanation
for the observed results could have been developed.

As previously stated in the discussions on stature and
Harris lines, differences in status may be reflected by different
standards of diet. This could account for differences in the
cortical thickness and Nordin's score of individuals, but as
usual cannot be substantiated.

Previous studies of prehistoric Marianas populations have
not calculated the cortical thicknesses and Nordin's scores of
any second metacarpals or other bones. However, Pietrusewsky and
Batista (1980) and Pietrusewsky (1986) did commment on the great
robusticity of remains from both the Hafa Dai Beach and San
Antonio sites.

From the accounts of early contacts with Marianas
islanders, an impression is given of a robust people, as has been
mentioned previously in the discussion on stature. Indeed,

in the

account by Fray Juan Pobre de Zamora it is even said,

"These indios are among the most robust, and usually
among the strongest, of any yet discovered in either the
Orient or the accident" (Driver, 1983:207).
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The average cortical thickness of second metacarpals from
prehistoric New Zealanders was 4.35 mm and the average Nordin's
score was 50.8

(Simpson, 1979:74-75). At Eriama the mean cortical

thickness of six second metacarpals was 4.6 mm (Houghton, ndb),
while the mean cortical thickness of male metacarpals at Nebira
was 4.27 mm (Houghton, nda). The Nordin's score figures were not
given for these sites. The average cortical thickness of 31 males
from Namu in the Solomon Islands was 5.11 mm and for 19 females
it was calculated to be 4.64 mm (Houghton, ndc). The people of
Ban Na Di in Thailand had an average cortical thickness of 5.1 mm
and an average Nordin's score of 63.01

(Wiriyaromp, 1984:4:15),

and at Khok Phanom Di, also in Thailand, the average cortical
thickness and Nordin's scores were 4.75 mm and 57.8 respectively
(McGill, 1986:11). The overall average figures of 5.45 mm and
64.8 attained by the 11 metacarpals from the Marianas, in
comparison, are greater than any of these. If the averages
obtained for each site, however, are compared instead, then those
from San Antonio and Tinian Latte House are compatible with the
other Pacific populations, while those from Hafa Dai Beach are
very much higher and those from T. Villanueva are very much
lower. It would seem that, on average, the Marianas islanders had
a very good bone structure comparable with modern wellfed
populations indicating an overall high plane of nutrition.

Degeneration

Tables 13 and 14 list the degeneration and
non-pathological morphological changes, due to frequently
performed activities, present in this early skeletal material
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from the Marianas. The majority of degenerative joint disease
noted was of a slight degree. A few instances of marked
osteoarthritis, however, were observed. TLH-4, a woman aged 40 or
more years from the Tinian Latte House site, Tinian, had marked
grooving or eburnation on two cervical vertebrae facets

(Plate

22) with degeneration of a lesser extent on some other cervical
vertebrae. Movement of the neck and head for this woman would
have been extremely painful. Unfortunately, the remaining
skeletal material for TLH-4 was fragmentary and the presence of
degenerative joint disease in other parts of the body could not
be observed. It is not possible, therefore, to state if this
extreme osteoarthritis on the atlas and axis is the result of
some trauma or pathology elsewhere in the body, which
consequently affected movement of the neck, or if it is just the
result of vigorous, habitual use.

A humerus from the Hafa Dai Beach site,

Saipan, had an

extreme amount of lipping at the distal end (Plates 19-20) so
that movement of the elbow for this individual would have been
restricted and rather painful. It is unfortunate that the other
bones of this person cannot be sorted, since they may indicate
whether such marked lipping could be due to degenerative joint
disease, or trauma or inflammatory disease in some other part of
the body so that this particular joint was used more often. A
Schmorl's node was observed on one thoracic vertebra from the
Hafa Dai Beach site

(Plate 21). This is a degenerative change

resulting in the extrusion of the vertebral disc into the
vertebral body (Ortner and Putschar, 1981).
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A mandible, TPS-1, from the Tanapag site, Saipan, has a
depression and some slight lipping at the tempo ra-mandibular
joint but this is restricted to the left side only. It is
possible, therefore, that this may not be the result of
degenerative change due to vigorous use, since both sides should
be equally affected in that case. It may instead be a congenital
occurrence which affected the left side only.

Degenerative changes were most frequently observed in the
hands,

feet,

vertebrae and long bones of this population. Both

sexes were affected and the frequency of degenerative joint
disease increases with age. This is not surprising since skeletal
degeneration was a criteria used in the aging of adults at these
sites. This would seem to indicate that the porosity on the
temporo-mandibular joints of TVI,-l, a 17-18 year old male from
the T. Villanueva site, Saipan, was not the result of
osteoarthritis due to frequent physical strain over time but
could be congenital in origin. An extra thoracic vertebra in this
young man may account for the wedge-shape appearance of three
thoracic and one lumbar vertebrae. The extra space required by
the supernumerary vertebra may have resulted in the compression
of nearby vertebrae. There is no associated osteophytosis or
osteoarthritis of the vertebrae to suggest that degenerative
joint disease from physical activity was responsible for the
wedge-shape of these bones.

A physical, but not overly strenuous, lifestyle is
indicated by the remains of these individuals from the Marianas
Islands. By their twenties, some individuals had slight
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osteoarthritis beginning in their feet and by the time they were
thirty, and certainly from their late thirties onwards, other
parts of their bodies were affected - a few to a great and
painful degree. The osteoarthritis present on mandibles may be
related to the nature of the diet and this will be discussed when
evidence from the teeth of these individuals is considered.

Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
have noted the presence, and absence, of degeneration and
evidence for frequently performed activities among these remains.
There are some minor differences to the findings in the present
study. This is probably largely due to inter-observer variation
in the interpretation of the degree of osteoarthritis. In this
study the majority of degeneration observed was regarded as
slight, which at times was very minimal indeed and could have
easily been overlooked. However, they were included to show that
degenerative joint disease was in its early stages. Another
explanation for some differences may be that the transportation
of these remains, since they were previously studied, has
resulted in some damage of surfaces where degenerative joint
disease could be observed.

A few specific differences between studies can be noted.
Individual MHS-2 from the Marianas High School site, in this
study, is recorded with slight lipping on the glenoid cavity of
the left scapula compared with Pietrusewsky and Batista (1980),
who recorded lipping on the right scapula. The pieces of scapula
present, one from the left side and one from the right, are both
fragments with part of the glenoid cavity surface on them and
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could have easily been confused during the recording of data.
Marked grooving and eburnation on two cervical vertebrae facets
of individual TLH-4 from the Tinian Latte House site was noted in
the present study but not by Pietrusewsky and Batista (1980)
They stated no observations were possible, probably since
vertebrae were only present as small fragments and bone
preservation was poor. The pervading picture of degenerative
joint disease among these people from these studies, despite the
minor differences, is that it was not a significant health
problem until they reached their thirties at least.

Costo-clavicular sulci were present on the clavicles of
males and females

(Plate 15). The presence of this groove, where

the cos to-clavicular ligament is attached, has been noted by
Houghton (1980)

in prehistoric New Zealanders. He related it to a

vigorous downward motion of the arm and suggests canoe paddling
is the activity most likely to result in its presence. "No other
activity, such as hoeing or preparing ground for planting,
involves such an extreme downward action"

(Houghton,

1980:117).

Squatting facets on tali (Plate 18) and tibiae were also observed
for both sexes and seems to suggest that a squatting posture was
often assumed by these people.

The human remains from the Thompson and Hornbostel
collection, studied by Suzuki (1986), were observed for
degenerative joint disease in the elbow and knee joints and
vertebral column. Its presence was also noted in the
temporo-mandibular joint. The presence or absence of degenerative
joint disease is not, however, mentioned for any other part of
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the body, for example the hands and feet. This may be because
Suzuki noted the difficulties in the evaluation of degenerative
joint disease between previous researchers, so only "remarkable
degenerative changes showing lipping and osteoporosis

(with

sometimes eburnation) were recorded as "present" of degenerative
joint disease"

(Suzuki, 1986:25).

The frequency of degenerative joint disease in the right
elbow joint was 19.5% and 17.1% among males and females
respectively. In the right knee joint it was 18.4% for males and
only 7.7% for females. Approximately 36% of these individuals had
some degree of osteophytosis in the lumbar vertebrae, while only
two individuals had osteoarthritis in their cervical vertebrae.

Low incidences of vertebral osteophytosis and
osteoarthritis were noted by Hanson (1987a) among the prehistoric
individuals from Rota. Some degenerative changes to the
metatarsals were also observed. Hanson further related
alterations to bones of the feet to frequent squatting or
kneeling by these people.

From historical and ethnographic sources, the frequently
performed physical activities of early Marianas islanders,
included gardening, which also involved the clearing of bush,
fishing, building houses and canoes and the manufacture of
domestic utensils (Thompson, 1945). Labour seemed to be divided
between sexes and also between classes.
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"They [the women] busied themselves with child and
household care, food gathering in the jungle and on the
reef, fishing with hand nets and on communal
expeditions, the making of coconut oil, the manufacture
of pots, and cooking. Most of the native medicine was
also in the hands of the women. The men did most of the
gardening, as they do today, part of the fishing,

the

house and canoe building, wood and stone work, and
navigating. They probably also cooked in the earth oven,
as they do in many parts of the Pacific, and made the
nets, which are man's work in Guam today. Ceremonials,
games, and warfare consumed much of their time and
energy"

(Thompson, 1945:28-29).

It appears that high ranking males controlled boat building and
pelagic fishing,

while those of low rank were probably confined

to fishing in the reef

(Graves, 1986). Sailing, exchange and

warfare were also activities confined to those of the top strata
(Thompson, 1945).

The situations outlined here may explain the difference
observed in the number of male and female clavicles with
costo-clavicular sulci, if they are the result of canoe paddling.
Of the 19 clavicles recorded with its presence, 16 were estimated
to be male and three female. The numbers involved are probably
too small to make this more than conjecture and it could be
possible the early Marianas islanders were engaged in some
activity other than canoe paddling, such as pounding food,
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which

resulted in a strain on this ligament.

Certain individuals with a particular skill may have
specialised in an activity to a certain degree, however if, as
Cordy (1983) suggests, there was minimal stratification then,
presumably, all members of the community did a variety of tasks.
From the account given to Fray Juan Pobre de Zamora in the early
1600's (Driver, 1983), it seems that the leaders of the village
did their share of physical activity but were accorded some
special treatment.

"For example, when one of them returns from fishing,

they

will remove his boat from the water for him, or when he
returns from the farm, they will carry things in their
hands or on their shoulders for him. The people of the
village who first meet these leaders will take from them
whatever they are carrying and carry it themselves"
(Dr i ve r , 1983: 212) .

Unfortunately, the condition of the skeletal material in this
analysis precludes any attempt at substantiation of this comment.

Where one lived may also have dictated the type of
physical activity most frequently performed so that inland
communities concentrated on gardening, while those living near
the shore fished. There were presumably a variety of lesser tasks
to be performed as well. Gardening seemed to involve the use of
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wooden digging sticks (Thompson, 1945; Driver, 1983) to cultivate
root crops such as taro and yams, while fishing techniques
included the use of lines, nets, spears and catching fish by
hand (Thompson, 1945). Weapons used in warfare were slings and
spears

(Thompson, 1945). It would seem difficult, if not

impossible, from the range of activities apparently performed by
these people to match any specific action with a particular form
of degenerative joint disease, since a variety of tasks may
employ the same movement and one task may involve a complex range
of movements. However, the presence and degree of osteoarthritis
and osteophytosis can indicate the physical nature of an
individuals' and poulations' lifestyle.

It appears that all able-bodied individuals in the
Marianas were involved in some physical activity.

"The men and women are hard workers, not lazy, and have
little regard for those who do not work. While they are
very young, they make their sons and daughters work and
teach them to perform their tasks"

(Driver, 1983:210).

It is not surprising, therefore, that degeneration became
apparent in these early Marianas islanders by their third
decade of life, the result of such hard work.

The only reference to the seated positions of some
Marianas islanders is contained in Thompson (1945) but it is from
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an account by Freycinet recorded in 1819. Apparently, those of
the lowest class were

"careful to pass in a crouching position with lowered
head before a matua [member of the highest class] and
to remain squatting while talking to the matua. A
matua, on the other hand, believed he degraded himself
if he remained seated before one of his inferiors"
(Thompson, 1945:13).

It is not known whether this degree of social stratification and
rigid code of behaviour was present in the prehistoric period
since as Cordy (1983) suggests, social stratification may have
been minimal. Squatting was probably a posture frequently adopted
in other contexts in any case. It may have been used when
particular activities were being carried out or when the ground
surface was dirty where otherwise people usually sat on the
floor.

At Palliser Bay in the North Island of New Zealand, of
the eight adults present, six were found with some evidence of
degenerative joint disease in the spine, upper limb, hip and/or
lower limb (Sutton, 1979:191). It was more marked in the older
individuals and in males compared with females. Sutton (1979:190)
also noted the presence of squatting facets. At the Mokapu site
in Hawaii, most individuals had squatting facets at the hips,
knees and ankles

(Snow, 1974:77). Fifty-three percent of the
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adults had osteoarthritis in various parts of the infracranial
skeleton from the shoulder to feet and some were to the degree of
eburnation. Arthritis was also observed in 77% of spines and the
lumbar vertebrae were the most affected. Indeed, five individuals
had experienced vertebral collapse and would have been
hunchbacked in appearance (Snow, 1974:67-72). Three individuals
from a total of 43 from Easter Island were found with
degeneration of the lumbar and thoracic vertebrae (Murrill,
1965:300). At the Hane Dune site in the Marquesas, Pietrusewsky
(1976:150-151) found that two thirds of the clavicles present had
costo-clavicular sulci while 85% of tibiae and 91.3% of tali had
squatting facets. Osteoarthritis was more commonly noted in the
upper limbs than the lower limbs reaching a 61.6% incidence in
the proximal ulna. Moderate frequencies of osteoathritis and
osteophytosis were recorded in the vertebrae. Prehistoric Tongans
in general did not experience severe osteoarthritis
(Pietrusewsky, 1969: 320-323). The greatest degree of degenerative
lipping was observed at the proximal ulna followed by the distal
radius and ankle bones. Of the vertebrae, the lumbar were
affected more than the cervical and thoracic. Seventy-five
percent of the tibiae of these Tongans had squatting facets with
34.3% of tali having medial squatting facets

(Pietrusewsky,

1969:318) .

In central Papua New Guinea at Nebira, minimal amounts of
osteoarthritis have been recorded (Pietrusewsky, 1976:55;
Houghton, nda). Almost all of the tibiae and tali analysed had
squatting facets and costa-clavicular sulci were present on half
of the clavicles (Pietrusewsky, 1976: 46-47). Degenerative joint
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disease was also of minor occurrence in the small sample of
individuals from Eriama (Houghton, ndb). Squatting facets were
found on most tibiae but it seems that a cross-legged position
was favoured by this population (Houghton, ndb). Degenerative
joint disease did not seem to occur in the prehistoric
individuals at Taumako until they were at least 25 or 30 years of
age (Houghton, ndc). Houghton (ndc) found a moderate degree of
osteoarthritis in the limbs but the majority of patellae of these
individuals were affected to a moderate to marked degree. Marked
degeneration of the vertebrae was noted in eight individuals. No
squatting facets occurred on the tibiae but costo-clavicular
sulci were present on clavicles. No degenerative joint disease
was recorded as present on the three males from Mangaia in the
Cook Islands (Katayama, 1986:61-62) but squatting facets were
present on the tibiae of two individuals. Squatting facets were
observed on the fragmentary remains of one of three individuals
present at Vaitapu in Tuvalu (Igarashi et al., 1987:109).
Katayama

(1985:89)

found degenerative changes on the vertebrae

and limb bones of a middle-aged male from the Gilbert Islands.
The lower vertebrae were described as having a moderate degree of
collapse. At the Roonka site in South Australia, 10 individuals
had some degree of degenerative joint disease evident

(Prokopec,

1979:19) .

In prehistoric Thailand at Non Nok Tha, Pietrusewsky
(1974:18-19,21)

found 26% of clavicles with costo-clavicular

sulci and squatting facets frequent on tibiae and tali. Very
little degenerative changes were found on the long bones and
vertebrae of this population. At Ban Na Di, Wiriyaromp
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(1984:4:19) did not find any squatting facets on the distal
tibiae of individuals. A few cases of degenerative joint disease
were recorded and most occurred in the thoracic and lumbar
vertebrae of individuals over 30 years of age.

It appears that the Polynesian populations in New Zealand
and Hawaii and possibly those in the Marquesas and at Taumako
experienced relatively high incidences of degenerative joint
disease, and indicates a very vigorous and physical lifestyle for
these populations. The degree and incidence of degeneration at
other locations in the Pacific and Southeast Asia were not as
high, and it would appear that the early Marianas islanders are
more comparable with these populations. A squatting posture seems
to have been frequently adopted in the various areas included, as
well as a strong downward movement of the arm, which is possibly
associated with canoe paddling.

In summary, the remains of these Marianas islanders show
very moderate amounts of degenerative changes and were usually of
a slight degree. These changes did not appear to begin until they
reached their thirties and this seems to be the general situation
for other prehistoric Pacific populations. The presence of
squatting facets on a number of tali and tibiae indicates the
habitual adoption of a squatting position for some individuals.
Canoe paddling or some other usage of the arms in a strong
downward motion is further indicated by the clavicles of some of
these people. The lifestyle of this population can therefore be
described as physical but not overly strenuous.
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Pathology

A variety of pathological conditions were observed in
these remains of early Marianas islanders. They included evidence
of trauma, inflammatory bone change and cribra orbitalia.

Cribra Orbitalia

Individual SLH-1, a young male aged 18-25 years from the
Saipan Latte House site, had cribra orbitalia on the orbital
roofs of his skull. Only slight pitting was apparent. A number of
etiologies may be responsible for cribra orbitalia but

"All the information at the present time suggests that
some type of nutritional deficiency is the most
probable cause of cribra orbitalia"

(Steinbock,

1976:244) .

The nutrient whose deficiency often appears to result in porotic
hyperostosis and cribra orbitalia is iron. In the tropics,

iron

deficiency anaemia is frequently caused by parasitic infestations
(Steinbock, 1976).

"Other factors important in causing iron deficiency
anemia include dietary insufficiencies of iron, presence
of certain substances such as phytic acid which inhibits
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intestinal iron absorption, malabsorptive diseases such
as sprue, prolonged suckling of infants on milk which
has a low iron content, and iron loss through sweating"
(Steinbock, 1976:246-247).

Anaemia may also be caused by congenital conditions and infection
from diseases such as malaria (Steinbock, 1976). However, malaria
was not present in the Marianas Islands according to Ackerknecht
(1965) although it is possible it could have been present in the
prehistoric period being eradicated subsequently. If malaria was
endemic in the early Marianas Islands we might possibly expect to
find more than one example of cribra orbitalia, as well as some
cases of porotic hyperostosis. The presence of cribra orbitalia
in SLH-l may have occurred in childhood and

"The greater incidence of cribra orbitalia in children
may be easily explained by the nutritional trauma

(known

as weanling diarrheal experienced by the infant when
switching from milk to other foods, the greater need for
iron during the growing years, and the greater frequency
of parasitic infestation in children"

(Steinbock,

1976:247) .

The diet of early Marianas islanders mainly consisted of
taro, breadfruit, yams, bananas, coconuts and fish
(Pollock,1986). Thus it seemed to be largely vegetarian in nature
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and "Vegetarian diets are often rich in phosphates which tend to
reduce iron absorption"

(Woodruff and Rowland, 1970:222). The

calculated iron content of these foods per 100 grams of edible
portion is 1.0mg, 1.0mg, 1.2mg, 0.5mg, 1.0-2.0mg and 0.7-1.5mg
respectively (Platt, 1962). According to Leigh (1929), fish was
also dried and stored for later consumption. The iron content of
a representative sample of dried freshwater fish is 8.5mg per 100
grams of edible portion, and the Marianas islanders also
habitually chewed betel nut which contains 1.5mg of iron (Platt,
1962). The recommended allowance of iron for men, according to
the National Research Council of the United States, is 10.0mg a
day (Carey et al., 1971). A higher requirement is recommended for
women and children. It is probable that the daily intake of iron
of the prehistoric Marianas islanders was around the recommended
allowance but depended on the amount and type of food eaten from
the variety available.

The geographical distribution of hookworms being "hot and
humid areas lying between 35 Nand 30 S"

(Davey and wilson,

1971:70) would include the Marianas Islands. It is possible then
that hookworm infection may have been partly responsible for the
observed cribra orbitalia in individual SLH-1. However,

"The load of worms must be taken into account. A heavy
load of hookworms,

judged from the number of ova, may

not cause anaemia if the patient is on a diet rich in
available iron, but a light load may do so if the diet
is only marginally adequate" (Adams, 1979:148).
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Other parasites were no doubt present in the Marianas Islands
environment and may have resulted in iron deficiency anaemia.

The temperature on Guam, and probably including the other
Marianas islands, ranges from 21 C to 33 C, the average being
around 27 C (Carano and Sanchez, 1964). It is likely that hard
physical work, such as gardening, in these temperatures may have
produced quite a sweat in some individuals, thus contributing
another factor possibly resulting in some iron loss.

It would seem possible that the cribra orbitalia apparent
in individual SLH-1 was caused by a combination of factors. These
factors include a diet possibly barely adequate in iron content
depending on what was eaten and which may have affected iron
absorption, hookworm or some other parasite infestation and loss
of iron through sweat. The estimated age at death of SLH-1 was
18-25 years. The anaemia which resulted in cribra orbitalia may
have occurred in childhood when iron is in greater demand for the
growing tissues (Woodruff and Rowland, 1970). Stuart-Macadam
(1985) claims that porotic hyperostosis, and including cribra
orbitalia,

"is most probably representative of an anemia acquired
during early childhood, that is, the result of growth
period bone changes that have not undergone complete
remodelling" (Stuart-Macadam, 1985: 392) .
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It is interesting to note that only one individual in
these remains was recorded with cribra orbitalia. In comparison,
however, Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
recorded several individuals with cribra orbitalia and several
with porotic hyperostosis. No long bones were able to be x-rayed
for Harris lines from this individual nor metacarpals to
calculate cortical thickness which may have been further
indicators of the possible health problems affecting SLH-1. The
stature of this young man could not be estimated and there was no
evidence of any pathology on his skeletal remains. Any evidence
of enamel hypoplasia will be discussed later in this chapter.
Porotic hyperostosis affects the skull and is

"characterized by pitting of the compact bone of the
skull, which is usually associated with an increase in
thickness of the adjacent diploic bone"

(Stuart-Macadam,

1985:391) .

The same factors that can result in cribra orbitalia contribute
to the appearance of porotic hyperostosis. Pietrusewsky and
Batista (1980) and Pietrusewsky (1986) appear to diagnose the
presence of porotic hyperostosis in these individuals on the
basis of the thickness of their skulls only. There is a large
variation in the cranial thickness of human individuals and it is
not surprising, given the marked robustness of some of the crania
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of these Marianas islanders, that they should possess relatively
thick skulls. Steinbock (1976) describes the changes in bone
structure from porotic hyperostosis as

"thinning and often complete destruction of the outer
table of the cranial vault. This is caused by pressure
atrophy produced by hypertrophy of the hematopoietic
diploe between the inner and outer tables. The
sieve-like or coral appearance of the affected area is
due to the complete destruction of the outer table and
exposure of the hypertrophied cancellous bone or diploe.
The skull vault in the affected area is thicker than
normal due to the hypertrophied bone which protrudes to
a slight or moderate degree over the normal external
contour of the skull"

(Steinbock, 1976:214-215).

The fragmentary nature of these remains allows the cross-section
of the bones of the skull to be viewed. In all cases the
structure appears to be quite normal and not at all like those
crania with porotic hyperostosis described by Steinbock (1976) or
photographed in Angel (1967:380) and Ortner and Putschar
(1981:262) .

Cribra orbitalia was only diagnosed in this analysis as
present on the skull of SLH-1. The pitting on the orbital roofs
of this individual was very slight. No pitting on any other
skulls was recorded, including those recorded by Pietrusewsky
(1986) as having cribra orbitalia. The differences may be the
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result of inter-observer variation in the interpretation of
cribra orbitalia particularly where pitting is very slight and
unclear. It is also possible that some orbits of these
individuals have been damaged or lost since they were previously
studied.

Among the remains of 27 individuals from Rota, Hanson
(1987a)

found evidence of cribra orbitalia on a young male aged

15-17 years and porotic hyperostosis in the remains of a four
year old child. He related these conditions to the presence of
parasites and a poor diet during weaning.

Suzuki (1986) also noted the presence of cribra orbitalia
among the prehistoric Marianas islanders in the Thompson and
Hornbostel collection. An overall incidence of 9.9% was recorded.
Importantly, Suzuki pointed out that "there are many different
definitions or diagnostic criterion of cribra orbitalia"

(Suzuki,

1986:24). In a 1987 article employing the same material, Suzuki
related the presence of cribra orbitalia with iron deficiency
anaemia but did not discuss what conditions in the prehistoric
Marianas Islands may have caused it.

The presence of cribra orbitalia and porotic hyperostosis
has been documented in several other areas of the Pacific
including Hawaii, Thailand, the Solomon Islands and Papua New
Guinea among others. Suzuki (1987) compared the incidence of
cribra orbitalia in the remains of the Marianas islanders in the
Thompson and Hornbostel collection with the incidence among
individuals from Mokapu, Hawaii, previously studied by Snow
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(1974), and other Pacific populations. Of the individuals from
Hawaii, 12.5% had cribra orbitalia while 13.5% of a modern
Japanese skeletal series were affected (Suzuki, 1987:98). Two of
the 42 individuals at the Hane Dune site in the Marquesas Islands
were found with cribra orbita1ia (Pietrusewsky, 1976:155). Four
adults had cribra orbitalia and three adults had porotic
hyperostosis at the Namu site on Taumako (Houghton, ndc). Their
presence was attributed to iron deficiency anaemia from possible
hookworm infection, although Houghton (ndc) also noted that
Taumako is located within a malarial region. At Nebira in Papua
New Guinea, Pietrusewsky (1976:58) found one third of the skulls
present with porotic hyperostosis and 50% with cribra orbitalia.
This was related to anaemia from the presence of malaria.
Pietrusewsky (1974:23) also found just over half of the
individuals at Non Nok Tha, Thailand with porotic hyperostosis
and again attributed it to anaemia from malaria and iron
deficiency.

Relatively high incidences of cribra orbitalia and
porotic hyperostosis were recorded in Papua New Guinea and Non
Nok Tha compared with other areas of the Pacific where the
frequency of cribra orbitalia ranges from 8% to 15% (Suzuki,
1987:101). These observed differences may possibly reflect the
presence of malaria in Melanesia and Thailand compared with iron
deficiency anaemia elsewhere. A differential diagnosis of cribra
orbitalia between researchers may also account for the
differences. Only one individual in the present analysis was
found with cribra orbitalia and possibly reflects a childhood
episode of anaemia due to parasitic infestation and a
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nutritionally inadequate diet during weaning. On the whole, the
health of these early Marianas islanders, in terms of the
presence of cribra orbitalia, appears to have been relatively
good especially when compared to prehistoric populations from
Papua New Guinea and Thailand.

Trauma

A small number of hand and foot phalanges from the Tinian
Latte House site and Unai Chulu site were found with bony
reactions. These were attributed to possible traumatic
occurrences resulting in infection. It is not surprising in
communities such as those in the prehistoric Marianas, where
individuals would probably be barefoot and employed in numerous
physical activities, that toes and fingers were vulnerable to
injury. Localised infections could have then occurred and
consequently altered the bone. A similar explanation can be
extended for the slight bony reactions on the midshaft region of
a tibia and on the frontal bone of a skull from the Hafa Dai
Beach site. A blow or knock to the shin or head may have been
received by these male individuals with a resultant infection of
the wound and a localised bony reaction. Three humeri from the
same site have a marked chronic inflammatory change at the elbow
joint. It does not seem possible to attribute these alterations
to the presence of yaws since

"The diaphyses and metaphyses of the long bones are the
most common sites of bone changes. The joints are rarely
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involved with significant bone changes"

(Steinbock,

1976:143) .

The bony reactions are probably the result of osteomyelitis or
infection of the bone due to some particular traumatic incident
or skin lesion. This may have occurred at the elbow or elsewhere
in the body spreading through the bloodstream to the distal
humerus (Steinbock, 1976). The unknown age and sex of all of
these individuals, and the small numbers involved, discourage any
attempt at comparison of results within and between sites.

The only other evidence of trauma in these remains is on
an adult male skull from the Hafa Dai Beach site. A healed
depressed fracture was observed on the left parietal bone (Plates
6-7). It seems possible that this particular individual may have
been struck, perhaps with some sort of weapon, on the skull with
enough force to fracture the bone. From the evident healing of
the fracture, however, it appears that he survived the incident.

In the remains of prehistoric Marianas islanders studied
by Suzuki (1986), only a few cases of trauma were observed. A
healed wound on the right parietal bone of an adult male was
noted and related to a probable attack by spear. Another adult
male had experienced a fracture in the left foot which had healed
and resulted in the fusion of the first metatarsal, proximal and
distal phalanges. Bony reactions were noticed in both tibiae and
fibulae of this individual which were thought by Suzuki to have
been the consequence of infection introduced through the
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fractured foot bone. The left femur of a young male individual
had a healed fracture while the skull of an adult male had a
lesion on the frontal bone. The skull of a further adult male had
a healed wound near the right orbit which resulted in facial
distortion and probably affected the sight of this individual.
The injury was thought to have been caused by a blow to the head
with a sharp or hard instrument (Suzuki, 1986).

Four individuals from prehistoric Rota also had evidence
of trauma (Hanson, 1987a). The injuries of these two males and
two females consisted of fractures. The bones affected were three
ribs, a fourth metatarsal, one tibia, a fibula and one scapula.

The occurrence of warfare has been documented for the
Marianas by Thompson (1945) and the main weapons used were spears
and slings.

"They can hit the target with their darts at twenty,
thirty, forty and even at fifty paces, some at one
hundred or two hundred. They are very skilled at using
the sling, for which they fashion marble slingstones
that fly as though bewitched. These resemble very large
acorns that are flung with such force that it is as
though they were fired from an harquebus [gun]. They
always hit the target with the point of the slingstone,
and it strikes with such force that, if it hits the head
or body, it will penetrate"
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(Driver,

1983:211).

A slingstone or spearhead may, therefore, have been the source of
the depressed fracture on skull HDB-1 from the Hafa Dai Beach
site. Gaining expertise with these weapons began at a young age
and probably resulted in a few injuries.

"From the time they are very young, the boys from a given
camarin [large building] or from a given village will
challenge each other. Their slingstones are made of mud
and the points of the darts or small lances are blunted,
but they get together, threaten each other, and fight.
Sometimes they get hurt, but once the fight is over, the
two sides treat one another with great affection"
(Dr i ve r , 1983: 211) .

Also,

"To prove their strength, it is customary for the youths
to fight hand to hand in front of these leaders.
Sometimes, they take hard falls"

(Driver, 1983:212)

From these accounts and the nature of their physical lifestyle,
it is not surprising that evidence of infections from skin
lesions and trauma is contained in the remains of these early
Marianas islanders.
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Trauma was also evident in other prehistoric peoples
around the Pacific. In New Zealand at Palliser Bay, Sutton
(1979:190)

found a few individuals with fractures of the skull,

vertebrae or humerus. The pelvis of a 40 year old woman had three
puncture fractures and this was believed to have caused her
death. At the Mokapu site in Hawaii, approximately one third of
both males and females had broken noses. wounds to the skull were
also present and some healed fractures of the mandible and
styloid spines. Fractures of most long bones and bones of the
axial skeleton including ribs, clavicle and pelvis were observed
in relatively low numbers (Snow, 1974:60,72). Murrill (1965:300)
noted the presence of a fractured humerus in an adult male and a
depressed fracture in the skull of another adult male in the
prehistoric remains of Easter islanders. Fractures of the ulna
and metacarpals were found by Pietrusewsky (1976:154) at the Hane
Dune site in the Marquesas. At Taumako, only three examples of
healed fractures including a humerus, ulna and a hand phalanx
were observed by Houghton (ndc). Four ulnae and one radius were
observed with healed fractures among the remains of prehistoric
Tongans (Pietrusewsky, 1969:326). Bones of the hand and foot were
also affected and the skull of one individual had a depression
which was possibly the result of a non-fatal blow to the head by
a solid object.

No evidence of trauma was found in the human skeletal
material from Nebira and Eriama (Pietrusewsky, 1976; Houghton,
nda; ndb) nor the limited remains from Tuvalu, the Cook Islands
and the Gilbert Islands

(Katayama, 1985; 1986; Igarashi et al.,

1987). At Roonka, South Australia, there were several incidences
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of possible trauma including a fractured ulna and a small number
of individuals with holes, depressions or fractures of the skull.
The left humerus of one individual had been amputated at midshaft
(Prokopec, 1979:21). In prehistoric Thailand, at Ban Na Di, two
instances of trauma were found and they were a healed fracture of
a metatarsal and a bony reaction on a tibia probably due to an
infected wound (Wiriyaromp, 1984:4:18). Suzuki (1975:275)
described the skulls of three ancient Japanese with injuries.
These were thought to have been caused in attacks by arrows,
stone axes and weapons of a similar nature.

The incidence of trauma in the Marianas and other
prehistoric Pacific populations is not particularly high.
Injuries to fingers, toes and other parts of the body that
sometimes gave way to infection and bony reactions were probably
natural, but accidental, consequences of their physical
lifestyle. There is little doubt, however, that some wounds were
the result of deliberate violence during periods of conflict or
warfare, and it is notable that a small number of individuals
seem to have survived these painful incidents. For others though,
an agonising death probably ensued.

Chronic Inflammatory Disease

The bones of a few individuals from the Tinian Latte
House and Unai Chulu sites on Tinian and Hafa Dai Beach site on
Saipan had chronic inflammatory changes which were diagnosed as
yaws.
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Yaws is an infectious but seldom fatal disease caused by
a treponeme or spirochete. Other treponemal infections include
pinta, venereal syphilis and congenital syphilis. Yaws occurs in
hot and humid tropical regions including some Pacific Islands.
Transmission of the disease is mainly by direct contact with the
lesions of infected individuals and may enter via a cut, wound or
minute break in the skin. Flies may also play a role in the
transmission of yaws (Pirie, 1972i Steinbock, 1976i Manson-Bahr
and Apted, 1982).

"Transmission often occurs from mothers to their infants,
or vice versa. Early cases are much more common in
children than in adults, possibly because adults tend to
be immune through previous infection, or because they do
not have such close physical contact with infective
persons and such a propensity to minor skin injuries"
(Manson-Bahr and Apted, 1982:407).

The course of yaws progresses through three stages with
latent periods in between. The first, or primary, stage consists
of skin lesions which develop to papilloma and are highly
contagious. These may last for several months and can become
ulcerous if infected with bacteria. Secondary lesions may overlap
with the occurrence of primary lesions or occur several years
after they have healed.
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"The secondary stage may be ushered in with pains in the
bones,

joints, loins and head, and fever. Secondary

lesions of the skin are usually multiple, disseminated
and proliferative, containing many treponemes; they heal
without permanent trace"

(Manson-Bahr and Apted,

1982:411) .

Bone lesions can occur in the secondary stage but heal
spontaneously. The third stage is characterized by skin lesions
as well as the development of bony lesions (Manson-Bahr and
Apted, 1982) which are chronic and permanent alterations. Of
those individuals who become infected with yaws,

10% will

progress to the third stage from which it has been predicted that
1-5% of a skeletal series will have evidence of yaws in an area
where it is endemic (Steinbock, 1976). Hackett (1976)

states that

when yaws is endemic in a rural population 50-80% of adults may
be infected. It would therefore seem likely that for every
individual with skeletal evidence of yaws, representing the
tertiary stage, there were possibly many more with a primary or
secondary involvement or who were in latent stages. The bones of
the skeleton most commonly involved with yaws are the tibia,
fibula,

femur,

feet and hands, ulna, radius and clavicle as well

as the skull. Alterations to the long bones are frequently
located on the metaphyses and diaphyses and rarely involve the
joints (Steinbock, 1976).

The situation regarding acquired immunity to yaws is not
particularly clear from the medical literature. Pirie (1972)
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states that young children who develop yaws usually heal
spontaneously and acqure a solid immunity. According to
Manson-Bahr and Apted (1982) immunity is apparent more often in
people who have experienced a latent stage of several years
duration than individuals who have had active lesions within a
period of a year or less. In comparison, Davey and Wilson (1971)
claim "recovery from yaws is associated with strong resistance
to re-infection for about eight months, but this disappears over
several years"

(Davey and Wilson, 1971:124). One advantage of

yaws appears to be an immunity to syphilis (Davey and Wilson,
1971; Pirie, 1972; Manson-Bahr and Apted, 1982).

The skull and several long bones of individual TLH-1 were
grossly affected by this treponemal infection. Bony lesions were
present on the frontal bone of the crania (Plate 8)

while the

bones of the left arm and both lower legs were greatly thickened
and swollen in appearance (Plates 11-14). This 30+ year old woman
would have obviously been in a great deal of pain. The stature of
TLH-1 was calculated to be 159.7cm (White American formulae)

or

163.1cm (Polynesian formulae) tall. One Harris line was observed
on the right tibia and may perhaps be related to the early
manifestation of yaws, followed by a latent stage. It could,
however, also be the result of some other illness or a period of
malnutrition. A one to one relationship between the formation of
Harris lines and a known episode of stress has not been observed
in clinical studies (Goodman et al., 1984).

Squatting facets were present on the left talus and right
tibia of this individual and a slight degree of osteoarthritis
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was recorded on both humeri, femora, ulnae and temporo-mandibular
joints and one hand phalange. The occurrence and location of this
degeneration may be related to the presence of yaws so that these
joints were used more often or may indicate that this woman was
still physically active despite its presence. The attainment of a
relatively tall stature and mature age at death would point to
quite a good state of general health and nutrition in child and
adulthood even though the bones of this woman were grossly
affeyted by yaws. No other individuals from the total of six
present at the Tinian Latte House site displayed evidence of yaws
but it is possible that they may have been in the primary or
secondary stages of infection.

At the Unai Chulu site, two femora, a fibula and two long
bone fragments had bony alterations consistent with a diagnosis
of yaws. Femur, UCT-l, had a chronic inflammatory process at the
lower midshaft region. The estimated stature of this intact male
long bone ranged from 168.0cm (Mongoloid formulae)
(Polynesian formulae)

to 172.8cm

and like that of TLH-l is relatively tall.

The other four bones with similar bone changes at this site were
fragmentary,

so little information could be gleaned about them.

Evidence of yaws was contained in the skeletal remains at
the Hafa Dai Beach site. Several long bones were affected, of
which one tibia, HDB-14, was intact. The estimated statures of
this bone, which was thought to belong to a male, were from
174.7cm (Mongoloid formulae) to 178.8cm (Polynesian formulae). A
few bones of the axial skeleton comprising one clavicle and six
ribs were afflicted by yaws. The skull of an adult male, HDB-21,
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has destruction of the nasal region by tertiary yaws described as
gangosa (Steinbock, 1976)

(Plates 4-5). This is an apparently

rare condition occurring "in about 1.0 percent of all cases of
yaws or roughly 7.5 percent of all cases of yaws of osseous yaws"
(Steinbock, 1976:145). The nasal bones, maxilla and hard palate
of this individual were destroyed. Other diseases such as
syphilis, leprosy and leishmaniasis may result in similar changes
in this region, but the presence of yaws in this and the other
two sites would seem to substantiate a diagnosis of yaws. A great
deal of pain and suffering would have been experienced by this
man.

It is unfortunate that the bones from the Unai Chulu and
Hafa Dai Beach sites could not be sorted into individuals. It is
therefore not possible to tell if some of the affected individual
bones belong to the same person or a number of different people.
A minimum number of 20 individuals were calculated by
Pietrusewsky (1986) to be represented at the Hafa Dai Beach site,
while a mininium number of 14 people, also calculated by
Pietrusewsky (1986), were represented at the Unai Chulu site. It
is conceivable that perhaps up to half of these populations were
suffering from some degree of yaws including those with bone
lesions.

It was also not possible to sex and age reliably all of
these fragmentary bones from these two sites, although they do
appear to belong to adults. Primary infection probably occurred
in childhood, but does not seem to have interfered with their
dietary intake so that their genetic potential for relatively
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tall stature could be attained.

As previously described in Chapter Four, a few
differences were noted from the observations of Pietrusewsky
(1986) concerning bones from the Unai Chulu and Hafa Dai Beach
sites. These were attributed to inter-observer variation in the
interpretation of the bony changes due to pathology. There is
also the added consideration of the fragmentary nature of the
material so that bones could be easily overlooked and some may
have been damaged since they were previously studied.

The existence of yaws on prehistoric skeletal material
from the Marianas was first reported by Leigh (1929). He studied
crania from Guam in the Thompson and Hornbostel collection at the
Bishop Museum in Hawaii in view of their dental morphology and
pathology. Several skulls were found to have the destruction of
nasal bones and the palate consistent with gangosa. A few also
had lesions on the outer table of the calvarium.

Stewart and Spoehr (1967) noted the presence of yaws-like
lesions on the remains of a 13-14 year old individual from the
Blue site on Tinian excavated by Spoehr in 1950. Crater-like
lesions were located on the frontal and parietal bones as well as
the left malar bone. Inflammatory bone changes were also present
on a femur, humerus and radius from this burial as well as on a
tibia from another burial, which also belonged to another young
person. Stewart and Spoehr (1967) thought the lesions might be
early and that yaws had not reached the chronic stage. These
lesions may therefore represent bone alterations of the secondary
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stage. A radiocarbon date of AD 854 +/- 145 was associated with
these remains and implied that they represented the earliest
evidence of yaws at the time this report was published (Stewart
and Spoehr, 1967:311).

Suzuki (1986) also studied the skeletal material from the
Thompson and Hornbostel collection. He recorded 20 individuals
with specific inflammatory bone changes. Three were diagnosed as
facial leprosy and the remainder as treponematosis. It was not
specified which of the treponemal infections was thought to be
represented on these skulls and infracranial bones. A more
detailed study was promised in the final report.

A 30-40 year old female from Rota was found with
pathology on the cranium and left lower leg. Hanson

(1987a)

attributed these bone changes to a treponemal infection which
could be yaws, but the possible post-European contact date of the
site meant that a diagnosis of venereal syphilis could not be
disregarded. Five infants under four years of age had evidence of
periostitis and resorptive lesions on their cranial and
infracranial skeletons. Hanson (1987a) said of this pathology,

"the severity of bony pathology and the involvement of
much of the skeleton would indicate that whatever the
source of the infection, it often developed into a
systemic, chronic condition. The severe and widely
disseminated lesions in the neonate described above
indicated that some infections were congenitally
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acquired. The etiology of such conditions in these
subadult skeletons remains unknown"

(Hanson, 1987a:391)

TwO upper central incisors, one permanent and the other
deciduous, were noted by Hanson (1987a) to have the same
developmental error. Both were bifurcated so that two distinct
halves with their own incisal edge were formed. Hanson did not
know the etiology of this condition since it had not been
observed in previous analyses of prehistoric Marianas islanders.
However, Steinbock (1976) describes similar dental conditions
which are the result of congenital syphilis. Congenital syphilis
is transmitted to the developing foetus from the placenta of a
mother with venereal syphilis after three of four months of
gestation. Lesions of the skeleton can occur in early and late
congenital syphilis. The bone changes of early congenital
syphilis are fairly slight and apparent from birth until three or
four years of age. These changes consist of periostitis,
osteochondritis and diaphyseal osteomyelitis. The long bones are
frequently involved, especially the tibia, while the skull is
less commonly affected. Frequently, the same bones on both sides
of the body will have lesions (Steinbock, 1976).

These descriptions of the skeletal involvement of early
congenital syphilis appear to portray the pathology present on
the remains of the five infants described above. Only the skull
of one child is affected, the remainder having lesions on the
long bones of both sides of their bodies. The oldest infant,
who was estimated to be three and a half to four years of age,
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had some remodelling on the right tibia which could represent the
healing of these lesions at the specified age of three to four
years.

Late congenital syphilis occurs between five and 15 years
with fewer but more severe bone changes than early congenital
syphilis. Dental stigmata, including the bifurcation of incisors
"are important but not pathognomonic signs of this disease"
(Steinbock, 1976:106). It is important to note that one of the
teeth from Rota with the developmental error belonged to a six to
nine month old child with bone lesions characteristic of early
congenital syphilis. However,

"The permanent dentition and in some instances the
deciduous molars are the only teeth affected [by dental
stigmata], evidently because these elements from after
the treponemes have invaded the fetus"

(Steinbock,

1976:106) .

The treponemes, as previously stated by Steinbock (1976), are
transmitted from the placenta after three or four months of
gestation. Upper central incisors develop in utero from
approximately three months in utero (Ubelaker, 1978 cited in
Bass, 1979). The other tooth with this bifurcation of the incisal
edge is a permanent central incisor and develops from
approximately three to six months of age, so it is possible that
these dental anomalies could develop in asociation with early
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congenital syphilis.

If the pathology present on these young children is the
result of congenital syphilis then it would seem to indicate that
the 30-·40 year old female with treponemal bone lesions has
venereal syphilis rather than yaws. Another point which must be
considered is that yaws has been described in other analyses
(Leigh, 1929; Stewart and Spoehr, 1967; Pietrusewsky and Batista,
1980; Pietrusewsky, 1986) as present in the remains of Marianas
islanders and "A major effect of yaws is that it confers a
considerable immunity to venereal syphilis"

(Pirie,

1972:192)

Hanson (1987a) stated that the site could post-date European
contact at which time yaws may have been eliminated from this
area or it could be that people in this area may not have been
infected by yaws in prehistoric times, so that venereal syphilis
could have developed. However, Manson-Bahr and Apted (1982) state

"Immunity to yaws probably carries cross-immunity to
syphilis and vice versa, though in some areas of the
world the two diseases apparently coexist"

(Manson-Bahr

and Apted, 1982:410).

There are no descriptions of individuals with symptoms of
yaws contained in the ethnographic and historical literature
concerning the Marianas islanders. The lesions and ulcers of the
skin from this disease would have been very noticeable and the
early European voyagers might have been moved to comment as
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Captain Cook did when he encountered afflicted individuals in
Tonga (Pirie, 1972). It is possible that the disease was not
widespread in all parts of all islands since the skeletal
material from the San Antonio, Saipan Latte House, Marianas High
School and T. Villanueva sites did not have any evidence of yaws
on them. Afflicted individuals may also have been in such great
pain and debilitated that they remained in their houses and out
of view of the early European voyagers. Furthermore, some
individuals may have been in a latent stage of yaws with no
visible symptoms.

A list of the herbal medicines administered by native
doctors in the Marianas, who inherited their knowledge from
family members since prehistoric times, was given by Fritz
(translated by Craddock, 1986). The two medicinal substances
employed in the treatment of yaws were Hibiscus tiliaceus and

Thespesi q populnea. It is not known if and how these would have
worked. In modern Western medicine, penicillin and other
antibiotics are administered in the successful treatment of yaws.
An unusual, and perhaps rather questionable, treatment of illness
is described in the account of Fray Juan Pobre de Zamora of the
Marianas islanders of the early 1600's.

"Should a man or woman be taken ill the cure and remedy
applied is the following: someone will stand on the
afflicted area and, lifting one foot and then the other,
will pound on it with his feet. Now and then, one sees a
sick person with one indio standing on one thigh,
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someone else on the other, and a third person standing
on his back. Sometimes the stricken person has four

indios standing on top of him. Should it be the head
that is painful, they will squeeze it with their thumbs
since they cannot stamp on it. Such then, is the
customary cure for sick bodies"

(Driver, 1983:216)

It is not stated under what circumstances of illness this method
would be applied. Such a treatment would certainly not provide
relief for the sufferers of yaws and would probably result in the
infection of these other individuals if they made direct contact
with the skin lesions. The picture, then,

from the

ethnohistorical sources concerning the presence and possible
treatment of yaws is not clear.

Evidence of yaws has been recorded in other studies of
prehistoric populations in the Pacific. However,

its distribution

is restricted since

"It is an organism of great fragility,

highly intolerant

of changes in its microclimate, particularly heat, cold
or lowered humidity, and easily destroyed by a variety
of physical and chemical agents, one of which,
instance, is soap solution"

for

(pirie, 1972:188).

Gross bone changes due to yaws were present on 43% of the
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114 individuals at the Namu site on Taumako (Houghton, ndc). The
youngest individual affected was 13 years old and the incidence
of bony lesions increased with age. The alterations described and
their incidence are greater than those from the prehistoric
Marianas Islands where the incidence varied from 5% to 29% of
individuals or individual bones depending on the site. It would
appear that almost all individuals at Namu had some degree of
yaws (Houghton, ndc). Two individuals from the Nebira site, Papua
New Guinea, had long bone lesions diagnosed as yaws
(Pietrusewsky, 1976:56; Houghton, nda) , while at the nearby
Eriama site the skull of one individual had yaws-like lesions on
the frontal bone (Houghton, ndb). At Roonka, South Australia,
Prokopec (1979:21)

found the long bones of a juvenile and a child

swollen in appearance and lesions on both skulls which he
attributed to yaws. Of the 99 individuals from Tonga studied by
pietrusewsky (1969:336), 13 adults had evidence of a treponemal
infection. They appeared to represent different stages of the
disease which Pietrusewsky (1969) stated could not be definitely
diagnosed as yaws since the possibility of syphilis could not be
overlooked. The presence of yaws has also been established in the
Society Islands and some other Western Pacific populations
(Pirie, 1972). Hose and McDouga1l (1966) describe children from
Borneo being infected with yaws around their mouth. Adults,
however, were rarely affected which was thought by these people
to be due to immunity from the early infection.

The incidence of yaws in the early Marianas Islands, as
calculated from the number of individuals with bone changes, is
similar to other tropical areas in the Pacific in being usually
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under 20% with the exception of the Namu people where 43% of
individuals were observed with bone alterations. Almost all
individuals from that site probably had some soft tissue
involvement. Not all of the sites from the Marianas represented
in this analysis contained evidence of yaws and no descriptions
of yaws-like symptoms are contained in the ethnohistorical
literature. It is not known, therefore,

just how widespread the

disease was in the eraly Marianas Islands, but for the few
individuals in whom it had reached the tertiary stage, life would
have been very painful and probably quite wretched.

Modification of the Skull

The occipital flattening of the skull of a young male
from the T. villanueva site was thought to be the consequence of
artificial deformation (Plates 1-2). No similar cases were
observed in the remains from the other sites in this analysis.
The health of this individual, from the calculated cortical
thickness of both second metacarpals and the young age at death,
does not appear to have been good, although no pathology is
apparent on the bones of TVL-l.

Howells (1987), who measured the skulls in the Thompson
and Hornbostel collection from the Marianas now kept in the
Bishop Museum, Honolulu, noted the occurrence of occipital
deformation but stated it was not a common one. Any other
information about the individuals with shaped skulls was
unfortunately not supplied. Suzuki (1986), who studied skeletal
material from the same collection for palaeopathology, makes no
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mention of the artificial deformation of skulls, nor does Hanson
(1987a) concerning prehistoric individuals from Rota.

No references to this phenomenon are contained in the
ethnographic and historical sources concerning early Marianas
islanders. The presence of head shaping has been noted among a
few other Pacific populations however.

Almost half of the adults from the Mokapu site in Hawaii
had shaped heads

(Snow, 1974). Some had flattened contours of the

back of the head and/or the forehead. The same incidence of
artificial deformation was observed in the skulls of children at
this site.

"On many of these, the entire occipital bone sloped
obliquely backward and upward to lambda, rather than
curving forward from inion, so as to form a protruding
back head with a convex boss, an oblique form of head
deformation. This occipital plane might be called a
"reversed occipital""

(Snow, 1974:31-32). "In other

cases, the forehead sloped toward the back at a 45° angle
and the back head was nearly vertical instead of having
a curved protrusion, with the resulting heightened or
bulging crown, an extreme form of head shaping, that is,
a vertical type"

(Snow, 1974:32).

The process, by which the desired head shape was achieved,
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involved the binding of softly padded coconut shells to the
forehead and back of the head of an infant. This altered the
direction of growth rather than exerting pressure and probably
took a couple of years to achieve. In Hawaii the practice of head
shaping may have continued until the beginning of the 19th
century (Snow, 1974).

Evidence for artificial deformation of the skull was also
found in a small skeletal sample from Sabah, Northern Borneo
(Gleichauf, 1979). The remains of only seven skulls were
recovered and were thought to be at least 100 to 130 years old.
Five were estimated to be adult females, one an adult male and
one a juvenile which was possibly female. All of the female
individuals had vertical occipital flattening, four of which also
had a depression near the lambda and along the sagittal suture. A
similar practice was recorded by Roth (1896) and Hose and
McDougall (1966) among the Milanaus tribe in Sarawak.

"The flattening is effected at an early age, the process
beginning generally within the first month after birth.
It consists in applying

pressure to the head by means

of a simple apparatus for some fifteen minutes, more or
less, on successive days, or at rather longer intervals.
The application of the pressure for this brief space of
time, on some ten to twenty occasions, seems to suffice
to bring about the desired effect. The pressure is
applied while the child sleeps, and is at once relaxed
if the child wakes or cries " (Hose and McDougall,
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1966:48) .

It seems that usually only the heads of females were shaped and
those of males very occasionally: An instrument called a tadal
(Roth, 1896) was employed and consisted of strings and straps of
cloth. Gleichauf (1979) thought it possible that the depression
along the sagittal suture in the females from Sabah may have been
caused by a strap from such a device. The achieved effect of a
flattened occipital and brow region was considered by the
Milanaus an enhancement of the appearance

(Hose and McDougall,

1966) .

Occipital flattening of the skull was observed in a small
sample of crania from Tonga by Sullivan (1922). He suggested that
this deformation may have been due to the use of wooden pillows
and hard beds since another form of artificial deformation was
described when inquiries about the observed head shaping were
made.

"According to several informants the child was laid on a
piece of tapa with the top of its head placed against a
heavy block of squared wood. The pressure tending to
flatten the top of the cranium. The deformation
described above is definitely not of this type. Since
this procedure is said to have been continued for one
month only its effect may be considered as negligible.
It is difficult to understand how it would have any
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appreciable effect even if continued indefinitely, since
the amount of pressure involved must have been very
slight"

(Sullivan, 1922:247).

Houghton (ndc) also noted the presence of head shaping in
prehistoric sample of Tongan crania, previously studied by
pietrusewsky (1969), but there is no accompanying description of
the form it took.

The skull of an 18 year old female from Vaitapu Atoll in
Tuvalu was compared with deformed and undeformed skulls from
other areas to see whether it was artificially deformed (Igarashi
et al., 1987). It was found that this skull had a greater
similarity to the deformed skulls and was therefore thought to
have been shaped during infancy. This shaping resulted in a
flattening of the frontal and occipital regions. No previous
cases of head shaping in Tuvalu had been recorded. The
researchers (Igarashi et al., 1987) thought it reasonable to
assume that this young woman may have been of special status,
such as the daughter of a chief, because of this artificial
deformation.

Head shaping has also apparently been practised in Samoa
(Snow, 1974), Tahiti, New Guinea, Santa Cruz, the New Hebrides,
New Britain and other islands in Melanesia (Igarashi et al.,
1987) .
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"In New Britain, a strip of cloth was bound around the
head of an infant"

(Igarashi et al., 1987:114) and "in

island Melanesia and Tonga, the head of an infant was
antero-posteriorly tightened with some kind of board;
and in Tahiti, the fronto-parietal-occipital region was
pressed"

(Igarashi et al., 1987:114).

It is not known what processes were employed in Samoa. It would
seem that artificial deformation of skulls was not an unknown
occurrence in some parts of the Pacific and other parts of the
world. Deformation may have been intentional, as in Northern
Borneo, or accidental, as for some individuals in Tonga. Only one
individual in this early skeletal material from the Marianas was
found with a shaped head, although Howells

(1987) has noted other

Marianas islanders with occipital deformation. There is no
information about the practice in ethnographic and historical
sources so it is not clear whether the occipital flattening in
this individual was achieved intentionally or accidentally or by
what means it was done.

Craniostenosis

The odd appearance of an adult skull, possibly male, from
the San Antonio site on Saipan was attributed to craniostenosis.
This condition relates to the premature fusion of cranial sutures
which can result in an abnormal skull shape. The sagittal and
coronal sutures of this person appear to have fused early
resulting in a waisting of the vault (Plate 3). This premature
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fusion may have further caused a problem with the superior
sagittal sinus, perhaps obstructing its flow,

so that the

emmissary veins became larger to cope with the blood draining to
the outside. This would not have been a problem for the
individual since he was probably not aware of it in any way.
Pietrusewsky and Batista (1980) did not record a similar
observation of this skull and may have attributed its appearance
to postmortem alteration.

Suzuki (1986) found one case of craniosynostosis, "which
was characterized by congenital fusion or a very early
obliteration of the saggital suture" (Suzuki, 1986:23), in an
adult male skull from the Thompson and Hornbostel collection.
This resulted in a very long and narrow cranial vault.

A child from Roonka, South Australia, was also found with
the early fusion of cranial sutures (Prokopec, 1979:19) and one
individual from Mokapu, Hawaii had a microcephalic skull due to
the premature closure of sutures

(Snow, 1974:64).

The early or congenital fusion of sutures of the skull
was an uncommon abnormality in only a few sites in the
prehistoric Marianas and Pacific region affecting only single
individuals.

The incidence of pathology among these early Marianas
islanders does not seem to be more or less than in other areas of
the prehistoric Pacific. Their presence may be due to similar
environmental conditions, as in the case of yaws or cribra
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orbitalia, or the result of similar cultural practices, as in the
case of trauma or artificial deformation. The general health of
these populations from the Marianas overall, therefore, seems to
have been relatively good, apart from the presence of yaws which
may have made the life of several individuals at the Tinian Latte
House, Hafa Dai Beach and Unai Chulu sites a rather painful and
possibly debilitating and wretched existence.

TEETH

Wear

Analysis of the tooth wear of these early Marianas
islanders was, like the previous variables discussed, hindered by
the condition of the material and small sample size. Thus, no
differences between males and females could be noted. Tooth wear
was used to relatively age these individuals. Specific age
estimates were given for those remains sorted into individuals
where tooth wear could be correlated with other aging criteria.
For those other sites where remains were not sorted into
individuals, dentition could only be described as "adult" or in
cases of extreme wear or dental degeneration "old adult". It is
therefore not surprising that the degree of tooth wear increases
with age. For instance, at the Tinian Latte House site, the tooth
wear of female individuals TLH-l and TLH-4, who are both over 30
years of age, is quite marked. The teeth of TLH-4, a 40+ year
old, are slightly more worn than that of TLH-1, a 30+ year old.
The teeth of individual TLH-3, a 12-15 year old female,
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is very

slight in comparison. The overall average degree of tooth wear
for all teeth at this site was calculated to be 3.6 (on Molnar's
(1971) scale) and is the highest of all the eight sites. The
presence of these older individuals in this small sample is
obviously reflected in this figure.

The overall average degree of tooth wear for all
permanent teeth from all eight sites is 2.9 and indicates a
fairly moderate degree of tooth wear. As previously stated,
pietrusewsky and Batista (1980) and Pietrusewsky (1986) made
similar observations of tooth wear to those in this analysis.
This moderate tooth wear may be the result of a relatively young
age of individuals in this sample and also the nature of the diet
of these people. Techniques of food preparation and use of the
teeth as tools may also contribute to the wear of teeth. Another
consideration is that

"The pattern and degree of tooth wear depend to a great
extent on the thickness and hardness of the enamel,
which vary from individual to individual and appear to
have a genetic basis"

(Ganguly, 1972:518).

General inferences, regarding the possible diet and its methods
of preparation and industrial use of teeth of early Marianas
islanders, will therefore be made since little comment can be
made on the inherent biological character of the teeth of these
individuals.
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Leigh (1929) studied the dentition of the prehistoric
Guamanians in the Thompson and Hornbostel collection and found
very slight degrees of tooth wear in individuals aged under 25
years. Those under 40 years of age had only moderate tooth wear
while a few old people had extreme tooth wear (Leigh, 1929).

Hanson (1987a)

related the degree of tooth wear present

in the individuals from Rota to betel nut staining. Individuals
with betel nut staining were found with slightly more wear than
individuals with no staining. However, Hanson thought this
observation might be explained by the individuals with betel nut
staining being older than those without staining. Wear was
greater on anterior teeth than posterior teeth in both dentitions
which may reflect their earlier age of eruption.

The main components of the diet of early Marianas
islanders were listed in the previous section on pathology. The
majority of these are by nature, vegetarian and comprise
breadfruit, yams, taro, bananas and coconuts

(Pollock, 1986)

Breadfruit was apparently prepared in a number of ways and
contributed to the diet for approximately four months of the
year. It was baked whole in the oven with the crust then scraped
off, or cooked in slices in an earth oven or in hot ashes. The
meat was sometimes pounded into mush with coconut milk in a
mortar and it was also dried. These practices seem to be
different from those used elsewhere in the Pacific regarding
breadfruit

(Pollock, 1986).
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Yams may have been another staple food item and these
were boiled or baked (Pollock, 1986). These processes were
probably also applied in the preparation of taro. Both taro and
yams contain acrid substances which require sufficient cooking,
perhaps best by baking in an oven, to remove them (Pollock,
1986). Baking or boiling seem to have been the main methods of
cooking food. Archaeological sites in the Marianas have yielded
many pottery fragments which may have been from vessels used in
cooking (Pollock, 1986).

The main source of animal protein in the diet of early
Marianas islanders was fish. This was eaten raw or salted
(Driver, 1983) or dried (Leigh, 1929; weinhart, 1972). A variety
of shellfish was probably also consumed but there is no mention
of this except by Graves (1986). Filter feeder shellfish contain
quite high amounts of grit and if chewed might have an abrasive
effect on teeth (Evans, 1987).

The processes by which these foods were prepared for
consumption may have introduced greater opportunities for tooth
wear, since these foods were largely of a soft consistency. The
drying of fish and breadfruit would have increased the toughness
of their consistency so that they would require more chewing and
during the drying process, windborne grit and sand may have also
been blown on to the food. The baking of foods in hot ashes and
the pounding of breadfruit in a mortar would have further added
to their abrasive content (Molnar, 1972).

Molnar (1972) claims that foods supplementary to the main
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dietary items must also be considered in an assessment of tooth
wear because

"In many populations the principal foods of the diet may
be mainly soft and nonabrasive, but the constant
addition of small quantities of supplemental food to the
dietary intake may induce considerable wear"

(Molnar,

1972: 513-514) .

In times of scarcity, which were perhaps the result of hurricanes
or the non-readiness of crops (Pollock, 1986), there were several
wild foods available to the early Marianas islanders. Fadang, or
federico, nuts were first processed to remove poisonous
substances by soaking in water. They were then dried and ground
by mortar and pestle into a type of flour. The Polynesian
arrowroot was also processed into a floury substance. The giant
taro was another famine food which would have required careful
preparation because it was particualrly acrid (Pollock, 1986).

Apart from the consumption of food, the teeth of
early Marianas islanders were also employed in betel nut chewing.
The betel, or areca, nut was chewed with the pepper leaf and a
sprinkling of lime which produced a stimulant effect

(Leigh,

1929) .

"The betel nut concoction, especially because of its lime
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content, has an abrasive effect on the teeth, but not
nearly so great as may be imagined as the habit was to
hold the bolus in the buccal vestibule rather than to
actively chew it"

(Leigh, 1929:2701.

The use of teeth as tools is not specifically documented in the
early Marianas but probably occurred as it did in other
prehistoric societies (Molnar, 1972).

It would seem that the diet of these Marianas
islanders was of a fairly soft consistency but opportunities for
tooth wear may have been introduced by some methods of food
preparation and the practice of betel nut chewing. From an
analysis of the teeth of these peoples, it appears that tooth
wear on average was of a moderate degree but became naturally
more marked in individuals over 30 or 40 years of age. The
apparent average age at death of these adult individuals was
around 30 years which may further account for the moderate degree
of tooth wear observed. Further clues as to the nature of their
diet may be revealed from the analysis of other dental
conditions.

The reported practice of offering the best food to
individuals of high status has been previously described in this
chapter. It is possible that such food may have been particularly
tender or soft in consistency, so that differences between
individuals in terms of degree of tooth wear may reflect
differences in social status and not just differences in age. In
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the account by Fray Juan Pobre de Zamora (Driver, 1983), those of
high status apparently did not "eat any tough scaled fish
[pescado de cuero] or fish from freshwater rivers"

(Driver,

1983:208). Such practices may have applied to other foods,

which

because of a toughness in consistency, may have been similarly
refused. The fragmentary and commingled nature of the skeletal
material in this analysis does not make possible any attempt to
substantiate this possible circumstance. Another consideration,
concerning possible differences between individuals in degree of
tooth wear, is that of personal preference in diet

(Kennedy,

1972) .

The mandibles of two individuals had some possible
degenerative changes to the temporo-mandibular joints. TLH-1, a
30+ year old woman from the Tinian Latte House site, Tinian, had
bilateral arthrosis on both sides of the mandible while TVL-l, a
17-18 year old male from the T. Villanueva site, Saipan, had
slight porosity on both condyles. The wear on the teeth of TLH-1
was moderate to marked, but was of a slight expression on the
teeth of TVL-l. It is possible that the obvious degeneration
present on the temporo-mandibular joints of TLH-1 may be related
to the nature of the diet, so that the jaw was greatly involved
in the mastication of food and also resulted in the attrition of
teeth. The analysis of other dental conditions of this
individual, however, may indicate whether this possibility is so.
It is not clear whether the porosity present on the mandibular
condyles of TVL-1 is the result of degeneration from vigorous
use. Certainly the degree of wear on this individual's teeth
would not seem to indicate this. The head of TVL-l, as already
247

described, was artificially deformed and this may have altered
other aspects concerning the skull. The porosity could also be
congenital in origin or the result of postmortem damage.

A recent study of the dentition of prehistoric Pacific
populations was made by Evans (1987). From an examination of the
dental conditions present, inferences as to the diet of these
peoples were made. A population from Eriama, Papua New Guinea
was found to have the highest average degree of wear at 4.9 but
this was thought to be the result of a small sample size
consisting of individuals of unknown age and was therefore
regarded by Evans

(1987:83) as anomalous. A Chathams Islands

population had an average degree of wear of 4.1 while among the
prehistoric New Zealand populations of Wairau Bar and Castlepoint
it was 3.8 and 3.2 respectively. The lowest average degree of
tooth wear of 2.5 was at Lakeba, Fiji. Populations from Tonga,
Namu, Vanuatu, Nebira and Watom had average degrees of tooth wear
that ranged from 2.7 to 3.2 (Evans, 1987:5).

The observed differences in tooth wear between the
tropical Pacific populations and those of New Zealand and the
Chathams Islands were explained by a difference in diet due to
the varying environmental conditions. As in the Marianas, the
diet of the tropical Pacific populations was relatively soft in
consistency. In New Zealand and the Chathams Islands, however,
many of these foods were not available or able to be cultivated
because of the more temperate environments. Their diet probably
consisted of more fibrous and gritty foods such as fern root,
which resulted in a particular form of tooth wear, and dried fish
248

and meat (Evans, 1987).

Simpson (1979:66), who studied the remains of prehistoric
New Zealanders, also found a relatively high average degree of
tooth wear, as did Sutton (1979:200) among individuals from
Palliser Bay in New Zealand. Simpson (1979) noted some regional
differences in the degree of tooth wear, however, which were
attributed to the exploitation of different food resources. At
the Hane Dune site in the Marquesas, pietrusewsky (1976:127)
found that tooth wear involving the enamel and dentine was very
common. Among prehistoric Tongans tooth wear was described as
slight to moderate and was more pronounced on mandibular and
posterior teeth (Pietrusewsky, 1969:312). Tooth attrition among
individuals from Mokapu, Hawaii was apparently not severe (Snow,
1974:29), as was the wear on the teeth of an 18 year old female
from Tuvalu (Igarashi et al., 1987:108). The tooth wear of an old
female from the Gilbert Islands was quite marked, but was only
moderate on the teeth of a middle aged male from the same site
(Katayama, 1985:88,92). At Roonka, South Australia tooth
attrition was considerable (Prokopec, 1979:19) and indicates a
diet of tough consistency for these hunter-gatherer people. A
soft diet was implicated by the slight tooth wear of individuals
at Ban Na Di (Wiriyaromp, 1984:5:14). The population at Non Nok
Tha, however, was described by pietrusewsky (1974:13) as having
pronounced tooth wear and may represent regional variation in the
food resources of prehistoric Thailand. Most of the teeth present
at two sites in the Philippines exhibited a slight degree of wear
with a few having medium and marked wear (Winters, 1974:33). The
tooth wear observed on these individuals was attributed to the
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possible use of mortars and pestles to prepare food.

The average degree of tooth wear of early Marianas
islanders

(2.9) is comparable to other tropical prehistoric

Pacific populations (2.5-3.2). This can be attributed to
similarities in environment and hence the available food
resources. The foods eaten by these peoples, such as breadfruit,
taro, yams. bananas and fish, were of a soft consistency and
resulted in relatively low degrees of tooth wear. Tooth attrition
in individuals from prehistoric New Zealand, the Chatham Islands
and South Australia was of greater severity and can be related to
a more fibrous and gritty diet due to environmental variation, so
that many tropical foodstuffs were not available. However,
certain food preparation processes and cultural practices of the
early Marianas islanders may have increased their chances of
tooth wear.

Alveolar Resorption

The average grades of alveolar resorption of those
individuals from the early Marianas Islands can be seen in Tables
21 and 22. As usual, differences between sexes could not be noted
with any validity. Since the degree of dental degeneration was a
criterion used in the aging of these individuals, variation in
alveolar resorption according to age was observed. Thus, the
oldest individuals at the Tinian Latte House site, TLH-1 and
TLH-4, had moderate to marked alveolar resorption of teeth while
TLH-3, a juvenile of 12-15 years had no observed alveolar
resorption. As may have been the case for tooth wear, the
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relatively young age at death of this population may be reflected
in the overall average degree of alveolar resorption for all
sites of 1.5. This is quite a low figure and indicates that the
severity of alveolar resorption in the early Marianas Islands was
quite moderate.

The resorption of alveolar bone is often associated with
periodontal disease. The skeletal nature of these human remains
precludes such a definite diagnosis, since evidence usually comes
from the condition of the gum soft tissues. Periodontal disease
is the result of a variety of factors. They include poor oral
hygiene, a soft diet rich in carbohydrates, dental anomalies
which protect the accummulation of plaque, food impaction,
pregnancy, puberty, psychological stress and nutritional
deficiencies

(Hillson, 1986). Irritation to the gums resulting in

chronic inflammation from the presence of calculus can further
result in periodontal disease and may be linked to betel nut
chewing (Leigh, 1929). It is possible then that a combination of
these factors may explain the presence and degree of alveolar
resorption noted in the dentition of these people.

Leigh (1929) observed the incidence of periodontoclasia,
which involved the chronic degeneration of the supporting
alveolar bone of the teeth and eventually led to tooth loss, in
the human remains from Guam in the Thompson and Hornbostel
collection. This condition involved nearly all females over 40
years of age and 65% of the males. The teeth most commonly
affected were the third molars. Leigh (1929)

related the

incidence of periodontoclasia to habitual betel nut chewing,
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which caused chronic inflammation of the gums, and a soft diet
which required little mastication.

six individuals, of whom three were betel nut chewers,
from Rota were found by Hanson (1987a) to have various degrees of
alveolar resorption. Marked degrees of alveolar resorption were
not always associated with betel chewing among this population,
however, Hanson did not suggest other factors, such as a soft
diet, which may have been responsible.

In the previous section on tooth wear, it was stated that
the diet of these early Marianas islanders seemed to have been of
a fairly soft consistency. However, some of the food preparation
methods used may have increased their texture so that they
required more vigorous chewing. The eating of such foods as dried
breadfruit or fish would help to keep teeth and gums clean and
healthy (Evans, 1987), although for most of the time their diet
probably consisted of soft, non-fibrous items, for example baked
or boiled taro, yams and breadfruit and fish, which requiring
little mastication would not exercise teeth and gums. This
consumption of a fairly soft diet would further help the buildup
of calculus from betel nut chewing. The lime, which is sprinkled
on the nut and pepper leaf, soon becomes deposited on teeth
surfaces in the absence of a fibrous diet and adequate oral
hygiene (Leigh, 1929).

There is no evidence of betel nut chewing in the form of
stained teeth among individuals from the San Antonio site. A few
individuals have slight calculus which may be from salts
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contained in the saliva. Nevertheless, some degree of alveolar
resorption is present in most of these people, which demonstrates
that, as with the individuals from Rota studied by Hanson
(1987a), betel nut chewing does not have to be present to account
for all expressions of alveolar resorption. Its presence,
however, does not necessarily implicate that the degree of
alveolar resorption would be more marked in those individuals who
chewed betel nut. The numbers of individuals with alveolar
resorption represented at each site are too small to make
comparisons of the degree of alveolar resorption between those
sites with evidence of betel chewing and those without.

Table 23 shows the relationship between degree of
alveolar resorption and tooth wear of the teeth from all sites
where both could be observed. On the whole, a positive
relationship is indicated, so that an individual with a low
degree of alveolar resorption is likely to have a low degree of
wear and an individual with a higher degree of wear is likely to
have a higher degree of alveolar resorption. Most of the
individuals with marked alveolar resorption had fairly moderate
tooth wear of grade 5,.0, followed by wear of grades 3.0 and 4.0.
A small number of individuals with marked alveolar resorption
also had very high degrees of wear. These results may reflect the
influence of age, since over time both degree of wear and
alveolar resorption naturally increase and both were used to age
individuals at these sites.

A soft diet which contains small amounts of grit, perhaps
from being pounded by a mortar and pestle, can result in abrasion
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of the teeth and still lead to alveolar resorption since the
particles are too small to stimulate the soft tissue of the gums.
Betel nut chewing can result in alveolar resorption and some wear
of the teeth. Furthermore, exposure of the pulp chamber of a
tooth due to severe tooth wear can result in infection followed
by abcessing and alveolar resorption (Evans, 1987). The
relationship between alveolar resorption to other dental
conditions such as caries will be examined in the appropriate
sections.

A different scoring technique of the degree of alveolar
resorption was used by Evans (1987) for various prehistoric
Pacific populations. Four degrees of severity were recorded,
including one that represented tooth loss due to alveolar
resorption, but the remaining three degrees of severity of
alveolar resorption were similar to those in the present study.
However, the absence of alveolar resorption was recorded by Evans
(1987) using the number "1.0" but in this analysis was recorded
using the number "0". Therefore, a degree of alveolar resorption
of "1.0" here corresponds to a degree of alveolar resorption of
"2.0" from Evans. The average degree of alveolar resorption

obtained by Evans

(1987:73) from the Pacific populations ranged

from 2.6 to 3.5 and would correspond to degrees of 1.6 to 2.5 in
this analysis. The population from Lakeba, Fiji had the highest
degree of alveolar resorption and those populations from Nebira,
the Chathams Islands and Tonga had the lowest degree. Some
individuals from these sites had heavy degrees of tooth wear and
alveolar resorption but a greater number had marked alveolar
resorption and a low degree of tooth wear. This is probably the
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result of a soft diet which did not cause tooth attrition but
also did not exercise the gums. Betel nut chewing may have also
been a contributing factor (Evans, 1987).

In the prehistoric Marquesas alveolar resorption was of a
high occurrence (Pietrusewsky, 1976:127) and was also present in
the people from Mokapu, Hawaii (Snow, 1974:66). In prehistoric
Tonga, periodontal disease in the form of alveolar resorption and
calculus affected two thirds of the individuals studied by
pietrusewsky (1969:312). No periodontal disease was observed in
the dentition of the young female at Tuvalu (Igarashi et al.,
1987). Marked alveolar resorption is mentioned for only the old
woman in the small Gilbert Islands population studied by Katayama
(1985:88). However, the other individual with teeth from this
site, a middle aged male, had many abcessses. Moderate to marked
alveolar resorption were recorded by Pietrusewsky (1974:13) as
present in the Non Nok Tha population from prehistoric Thailand,
but at Ban Na Di little alveolar resorption was observed
(Wiriyaromp, 1984:5:14).

Alveolar resorption appears to have occurred in the
prehistoric Pacific region in varying incidences and degrees of
severity. Its expression in particular individuals and
populations may have been the result of a sometimes complex
combination of factors. A soft diet, poor oral hygiene, and the
incidence of betel nut chewing may account for its presence in
the Marianas and other tropical Pacific areas. In comparison, a
fibrous and abrasive diet helped to prevent its occurrence in
prehistoric New Zealand and the Chatham Islands. On an average
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basis, however, the incidence of alveolar resorption in the early
Marianas Islands was comparatively moderate and only developed to
a serious extent in late age.

Caries

Those individuals from these sites in the Marianas
Islands with caries and their location can be seen in Table 24.
Both males and females were found with caries, although no
differences could be noted because of the small numbers involved.
The age of individuals with carious teeth varied from young
children to adults who were 40 or more years of age. Any
differences in the incidence of caries between age groups could
not be commented upon with any statistical validity. The most
frequent locations of carious lesions on teeth were at the
cemento-enamel junction and at pits or fissures on the occlusal
surfaces of teeth. As already stated in Chapter Four, it was
sometimes difficult to record the position of caries if they were
at the cemento-enamel junction between teeth. The majority of
these particular caries were recorded as present at the
cemento-enamel junction rather than being recorded as
interproximal, although it was noted that they were also
interproximal in location. Future recording schemes of the
position of caries on teeth may resolve this problem. Very few
anterior teeth were observed with caries, the majority of teeth
affected being molars.

Table 25 presents the percentage of teeth with caries at
these sites. The overall percentage from all sites of teeth with
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caries was 10.17%. The percentage of individuals with caries at
these sites was shown in Table 26. At the Tinian Latte House site
all of the five individuals with teeth present had some carious
teeth, but the overall percentage of individuals from all sites
was 44.93%. This seems a relatively high figure and means that
almost half of the individuals with teeth from these sites had
one or more carious lesions. However, it must be kept in mind
that many individuals were missing teeth postmortem and most of
these sites were represented by small numbers of individuals
which may not be representative of the population as a whole.

There are a wide variety of factors which result in the
presence of caries and which may explain their incidence and
location in these early Marianas islanders. Several factors
relate to the physiological and morphological features of each
individual. These include the chemical composition and flow rate
of the saliva, the quality of the enamel, the presence of
bacteria, and tooth morphology (Powell, 1985). The latter may
explain the greater incidence of carious lesions on the posterior
teeth than the anterior teeth. Posterior teeth have more pits and
fissures where food particles and plaque can accumulate than
anterior teeth. Tooth wear may alter this structural advantage
however, while the presence of hypoplastic defects may alter the
advantage of anterior teeth by providing rough surfaces that food
may adhere to (Powell, 1985; Hillson, 1986). Table 15 contains
the numbers of each tooth type present at these sites. It can be
seen that there are greater numbers of posterior teeth than
anterior teeth among these skeletal remains which may be a
further consideration in the different incidences of caries
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observed.

The factors discussed above may also explain the location
of the majority of caries in these early Marianas islanders. Food
particles are most likely to accumulate in the fissures on the
occlusal surfaces of teeth and at the gingival margin between
teeth where natural cleansing actions are not likely to have much
effect

(Powell, 1985; Hillson, 1986).

The overall incidence of caries among this population,
however, is probably mostly accounted for by such external
influences as diet (Powell, 1985). As previously discussed in the
sections on tooth wear and alveolar resorption, the diet of these
people was largely of a soft consistency and abundant in
carbohydrates. Consumption of such food without adequate oral
hygiene would have led to the accumulation of food particles and
plaque in pits, fissures and gaps culminating in the presence of
carious lesions. Foods that are fibrous and abrasive in texture
are less likely to lead to the formation of caries since the
mastication of them helps to cleanse and wear down the teeth. The
presence of caries in this population therefore seems to support
the case that such foods were not regularly consumed.

Two young children, one from the Marianas High School
site and one from the Tinian Latte House site, were observed with
carious teeth, however, there was no evidence of enamel
hypoplasia on any of these or their other teeth. Nevertheless,
the presence of enamel hypoplasia as a possible contributory
factor in the formation of caries must be kept in mind,
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particularly when young children are involved.

The relationship between degree of tooth wear and the
presence of caries is shown in Table 27. This demonstrates that
most of the caries present occurred on teeth with low grades of
wear. The relatively low degree of tooth wear which has been
described among these people would therefore make possible a
relatively high incidence of caries since it would not remove
areas of the tooth surface where food and plaque could be
trapped.

Table 28 shows the relationship between the degree of
alveolar resorption and the presence of caries. Most of the teeth
with caries at the cemento-enamel junction had grade 1.0 and
grade 2.0 alveolar resorption. Alveolar resorption exposes more
of the tooth's surface and it is surprising that more examples of
root caries were not observed, particularly in cases where
alveolar resorption was severe. Any other root caries present may
have been mistakenly attributed to postmortem damage or cervical
caries or they may have simply not had the chance to develop
because of the relatively young age at death of these
individuals. The severity of alveolar resorption increased with
age, so most of the individuals who had exposed tooth roots due
to marked alveolar resorption were probably in their 30-40's and
may have died before carious lesions could have begun. However,
the two individuals with root caries on one of their teeth were
between 20 and 40 years of age when they died.

The incidence of betel nut chewing may have also had
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some effect on the incidence of caries. Low caries rates have
been observed in populations where there was considerable
consumption of betel nut. This is due to the possible heavier
flow of saliva, the smaller amount of food consumed, increased
tooth wear and alkalinity from the lime which acts as a buffer to
the formation of caries

(Powell, 1985). The incidence of caries

in these early Marianas islanders seems somewhat at odds with
their reported practice of betel nut chewing. It is possible that
these people were fairly moderate users of betel nut compared
with the population in whom low caries rates were observed and
genetic differences between populations in caries susceptibility,
as well as dietary dierences must also be considered.

The incidence of caries among these early Marianas
islanders was also observed by Pietrusewsky and Batista (1980)
and Pietrusewsky (1986). Fewer observations of carious lesions
seem to have been made compared to the present study. For
example, Pietrusewsky (1986)

found caries in the dentition of

only one individual from the Tanapag site but five individuals
from the same site were described with caries in this analysis.
It may be that very small carious lesions which had only just
developed were overlooked in these previous reports, or they may
have been attributed to postmortem alteration.

Eighteen percent of the skulls from Guam studied by Leigh
(1929) had carious teeth. Caries occurred in these individuals on
the occlusal surface in pits or fissures and at the cervix of
teeth. In five persons, exposure of the pulp cavity from caries
resulted in abcesses.
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Hanson (1987a) found only 4% of the teeth of the
prehistoric Rota population with caries. More mandibular teeth
than maxillary teeth were affected, with the highest incidence
among the molars. Hanson related this low frequency of caries to
the removal of occlusal pits and fissures by tooth wear.

The overall incidence of caries among individuals in the
prehistoric Pacific populations studied by Evans

(1987:72)

was

11.25%. Sixty percent of the five individuals from Lakeba, Fiji
had caries while the small number of individuals from the Watom,
Vanuatu and Castlepoint sites had none. The Pacific populations
generally had higher incidences than those in New Zealand and the
Chatham Islands. Only 3% of the total number of teeth from these
sites had carious lesions. Evans

(1987)

related these incidences

to a soft, carbohydrate rich diet in the tropical Pacific and a
more fibrous, gritty diet with a high intake of protein in New
Zealand and the Chatham Islands.

A study of Hawaiian skeletal material contained in the
Bishop Museum, Hawaii, which included the population from Mokapu
studied by Snow
individuals

(1974),

revealed caries in 34.5% of the 1338

(Keene, 1986:935). The incidence of carious lesions

increased with age. Miller (1974) described the consumption of
fermented taro or poi by early Hawaiians and also noted the
presence of sugar cane which was used as a famine food and
emergency ration. Such dietary items as these may partly account
for their high occurrence of caries. At the Hane Dune site in the
Marquesas, Pietrusewsky (1976:127)
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found an incidence of caries

among individuals of 21%, while 8.3% of the teeth of prehistoric
Tongans from two sites were found to be carious (Pietrusewsky,
1969:312). Some, although it is not specified how many, of the
seven individuals from Sabah, Northern Borneo had coated their
caries with a vegetable resin (Gleichauf, 1979:133). Twenty-six
percent of the individuals at Non Nok Tha, Thailand had caries
which were often located in the posterior teeth (Pietrusewsky,
1974:71). In contrast, only three individuals at Ban Na Di had
caries, all of which occurred on the molars

(Wiriyaromp,

1984:4:20). Only 1.54% of the teeth of early Filipinos were
observed to be carious (Winters, 1974:32). In a late prehistoric
to early historic period sample of 215 adult individuals from
Easter Island, 27.1% of the teeth were found to be carious
(Owsley et al., 1985:420). This high frequency of caries was
related to poor oral hygiene, a carbohydrate rich diet and the
consumption of sugar cane to relieve thirst. The sucking of sugar
cane to extract juices in the absence of adequate water supplies
may have accounted for the unusually high incidence of caries
observed on the anterior teeeth (Owsley et al., 1985:420).

The incidence of caries in these early Marianas islanders
(44.9%) was somewhat comparable to populations from Fiji (60%)
and Hawaii

(34.5%) although the numbers of teeth and individuals

involved varied widely, and, like the degree of tooth wear and
alveolar resorption observed, probably reflects the soft
carbohydrate diet consumed. Poor oral hygiene may have been a
further contributing factor. Populations in New Zealand and the
Chatham Islands had very low incidences of caries which can be
attributed to greater tooth wear from a more fibrous and griity
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diet which also helped to cleanse teeth.

Enamel Hypoplasia

Individuals from a range of ages and both sexes were
represented with lines of enamel hypoplasia. It is interesting to
note that those individuals who could be aged with some degree of
confidence were all under 25 years of age when they died. Enamel
hypocalcification was observed in the deciduous dentition of a
three to four year old from the Marianas High School site. The
majority of permanent teeth with hypoplasia were incisors and
canines with only a few premolars being affected. As previously
stated, many teeth from these sites were lost postmortem and
observations on first molars may have been obstructed by other
dental conditions. The second and third molars form later which
was possibly some time after the episode of stress occurred. Of
the individuals with teeth from each site, very few were observed
with evidence of enamel hypoplasia. Three individuals had enamel
hypoplasia from the Hafa Dai Beach site and a couple of sites had
two people with enamel hypoplasia but there were only single
examples from the other sites.

Enamel hypoplasia occurs

"when disease and/or malnutrition interfere with the
availability of calcium or effect the disorientation,
degeneration or atrophy of amelioblasts during enamel
development" (Blakey and Armelagos, 1985:371-372).
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This relationship between ill health or malnutrition and
hypoplasia is considered to be more valid from an experimental
basis than that of Harris lines

(Goodman et al.,

1984). The

presence of enamel hypoplasia has been linked to nutritional
imbalances such as vitamin deficiencies, gastrointestinal
disorders, congenital allergies, chronic fluorosis and drugs
(El-Najjar et al., 1978). These authors, however, advise caution
in the correlation of the incidence of enamel hypoplasia to a
specific disease or nutritional deficiency when evidence of both
are found in an individual. The general consensus regarding
enamel hypoplasia seems to be that its presence relates to some
disturbance of nutrtional adequacy during the formation of enamel
(El-Najjar et al., 1978; Simpson, 1979; Goodman et al.,
Blakey and Armelagos, 1985; Rose et al.,

1984;

1985).

Most of the enamel hypoplasia observed in these
early Marianas islanders was estimated to have occurred under
seven years of age. This may reflect problems at weaning or the
vulnerability of young children to infection. The prolongment of
lactation to an age of three or four years by these people may
have resulted in an inadequate protein intake compared to the
requirements of children at this age and may have further been
followed by a poor weanling diet

(Blakey and Armelagos,

1985)

Such factors would have contributed to an episodic state of
malnutrition or ill health.

The only individual with evidence of both enamel
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hypoplasia and Harris lines was TLH-2 from the Tinian Latte House
site. Four Harris lines were observed on the left tibia of this
18-25 year old woman and two Harris lines were observed on her
right tibia. These were estimated to have occurred between five
and 15 years of age. Lines of enamel hypoplasia were seen on one
of the four teeth present for this individual and these were
estimated to have occurred between one and four years of age. The
skull, and possibly other teeth, were missing from this
individual so it is conceivable that lines of enamel hypoplasia
could have been present on these other teeth. Any Harris lines
which were formed between one and four years of age may have been
remodelled and another possibility is that the ages of occurrence
of Harris lines were estimated incorrectly. Simpson (1979) had
outlined two other reasons why enamel hypoplasia and Harris lines
may not show together in an individual at the same time. One is
the length of time taken to recover from the episode of stress
with Harris lines forming when there is a quick recovery and
enamel hypolasia not requiring any particular recovery time to
form. The other explanation concerns the severity of the episode
of illness or malnutrition. The teeth seem to be less susceptible
than the bones so that Harris lines may form when lines of enamel
hypoplasia won't (Simpson, 1979).

Unfortunately, it was not possible to relate other
individual bones with Harris lines to the other dentitions with
enamel hypoplasia. It is interesting to note that from those long
bones with Harris lines, the episodes of poor health were
estimated to have occurred between five and 15 years of age,
whereas from the teeth with hypoplasia, the episodes of poor
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health were estimated to have occurred between one and seven
years of age. However, it is difficult to interpret these
differences when, in the majority of cases, remains were not able
to be sorted into individuals. It would appear from the evidence
available that individual TLH-2 suffered from several episodes of
illness or malnutrition during her childhood but these did not
seem to greatly affect her attaining a tall stature
(158.0-162.7cm), or her ability to have produced one or two
children by the time she died. However, their presence does seem
to indicate that menarche was more likely to have occurred at
17-18 years of age rather than 15-16 years.

Individual SLH-1, an 18-25 year old male from the Saipan
Latte House site, had 12 teeth with evidence of enamel
hypoplasia. Slight pitting from cribra orbitalia was observed on
the orbital roofs of his skull and was attributed to a possible
childhood episode of anaemia. It would seem highly likely that
the hypoplastic defects observed on his teeth, which were
estimated to have occurred between one and seven years of age,
reflect the presence of this anaemia.

Another young male with enamel hypoplasia, TVL-1, was
aged 17-18 years and from the T.

villanueva site. Again many

teeth were affected indicating possible health problems during
childhood. As stated previously, other indicators also pointed to
a relatively poor state of health. These consisted of a young age
at death and a thin bone cortex. No pathology was evident on any
of his skeletal remains, although his skull had been flattened in
the occipital region. It seems that this young man probably had a
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poor diet during childhood which resulted in enamel hypoplasia
and a relatively poor bone structure. This may have eventually
led to his death perhaps by making him particularly susceptible
to infection. Unfortunately no other indicators such as stature
or Harris lines could be assessed from the fragmentary remains of
this individual to support these speculations.

Hypocalcification of the enamel was observed on the
deciduous teeth of a three to four year old child from the
Marianas High School site, and "although enamel hypocalcification
is morphologically and physiologically distinct, it is closely
related to hypoplasia"

(Blakey and Armelagos, 1985:372). It seems

these defects may have occurred some time at or just before birth
to approximately nine months of age. The period of stress which
is indicated may have culminated in or contributed to the death
of this child at three or four years of age.

In the previous section on caries, it was mentioned that
the presence of enamel hypoplasia may help to bring about carious
lesions by providing a rough surface or pit where food particles
or plaque may accumulate. In only one of the teeth with enamel
hypoplasia were any form of caries observed. The lower left
canine of mandible SSA-MAND-7 from the San Antonio site had
evidence of enamel hypoplasia and caries at the cemento-enamel
junction. Three other teeth from this mandible had hypoplastic
defects but caries were not observed on them. It is possible that
the presence of enamel hypoplasia on the left canine may have
aided the formation of caries but the presence of enamel
hypoplasia on teeth does not necessarily always eventuate in
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caries formation.

It is possible that, as described in the section on
Harris lines, poor nutrition, also resulting in enamel
hypoplasia, was brought about in these few individuals by a
scarcity of food from the occasional occurrence of hurricanes or
storms. The famine foods then eaten might have been unsuitable
for young children or insufficient for the maintainenance of an
adequate plane of nutrition of their lactating mothers. The
social position of these individuals may have also contributed to
their state of health, but this cannot be investigated from these
limited remains. Some of the pathologies found in these Marianas
islanders include trauma and yaws. Other infections may have
occurred but left no trace on the bones of these people. The
contraction of such pathologies may be reflected by these lines
of enamel hypoplasia, but again this is only another possibilty
that cannot be confirmed.

pietrusewsky and Batista (1980) and Pietrusewsky (1986)
did not make any observations of enamel hypoplasia in the remains
of these early Marianas islanders.

Leigh (1929) noted the presence of enamel horizontal
grooves on the teeth of the prehistoric individuals from Guam.
These occurred more frequently on the molars. The constancy of
this observation in the population, however, forced Leigh to
conclude that it was a morphological characteristic rather than a
hypoplastic defect. This is an interesting possibility which
cannot be commented upon without inspection of the dentition in
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question.

Hypoplasia and hypocalcification of the enamel of
deciduous teeth was recorded by Hanson (1987a) as present on the
prehistoric individuals from Rota. A line of enamel hypoplasia on
the tooth of one individual was estimated to have occurred at the
time of birth or thereabouts. It is possible that these enamel
defects may explain the presence of circular caries in four
children. Two individuals had enamel hypoplasia on their
permanent teeth which was estimated to have occurred between
three and six years of age. Hanson suggested that frequent
storms, periodic droughts, poor weanling diets and congenitally
acquired diseases may have contributed to the morbidity and
mortality of these children from prehistoric Rota.

Evans (1987:80) found a 16.4% incidence of enamel
hypoplasia in the individuals with deciduous teeth from various
prehistoric Pacific populations, with 204 of the 360 permanent
dentition also having evidence of enamel hypoplasia. The Namu
site had the highest number of affected individuals

(n=95)

followed by the populations from Tonga (n=34), Nebira

(n=33)

and

the Chat hams Islands (n=30). It would appear that childhood
episodes of poor health may have been frequent occurrences for
these people.

Katayama (1985:92) found varying degrees of enamel
hypoplasia on the incisors and canines of a middle-aged male from
the Gilbert Islands. Enamel hypoplasia was noted on the lateral
incisors of one individual from Roonka, South Australia
269

(Prokopec, 1979:19). The prehistoric New Zealanders studied by
Simpson (1979:90) had a 79% incidence of enamel hypoplasia with a
mean number of 1.9 events of hypoplasia per person. Simpson
calculated the average age of occurrence of the hypoplastic lines
to be approximately six years. Five individuals from Ban Na Di
had enamel hypoplasia (Wiriyaromp, 1984:4:19-20). Three were
newborn to three years of age so that the lines of enamel
hypoplasia were formed in the time period just before birth to
one year of age. Of the two other affected individuals, one was
nine years old and the other was an adult.

Evidence of enamel hypoplasia indicating childhood
episodes of illness or poor nutrition was observed in several
prehistoric populations in the Pacific. Almost all of the
individuals at the Nebira site had enamel hypoplasia with
populations from the Chat hams Islands, Tonga, Namu and New
Zealand also being affected but to a lesser extent. Only a few
individuals from these early Marianas Islands sites had enamel
hypoplasia which may reflect a fairly, generally healthy
childhood.

Calculus

The degree of calculus present on the dentition of these
early Marianas islanders is shown in Table 30 and the percentage
of individuals with calculus is contained in Table 31. Overall,
approximately 55% of the individuals with teeth from these sites
had calculus. Almost all of the individuals from the Hafa Dai
Beach, Tanapag and Unai Chulu sites had calculus but none of the
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three individuals from the Saipan Latte House and T. Villanueva
sites were observed with calculus. As already mentioned, some
deposits of calculus could have been knocked off which would
indicate a higher incidence than 55%. Many teeth were lost
postmortem and the presence of other dental conditions such as
severe tooth wear or caries might have affected the deposition of
calculus. Slightly more mandibular teeth were found with calculus
than maxillary teeth but Table 15 shows that there were slightly
more mandibular teeth present from these people. Most of the
calculus present on the teeth of these individuals was slight and
this could reflect their relatively young age at death. Two
juvenile individuals were found with very slight calculus, the
moderate degrees of calculus being recorded on the teeth of
adults or old adults. The dentition of both sexes were affected.

Calculus becomes deposited on teeth when plaque interacts
with mineral salts from the saliva or gingival fluid. Calculus
may be supragingival or subgingival in location. Supragingival
calculus is found above the gingival margin and is frequently
white or light yellow in colour. It is of a clay-like and hard
consistency and can be easily removed. The mineral salts in
supragingival calculus come from the saliva. Most supragingival
calculus forms on the maxillary molars' buccal surfaces and
mandibular incisors' lingual surfaces which are close to the
salivary ducts and its presence hinders the natural self
cleansing mechanisms of the mouth. Subgingival calculus is found
in the gingival crevice which is below the gingival margin and is
dark in colour. It is of a dense, hard, flint-like consistency
and cannot easily be removed. The mineral salts in subgingival
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calculus come from the gingival or crevicular fluid.

The presence

of subgingival calculus aids the progression of periodontal
disease but it is not regarded to be a causal factor of this
condition (Friskopp, 1984; Mandel and Gaffar, 1986; Hil1son,
1986) .

The chewing of betel nut which is usually sprinkled with
lime can also result in calculus formation.

Its presence, and

particularly the lime, would increase the rate and size of the
natural deposition of calculus from the mineral salts in the
saliva and gingival fluid (Hanson, 1987a). Differences between
individuals in this sample may therefore reflect both the
presence of betel chewing and those with a natural propensity for
calculus formation. A soft diet and poor oral hygiene would
further aid the formation of calculus since they would not
contribute to the natural self cleansing mechanisms in the
removal of plaque. Calculus may also affect the occurrence of
caries as previously noted in the section on caries. Teeth
covered with calculus deposits would be less prone to carious
lesions and a variety of other factors relating to the saliva
flow and the pH from the lime (Powell, 1985) may also contribute
to a low incidence of caries because of betel chewing. Other
dental conditions, such as tooth wear and the fact that some
teeth were lost postmortem, may have also affected the incidence
of calculus.

Both supragingival and subgingival calculus was recorded
on the teeth of these individuals. Some problems in the
distinction of the two types were noted by Evans
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(1987). She

found that some subgingival calculus was white in colour rather
than dark so that distiction between subgingival and
supragingival calculus was difficult on the sole basis of colour.
The subgingival calculus observed in this skeletal material from
the Marianas was also fairly light in colour. Another problem
identified by Evans

(1987) was the location of calculus when

there was severe alveolar resorption. In such cases, the roots of
teeth would be exposed and supragingival calculus could become
deposited on their surfaces since the gum margins would have
receded. In some of the individuals from the Marianas where
calculus was observed on the roots of teeth there was also
evidence of severe alveolar resorption however this alveolar
resorption may have been helped along by the presence of the
calculus.

It would seem likely that at several of these Marianas
Islands sites the presence of calculus was largely due to
habitual betel nut chewing because of the relatively high
incidence noted. Another factor which lends support to this
explanation is the occurrence of slight calculus on the teeth of
two juvenile individuals. The extent of calculus deposits
increase with age

(Hillson, 1986) and it would seem unlikely that

these young people could have calculus to this degree without the
presence of betel nut chewing. Calculus was also observed on most
teeth present whereas supragingival calculus as already noted
occurs on those teeth closest to the salivary ducts. Other
evidence of betel nut chewing in the form of staining of tooth
surfaces will be discussed in the next section.
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Table 32 shows the relationship between the average
degree of alveolar resorption and degree of calculus of these
early Marianas islanders. It can be seen that the degree of
alveolar resorption increases slightly with the degree of
calculus. These may both reflect the age of individuals since
older people are likely to have a greater degree of alveolar
resorption and calculus. The direct relationship indicated may
also reflect the contribution of calculus to the progression and
persistence of periodontal disease which can be represented by
alveolar resorption. However, the presence of calculus does not
always imply that an individual will have alveolar resorption as
there were a couple of individuals from these sites with slight
calculus but no evidence of alveolar resorption. Similarly, the
presence of alveolar resorption is not always accompanied by the
deposition of calculus as there were also some persons with
alveolar resorption and no calculus.

The habit of betel nut chewing is mentioned in most
historical and ethnographic accounts of early Marianas islanders
(for example Leigh, 1929; Thompson, 1945; Driver, 1983; Fritz,
1986) .

"Whenever they happen to meet, they are very courteous to
one another. If they are wearing woven hats, they take
them off; then they share their wads of betel leaf, nut,
and lime, which they call sauos, and which they always
carry in small well-made baskets. Should one meet
another after his supply has been consumed, he will
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offer his good will and show him his little empty
basket, thereby giving him to understand that it is all
gone because he shared it with many others. The other
person will then offer his betel wad; if he has none, he
will do the same as the first person"

(Driver,

1983:213) .

However, many of these early visitors to the Marianas Islands
only described the staining of teeth as the consequence of
habitual betel nut chewing making no mention of the presence of
calculus deposits. These may have only been visible upon close
inspection whereas teeth that were stained black or red would
have been immediately obvious from some distance away.

Among the Guamanians from the Thompson and Hornbostel
collection studied by Leigh (1929) were found no calculus
deposits on those under 35 years of age. However,

individuals

over 35 years of age had lime acretions on their teeth,
particularly the buccal surfaces of molars. The calculus observed
on these people was related to betel nut chewing and the frequent
holding of the betel nut wad in the buccal vestibule. Leigh also
mentioned a soft diet and the absence of artificial cleansing as
possible contributory factors to the deposition of calculus. A
possible relationship between the presence of calculus and
alveolar resorption was inferred by Leigh with the presence of
calculus and other irritants producing slight inflammation of the
supporting tissues.
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Forty-three percent of all teeth from the population at
Rota analysed by Hanson (l987a)

had calculus. Approximately equal

amounts of calculus were present on mandibular and maxillary
teeth but Hanson found more calculus on anterior teeth than
posterior teeth. Calculus was also more often present on stained
teeth than unstained teeth and Hanson suggested that betel nut
chewing by these people increased the rate and amount of calculus
deposition. Some individuals were found with calculus and
alveolar resorption but there were also others with calculus and
no alveolar resorption and those with alveolar resorption and no
calculus.

Hanson noted the difference between his results and those
of Leigh's concerning the most common location of calculus.
Calculus deposits were frequently found on the anterior teeth of
individuals at Rota but on the buccal surfaces of the molars of
individuals at Guam. Of the individuals included in this
analysis, most teeth seemed to be affected and there did not seem
to be a more common location of calculus in the dentition. Any
differences that could have possibly been noted however, could
have been explained by factors such as the calculus acretions
being knocked off postmortem, or the loss of teeth postmortem and
the presence of other dental conditions. For example, calculus
was only observed on the left mandibular second molar and right
maxillary first and second molars of individual TLH-l from the
Tinian Latte House site. However, there were several teeth lost
postmortem and antemortem and many of those remaining had caries
at the cemento-enamel junction. Similar situations may apply to
the teeth of other individuals from these sites concerning the
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observation of calculus.

Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
also made observations of calculus deposits on the dentition of
the early Marianas islanders in this analysis. However, where a
few individuals in this study were said to have calculus,
Pietrusewsky and Batista (1980) make no mention of its presence
on these same people. It could be that these slight acretions
were overlooked or were taken for encrustations from the matrix
in which they were buried.

Evans (1987)

found calculus present on the dentition of

several individuals from the prehistoric Pacific populations she
analysed. The population from Namu had the highest average degree
of calculus being followed by other tropical Pacific populations.
None of the individuals from Lakeba, Fiji with permanent
dentitons were found with calculus and there were very few
individuals from prehistoric New Zealand and the Chatham Islands
observed with calculus acretions. Evans

(1987)

related the

incidence of calculus in some of these Pacific populations,
particularly those from Namu, to habitual betel nut chewing. It
would appear that this habit was not present in prehistoric Fiji,
New Zealand or the Chatham Islands. The presence of calculus was
also related to the incidence of caries. Most caries occurred
with mild or moderate calculus but it seemed that because teeth
without caries varied from having no calculus to severe calculus,
the incidence of caries may be related to other factors more than
to the presence of calculus.
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A high occurrence of calculus was found among the people
from the Hane Dune site in the Marquesas Islands by Pietrusewsky
(1976:127) and also individuals from Nebira (Pietrusewsky,
1976:38). Most of the calculus observed at Nebira was of a slight
degree. Evans (1987) and Houghton (nda)

who also studied this

population found minimal calculus acretions as well. Calculus was
also noted to be present on the dentition of individuals from
Mokapu, Hawaii (Lai, 1974:160). Marked deposits of calculus were
observed on the teeth of prehistoric Tongans and were related to
functional and environmental factors

(Pietrusewsky, 1969:312),

which may be an oblique reference to betel nut chewing. Most of
the teeth from two prehistoric Philippine sites had slight to
marked calculus also possibly due to the chewing of betel nut
(Winters, 1974:33).

Calculus was a not uncommon occurrence on the dentition
of Pacific peoples. In some populations,

including those from the

Marianas and Namu, its incidence and degree can be related to
habitual betel nut chewing. The mild degree observed in other
populations is probably the result of salivary calculus whose
presence was no doubt aided by a soft diet and lack of artificial
cleansing, also factors which contributed to calculus in the
populations who chewed betel nut. Those populations with heavy
tooth wear, for example New Zealand and the Chathams Islands, had
very little calculus as the fibrous nature of their diet and
absence of betel nut chewing probably discouraged its
accumulation.
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Staining

Approximately one third of these early Marianas
islanders with dentition had stained teeth (Tables 33-34). They
included both males and females over 20 years of age or who were
only described as adult. There appeared to be a predominant
pattern of staining in these individuals, so that the mandibular
teeth and maxillary molars were stained on their buccal surfaces
and maxillary premolars and anterior teeth were stained on both
their buccal and lingual surfaces (Table 35). The majority of
staining observed was dark in colour (Table 36) .

Not all of these eight sites comprised individuals with
stained teeth. No instances of staining were found on the
dentition of people from the San Antonio and T. Villanueva sites.
In comparison, most of the people represented at the Hafa Dai
Beach and Tanapag sites had stained dentitions. At the other four
sites in this analysis there were one or two people of the small
number represented at each one with staining. Those individuals
with teeth who did not have any that were stained from these
sites may have been young children or juveniles under 20 years of
age, or any teeth that may have been stained could have been lost
postmortem.

The staining of teeth in these skeletal remains may have
been intentional or incidental to the habit of betel nut chewing.
Most accounts of people who indulged in habitual betel nut
chewing claim that as a consequence of this practice, teeth were
stained a red or black colour (Roth, 1896; Kroeber,
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1919; Leigh,

1929; Thompson, 1945; Dampier, 1971; Barratt, 1984; Ortner and
Pustchar, 1981; Fritz, 1986). A similar pattern of staining on
teeth to individuals in this analysis, attributed to betel nut
chewing were found by Leigh (1929) and Hanson (1987a).

It is possible that the staining observed may have been
due to the intentional application of certain substances. " They
(Marianas islanders] love black teeth, and white hair. Hence one
of their principal occupations is to keep their teeth black, by
the help of certain herbs" (Callender, 1768:43). This description
is not particularly clear and could refer to the use of betel
nut. In Northern Borneo, teeth were coloured by several means,
including betel nut chewing (Roth, 1896, Gleichauf, 1979). Some
people used the juice of a climbing plant, which was not named,
while others rubbed on a mixture of burnt coconut shell and oil
which had been pounded together, or leaves. The teeth of
individuals were sometimes filed to remove enamel prior to the
application of these substances

(Roth,1896). In another Northern

Borneo population

"The blackening is done by taking a piece of old cocoanut
shell or certain woods, which are held over a hot fire
until a black resinous juice exudes. This is collected,
and while still warm the teeth are coated with it"
(Roth, 1896:78).

The blackening of teeth was apparently done as one reached
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puberty and was considered beautiful. White teeth were not
regarded highly because dogs and other animals had teeth of that
colour (Roth, 1896). On the island of Yap in the Caroline
Islands, the blackening of teeth was reported by Captain Tetens
in the 1860's. "As evidence of their married status the women's
teeth are coloured black, while the young girls must wait for
their weddings to attain this questionable adornment"

(Tetens,

1958:11). What substances were used by the Yapese in the
colouring of teeth were not described.

Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
also noted the staining present on the teeth of these early
Marianas islanders. Generally, agreement with the present study
was good, the minor differences attributable to inter-observer
variation and interpretation particularly where staining was of a
light colour. The staining observed by Pietrusewsky and Batista
(1980) and Pietrusewsky (1986) was attributed to betel nut
chewing but

"Because the most intense staining is confined to the
labial and buccal surfaces of these teeth, the stain may
have been intentionally applied to maximize its
ornamental effect rather than the result of chewing
betel"

(Pietrusewsky, 1986: 9) .

Leigh (1929)

recorded the staining of dentition of the

Guamanians from the Thompson and Hornbostel collection. Most of
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the staining observed was attributed to betel nut chewing and was
present on the buccal surfaces of anterior teeth and also the
lingual surfaces of the maxillary teeth. A few individuals,
according to Leigh, had evidence of intentional staining as only
their tooth surfaces on view were discoloured. Leigh thought it
possible that the intentional staining of teeth was "an
adolescent or betrothal rite"

(Leigh, 1929:267). It appears that

both intentional staining and staining from the chewing of betel
nut produced similar patterns of discolouration in the dentition.
The betel nut wad was apparently held in the buccal vestibule and
may have also been used to tint

th~

lips

(Leigh, 1929) so that the

buccal surfaces of teeth would have come into more contact than
the lingual surfaces with the source of discolouration. Staining
on the lingual surfaces of maxillary anterior teeth may have been
the result of contact with the stained buccal surfaces of the
mandibular anterior teeth in normal occlusion. Leigh outlined
some factors which may have limited the possible discolouration
from betel nut chewing. These included the grinding of food,
friction of the tongue and the amount of saliva. Staining was
further limited to those surfaces above the gum (Leigh, 1929). It
would therefore seem difficult to distinguish confidently between
intentional and incidental staining on these prehistoric Marianas
islanders, particularly if individuals took part in both
practices, as they probably did.

As Pietrusewsky (1986) stated, it may be that
discolouration of the buccal surfaces of a particularly dark
colour may represent intentional staining. The age of individuals
found with staining being 20 years or more would also indicate
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the possibility that intentional staining, like elsewhere in the
West Pacific, was related to marriage or the attainment of a
certain age. However, the chewing of betel nut may not have been
an acquired habit until adulthood. In the previous section on
calculus, it was noted that two juveniles were found with slight
calculus on their teeth which was related to probable betel nut
chewing. However, no staining was observed on their dentition.
The calculus recorded may have therefore not been the direct
result of betel nut chewing but other factors,

such as a soft

diet and poor oral hygiene.

Table 37 shows the number of individuals who had either
staining or calculus or those who had both. Only one individual
had staining of a very light colour without calculus. Any
calculus present may have been knocked off or the discolouration
observed may have been a postmortem occurrence. There were 15
individuals with calculus and no staining. Most of these were
from the San Antonio site where no staining was observed at all.
Those from other sites may not have chewed betel nut or perhaps
any teeth with staining were lost postmortem. Most of the
individuals found with stained teeth also had calculus which
would seem to indicate that habitual betel nut chewing was
fairly common among these people, particularly those at the Hafa
Dai Beach and Tanapag sites.

Leigh (1929) describes the chewing of betel nut as both
physiologically and socially addictive due to
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"stimulation by the active principle of the betel nut,
aracaine, a poisonous alkaloid not unlike nicotine and

possessing powerful properties for destroying tapeworms;
as a digestive, or comparable to the after dinner
effects of tobacco; and, particularly with women, the
wanted vermillion of lips and tongue"

(Leigh, 1929:267)

The importance of betel nut to individuals who were addicted was
made apparent to early voyagers. "All the people in those parts
of the world use it [betel nut], for it is very cooling to the
heart, and if they ceased to use it they would die"

(Pigafetta,

1906:129). Its use has also been described in a Rodgers and
Hammerstein musical,

"Bloody Mary's chewing betel nuts; she is always chewing
betel nuts: Bloody Mary's chewing betel nuts, and she
don't use Pepsodent!"

(Rodgers and Hammerstein,

1949:Bloody Mary in South Pacific) .

Betel nut, however, is a carcinogenic substance but it is
unlikely that any cancer would have developed in these early
people because of their relatively short lifespan (Houghton,
ndc) .

Among the prehistoric people from Rota studied by Hanson
(1987a), 37% of the teeth were found with staining which was
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attributed to betel nut chewing. These stained teeth belonged to
four females who were adult in age. Staining was of a similar
pattern to that observed in this study and that of Leigh's
(1929). Hanson (1987a) compared the wear of these stained
dentitions with those that were not stained and found that there
was greater wear on the stained teeth. However, it was possible
that these differences in tooth wear may represent the effects of
age rather than betel nut chewing (Hanson, 1987a).

Some staining was present on the dentition of the Pacific
populations studied by Evans (1987). It was said to be brown in
colour but was of a lower incidence than expected. It was again
attributed to betel nut chewing. However, Evans

(1987)

concentrated on the presence of severe calculus as a more
positive indication of habitual betel nut chewing rather than
the presence of staining and so the amount of staining recorded
was not quantified.

Thirty-five percent of individuals from Nebira, Papua New
Guinea studied by pietrusewsky (1976:33) were found with staining
and again is probably characteristic of betel nut chewing. As
mentioned previously, staining of teeth was found among various
peoples in Northern Borneo (Roth, 1896). The small cranial series
studied by Gleichauf (1979:133) from Sabah comprised individuals
with blackened teeth. Some of these teeth had been filed,

with a

resin possibly from burnt coconut shell or copper sulphate and
young pinang fruits than being applied and forming a protective
coating. Caries were similarly blackened (Gleichauf, 1979).
People in the Philippines were also observed with stained teeth
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from betel nut chewing and probable intentional discolouration
(Kroeber, 1919; Cole, 1945; Chirino, 1965; Dampier, 1971), as
well as populations of the Malay Peninsula (Skeat and Blagden,
1966). The prehistoric population from the Philippines studied by
Winters (1974) had many stained teeth, although they belonged to
adults only, and were again attributed to betel nut chewing.

The staining of teeth due to habitual betel nut chewing
and the deliberate application of certain substances seems to
have been prevalent in the West Pacific region, which included
the Marianas Islands. Intentional staining may have been a rite
performed in adolescence or a sign of marriage, and both
intentional staining and that incidental to the chewing of betel
nut were highly desirable physical characteristics. However, they
were not present at all of these sites in the Marianas included
here, particularly San Antonio where perhaps other
characteristics were considered more beautiful and the habit of
betel nut chewing was not indulged in.

Other Dental Pathology

Dental pathology, in the form of antemortem tooth loss,
abcesses, impacted teeth and other infections, were observed in
40% of these early Marianas islanders overall (Table 38). Both
sexes were noted with dental pathology and it is not surprising
that only individuals who were described as adult or who were
over 20 years of age were afflicted, since degree of dental
degeneration was an aging criteria employed in this analysis. The
young 17-18 year old male from the T. Villanueva site, therefore,
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did not have any dental pathology recorded from his dentition.
However, at the Hafa Dai Beach and San Antonio sites, up to
40-50% of individuals had some evidence of pathology in their
dentition.

More mandibular than maxillary teeth were observed to
have been lost antemortem at these sites (Table 39). However, in
many cases there were more mandibles than maxillae present which
may reflect their more durable nature. Molars, both mandibular
and maxillary, were the tooth type most frequently lost.
Mandibular incisors and premolars were also commonly lost
antemortem but canines only infrequently so.

Many of those individuals who had experienced some
antemortem tooth loss also had evidence of abcesses or some other
kind of infection, usually indicated by porosity at the tooth
socket. This indicates the relationship between them,

so that the

presence of abcesses and inflammation may ultimately result in
tooth loss. There are various processes which are often
interrelated (Goodman et al., 1984) and may introduce infection
into the dentition causing inflammation, abcesses and resulting
in antemortem tooth loss. They include caries, severe tooth wear
and periodontal disease, which can be indicated by alveolar
resorption. Both carious lesions and severe tooth wear, as well
as trauma, may expose the pulp chamber to bacteria and infection
(Hillson, 1986).

"Local inflammation (pulpitis)
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is set up and a body of

pus collects. Pus is a mixture of inflammatory exudate,
microphages, dead cells and bacteria. It is often
isolated by a wall of fibrous tissue. This arrangement
is known as an abcess. The inflammation may be contained
within the pulp chamber for some time ... but ultimately
the lesion progresses until the pulp is killed"
(Hillson, 1986:316).

Infection may then progress via the root canal to the bone and
tissue at the apex of the root and is thus known as periapical
inflammation (Hillson, 1986). Seve.re alveolar resorption may also
lead to antemortem tooth loss by "chronic destructive
degeneration of the investing tissues of teeth"

(Leigh,

1929:268) .

It would appear then that antemortem tooth loss in this
population may have been the result of the interaction between
several complex dental conditions. Tooth wear, caries and
alveolar resorption appear to have all played some part in the
tooth loss observed. In most cases, both tooth wear and alveolar
resorption appear to have been largely responsible but for some
individuals one particular dental condition seem to have taken
precedence. For example, MHS-2, a 20-40 year old male from the
Marianas High School site, lost both mandibular central incisors
antemortem. The wear on the dentition of this individual is
fairly moderate but the alveolar resorption observable on this
mandible was severe. Caries were also present on a few teeth. In
comparison, antemortem tooth loss in individual TLH-1, a 30+ year
288

old from the Tinian Latte House site, seems to have been
associated with a couple of abcess cavities caused by caries,
alveolar resorption and probably tooth wear as well. Individual
HDB-21, an adult male from the Hafa Dai Beach site, had
destruction of the nasal and palate region due to yaws. This
disease would have obviously led to the antemortem loss of teeth
in this person.

Table 40 shows the average degree of these three dental
conditions (tooth wear, caries and alveolar resorption)

in

individuals with dental pathology and those without. In the
majority of situations as expected, those with dental pathology,
had more tooth wear, caries and alveolar resorption. Some of the
few exceptions may be explained by different sample sizes and
also by variation in the number of teeth representing individuals
for each group. The differences between these three groups, no
doubt, also reflects the age of individuals. Thus, those
individuals without any evidence of dental pathology at the
Marianas High School, Saipan Latte house, Tinian Latte House and
T. Villanueva sites were under 20 years of age.

Antemortem tooth loss may further affect tooth wear
itself, since the occluding tooth left will have no other tooth
surface to grind against. Thus, wear on the maxillary teeth
present for SSA-SK-6, an older adult male from the San Antonio
site, was slight to moderate since the opposing mandibular teeth
had been lost antemortem some time ago.

Three individuals were found to have edentulous
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mandibles. MHS-1 was a 40+ year old female, while SSA-MD-11 was
an adult who was provisionally sexed female and HDB-9 was an
older adult male. The teeth of these individuals had been lost
some time before their deaths. Food for these three persons may
have been specially prepared so that it required little
mastication. Fritz (translated by Craddock, 1986) describes the
preparation of betel nut, by grinding it in a mortar, for old
people without teeth from the Marianas Islands.

Pietrusewsky and Batista (1980) and Pietrusewsky (1986)
made observations of antemortem tooth loss and other dental
pathology among these early Marianas Islands populations.
Agreement in general was good with a few differences probably
attributable to inter-observer variation.

Leigh (1929) found, similar to the present study, that no
individuals under 30 years of age from the Thompson and
Hornbostel collection had lost any teeth before death. However,
64% of those over 30 years had lost one or more teeth antemortem,
usually third molars. Five individuals, four males and one
female, were edentulous. Most of the antemortem tooth loss among
these people was attributed to periodontoclasia (alveolar
resorption) with only a few probably the result of caries, tooth
wear, yaws or trauma (Leigh, 1929).

Hanson (1987a)

found only 6% of the permanent teeth of

the prehistoric individuals from Rota had been lost antemortem,
of which none were canines. Three individuals were noted to have
abcesses in their mandibular teeth which led to the antemortem
290

loss of the molars and one individual had impacted molars with
abcessing and subsequent antemortem tooth loss.

No descriptions of individuals with dental pathology are
contained in the historical and ethnographic accounts of the
Marianas Islands. However, Fritz (translated by Craddock, 1986)
lists some of the native herbal medicines used for toothache.
These were Polypodium phymatodes, Colubrina asiatica and Vigna

lutea. Euphorbia pilulifera was employed in the treatment of
abcesses, although Fritz states that they were "often healed by
simple touch"

(Fritz, translated by Craddock, 1986:55). According

to Hillson (1986) an abcess cannot heal until the pus within it
is removed, which may be what Fritz was referring to. It is also
possible that the chewing of betel nut, because of its stimulant
effect, may have provided some relief from pain caused by a
dental pathology.

In other areas of the Pacific, observations of dental
pathology were made on various prehistoric populations. The
prehistoric New Zealanders at Palliser Bay were found by Sutton
(1979:200) to have lost several teeth by the time they were 20-30
years of age. This was attributed to severe tooth wear which
exposed the pulp cavity causing infection and abcessing. At Namu
in the Solomon Islands, alveolar erosion was the main dental
problem with teeth becoming gradually looser over time and by
their forties some individuals had lost all of their teeth
(Houghton, ndc). A similar situation seems to have occurred at
the Eriama site (Houghton, ndb). Pietrusewsky (1976:33)

found a

low incidence of antemortem tooth loss among individuals from
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Nebira, Papua New Guinea. The teeth usually affected being
incisors and third molars. Abcesses had a minimal presence in
this population. At the Hane Dune site

(Pietrusewsky, 1976:127),

the posterior teeth and particularly the mandibular first molars
were lost antemortem the most frequently. Abcesses occurred in
12% of the individuals. Alveolar resorption, as well as tooth
wear and caries may have been responsible for these dental
pathologies. Abcesses were found in 66% of males and 49% of
females from Mokapu, Hawaii (Snow, 1974:66) which may be related
to the periodontal infection observed in the dentition of most
adults at this site. In prehistoric Tongans, Pietrusewsky
(1969:311) found that overall 8.7% of teeth had been lost
antemortem and that there was only a 1.4% incidence of abcesses
in the total series. Two thirds of these individuals had evidence
of periodontal disease which probably resulted in the antemortem
loss of teeth observed.

A middle-aged adult male from the Cook Islands had lost
one tooth, a molar, before he died (Katayama, 1986:61). No other
dental pathology was apparent for this man. Several mandibular
teeth of an old female from the Gilbert Islands

(Katayama,

1985:88) were lost antemortem which may have been the result of
severe tooth wear. A middle-aged male from the same site had lost
both mandibular first molars antemortem presumably from abcessing
which affected both these teeth and the second premolars and one
first premolar. Severe caries were observed on some of these
teeth and may have contributed to the presence of these abcesses.
Eleven of the prehistoric individuals from Roonka, South
Australia were found with abcesses probably the result of the
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severe tooth wear recorded by Prokopec (1979:19). In the Non Nok
Tha population from Northeast Thailand (Pietrusewsky, 1974:13),
abcessing occurred minimally as did antemortem tooth loss. The
posterior teeth were the most frequently involved. Only two
individuals, both over 40 years of age, from Ban Na Di had
evidence of abcesses due to exposure of the pulp cavity from
heavy tooth wear (Wiriyaromp, 1984:4:20). Little other dental
pathology was noted among these people.

A varying degree of dental pathology was observed in
these Pacific populations attributable to a variety of dental
conditions. In prehistoric New Zealand and South Australia, tooth
wear was usually quite marked resulting in infection and tooth
loss, whereas in prehistoric Namu, Eriama and Hawaii alveolar
resorption was the most common dental problem resulting in
antemortem tooth loss.

In the early Marianas Islands, dental pathology did not
become apparent until one was over 20 years of age when the
cumulative effects of tooth wear, caries and/or alveolar
resorption would introduce opportunities for infection and
subsequent tooth loss. One individual seems to have lost their
dentition due to the presence of yaws. In some cases, it appears
that all teeth were apparently lost before death. No doubt, many
early Marianas islanders experienced some degree of temporary
discomfort from dental problems which may have been relieved by
various herbal medicines or the eventual loss of the afflicted
teeth.
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Cultural Modification of Teeth

Only individuals from the San Antonio and Hafa Dai Beach
sites in this analysis were found with evidence of cultural
modification of teeth (Tables 41 and 42). At the Hafa Dai Beach
site, the left maxillary incisors of an adult male HDB-1 had a
lattice design filed in the enamel of the labial surfaces
(Plate 25). This was the only example of this alteration found
among these remains of early Marianas islanders. It is
unfortunate that the right maxillary incisors were missing from
this individual so that the presence of a corresponding
modification could not be observed. Also unfortunate,

is the fact

that the human remains from this site could not be sorted into
individuals, so a relative assessment of the health of this
person from other variables could not be made regarding a
possible difference in status represented by this tooth
decoration. The skull of this man had a healed depressed fracture
on the left parietal bone. His dentition had slight to moderate
tooth wear and two teeth were found with caries. Alveolar
resorption was slight and two mandibular teeth had lines of
enamel hypoplasia estimated to have been formed between one and
five years of age.

Pietrusewsky (1986) also reported the presence of this
incising on the teeth of this individual from Hafa Dai Beach, but
did not comment upon its possible significance.

Leigh (1929) noted a similar cultural modification of the
teeth among a few individuals from Guam in the Thompson and
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Hornbostel collection. Again the labial surfaces of teeth were
filed with a lattice design and only the maxillary anterior teeth
were affected. One individual with this alteration was a woman
aged approximately 45 years while similar examples came from
maxillary fragments of unspecified sex and age. Leigh did not
know the significance or origin of this dental cultural
modification but pointed out that pottery and other artefacts
from these burials had the same pattern. Unfortunately, only
photos of the design on the teeth were provided.

Suzuki (1986), who also studied the human skeletal
remains from the Thompson and Hornbostel collection, similarly
observed filing of the same kind on the maxillary incisors of an
adult female.

The maxillary central incisors of an individual from Rota
was observed by Hanson (1987a) to have lines filed on the labial
surfaces. However, they consisted of a single set of diagonal
lines rather than the two sets of lines in a lattice design
recorded in the present study and that of Leigh's. The age and
sex of this person could not be determined. Hanson thought it
possible that this cultural modification represented "a
decorative function and may have been a mark of status or rite of
passage"

(Hanson, 1987a:404). The apparent differences in the

number of teeth modified and number of sets of lines

(one or two)

being possible indications of differences in status.

Cultural modification of a different kind was observed on
the teeth of individuals from the San Antonio site. With one
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exception, most cases involved only the maxillary teeth. The
anterior teeth were those most frequently modified, premolars and
first molars being less frequently so. Fifty-six percent of the
maxillae present had teeth that were filed on the labial surface,
exposing the dentine, so that in some cases it was almost concave
in appearance (Plates 23-24). Only one mandible had teeth with a
similar alteration. However, only the top half of the incisors
and canines nearest the occlusal surface were filed and the
dentine was not exposed. This filing may have occurred secondary
to the filing of the maxillary anterior teeth, unintentionally
extending to the mandibular teeth. Pietrusewsky and Batista
(1980) also recorded this filing of maxillary teeth among
individuals at San Antonio, however, they did not observe any
modification present on mandibular teeth. Since only a small area
of each tooth of this mandible was affected and the other
mandibular teeth from this site were not filed,

the alteration to

the teeth of SSA-MD-7 may have been easily overlooked.
Pietrusewsky and Batista (1980) believed this filing of teeth at
this site to be culturally induced. Further elaboration was not
provided.

As stated in the previous chapter, many of the other
maxillae from San Antonio were missing the appropriate teeth
postmortem suggesting that the incidence of tooth filing could
have been higher than that calculated. There were several filed
maxillary incisors, canines and premolars among the loose teeth
from the San Antonio site which could belong to the maxillae with
teeth missing. This situation of missing teeth did not make
possible a comparison of dental conditions, for example tooth
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wear and antemortem tooth loss, between culturally modified
teeth and teeth that had not been culturally modified to examine
the potential consequences of this alteration for the dentition.
It was also not possible to estimate in many cases the age and
sex of the individuals involved. The majority seemed to have been
adult in age although the maxillae of two individuals aged under
20 years had the appropriate teeth missing so an observation
could not be made. Both sexes were probably affected given the
apparent widespread occurrence of this phenomenon.

Hanson (1987a)

found evidence of filing on the labial

surfaces of the maxillary canines from an adult male from Rota.
The maxillary incisors were only involved to a minor extent
indicating that their filing was secondary to that of the
canines. Hanson was not sure if this filing was deliberate or
unintentional, since intentional filing of teeth observed
elsewhere was usually to a greater extent and degree. Concerning
unintentional filing, he referred to a study by Sutton (1978) of
living people from Tuvalu and the Gilbert Islands. Sutton found
that these individuals were cleaning their teeth in a horizontal
motion with pieces of cuttle from squids or cuttlefish, pumice,
burnt sticks, sticks with sand, ground pumice or ash, or ground
pumice contained in a cloth bag. Usually the maxillary anterior
teeth were affected, the number affected increasing with age,
with enamel being smooth, flattened or concave in appearance.
Cleaning was undertaken to remove a brown stain, probably the
result of dental fluorosis. Ocean water, which contains large
amounts of fluoride, seeping from the ocean and lagoons into
wells and vegetable gardens with the subsequent consumption of
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the water and vegetables probably accounting for this poorly
regarded appearance of the teeth (Sutton, 1978).

Hanson (1987a) thought that a similar situation may have
occurred on Rota with ocean water being washed into wells during
storms. Some of the children from Rota had brown staining
developing on their permanent teeth which may have been from
dental fluorosis.

In Northern Borneo, many populations intentionally filed
their teeth. This took many forms from filing them into points,
flattening them and filing them concavely. In some cases, holes
were drilled in teeth and filled with brass

(Roth, 1896). "Teeth

were deformed in order to improve one's countenance, as unaltered
teeth were considered shameful"

(Gleichauf, 1979:133). Frequently

the filing of teeth was followed by staining with various
substances

(Roth, 1896; Gleichauf, 1979).

People of the Malay Peninsula apparently filed their
teeth as well.

"In Kedah the teeth were frequently filed,

the six front

teeth of the upper jaw being thus treated, as among the
neighbouring Malay tribes. This filing is performed by
means of a smooth piece of sandstone from the nearest
brook, and is said to be performed at the age of puberty
irrespective of sex, probably not long before marriage,
as is the practice of the Inland Malays, from whom they
298

learnt it.
The six front teeth of the upper jaw of a Semang skull
brought home by the writer were filed, the filing being
of the "concave" kind (in which the front part of the
teeth is filed away, so that the teeth thus treated
become concave instead of convex)"

(Skeat and Blagden,

1966:33-34) .

This description could well apply to the examples of
cultural modification at San Antonio, although the possibility of
unintentional filing cannot be ruled out. None of the teeth from
San Antonio had any evidence of brown staining from dental
fluorosis or hypocalcification. Leigh (1929) describes the
practice of cleansing teeth in Micronesia with twigs and sand in
modern times to remove staining on teeth as it became a less
desirable characteristic. However, no staining whatsoever was
observed on the teeth of individuals at San Antonio. Individual
TVL-1, a 17-18 year old male from the T. villanueva site also in
the San Antonio area, did not have any staining on his teeth nor
any evidence of cultural modification. However, this may have
been due to his age. His skull appeared to have been artificially
deformed, which similarly occurred in Northern Borneo and
elsewhere in the Pacific region.

This filing of the teeth at San Antonio, if intentional,
may have been preferred over the intentional staining of teeth
which took place in some of these other sites in the Marianas. It
too may have been performed as part of an adolescent or
299

betrothal rite and may have been considered a highly desirable
physical characteristic.

No descriptions of culturally modified teeth by filing
are contained in the historical and ethnographic accounts of
contacts with early Marianas islanders. This may have not been a
regular practice at that time, possibly occurring some time
previously or later on. Only the staining of teeth was described,
so unfortunately no insight can be gained into this practice from
these sources of information.

As previously described, cultural modification of teeth,
in the form of filing, was documented among peoples in Northern
Borneo (Roth, 1896; Gleichauf, 1979), the Malay Peninsula (Skeat
and Blagden, 1966) and the Philippines (Kroeber, 1919; Cole,
1945). Human dentition from two Early Metal Age jar burial sites
on Palawan in the Philippines revealed no evidence of tooth
filing (Winters, 1974) since these practices

"are characteristic of "Protohistoric" populations and
minority groups who still live near the caves - Tagbanwa
and Palawan - and who still file their teeth labially
and incisally ... It is probable that these cultural
practices appeared in the Philippines at a much later
"Protohistoric" date, perhaps not until the
protohistoric period or within the last 1000 years"
(Winters, 1974:32).
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various forms of dental mutilations were practiced in
America for a number of reasons including adornment, initiation
rites, an expression of mourning and imitation of animals' teeth
(Comas, 1960). Among the multitude of forms found, there are no
doubt similar forms to those found in the Marianas.

The upper left incisor of an old male from a prehistoric
site in Central Japan was observed to be filed (Suzuki,
1975:275). This appeared to consist of two vertical lines on the
labial surface. Suzuki claimed that tooth filing and tooth
ablation, also observed in this individual, were an "indication
of the authority of those days"
Tha, Pietrusewsky (1974:14)

(Suzuki, 1975:275). At Non Nok

found evidence of tooth filing on the

upper incisors of approximately 41% of females, with central
incisors being affected more often than the lateral incisors. He
thought that this filing may have been the result of direct
abrasion or from use of the teeth to strip fibrous material. The
latter explanation was deemed more probable but required further
investigation (Pietrusewsky, 1974:14). Another site in
prehistoric Thailand, Ban Kao, contained three individuals of
unspecified age and sex with similar abrasion on the labial
surfaces of teeth (Sangvichien et al., 1969:33). These
alterations were compared to those observed on some eskimo
populations who used labrets, comprising stones positioned on the
inner side of the lips, which resulted in abrasion of the teeth.
Again, further investigation was required regarding the various
possible explanations for the cultural modification observed.

The cultural modification of teeth by filing appears to
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have occurred in numerous parts of the Pacific, although probably
not in Polynesia, and other areas of the world.

It was undertaken

intentionally for a number of reasons and may have also occurred
incidentally to the cleaning of teeth and other practices. At the
Hafa Dai Beach site in the Marianas, one adult male was observed
with a lattice design filed on his teeth which would have
obviously been intentional and could have been an indication of
status since he was the only individual with this alteration.
However, at the San Antonio site there were several individuals
with abrasion of the labial surfaces of maxillary teeth and it is
not possible to definitely conclude whether this occurred
intentionally or unintentionally. Given the documented preference
of early Marianas islanders to alter the appearance of their
teeth by staining, it seems that this filing is more likely to
have taken place intentionally and like the staining observed
elsewhere, may have been undertaken on attainment of a certain
age or at betrothal or marriage, since it appears to have
affected a considerable proportion of the population.

Previous Question Answered

The questions which were posed in the introduction can
now be addressed. However, the order in which they will be
answered will vary somewhat from the order in which they were
asked. Thus, questions 3 to 17 will be answered first followed
by questions 1 and 2. This will enable a picture, albeit a brief
and somewhat sketchy one, of the health and disease of these
people to be gradually built up so the more general questions can
then be answered.
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3. At what ages did people die? Does any age group seem

particularly vulnerable to specific health problems or diseases?

Most of the people at these eight sites in the Marianas
died in adulthood, between 20 and 40 years of age, although a few
individuals achieved a lifespan of 40 or more years and a few
died in childhood. There were some health problems apparent from
an examination of Harris lines and lines of enamel hypoplasia
which occurred between one and 15 years of age. In some cases
these apparent health problems may have significantly contributed
to the morbidity and mortality of individuals but many appeared
to have overcome them. Degenerative changes, tooth wear, alveolar
resorption and dental pathology all seem to have become a problem
only after approximately 30 years of age. These were probably the
natural cumulative result of the physical activities they took
part in and the diet which they ate. There was little other
evidence to suggest that any particular disease or problem with
health afflicted individuals of a certain age group.

4.

Is there any evidence of Harris lines? If so, at what ages do

they occur? What factors may have led to their presence in this
population?

Four tibiae belonging to three individuals were found
with evidence of Harris lines. One was estimated to be male with
the others being from females of age 18-25 years and 30+ years.
These lines of arrested growth were estimated to have occurred
between five and 15 years of age. The Harris line observed on the
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tibia of the 30+ year old female may reflect an early episode of
the yaws which greatly affected many of her skeletal remains by
the time she died. Six Harris lines were observed on the male
tibia, occurring between six and 15 years of age, which seems to
indicate poor health of a recurrent nature. It appeared likely in
the absence of infectious diseases in the early Marianas that a
nutritional explanation for the presence of these Harris lines
might be more reasonable. Some shortages of food due to the
occasional occurrence of hurricanes or storms could account for
dietary interference and young children aged from five years on
may have been very vulnerable to episodes of malnutrition.

5. What is the Nordin's score for this population, as calculated
from the second metacarpals? Are there any differences between
the sexes or between age groups?

The average Nordin's score for this population was 64.8
with an average cortical thickness of 5.45 mm. Only 16 second
metacarpals were suitable for analysis and the calculated
Nordin's scores of these ranged from 48.4 to 74.3 with cortical
thicknesses ranging from 3.75 mm to 7.50 mm. Unfortunately, the
age and sex of these were known definitely for only one pair of
metacarpals. The metacarpals of a 17-18 year old male gave the
smallest calculated Nordin's score and cortical thickness of the
total sample. No pathology was evident on his limited skeletal
remains but his young age at death, thin bone cortex and lines of
enamel hypoplasia on several teeth appeared to represent several
aspects of a health problem which had probably occurred since
early childhood and resulted in a relatively early death. The
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metacarpals from the Hafa Dai Beach and San Antonio sites had
much more robust bone cortices, which were comparable to modern
well fed populations, no doubt reflecting a more than adequate
diet.

6. At what age do degenerative changes take place? Are there any
differences between the sexes? What types of degenerative changes
are most common?

A physical lifestyle was indicated by the degenerative
changes present on the bones of these Marianas islanders. Slight
osteoarthritis appeared on some joint surfaces by their twenties
and certainly by their late thirties and onwards many parts of
several individuals' bodies were affected - some to a marked
degree. Both sexes were afflicted, although it was not possible
to assess the significance of any apparent differences because of
the fragmentary and commingled condition of many of these
remains. Degenerative changes in the form of lipping and porosity
were most often observed on hands, feet,

long bones and

vertebrae, the frequency of these increased with age.

7. What is the age at which individuals are found with yaws?
Does the incidence and character of the disease change over time?

Only individuals from three of these sites in the
early Marianas Islands were found to have bony evidence of yaws.
The age and sex of most of these, with the exception of two
individuals, could not be determined. One, a female who was 30+
years old, had several long bones and the frontal bone of her
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skull with lesions and inflammatory bone changes. The other, an
adult male, had destruction of the nasal bones, maxilla and hard
palate from gangosa. Bones from the other sites with yaws were
probably from adults,

judging from their size. It would seem

likely that there were several other individuals at these sites
who may have had yaws, but in the primary and secondary stages
when changes to bones are usually not involved. Infection may
have originally occurred in childhood from close contact with
infected persons. Unfortunately, changes over time in the
incidence and character of yaws could not be ascertained because
there was little background information on these sites relating
to their age.

8. Is there any evidence of porotic hyperostosis and cribra
orbitalia in this population? What factors may have led to their
presence? Do they occur at a particular age group?

Only one individual was found with evidence of cribra
orbitalia in this population. Slight pitting was noted on the
orbital roofs of the skull of an 18-25 year old male which may
have occurred in childhood. It is not known precisely whether
malaria was present in the early Marianas Islands, although if it
was, then possibly several individuals would have had evidence of
cribra orbitalia and/or porotic hyperostosis. It therefore seems
likely that cribra orbitalia in this individual may be from iron
deficiency anaemia. A combination of such factors as an iron
deficient diet which contained items that affected iron
absorption, parasitic infestation and the loss of iron through
sweat possibly resulted in this condition.
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9. Is there evidence of pregnancy markings on female pelvises?

If so, how many children are born to each woman and at what age
is the onset of menarche inferred to be?

The remains of three female pelvises were observed with
pregnancy markings in this population. Two were from woman who
were estimated to have given birth to one or two children while
the other may have borne two or three children. The possible age
of onset of menarche could only be calculated from one pelvis.
This belonged to an 18-25 year old and from the number of
possible situations concerning her age and whether one or two
children had been born, menarche may have begun at 15-16 years or
17-18 years. The presence of Harris lines on both tibiae and
enamel hypoplasia on one tooth were possible indications of a
preference for the second estimation.

10. What are the most reliable equations for estimating stature?
Are there any differences in stature between sites? Are there any
changes in stature over time?

Of the three sets of equations employed in this analysis,
none was consistently found to be more reliable in terms of the
variation between estimates. The overall average female stature
was estimated to be 159.6 cm or 163.2 cm and the estimated
average male stature ranged from 166.0 cm to 170.0 cm depending
on which formulae was used. These early Marianas islanders were
therefore relatively tall no matter which set of equations were
used. Slight differences were observed between sites but could
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have been attributed to sample size variation. Only remains from
three of the eight sites had intact long bones for the
calculation of stature. Differences in stature over time could
not be assessed from these sites.

11. At what age does tooth wear become apparent? What kind of
diet can be inferred from tooth wear?

The overall average degree of tooth wear was fairly
moderate although individuals who were 30 or more years of age
had marked tooth wear. Slight tooth wear became apparent in the
early twenties age group, gradually increasing in severity by
the thirties and sometimes resulting in tooth loss from the late
thirties onwards. The average degree of tooth wear, being
moderate and comparable with some other tropical Pacific
populations, suggest that a fairly soft diet was consumed.
However, the observed tooth wear may have been the result of some
food preparation processes and the practice of betel nut chewing.

12. What type of caries is most prevalent? At what age do they
occur? What kind of diet can be inferred from them?

Caries were most prevalent at the cemento-enamel junction
and occlusal fissures of molars among these early Marianas
islanders. Overall 44.9% of individuals had one or more carious
teeth. Most of the individuals affected were adult in age
although there were two young children aged three t? four years
and four to six years with carious teeth. Again, a diet of a soft
consistency which was mainly carbohydrate in composition was
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indicated. Poor oral hygiene may have also been a contributing
factor.

13. At what ages does enamel hypoplasia occur? What factors may
have led to its presence in this population?

Enamel hypoplasia was observed to occur in several
individuals at estimated ages under seven years. This did not
correspond with the ages at which Harris lines were estimated to
have occurred in the same population, but there were several
factors which could account for the difference. The observed
enamel hypoplasia may reflect problems for these individuals at
weaning or indicate their vulnerability to infection at that
particular age group. As for Harris lines, a nutritional
explanation may be linked to the destruction of food crops by
storms or hurricanes with a subsequent diet composed of foods
that were not suitable for young children.

14. Are specific actions, as indicated by clavicle grooves and
squatting facets,

found in a particular sex or age group?

Both squatting facets and clavicle grooves were present
on individuals of both sexes and of ages from 15-17 years
onwards. More males than females were found with clavicle grooves
but the small sample size and problems with sexing encountered
must be kept in mind. It would appear that a squatting posture
was frequently assumed by these people and that canoe paddling or
a similar activity involving a strong downward motion of the arm
was often performed by individuals of both sexes.
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15. Was the staining of teeth deliberate or incidental to betel
nut chewing? If deliberate, is a particular sex or age group
involved? Is the incidence of calculus similar to the incidence
of staining?

It was not possible to determine conclusively whether the
staining observed on teeth was deliberate or incidental, since it
could have been both. Approximately one third of the individuals
with teeth were affected including, both males and females.
However, only individuals who were 20 or more years of age had
stained teeth. Both deliberate staining and staining incidental
to betel nut chewing have been documented in the Western Pacific
region. Those with particularly dark coloured staining may
represent intentional discolouration which occurred when a
certain age was attained or as a sign of betrothal or marriage.
Betel nut chewing may have also been an adult habit to which many
people were addicted. Only one individual with staining did also
not have calculus. It is possible that any calculus present may
have been dislodged postmortem but the combined occurrence of
calculus and staining suggests that betel nut chewing was
habitual among these Marianas islanders. Whether staining was
incidental or intentional, it may have been a desired physical
characteristic.

16. Is the incising and filing of teeth deliberate? If so,

is

a particular age group or sex affected? Does it occur in specific
sites over a certain time period?
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One individual from these sites had a lattice design
incised in the enamel of his maxillary incisors. This would have
been deliberate and since he was the the only person affected at
the Hafa Dai Beach site, it may have been an indication of
status. At the San Antonio site most of the maxillary teeth
present were filed on their labial surface. Both sexes and
individuals from a range of ages appeared to have this
alteration. It was not possible to tell though whether it was a
deliberate occurrence or incidental to some other practice such
as the cleaning of teeth. Only the individuals from these two
sites had cultural modification of teeth and unfortunately the
time period of when this occurred could not be ascertained.

17. Is there any other evidence of cultural modification? If so,
is a particular age group or sex involved? Is the health of these
individuals affected by such practices?

The only other evidence of cultural modification at these
sites was on the skull of a 17-18 year old male from the T.
Villanueva site. His skull was flattened occipitally but it could
not be definitely determined whether this was intentional or
accidental and how it was achieved. The health of this young man,
as ascertained from his young age at death, calculated
cortical thickness and the presence of enamel hypoplasia, was
apparently not very good but it is unlikely that his observed
head shaping had any deleterious effect.

1. What is the general picture of health from all indicators? Is
there evidence of changes in health over time? Is there any
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particular group of individuals whose health seems specifically
at risk? Are health problems related to the mortality of
individuals? Are there any differences in health between sites or
islands?

Overall, the health of these early Marianas islanders was
apparently good. They died at similar ages to other prehistoric
peoples in the Pacific and were relatively tall with a robust
bone cortex. Evidence from three female pelvises indicates that
perhaps a maximum of up to three children could have been born to
each woman by her thirties, although menarche as calculated from
only one individual may not have commenced until 17-18 years.
Some individuals had childhoods that were punctuated by episodes
of illness or malnutrition. A slight degree of degenerative
changes were occurring by their thirties which was the result of
a physical existence, but it was not overly so. A squatting
position and a strong use of the arms in a downward motion
possibly from canoe paddling was apparently habitually practised.
Only one individual was found with evidence of cribra orbitalia
which may be the result of a childhood episode of iron deficiency
anaemia. Instances of trauma were relatively uncommon, occurring
accidentally or during periods of conflict. Some of the sites
represented in this analysis had evidence of yaws indicating that
it may have been endemic in some regions of the Marianas.

A soft, carbohydrate diet together with poor oral hygiene
and habitual betel nut chewing led to the occurrence of caries,
slight tooth wear, moderate alveolar resorption, calculus
deposits and stained teeth among these early Marianas islanders.
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However, they did not develop dental problems, sometimes
resulting in abcesses and antemortem tooth loss, until their late
twenties and thirties. Cultural modification of teeth in the form
of staining, incising and filing may have occurred as a rite of
passage, upon betrothal or as a sign of status.

Unfortunately, the condition of this skeletal material
and sometimes their little known background precluded any
examination of differences over time or between sites and
islands. Young children under the age of 15 seem to have been
particularly vulnerable to infections and episodes of
malnutrition, which in a few cases may have contributed to their
deaths. However, if one survived the rigours of childhood one
could expect to live to approximately 30 or so years in fairly
good health, perhaps experiencing some degree of discomfort from
yaws or dental problems.

2. From their general health, what can we infer about the

Marianas islanders adaptations or reactions to their environment?
Are there any particular environmental pressures indicated?

The general health of these early Marianas islanders
being fairly good indicates that they had adapted very well to
their environment. They were surviving to a reasonable age for
prehistoric Pacific people and achieving a tall stature and
robust bone structure on a diet of various vegetables, fruit and
fish. Occasional storms and hurricanes may have temporarily
affected these food sources but the Marianas islanders had
developed alternative wild foods that required careful processing
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to render them edible. Any health problems that arose may have
been treated and their symptoms possibly relieved from a range of
herbal medicines.

Research Strategy Limitations and Problems for the Future

Any research strategy employed in the analysis of human
skeletal remains will be affected by the condition of the bones.
In the case of the skeletal material studied here, its condition
was a constant hindrance to interpretation and analysis. Because
it was largely fragmentary, sometimes commingled and often with
little background information about the site it was recovered
from,

it could not be regarded as representative of the early

Marianas islanders population as a whole to any particular
extent. Thus, little definitive statements about the health of
these Marianas islanders could be made. However, in terms of the
objectives stated in the introduction, it was felt that these had
been largely achieved despite the constraints of the material.
Although the material had been studied previously and findings
were generally very similar, some new aspects came to light about
these people. This included the investigation of such variables
as cortical thickness, Harris lines and pregnancy markings which
had not been incorporated in the earlier analyses. When skeletal
remains are in rather poor condition it becomes even more
important that any variable which may further enlighten us about
the health of the individuals to whom they once belonged be
included. When in the future more refined techniques of analysis
may become known and available to the physical anthropologist, it
is hoped that re-analysis of these people may be attempted once
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again in order to reveal as much new and improved information as
possible.

As a consequence of this study, we know perhaps a little
more about this small number of Micronesians than we did before.
Much however remains to be cleared up. Future studies of
prehistoric Marianas islanders and other Micronesian populations
may be able to formulate life-tables and survivorship curves for
these people to provide a better idea of their demography. They
may also establish which of the formulae for the estimation of
stature available is the most suitable for Micronesian
populations, although it would be ideally hoped that specific
Micronesian formulae might one day be derived. Further evidence
from several female individuals is needed to obtain an improved
insight into the possible age of onset of menarche. Examination
of individuals of known age and sex for Harris lines, cortical
thickness and most of the other variables assessed here is
required so that a more comprehensive explanation of the
differences in their expression can be developed. Analysis of
remains from securely dated prehistoric and protohistoric sites
where there is evidence of treponemal infection might also clear
up the question of whether yaws, syphilis or both were present in
the Marianas Islands. Thus, their temporal and spatial
distribution in the Marianas could be revealed.

From the basis of this study,

future studies of

prehistoric Marianas islanders and other Micronesians will
hopefully have gained a clearer idea of what is needed to fill In
and add to some of the large gaps in our knowledge.
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In these

terms, the research strategy adopted therefore seems to have been
reasonably well suited to the objectives. Re-analysis of
previously recovered material, such as the Thompson and
Hornbostel collection and the remains collected by Marche,

should

be undertaken in the near future and will no doubt also be
extremely fruitful.

What is ideally required, though, is a skeletal sample of
individuals with an associated radiocarbon date which was
recovered by an archaeologist working with a physical
anthropologist in the field recording as much information as
possible. This would hopefully clear up much that was indefinite
here. Thus, there could be improved application of aging and
sexing criteria and greater insight into every variable examined
here might be gained. Appropriate analysis of other material,
including faunal and artefactual material,

from the site must

further be incorporated. Any evidence of differential status
between individuals might then be more thoroughly and confidently
presented. Other differences observed could also be more
confidently accounted for. This, however, does not only involve
Micronesian skeletal material of better condition. More
translations of early accounts and descriptions of people in this
area will also hopefully become available in the future,
particularly those in obscure sources. Similar investigations of
human skeletal remains from nearby areas such as the Philippines,
Bonin Islands, Southern Japanese islands and Indonesia would also
be extremely valuable so that differences and similarities
between the areas can be noted. Explanations could then take into
account their cultural, environmental and genetic backgrounds. It
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is only when this has been done that we can begin to answer the
question of who were the Marianas islanders and perhaps
ultimately, who were the Micronesians?
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CHAPTER SIX: CONCLUSIONS

The analysis of these people from eight sites on the
islands of Saipan and Tinian in the Marianas Islands has
indicated that an individual would probably be only one of three
or four children born to a woman aged on average between 18 and
30 years. This infant would have the genetic potential for tall
stature and robust bone structure as suggested by the remains of
adults in this material. Few young children were found among
these remains and it is suggested that this is an example of
under-representation of this age group rather than a mortality
rate below the 30% to 50% found in other anthropological
populations. The more fragile remains of infants may not have
been preserved as well as those of the adults or they may simply
have been buried elsewhere.

The evidence from bones and teeth presents some conflict
as to the ages at which episodes of poor health due to illness or
malnutrition occurred during childhood. There are several factors
which may account for the differences including the remodelling
of early Harris lines and the greater susceptibility of growing
bone to a health problem than teeth. Whatever the reasons for the
observed differences, it appears that the childhood of young
Marianas islanders from one to 15 years was sometimes punctuated
by illness or poor diet. A nutritional explanation was considered
to be the most likely given the absence of infectious diseases in
the early Marianas Islands. The possible occasional occurrence of
hurricanes and storms could account for the damage to usually
adequate food resources. The subsequent diet may have then been
composed of alternative wild foods which, despite the careful
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processing required to make them edible, were unsuitable for
consumption by young children who had already been weaned at
three or four years. There was also evidence of treponemal
infection, probably yaws, in the remains from three sites.
Initial infection almost certainly occurred in childhood, the
result of close contact with infected individuals. Such a
combination of factors may have therefore led to the formation of
Harris lines and lines of enamel hypoplasia among these early
Marianas islanders. In some cases these occurrences may have
contributed to the morbidity and mortality of a few subadults
while the majority of other subadults apparently recovered from
them with little effect on their ability to achieve their
potential for tall stature and a robust bone structure. The
average cortical thickness of second metacarpals of these people
was in fact comparable to modern well fed populations. Their diet
of fish, vegetables and fruit was obviously generally sufficient
in enabling them to achieve this genetic potential. However, one
individual, a young 17-18 year old male, had a relatively poor
cortical bone structure as well as enamel hypoplasia on several
teeth. These may be manifestations of a health problem which was
present since early childhood and resulted in an early death.

The presence of cribra orbitalia in one individual from
these sites was thought to be the consequence of a childhood
episode of iron deficiency anaemia. Parasitic infestation and an
iron deficient diet may have brought this about.

One young male from a site on Saipan may have had the
occipital region of his skull altered during infancy although it
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is not clear whether this was intentional or purely accidental.

During the adolescence of young Marianas islanders
significant events such as betrothal or attainment of a
particular age may have been signified by the blackening,
incising or filing of teeth. The incisions in a lattice design on
the maxillary teeth of an adult male at a site on Saipan could be
a symbol of status since he was the only person with this
alteration. In some individuals though these alterations may have
been incidental to other practices, such as betel nut chewing
whose habitual consumption may have begun at this time.

From the evidence of one female it cannot be established
when menarche may have generally begun although it was probably
between 15 and 18 years of age, if a three to four year interval
between children and a two year period of adolescent sterility is
assumed. The death of a young woman at 18-25 years who had given
birth to one or two children pointed to the probably frequent
situation where individuals would lose at least one of their
parents at a young age. Their upbringing would then become the
responsibility of other family members.

Thus, by the time one of these Marianas islanders reached
adulthood, they would have lost at least one parent and possibly
one or more siblings as well. They may have been afflicted with
yaws and encountered periods when their diet was barely adequate
or when they had contracted some opportunistic infection. At most
other times though their diet was more than sufficient enabling
them to grow tall and robust and well able to take part in a
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physical existence. From 17 years and onwards the young women may
have been producing children every three or four years, although
they would probably not see all of them survive or live to see
all of those surviving grow to adulthood. Difficulties with
childbirth may have also a problem and in some cases could have
led to an early demise.

Health problems in adulthood at three sites probably
consisted of recurrent episodes of yaws. These would have been of
increasing severity and afflicted individuals would have
experienced a certain degree of pain and discomfort. Both sexes
had a physical existence resulting in slight degenerative
changes, which began in feet,

hands and vertebrae,

as well as

clavicle grooves from a particular repetitive action. Such a way
of life would have inevitably involved some accidents with slight
injuries to various parts of the body. There may have also been
involvement in periods of conflict with the risk of serious
injury or even death. One adult male was found with a healed
fracture of the skull indicating that he survived this trauma.

From their thirties and onwards individuals would be
experiencing some degree of discomfort from the degenerative
changes due to their physical existence as well as problems with
their dentition. These dental problems included the
incidence of caries, slight tooth wear and moderate alveolar
resorption, possibly culminating in painful abcesses and
eventually antemortem loss of the teeth involved. These
difficulties arose from the consumption of a soft carbohydrate
diet as well as poor oral hygiene. Habitual betel nut chewing was
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probably another contributing factor and also led to the presence
of calculus deposits and the staining of teeth. These dental
pathologies could have resulted in opportunities for infection
while the increasing severity of episodes of yaws and
degenerative changes would have decreased the mobility of these
older individuals so that they required care from others,
probably family members.

The deaths of those who survived to adulthood occurred
between 20 and 40 years of age. This is comparable to evidence
from other prehistoric peoples in the Pacific who, on average,
were dying in their thirties. Specific causes of death were not
obvious but many deaths could have been brought about by a
combination of factors including occasional nutritional problems,
trauma, yaws and infection through dental pathology,

injury and

childbirth.

This analysis has attempted to answer the question Who
were the Marianas islanders? in terms of their health. The
individuals from these eight sites on the islands of Saipan and
Tinian have emerged as a tall and robust people who experienced a
physical existence in reasonably good health, despite the
presence of yaws at three sites. Many avenues for further
research have become apparent and with the prospective
exploration of these, the future of physical anthropology in
the Marianas Islands and Micronesia is very promising and
exciting and will no doubt be extremely fruitful.
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Plate 1 : Lateral v i e w o f the skull o f TVL- 1 , from the T .
Villanueva site on Sa ipan , showing f lattening o f the
oc cipit al regi on .

Plate 2: Po s t e r io r v i e w o f the skull of TVL-1, sho wing flattening
of the o c c i p i t a l region.
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Plate 3: Superior v i e w o f the skull o f SSA-SK-4, fr om the San
An t o n io site on Saipan, showing waisting of the v a u l t .

Pl a t e 4 : Frontal v i ew of the skull o f HDB-21, fr om the Hafa Dai
Beach site o n Saipan , showing destructi on of the nasal
bones, palate and maxilla probably due to yaws .
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Plate 5: Basal view of the skull of HDB-21 , showing destruction
of the nasal bones, palate and maxilla probably due to
yaws.

Plate 6: Superior view of the skull of HDB -l , from the Hafa Dai
Beach site on Saipan, showing a healed fracture of the
left parietal bone.
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Plate 7: Interior view of the skull of HDB-l, showing a healed
fracture of the left parietal bone.

Plate 8: Frontal view of the skull of TLH-l, from the Tinian
Latte House site on Tinian, showing lesions on the
frontal bone probably due to yaws.
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Plate 9: Lateral view of the right maxilla of TLH-l, showing
impaction of the right third molar.

Plate 10: Lateral view of the left maxilla of TLH-l, showing
impaction of the left third molar.
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Pla t e 11 : Th e le ft arm bones o f TLH-1 wi t h chronic inflammat ory
changes probably due to ya ws.

Plat e 1 2 : Th e fi bulae o f TLH-1 wi t h chronic in flammat ory c hanges
probably due t o yaws .
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Plate 13: The left tibia of TLH-1 with chronic inflammatory
changes probably due to yaws.

Plate 1 4: The right tibia of TLH-1 with chronic inflammat ory
changes probably due to yaws .

Plate 15: Anterior view of the sternal end o f the right cla vicle
of TVL-1, from the T. Villanueva site on Saipan,
showing a costa-clavicular sulcus.
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Plate 16: The left innominate of TLH-2, from the Tinian Latte
House site on Tinian, showing pregnancy markings at the
ilium.

Plate 17: The right innominate of TLH-2, showing pregnancy
markings at the ilium.
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Plate 18 : Superi or view of four right tali fr om the Rafa Dai
Beach s i t e on Saipan. The three upper tali have
squatting facets while the lower o n e does not.

Plate 1 9 : Anteri or v i e w o f a distal left humerus fr om the Rafa
Dai Beach site on Saipan, showing moderate t o marked
Upping .
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Plate 20: Posterior view of the distal left humerus, showing
moderate to marked lipping.

Plate 21: Superior view of the body of a thoracic vertebra from
the Hafa Dai Beach site on Saipan, showing a Schmorl's
node.
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Plate 22: Fragments of the facets of the atlas and axis vertebrae
of TLH-4, from the Tinian Latte House site on Tinian,
showing porosity and eburnation.

Plate 23: The maxillary teeth of SSA-MAX-l from the San Antonio
site on Saipan, showing filing of the labial surfaces.

Plate 24: The right maxillary teeth of SSA-SK-4 from the San
Antonio site on Saipan, showing filing of the labial
surfaces.
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Plate 25: The left maxillary teeth of HDB-l, from the Hafa Dai
Beach site on Saipan, showing a lattice design incised
on the left incisors.
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APPENDIX ONE

Table 1: Estimated sex and age of long bones from the San Antonio
site, Saipan.

(F= female, M= male, ?= unknown, L= left,

R= right)

Site

Bone

Sex

SSA

Clavicle

6F?
8M?
4?

Humerus

small size could be young.

?

12M?

8L,4R

Adult

?

1F?

1L

One is young,

4M?

1L,3R

adult.

?

7F?

2L,SR

6M?

3L,3R

4?

Femur

1L,lR,6?

3L,3R

1?

Ulna

Age

Most are adult but some of

?

6F?

4?

Radius

Side

Adult

?

SF?

lR,4?

6M?

2L,4?
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Adult

the rest are

Table 1 continued.

Site

Bone

Sex

Side

Age

SSA

Tibia

SF?

lL,4?

One is young, the rest are

7M?

lL,6?

adult.

I?

?

?

?

Fibula

Adult?

Table 2: Estimated sex and age of long bones from the Unai Chulu
site, Tinian.

(F= female, M= male,

?= unknown, L=left,

R= right)

Site

UCT

Bone

Clavicle

Humerus

Radius

Sex

Side

2F?

lL,lR

One could be young,

SM?

2L,3R

rest are adult.

I?

lL

4F?

lL,lR,2?

7M?

3L,4R

3?

3?

SF?

2L,3R

One could be young, the

lOM?

4L,6R

rest are adult.

6?

3L,3R
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Age

the

Adult

Table 2 continued.

Site

Bone

Sex

Side

Age

UCT

Ulna

SF?

1L,4R

Two could be young, the

l3M?

7L,6R

are adult.

6?

2L,4R

4F?

4?

One could be young, the

7M?

1R,6?

rest are adult.

1?

1R

2F?

1L,1?

5M?

5?

Femur

Tibia

Fibula

Adult?

?

?

Adult

Table 3: Estimated sex and age of long bones from the Hafa Dai
Beach site, Saipan.

(F= female, M= male, ?= unknown, L=

left, R= right)

Site

Bone

Sex

Side

Age

HDB

Clavicle

7F?

4L,3R

One has unfused epiphyses

12M?

6L,6R

- <21 years, three are

8?

2L,2R,4?

young, the rest are adult.

339

Table 3 continued.

Site

Bone

Sex

Side

Age

HDB

Humerus

7F?

4L,3R

One has fusing epiphyses

20M?

9L,11R

- 18-25 years, two have

1?

1?

unfused epiphyses - <18
years, the rest are adult.

Radius

Ulna

Femur

Tibia

Fibula

6F?

3L,3R

Two have almost fused

20M?

9L,11R

epiphyses - 16-20 years,

1?

1L

the rest are adult.

5F?

3L,2R

Adult

21M?

9l,12R

3?

3?

2F?

1L,lR

Two have fusing epiphyses

20M?

9L,11R

- 15-21 years, the rest

2?

1L,1?

are adult.

4F?

2L,lR,1?

One fragment has a fusing

12M?

7L,5R

epiphysis - 15-20 years,

1?

1R

the rest are adult.

?

Adult ?

?

Immature long bones from the Hafa Dai Beach site,
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including three femora, two humeri, two ulnae, two radii and one
unidentified bone, are of small size and are estimated to be from
individuals under 15 years of age.

Table 4: Estimated sex and age of innominate bones from the Hafa
Dai Beach site.

Site

Bone No. Side

Sex

(F= female, M= male, L= left, R= right)

Sexed From

Age

Aged From

------------------------------------------------------------------

HDB

HDB-1

L

M

Sciatic Notch

adult

Size

HDB-2

L

M

Sciatic Notch

adult

Size

HDB-3

L

M

Sciatic Notch

adult

Size

HDB-4

L

F

Sciatic Notch

adult

Size

HDB-1Q

L

F

Pregnancy Markings adult

Size

HDB-1S

R

F

Sciatic Notch

adult

Size

HDB-16

R

M

Sciatic Notch

adult

Size

HDB-1S

R

M

Pubic Bone

adult

Size

HDB-19

R

M

Sciatic Notch

adult

Size

HDB-2Q

R

F

Sciatic Notch

adult

Size

HDB-22

R

F

Pregnancy Markings adult

Size

------------------

---- ------------------------------------------
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APPENDIX TWO

Table 1: The average tooth wear, the number of teeth with caries
and enamel hypoplasia, and the number of teeth with
staining and calculus, of the loose teeth from the Unai
Chulu site.

Tooth Type

n

Wear

(n= number of teeth)

Caries

Enamel

Staining

Calculus

Hypoplasia

Incisors/

11

2.6

o

1

4

5

2

2.0

o

o

o

o

13

1.7

2

o

1

6

Canines

Premolars

Molars

One incisor/canine and one molar were unerupted. One molar was
deciduous. Two incisor/canines and two molars could not be
analysed.

Table 2: The average tooth wear, the number of teeth with caries
and enamel hypoplasia, and the number of teeth with
staining and calculus, of the loose teeth from the Hafa
Dai Beach site.

(n= number of teeth)
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Tooth Type

n

Wear

Caries

Enamel

Staining

Calculus

Hypoplasia

Incisors

5

3.4

o

o

5

5

Canines

8

2.9

o

2

3

3

Premolars

13

3.3

2

o

8

9

Molars

16

2.6

5

o

5

9

Three canines, two premolars and two molars were unerupted. One
canine and two molars were deciduous.

Table 3: The average degree of tooth wear, the number of teeth
with caries and enamel hypoplasia, and the number of
teeth with staining and calculus, of the loose teeth
from the San Antonio site.

Tooth type

n

Wear

Caries

(n= number of teeth)

Enamel

Staining

Calculus

Hypoplasia

Lower

14

2.8

o

2

Incisors
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o

5

Table 3 continued.

Tooth type

n

Wear

Caries

Enamel

Staining

Calculus

Hypoplasia

7

2.2

o

1

o

2

22

3.5

1

o

o

11

12

2.8

o

o

o

8

10

4.9

1

o

o

4

7

4.3

o

o

o

2

Premolars

32

2.8

2

o

o

16

Filed

12

2.8

1

o

o

o

28

2.3

4

o

o

13

Upper
Incisors

Filed
Incisors

Lower
Canines

Upper
Canines

Filed
Canines

Premolars

Upper
Molars
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Table 3 continued.

Tooth Type

n

Wear

Caries

Enamel

Staining

Calculus

o

6

Hypoplasia

Lower

25

2.4

o

4

Molars

Twenty-three incisors, seven canines, 12 premolars and one molar
were filed on the labial surface. One upper incisor could not be
analysed.

Table 4: The average tooth wear, the number of teeth with caries
and enamel hypoplasia, and the number of teeth with
staining and calculus, of the unidentified loose teeth
from the San Antonio site.

Tooth Type

n

Wear

Caries

(n= number of teeth)

Enamel

Staining

Calculus

Hypoplasia

9

3.4

1

o

o

3

Premolars

11

3.9

1

o

o

3

Molars

10

2.6

o

o

o

2

Incisors/
Canines
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Table 4 continued.

Tooth Type

n

Wear

Caries

Enamel

Staining

Calculus

Hypoplasia

Deciduous

Incisors/

13

2.4

o

o

o

1

13

2.4

2

1

o

2

Canines

Premolars/
Molars

Seven deciduous incisors/canines and 16 deciduous
premolars/molars were unerupted. One incisor/canine and two
premolars were filed on the labial surface. One mandible fragment
contained a left first molar with tooth wear of grade 7.0 and
alveolar resorption of grade 3.0. Two premolars and one deciduous
incisor/canine could not be analysed.

Two incisors from the Tinian Latte House site were loose and had
an average tooth wear of grade 4.0. One also had caries at the
cemento-enamel junction.
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APPENDIX THREE

This appendix contains a brief profile of each individual
at the Tinian Latte House, Marianas High School, Saipan Latte
House and T. Villanueva sites, and a brief profile of the
populations at the Unai Chulu, San Antonio, Hafa Dai Beach and
Tanapag sites, where individuals could not be distinguished.

Saipan Latte House Site

Individual: SLH-l

An 18-25 year old male. He was represented by skull
fragments, a mandible, clavicle, scapulae, rib and vertebrae
fragments,

a broken right humerus and ulna, both patellae, a

broken right femur and some hand and feet bones.

Both clavicles had cos to-clavicular sulci and there was a
squatting facet on the left talus. Two left and two right tarsals
had slight lipping and one left tarsal had moderate lipping.
There was slight pitting, attributed to cribra orbitalia, on both
orbital roofs of the skull.

Teeth were moderately worn and four molars had occlusal
fissure caries. Alveolar resorption was slight and 43% of teeth
had enamel hypoplasia which was estimated to have occurred
between one and seven years of age.
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Individual: SLH-2

A 40+ year old who was provisionally sexed as a female.
She was represented by a broken mandible, skull fragments,

a

broken clavicle and patella and fragments of scapulae, vertebrae
and ribs.

A few mandibular teeth were lost antemortem and the
remaining teeth were heavily worn with moderate alveolar
resorption. Two molars were stained on their buccal surfaces
only.

Tinian Latte House Site

Individual: TLH-l

A 30+ year old female. She was almost completely
represented except for parts of the axial skeleton.

Her stature was estimated to be between 159.7cm and
163.1cm. There was one Harris line on her right tibia which was
estimated to have occurred between six and 12 years of age.
Bilateral arthrosis was present on both temporo-mandibular joints
and there was slight lipping on the humeri, ulnae, femora and a
hand phalanx of this woman. Squatting facets were present on one
tibia and talus. A foot phalanx had evidence of possible trauma
and there was evidence of treponemal infection, possibly yaws, on
her skull, arm and leg bones.
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A few mandibular teeth were lost antemortem and there was
moderate wear with slight to marked alveolar resorption of
remaining teeth. Several teeth had caries at the cemento-enamel
junction and the maxillary third molars of this woman were
impacted. There was evidence of two abcess cavities and staining
and calculus were also present.

Individual: TLH-2

An 18-25 year old female. She was represented by three
teeth, an almost complete axial skeleton, both humeri, a right
radius and ulna, left femur,

lower legs and feet.

Her stature was estimated to be between 158.0cm and
162.7cm and she may have given birth to one or two children. Two
Harris lines were observed on her right tibia while four Harris
lines were found on her left tibia. These were estimated to have
occurred between five and 15 years of age. A cos to-clavicular
sulcus was present on the right clavicle and squatting facets
were observed on both tibiae and one talus. One toe phalanx had
moderate lipping.

The three teeth present were little worn and one had
caries at the cemento-enamel junction.

Individual: TLH-3

A 12-15 year old female. She was represented by fragments
of skull, mandible and maxilla, broken clavicles and humeri, a
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right ulna and radius, rib and pelvic fragments,

some vertebrae,

patellae, femora epiphyses and hand bones.

The teeth of this young woman were slightly worn and one
mandibular molar had caries at the occlusal surface. Fifty-eight
percent of the teeth present had enamel hypoplasia which was
estimated to have occurred between one and seven years of age.
There was slight calculus on three teeth.

Individual: TLH-4

A 40+ year old female. She was represented by skull and
maxillary fragments, a mandible, pieces of clavicle, humeri,

ribs

and vertebrae and the head of a right femur.

There were slight to marked degenerative changes on the
cervical vertebrae present.

One mandibular molar was lost antemortem and teeth were
moderately to heavily worn with slight to moderate alveolar
resorption. Two molars had caries at the cemento-enamel junction
and two abcess cavities were present.

Individual: TLH-5

A four to six year old child who was represented by skull

and mandible fragments and deciduous and permanent teeth.

Two deciduous molars had caries at the cemento-enamel
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junction.

Individual: TLH-6

A newborn to six month old infant who was represented by
fragments of vertebrae,

ribs, clavicle and a tibia.

Marianas High School Site

Individual: MHS-l

A 40+ year old female. She was represented by fragments
of skull, mandible, a left humerus, pelvis, a right femur and
some feet bones.

There were squatting facets on both tali.

The mandible was edentulous due to the antemortem loss of
teeth.

Individual: MHS-2

A 20-40 year old male. He was represented by fragments of
skull, mandible,

right clavicle, left humerus,

ribs and scapula,

some feet bones and and a left patella.

There was slight lipping on the glenoid cavity of the
left scapula and two vertebrae facets had slight lipping also.
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The mandibular central incisors of this man were lost
antemortem. Tooth wear was slight to moderate and alveolar
resorption was moderate to marked. Three teeth had caries, two at
the occlusal surface and one at the root. Most teeth had slight
calculus and staining.

Individual: MHS-3

A 20-30 year old who was provisionally sexed as a female.
She was represented by fragments of skull, mandible and a tarsal.

Teeth were slightly worn with slight alveolar resorption.
Caries were present on four teeth, one was massive, one was on
the root and two were at the occlusal surface. Most teeth were
stained and had slight calculus.

Individual: MHS-4

A seven to eight year old child who was represented by
two teeth, fragments of clavicle, humeri, scapulae, pelvis,
femora and some metacarpals.

The two teeth present were not worn.

Individual: MHS-5

A three to four year old child who was represented by
fragments of skull, maxilla, mandible, ribs and vertebrae.
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A deciduous molar had caries at the occlusal surface and
one tooth had enamel hypoplasia which was estimated to have
occurred between birth and nine months of age.

T. Villanueva Site

Individual: TVL-l

A 17-18 year old male. He was represented by a skull,
mandible, clavicles, scapulae, ribs, vertebrae, pelvis, broken
humerus and tibia, a right ulna and radius, right patella, femur
epiphysis and hand and feet bones.

The metacarpals of this young man had relatively small
calculated cortical thicknesses of 3.95mm and 3.75mm with
Nordin's scores of 53.4 and 48.4 respectively. There was slight
porosity on both temporo-mandibular joints and four vertebrae
were wedge shaped presumably because an extra thoracic vertebra
was present. Both clavicles had costo-clavicular sulci. The skull
of this male was flattened in the occipital region which was
possible the consequence of cultural modification.

His teeth were slightly worn with slight alveolar
resorption. Twelve teeth had enamel hypoplasia which was
estimated to have occurred between one and five years of age.
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Individual: TVL-2

A 15-17 year old male. He was represented by one
innominate bone, a right talus, rib and vertebrae fragments, a
metatarsal and metacarpal.

A squatting facet was present on the talus.

Tanapag Site

Remains from this site consisted of six mandibles and one
maxilla. These were estimated to be adult in age. One mandible
was female, three were male and a further mandible was
provisionally sexed as a male. The maxilla was not sexed, nor was
one other mandible fragment.

Tooth wear was slight to marked while alveolar resorption
was slight to moderate. Five individuals had one or more carious
teeth and most had staining and calculus. Only one individual had
lost a tooth antemortem.

Unai Chulu Site

The remains of at least 14 individuals were represented
by various fragments of the cranial and infracranial skeleton.
Age and sex was frequently not able to be estimated.
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Stature was estimated for four male long bones and ranged
from l59.2cm and 172.8cm. Slight degenerative changes were
observed on a few hand and foot bones as well as vertebrae, a
femur and ulna. Squatting facets were observed on a tibia and
talus. Evidence of trauma was found on several hand and feet
phalanges and several long bones had chronic inflammatory changes
consistent with a treponemal infection, possibly yaws.

Tooth wear of the four individuals with teeth was slight
as was alveolar resorption. Two individuals had occlusal surface
caries in some of their mandibular molars. There was also some
slight calculus in three of the four dentitions but only one had
any staining. Enamel hypoplasia was observed on three teeth from
two individuals and was estimated to have occurred between one
and five years of age. One person had abcessing at the mandibular
left molars.

Hafa Dai Beach Site

The remains of at least 20 individuals were represented
by various fragments of the craniala and infracranila skeleton.
Twelve crania were estimated to be adult in age, six were
possibly old adults and two belonged to subadults aged 12-15
years and six to eight years. Of the adult crania, nine were
male, four provisionally sexed male, two were female and two
provisionally sexed female. The sex of one was unknown.

Stature was estimated for 29 long bones from this site
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and ranged from 163.7cm to 178.8cm for males and from 155.1cm to
166.8cm for females. Pregnancy markings were found on two
innominates from this site and it was estimated that one woman
had given birth to one or two children while the other may have
had two or three children. One tibia from this site was found
with six Harris lines which were estimated to have occurred
between six and 15 years of age. The calculated cortical
thickness of second metacarpals at this site was relatively high
and ranged from 4.05mm to 7.50mm with Nordin's scores of 57.0 to
74.3 respectively. Slight degeneration was observed on several
hand and feet bones, vertebrae, particularly lumbar vertebrae,
ribs and long bones. One distal humerus had quite marked lipping.
Squatting facets were found on six tibiae and six tali and there
were costo-clavicular sulci on approximately half of the
clavicles present. Evidence of trauma was found on two skulls,
one in the form of a healed fracture, a tibia and three humeri.
Sveral long bones, a clavicle, six ribs and one skull had chronic
inflammatory processes which were attributed to a treponemal
infection, possibly yaws.

The expression of tooth wear and alveolar resorption in
this population varied from slight to marked. Ten individuals had
a total of 13 carious teeth which were usually located at either
the cemento-enamel junction or occlusal surface. Seven teeth from
three individuals were observed with enamel hypoplasia and this
was estimated to have occurred between one and five years of age.
Most dentitions were stained with slight calculus. Seven
individuals had evidence of abcesses while nine individuals had
lost one or more teeth antemortem. There was evidence of cultural
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modification in the form of a lattice design incised in the
maxilary incisors of one adult male from this site.

San Antonio Site

The remains of at least 33 individuals were represented
by various fragments of the cranial and infracranial skeleton at
this site. Both sexes were represented and most were adult in
age. One skull was thought to belong to a five to seven year old
chid.

One metacarpal from this site had a relatively high
calculated cortical thickness of

5.20~n

and a Nordin's score of

64.2. Slight degeneration was observed on some vertebrae, two
proximal ulnae and several hand and feet phalanges. Two hand and
feet phalanges had moderate lipping. Cos to-clavicular sulci were
present on three clavicles and five tali and two tibiae had
squatting facets. One skull had an odd appearance in the form of
waisting of the vault which was attributed to craniostenosis, or
the early fusion of sagittal and coronal sutures.

Tooth wear and alveolar resorption varied in this
population from slight to marked expressions. A possible total
of nine individuals had 14 carious teeth of which most were
located at the cemento-ename1 junction, although in two
individuals they were of massive size. only one individual had
teeth with evidence of enamel hypoplasia and this was estimated
to have occurred between one and five years of age. A few
357

individuals were observed with slight calculus but no examples of
staining were recorded. Approximately six individuals had abcess
cavities and several individuals had lost teeth antemortem. Nine
individuals had evidence of cultural modification in the form of
labial abrasion of their maxillary anterior teeth.
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