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AssTrACT: The study of sexual dimorphism among ancient skeletons can provide information on community
health in the past. Meanwhile, the younger geological age of skeletal remains from Gilimanuk, Semawang,
and Plawangan have received little attention. This study aimed to evaluate the sexual dimorphism in
estimated stature of Gilimanuk, Semawang, Plawangan, in addition to a recent sample, of long bones.
Observations were conducted on 44 (16 males, 28 females) skeletal remains of Gilimanuk, nine of
Semawang (five males, four females) and 11 of Plawangan, (four males, seven females), and nine of recent
(four males, five females) human skeletons stored at Universitas Gadjah Mada, Yogyakarta, Indonesia.
Stature was estimated from the length of long bones. The highest average stature in the ancient sample
was for Gilimanuk females (168.74 = 9.18 cm) and males (174.10 = 9.42 cm) in the age 16-<20 years.
However, the averages of estimated stature in all ages were similar in both sexes. The average estimated
stature of Semawang and Plawangan remains was slightly lower than those of Gilimanuk remains, i.e.,
162.60 = 3.97 and 159.08 + 1.59 cm, respectively. In comparison, the recent human skeletons indicated
that the average estimated stature was 168.32 + 4.70 for males and 160.45 + 6.89 cm for females. Our
findings indicate that long bone measurements are comparable among remains from each sample. However,
sexual dimorphism in estimated stature was clearly greater in recent human remains in comparison to
Gilimanuk, Semawang, and Plawangan skeletal remains. Our findings suggest temporal changes in stature
in this part of Indonesia.
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Introduction

Sexual dimorphism characterizes varia-
bility in the morphology of different sexes
(male and female) in a population. Sexual
dimorphism, which exists in human skel-
etons, can be more prominent in certain
parts, and less prominent in other parts,
of bones. For example, one study in a Thai
sample indicated that the length of the up-
per limb bone in males was significantly
longer in all dimensions compared to fe-
males (Duangto and Mahakkanukrauh
2019). Studies on sexual dimorphism of
human skeletal remains can also provide
information on the variability in biological
traits and behaviors, and aid in identifying
secular and evolutionary trends of past
populations (Kay 1982; Dong 1997). For
example, a study of the Pre-Hispanic Maya
Coastal Population in Mexico conducted
by Wanner et al. (2006), reported sex differ-
ences in occupations can be observed from
sexual dimorphism in bone structures.
Wanner et al. (2006) found a difference in
the robustness in the upper limbs caused
by the division of daily occupations, such
as the use of different tools and methods
of carrying heavier burdens by mostly the
males. Generally, males look more robust
with broader shoulders when compared to
females (Wanner et al. 2006). It was also
suggested that males tend to be more eas-
ily affected by poor nutritional conditions
compared to females. When males receive
poor nutritional quality, they tend to have
a decrease in the length of their long bones,
which may affect their stature. Meanwhile,
fluctuations in nutritional quality do not
necessarily have similar effects in females
(Gray and Wolfe 1980).

In archaeology and forensic anthropolo-
gy, an individual’s stature can be estimated
using a regression formula applied to their
skeletal remains. Such formulae are typi-

cally based on maximum lengths of given
long bones, since there is a good correlation
between long bone lengths, such as the fe-
muyr, and living height. Stature estimation
regression formulae should be ancestry
specific. Estimating stature for remains
with Asian ancestry is often done using the
Trotter and Glesser (1958) method. There
are several other formulae, such as Sangvi-
chien et al. (1985), and Mahakkanukrauh
et al. (2011), but these may need further
investigation for their application due to
some limitations. For example, Sangvi-
chien et al. (1985) used 200 long bones (fe-
muy, tibia and fibula) from a Thai and Chi-
nese sample. Only the leg bones, not arm
bones (humerus, radius, and ulna), were
considered. While the Mahakkanukrauh
et al. (2011) study developed a formula for
all long bones, it has a high standard er-
ror obtained from female skeletal remains.
While the regression formula by Trotter
and Gleser (1958) is currently considered
a better choice in determining individual’s
stature in Asia, it must be noted that sev-
eral caveats have also been noted regarding
its suitability in studies on sexual dimor-
phism (see Jeong and Jantz 2016).

The Gilimanuk (Indonesia) skeletons
have received little attention in the bioar-
cheological literature. Koesbardiati et al.
(2013) used Gilimanuk remains to exam-
ine past genetic variation in this popula-
tion. Other studies used these skeletal re-
mains to explain health conditions in the
past (Prayudi and Suriyanto 2017; 2018).
Indriati (2002) also studied human bones
from the Gilimanuk prehistoric popu-
lation and compared them to the meas-
ured stature of students in Yogyakarta and
several other populations worldwide. The
study found that there was no substantial
variation in human stature in Indonesia
within two millennia. The stature of In-
donesians was intermediate relative to
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stature of other populations globally; in
a similar range with several other Asian
groups, including those from Hongkong,
Taiwan, Thailand, and India, but lower
than Europeans and Americans.

The Semawang site is located in Sa-
nur Beach, Bali, Indonesia. Herbiamami
(2014) discovered several ancient people
buried at the Semawang site with modified
teeth. Aside from that, the Semawang pop-
ulation have a poor life expectancy, with
mortality occurring at the age of 40 years
or younger. Whereas, the Plawangan site
on the northern shore of Java, Indonesia,
has received increased attention for Pale-
ometallic artefacts. According to Boedhis-
ampurno (1990), most of the individuals
discovered during excavations at the Pla-
wangan site were young adults with an av-
erage stature of 160.4 cm. The differences
in the skull, bones, and teeth, as well as
the altered form of the teeth, bring them
closer to the Mongoloid characteristics, yet
the Australomelanesoid traits are retained.
Damai (2023) concluded that, based on the
skeleton, the Plawangan population was
an agricultural community, but also re-
lied on the sea for sustenance. Meanwhile,
Yuniawan (2002) found that there was no
association between health and economic
conditions in Plawangan population.

The present study builds on this ear-
lier research to better understand the
health and adaptive success of individ-
uals in Indonesia by identifying intrap-
opulation and evolutionary trends (Khu-
daverdyan and Hobossyan 2017). While
the use of human skeletons from the past
as material for medical research has been
widely done to determine the history of
health and diseases in some countries, in
Indonesia this approach is very limited.
This study aimed to examine the sexual
dimorphism in estimated stature of Gil-
imanuk, Semawang, and Plawangan and

a more recent sample of long bones from
Indonesia to discuss whether there has
been a temporal trend in health change.

Materials and Methods

Sample

This research was conducted at the Lab-
oratory of Bioanthropology and Paleoan-
thropology, Faculty of Medicine, Public
Health and Nursing, Universitas Gadjah
Mada, Yogyakarta, Indonesia where these
skeletal remains were stored after exhu-
mation. Data collection was done in 202.3.
The materials used were human skeletal
remains including 44 individual skeletal re-
mains from the Gilimanuk site (16 males,
28 females), nine from the Semawang site
(five males, four females), 11 from the Pla-
wangan site (four males, seven females),
and nine from recent age (four males, five
females). The recent age skeleton samples
were anatomical samples stored at the Lab.
of Bioanthropology & Paleoanthropology,
Faculty of Medicine, Public Health, and
Nursing Universitas Gadjah Mada, Indo-
nesia during the Middle of 20% Century.
It was ensured that the skeletons had long
bones with no or little damage, and that
adult age-at-death and sex was estimated,
so that stature estimation formulae could
be applied. Figure 1 depicts the sites of Gil-
imanuk, Semawang, and Plawangan on
a map of Indonesia.

The Gilimanuk ancient burial site had
been used since 750 BCE up to 900 CE
based on radiocarbon dating on charcoal
and bone fragments of four individuals
from the site (Aziz and Faisal 1997). The
discovery of the Gilimanuk site was report-
ed by Public Works Office workers while
employed at the construction of the Gili-
manuk - Singaraja road where they found
a large number of pottery shards, with sev-
eral archaeological objects such as a square
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pickaxe, animal and human bones in the
Cekik Village, Gilimanuk, Bali Province,
Indonesia. The first research on this site
was conducted in 1962-1963 by Soejono
from the Bedulu National Archaeological
and Heritage Branch Office in Gianyar.
Subsequent studies have continued and
uncovered 160 individuals (Soejono 1977).

The other archaeological sites in the
present study are the Semawang and
Plawangan. Semawang is located about
10 m next to Sanur Beach in Semawang
Village, Sanur District, Badung Regency,
Bali Province, Indonesia (Harkatiningsih
1990). The Semawang site was first dis-
covered by local people when they dug
a septic tank in 1986, followed by a study
that resulted in the discovery of the grave.
Significant archaeological finds from the
site included various kinds of ceramics
that vary in age from the 10* to 17" cen-

turies (Harkatiningsih 1990). Whereas,
Plawangan is an archaeological site from
prehistoric times located in Plawangan
and Balongmulyo villages, Kragan, Rem-
bang District, Central Java province, In-
donesia covering an area of approximately
90 hectares, and about 500 m from the
coastline 4 m above sea level. This site is
not only a burial site but also a residential
site with relics such as pottery, pendulum
nets, hooks and coins. Food remains ob-
tained from the site were shellfish, snails
and marine fish which indicated that the
people who lived in Plawangan were fish-
ermen (Boedhisampurno 1990; Prasetyo
1995). The Plawangan site was discovered
in 1977 by the local community while
building the groundwork for the village
hall. Subsequently, archaeological survey
research was conducted and unearthed
many prehistoric graves (Prasetyo 1995).

A Scale 1 ; 17500000
(1]

S00

Gilimanwk Sites

Fig.1. Gilimanuk, Semawang, Plawangan, and recent sites in Indonesian Map
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Procedure

First, we observed the condition of the
human skeletons to identify those that
are in good condition, then we estimated
sex by assessing bones that have sexual-
ly dimorphic traits on the pelvis or skull
based on Walker in Buikstra and Ubelak-
er (1994). We used parts of the skull such
as the nuchal crest, mastoid process, su-
praorbital margin, glabella, and mental
eminence. Meanwhile, sex estimation
using the pelvis was done by examining
the greater sciatic notch, ventral arc, sub-
pubic concavity, and ischiopubic ramus.
Second, we estimated the age-at-
death by assessing the auricular surface,
pubic symphysis, or the condition of the
sutures in the skull. Estimation of age-
at-death was carried out by examining
several criteria, including the degree of
closure of the cranial sutures based on
Walker in Buikstra and Ubelaker (1994),
the degree of fusion of the epiphyses
of the bone based on McKern and Stew-
art (1957), the pattern of changes in the
surface of the pubic symphysis based on

Todd (1920), and changes in auricular
surface based on Lovejoy et al. (1985).

Third, we measured the long bones
including: humerus, radius, ulna, fe-
mur, tibia, and fibula. To provide valida-
tion, measurements were made by two
research assistants who had skills and
knowledge of measuring human skele-
tons using calibrated and standardized
calipers (GPM, Swiss).

Stature estimation was done by enter-
ing the bone length measurements into
the regression formula of Trotter and
Gleser (1958) as showed in Table 1.

Individual ages were grouped based
on a 10-year time span, to see significant
growth in stature. These groups were:

1. < 16 years

2. 16 - <20 years

3. 20 — <30 years

4. 30 — <40 years

5. >40 years

Several bone structures were also ob-
served and measured in addition to the
maximum length of the bones (see Ta-
ble 2). Measurements were done follow-
ing the procedures of Olivier (1969).

Table 1. Regression formula for stature estimation based on Trotter and Gleser (1958)

No. Bones Formula
Single bone
1. Humerus 2.68 Humerus + 83.19 * 4.25
2. Radius 3.54 Radius + 82.00 = 4.60
3. Ulna 3.48 Ulna + 77.45 = 4.66
4. Fibula 2.40 Fibula + 80.56 = 3.24
5. Tibia 2.39 Tibia + 81.45 = 3.27
6. Femur 2.15 Femur + 72.57 = 3.80
Combined bones
7. Humerus and Ulna 1.68 (Humerus + Ulna) + 71.18 = 4.14

Humerus and Radius
9. Femur and Humerus

10. Femur and Tibia

1.67 (Humerus + Radius) + 74.83 = 4.16
1.22 (Femur + Fibula) + 70.24 + 3.18
1.22 (Femur + Tibia) 4+ 70.37 = 3.24
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Table 2. The long bone measurements

Bones

Measurements

Humerus

Maximal length

Transverse diameter of diaphysis

Radius

Maximal diameters of medial diaphysis

Antero-posterior diameters of medial diaphysis

Minimal circumference of diaphysis

Maximal length

Ulna

Minimal circumference of diaphysis

Maximal anteroposterior diameters of diaphysis

Maximal transverse diameters of diaphysis

Maximal length

Femur

Trochanter lengths

Maximal lengths

Circumference of medial diaphysis

Transverse diameter of medial diaphysis

Transverse sub-trochanteric diameter

Antero-posterior sub-trochanteric diameter

Transverse diameters of head

Sagittal diameters of head

Collo-diaphyseal angle

Divergent angle

Tiba

Maximal length without tibial spine

Width of superior epiphysis

Transverse diameter of diaphysis

Maximal length

Data analyses were performed using
descriptive analysis (average, standard
deviation (SD), minimum-maximum).
Comparative analysis is used to compare
the estimated stature based on age and
sex of the Gilimanuk, Semawang and
Plawangan remains with recent Javanese
skeletal remains.

Results

The estimation of stature from the max-
imum length of long bones of the pre-
historic Gilimanuk sample is shown in

Table 3, which is separated by sex and
categorized into several age-at-death
groups. The highest estimated stature
is found in male individuals aged 16 -
<20 years and in females aged > 40
years. The highest average for males and
females was found in the age range of
16 — <20 years (168.74 = 9.18 cm), with
the average estimated stature of males in
that age range being the highest average
stature in the entire Gilimanuk sample
(174.10 = 9.42 cm). The average esti-
mated stature of males and females is al-
most similar i.e., approximately 164 cm.
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Table 4 shows estimated stature of
males and females from Semawang and
Plawangan skeletal remains. It can be
seen that in contrast to Gilimanuk,
the highest estimated stature for males
of Semawang and Plawangan remains
is in the age range of >40 which also

has the highest average estimated stat-
ure (166.31 = 1.52 cm). Meanwhile,
females, the highest average estimat-
ed stature was found in the age range
of 20 - <30 years (160.51 cm). Males
are about 3 cm taller than females (Ta-
ble 4).

Table 3. Stature estimation of Gilimanuk skeletal remains

Age at death N Average Estimated Stature SD Minimum Maximum
Male
16 - <20 2 174.10 9.42 167.44 180.77
20 - <30 10 164.40 6.77 151.23 174.75
30 - <40 3 160.84 5.41 157.36 167.07
>40 1 163.41 - 163.41 163.41
Total 16 164.88 7.23 151.23 180.77
Female
16 - <20 2 168.74 9.18 162.25 175.24
20 - <30 12 163.12 5.99 152.10 171.21
30 - <40 8 165.11 3.45 159.17 170.56
>40 6 162.78 8.11 155.28 178.37
Total 28 164.01 5.98 152.09 178.37

Age at death in year; N: number of specimens; SD: standard deviation; estimated stature in cm

Table 4. Stature estimation of Semawang and Plawangan skeletal remains

Age at death N Average Estimated Stature SD Minimum Maximum

Male

20 - <30 2 160.40 3.80 157.71 163.09

30 - <40 1 159.57 - 159.57 159.57

>40 2 166.31 1.52 165.24 167.39

Total 5 162.60 3.97 157.71 167.39
Female

16 - <20 2 159.58 2.64 157.40 158.88

20 - <30 1 160.51 - 160.51 160.51

30 - <40 3 158.27 0.77 157.71 161.45

Total 6 159.08 1.59 157.40 161.45

Age at death in year; N: number of specimens SD: standard deviation; estimated stature in cm
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In our sample of recent population, the
age-at-death range cannot be determined
because there was no available data from
the collections and only a little information
about age can be identified. Males are on
average 8 cm taller than females (Table 5).

Tables 6-7 present the sexual dimor-
phism characteristics of upper and low-
er limb bone remains from Gilimanuk,
Semawang, Plawangan, and recent hu-
mans. Several bone structures in humerus,
radius, ulna, femur, and tibia were com-
pared among males and females from Gili-
manuk, Semawang, Plawangan, and recent
human remains. The measures vary con-
siderably among population remains; how-
ever, the values are comparable. Humerus,

radius, ulna, and tibia of males had great-
er maximum length of long bones than
females in all population remains. The
differences were not seen in femur meas-
urements which had almost comparable
length between males and females in all
sample populations. More detailed struc-
tures in each of the long bones also were
highly varied between males and females
in the population remains. For examples,
transversal diameter of diaphysis of hu-
merus were greater in females than males
in all populations except in the Semawang
remains. The minimal circumference of
diaphysis of radius, however, was greater
in males than females in all populations,
except in the Plawangan remains.

Table 5. Stature estimation of male and female recent skeletal remains

N Average Stature SD Minimum Maximum
Males 5 168.32 4.70 161.65 174.89
Females 4 160.45 6.89 150.76 166.73

N: number of specimens; SD: standard deviation; estimated stature in cm

Table 6. Sexual dimorphism characteristics of upper limb bone remains from Gilimanuk, Semawang,

Plawangan, and recent human

Gilimanuk

Semawang

Plawangan Recent

Bone and structures Male  Female

Male

Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Humerus

Transverse diameter of 21.7 22.9 18.9 16.0 17.2 19.0 16.7 18.4
diaphysis (3.8) (14.1) (3.1) (1.9) (3.9) (1.5) (2.9) (2.3)
Maximal length 308.0 294.3 319.2 280.8

(16.1) (19.9) 2900 1680 2805 =gy (177
Radius
Maximal diameter of 15.9 15.8 16.2 12.0 14.0 16.4 13.1 95
medial diaphysis (3.5) (6.3) (2.4) ’ (1.4) (1.7 (0.7) ’
Antero-posterior diame- 15.6 12.1 11.4 95 10.0 10.8 10.3 75
ter of medial diaphysis (7.4) (2.2) (1.3) ’ (1.0) (0.9) (0.8) ’
Minimal circumference 47.0 42.8 46.3 40 39.8 45.0 41.6 36.0
of diaphysis (11.6) (6.4) (1.9) (4.5) (3.5) (3.1) ’
Maximal length 251.8 214.1 245.4

(23.3) (56.6) 235.0 - 222.5 240.0 (10.5) 196.0
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Gilimanuk Semawang Plawangan Recent
Bone and structures Male Female Male Female Male Female Male Female
Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)
Ulna
Minimal circumference 40.2 39.1 37.3 33.0 26.3 37.0 35.5 29.6
of diaphysis (8.2)  (6.6) (1.1 : (12.9)  (1.7) (1.5  (3.6)
Maximal antero-posterior ~— 24.7 31.2 32.0 1.00 3l.4 29.6 33.5 29.8
diameter of diaphysis (8.8) (9.9) ’ ’ (3.7) (2.6) (2.1) (1.1)
Maximal transverse 21.1 26.4 22.0 15.0 26.5 20.4 24.1 21.8
diameter of diaphysis (6.8) (9.3) ’ ’ (0.6) (3.6) (1.0 (0.8)
Maximal length 239.8 254.3 235.7 264.6 241.8
(18.8) (230 2900 = 2405 Teq (104)  (74)

Avg: average; SD: standard deviation; measurement unit is in mm

Table 7. Sexual dimorphism characteristics of lower limb bone remains from Gilimanuk, Semawang,

Plawangan, and recent human

Gilimanuk Semawang Plawangan Recent

Bone and structures Male Female Male Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Femur

406.3 353.0 345.3 341.3
Trochanter length 403.0 (18.) (7.3) - 336.5 33.7.4 (27.2)  (34.9]
Circumference of medial 90.2 83.3 85.8 77.0 76.0 84.3 74.6 76.0
diaphysis (6.5) (7.3) (6.6) (5.2) (1.7) (5.0) (7.0) (9.2)
Transverse diameter of 25.8 27.9 25.9 23.7 24.5 24.9 22.3 23.8
medial diaphysis (2.1)  (13.9) (3.1)  (1.8) (1.5  (2.0)  (2.8)  (1.6)
Transverse sub-trochan- 33.1 34.9 32.2 27.0 26.3 28.9 25.4 26.8
teric diameter (3.1) (17.1) (1.6) ’ (1.5) (3.6) (0.5) (2.7)
Antero-posterior sub-tro- 30.3 28.5 28.4 22.0 22.0 2.53 22.6 20.7
chanteric diameter (4.9) (4.0) (4.7) ’ (1.9) (2.4) (1.6) (4.0)
Transverse diameter of 43.8 42.5 45.5 B 395 41.8 40.5 3.93
head (3.8) (3.0 (2.1) : (2.3)  (5.4)  (0.49)
. . 44.0 42.6 41.3 40.5 3.88
Sagittal diameter of head (3.6) (2.9) 44.5 - 39.5 (2.2) (4.6) (0.50]
. 134.00° 128.15° . . ,

Collo-diaphyseal angle (8.31°) (6.79°) - - - 140 135 129

. 705 11500 B ~ . . .

Divergent angle (1.50°) (2.65°) 10 12 9

Maximal length 420 430 382.7 328.3 400.0 416.3 407.1 400.2

(74.0)  (55.3) (14.4)  (32.1) (43.2)
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Table 7. (cont.)

Gilimanuk

Semawang

Plawangan Recent

Bone and structures Male  Female

Male

Female Male Female Male Female

Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD) Avg (SD)

Tibia

Maximal length without 338.3 344.3 B _ 336.0 365.0 323.3
tibial spine (14.7)  (18.0) P 16.6)  (382)
Width of superior 58.0 71.8 605 B 61.0 61.2 71.2 62.0
epiphysis (18.3) (7.6) ’ ’ (6.8) (1.6) (6.1)
Transverse diameter of 31.0 34.6 25.8 25.7
diaphysis (47) (85 PSS 2700 g (39

. 348.2 377.3 334.0
Maximal length 353.5 (18.2) 370 - - 346.0 (204)  (33.5)

Avg: average; SD: standard deviation; measurement unit is in mm

Discussion

Sexual dimorphism refers to the systemic
biological differences between males and
females, which can be measured and
seen in estimated stature and bone struc-
tures. One of the common types of arche-
ological evidence to find is that males are
almost always taller than females. This
is often ascribed to what is known about
living males, such as that they tend to
have a stocky face, muscular body, and
are generally physically stronger and
faster than females (Frayer and Wolpoff
1985). In our study on human skeletal
remains from Indonesia, sexual dimor-
phism in estimated stature of Gilima-
nuk, Semawang, and Plawangan was ob-
scure compared with the recent sample,
where sexual dimorphism was more ob-
vious. Nonetheless, long bones showed
more obvious sexual dimorphism in all
population groups.

It is believed that stature is strong-
ly influenced by genetics. However, one
possible confounding cause has emerged
that could affect stature, i.e., nutrition
(Eveleth 1975; Gray and Wolfe 1980).

Overall, genetics and nutrition play the
most important role in human growth,
but when considered in other cultural
and regional contexts, it can be seen that
there are several other factors such as
climate, marriage, or even access to the
basic requirements of nutrients.

The Gilimanuk, Semawang, and
Plawangan populations have genetic and
physical traits as Mongoloid. They lived
at around the same period and belonged
to the Paleometallic Age and Austrone-
sian civilizations. They dwell by the coast
(Soejono 1977; Boedhisampurno 1990;
Harkatiningsih, 1990, Aziz and Faisal
1997; Koesbardiati et al. 2013; Prayudi
and Suriyanto, 2017, 2018). It is possible
that in the past in Gilimanuk there were
conditions when the community was
malnourished so that the stature of males
at that time did not reach the maximum
when compared to the stature in the re-
cent period. In this study, it was seen that
there was a change in the estimated stat-
ure of the past sample when compared
to modern, while modern males get taller
(by 5.44 cm), modern females get short-
er (by 3.65 cm). In the Gilimanuk com-



Sex Dimorphism in Long Bone Structures of Gilimanuk Remains 89

munity, males have an average estimated
stature of 164.88 cm, while they were
162.60 cm in Semawang. This trend
may indicate that in the past in Gilima-
nuk and Semawang, there may have been
conditions that made it difficult for them
to access nutrition. Sexual dimorphism
among ancient populations has been re-
ported in ancient European populations
by Frayer (1980). It was noted that Euro-
pean Upper Paleolithic groups exhibited
stronger sexual dimorphism than their
Mesolithic and Neolithic descendants,
particularly in the cranial skeleton. This
decrease in sexual dimorphism towards
more recent populations was linked to
changes in technical processes connected
with hunting of prey animals. The same
process was proposed to have occurred
between Mesolithic and Neolithic Eu-
ropean populations, as well as between
Neolithic and current European popula-
tions, indicating a stronger correlation
with changes in women (Frayer 1980).
Sexual dimorphism is diminished in
hominin descendants, and is more vis-
ible or higher in more ancient popula-
tions, in terms of skeletal, cranial, and
dental dimensions (Suriyanto 2006;
2009). The degree of sexual dimorphism
in hominin body size has shifted over
the last three million years, from 100%
in baboons and gorillas to 20% — 40% in
current human populations (Frayer and
Wolpoff 1985). Our study found that
sexual dimorphism in the Gilimanuk
sample was not obvious. This was seen
in the average estimated stature differ-
ence between males and females, which
was only 0.87 cm when compared with
7.87 cm different in modern males and
females. When we compare the aver-
age stature of males and females across
Gilimanuk, Semawang, and Plawangan,
there was not much of a difference ei-

ther (Tables 3 and 5). Changes in nutri-
tion can cause wider sexual dimorphism
(Chen et al. 2022; Pontifex et al. 2024)
as shown in our more recent population.
Males have a tendency to get more nutri-
tion, because, for example, females tend
to get diseases related to lack of nutri-
tion, especially when there is a disaster
(Rivers 1982). The absence of sexual di-
morphism in bones from the past may
also occur because there are similarities
in activities between males and females
(Murdock and Provost 1973). This seen
in the robustness of the lower body of the
Modern Hunter Gatherer from Australia
which indicates both males and females
have a high level of mobility (Carlson
et al. 2007; Herrerin and Carmenate
2022). However, there are differences in
the upper body, which based on ethno-
graphic data may be due to differences in
occupation (Carlson et al. 2007). There
might be various explanations for the
lack of prominent sexual dimorphism in
prehistoric populations, such as equality
of work between males and females and
equal access to nourishment. Whereas,
several causes of sexual dimorphism in
the modern society may include unequal
work between males and females as well
as a lack of access to nutrients (Frayer
and Wolpoff 1985; Kirchengast 2014).
Overall, our observations on the
long bone structures showed the ex-
istence of sexual dimorphism among
the skeletal remains in Indonesia. The
humerus transverse diameter of the fe-
male population of Gilimanuk, Plawan-
gan, and recent skeletons are greater
than the male humerus, while the hu-
merus transverse diameter of the
Semawang male population are great-
er than the female humerus. There is
an increase in the maximum length of
the humerus of Gilimanuk, Semawang,
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Plawangan, and recent Indonesian
males. The osteometric measurements
of the radius and ulna of males appeared
to be greater for all populations, but the
differences in the osteometric measure-
ments of the radius and ulna of males
and females in the populations were
relatively inconspicuous. The maximal
length of radius between male and fe-
male recent populations is relatively
greater compared to the ancient popu-
lations of Indonesia. Whereas, lengths,
diameters, and angle of the female femur
were relatively greater in ancient popu-
lations, the lengths, diameters, and an-
gle of the male femur were greater in the
recent population. Femur circumference
is relatively greater in males Gilima-
nuk and Semawang populations than of
Semawang and recent populations. Her-
rerin and Carmenate (2022) found that
the robustness in legs showed higher di-
morphic trends than in the arms in San-
ta Clara Necropolis skeletal remains. It
was thought that there might be a simi-
lar manipulation activity between males
and females in that population.

The tibia remains of Semawang and
Plawangan populations are difficult to
measure all osteometric variables because
most of them are fragmentary since at
the archeological sites, hence, the meas-
urements were done only on the ancient
population of Gilimanuk. In general, re-
cent Indonesian tibial osteometric meas-
urements show relatively less pronounced
sexual dimorphism than the ancient Gil-
imanuk population. It may be that daily
activities related to the sexual division of
labor in tibial function were more pro-
nounced in ancient populations than in
more modern populations (Ruff 1987).

Concerning the sexual dimorphism in
long bone structures, sexual division of
labor can also be seen from the measure-

ments of the actual size of the bones. For
example, sexual dimorphism was found
in the Pre-Hispanic Maya Coastal Pop-
ulation of Mexico where there was a dif-
ference in robustness in the upper limbs
caused by the division of labor such as
the use of different tools and carrying
a heavier burden by males. In addition,
the lower limbs also showed differences
in work groupings, so there are differenc-
es in the structures of the bones. Addi-
tionally, in morphology, males look more
robust with broader shoulders when
compared to females. This pronounced
difference is probably caused by males
frequently traveling and carrying heavy
loads (Wanner et al. 2006).

The strength of this study was the an-
tiquity of the materials of Gilimanuk hu-
man remains and the methods of sex and
age estimation. Sex identification used the
Walker method in Buikstra and Ubelaker
(1994). This method uses skull and pel-
vis, both of which are the parts that show
the most sex differences. Individual age at
death was identified using various methods
such as Todd (1920), McKern and Stewart
(1957), Lovejoy et al. (1985), and Walker
in Buikstra and Ubeler (1994). Age identi-
fication is done using various methods be-
cause not all bones in an individual can be
found. More recent methods assessed the
use of osteometric measurement and indi-
ces; however, the results were less reliable
than morphological characteristic obser-
vation (Barroso Flamino et al. 2020). The
use of these two parts of the skeletons is
also to reduce identification errors. None-
theless, several limitations were found in
this study, including the limited individu-
al number of specimens and the remains
were not comparably distributed in the
observed age ranges. The limited number
of specimens may hinder the representa-
tion of the whole population. Future study
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should investigate additional characteris-
tics such as socioeconomic, culture, activ-
ities, and environment of the specimens.

Conclusions

In conclusion, long bone structure meas-
urements are comparable among remains
from each sample. Long bone structures,
however, revealed more obvious sexual di-
morphism in all skeletal remains. This find-
ing may be due to the difference in house-
hold tasks between males and females.
Additionally, there is a trend that males
tend to get more nutrition and get it earlier
in their development than females. Sexu-
al dimorphism in estimated stature was
clearly greater in recent human remains in
comparison to Gilimanuk, Semawang, and
Plawangan skeletal remains. This showed
that the possibility of accessing nutrients
by each individual tends to be similar. In
addition, the work done during that time
tended to be alike between males and fe-
males, indicating an equal division of labor
in both sexes. Nonetheless, the average
estimated stature and age at death varied
among the premodern remains.
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