€Y Routledge

g Taylor &Francis Group

Island

Coastal The Journal of Island and Coastal Archaeology

Archaeology

ISSN: 1556-4894 (Print) 1556-1828 (Online) Journal homepage: https://www.tandfonline.com/loi/uica20

Kisar and the Archaeology of Small Islands in the
Wallacean Archipelago

Sue O'Connor, Mahirta, Shimona Kealy, Clara Boulanger, Tim Maloney,
Stuart Hawkins, Michelle C. Langley, Hendri A. F. Kaharudin, Yuni Suniarti,
Muhammad Husni, Marlon Ririmasse, Daud A. Tanudirjo, Lucas Wattimena,
Wuri Handoko, Alifah & Julien Louys

To cite this article: Sue O'Connor, Mahirta, Shimona Kealy, Clara Boulanger, Tim Maloney, Stuart
Hawkins, Michelle C. Langley, Hendri A. F. Kaharudin, Yuni Suniarti, Muhammad Husni, Marlon
Ririmasse, Daud A. Tanudirjo, Lucas Wattimena, Wuri Handoko, Alifah & Julien Louys (2018): Kisar
and the Archaeology of Small Islands in the Wallacean Archipelago, The Journal of Island and
Coastal Archaeology, DOI: 10.1080/15564894.2018.1443171

To link to this article: https://doi.org/10.1080/15564894.2018.1443171

A
8 © The Author(s). Published with license h View supplementary material (&'
by Taylor & Francis© 2018 Sue O'Connor,

Mahirta, Shimona Kealy, Clara Boulanger,
Tim Maloney, Stuart Hawkins, Michelle

C. Langley, Hendri A. F. Kaharudin, Yuni
Suniarti, Muhammad Husni, Marlon
Ririmasse, Daud A. Tanudirjo, Lucas
Wattimena, Wuri Handoko, Alifah and Julien

Louys
@ Published online: 25 May 2018. Submit your article to this journal &
||I| Article views: 901 @ View Crossmark data &'

CrossMark

@ Citing articles: 2 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=uica20


https://www.tandfonline.com/action/journalInformation?journalCode=uica20
https://www.tandfonline.com/loi/uica20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/15564894.2018.1443171
https://doi.org/10.1080/15564894.2018.1443171
https://www.tandfonline.com/doi/suppl/10.1080/15564894.2018.1443171
https://www.tandfonline.com/doi/suppl/10.1080/15564894.2018.1443171
https://www.tandfonline.com/action/authorSubmission?journalCode=uica20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uica20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/15564894.2018.1443171&domain=pdf&date_stamp=2018-05-25
http://crossmark.crossref.org/dialog/?doi=10.1080/15564894.2018.1443171&domain=pdf&date_stamp=2018-05-25
https://www.tandfonline.com/doi/citedby/10.1080/15564894.2018.1443171#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/15564894.2018.1443171#tabModule

The Journal of Island and Coastal Archaeology, 0:1-28, 2018
ISSN: 1556-4894 print / 1556-1828 online
DOI: 10.1080/15564894.2018.1443171

@ OPEN ACCESS | ™) Gheck for updates

Article

Kisar and the Archaeology of Small
Islands in the Wallacean Archipelago

Sue O’Connor ®,"? Mahirta,® Shimona Kealy ®,"?

Clara Boulanger,'* Tim Maloney,'-? Stuart Hawkins,'> Michelle
C. Langley,® Hendri A. F. Kaharudin,® Yuni Suniarti,?
Muhammad Husni,® Marlon Ririmasse,® Daud A. Tanudirjo,?

Lucas Wattimena,® Wuri Handoko,® Alifah,*” and Julien Louys'~®
! Archaeology and Natural History, College of Asia and the Pacific, Australian
National University, Canberra, ACT, Australia

2Centre of Excellence for Australian Biodiversity and Heritage, Australian
National University, Canberra, ACT, Australia

3Departemen Arkeologi, Fakultas llmu Budaya, Universitas of Gadjab Mada,
Yogyakarta, Indonesia

IMuséum National d’Histoire Naturelle, UMR 7194 Histoire Naturelle de
U’Homme Prébistorique, Paris, France

> Australian Research Centre for Human Evolution, Environmental Futures
Research Institute, Griffith University, Nathan, QLD, Australia

SBalai Arkeologi Maluku, Jl. Namalatu-Latubalat, Ambon, Indonesia

’Balai Arkeologi Yogyakarta, JL. Gedongkuning, Yogyakarta, Indonesia

Received 16 November 2017; accepted 16 February 2018.

Address correspondence to Sue O’Connor, Archaeology and Natural History, School of Culture, History
and Language, College of Asia and the Pacific, Australian National University, Canberra, ACT 2601,
Australia. E-mail: sue.oconnor@anu.edu.au

Color versions of one or more figures in the article can be found online at
http://www.tandfonline.com/uica

© 2018 Sue O’Connor, Mahirta, Shimona Kealy, Clara Boulanger, Tim Maloney, Stuart Hawkins,
Michelle C. Langley, Hendri A. E Kaharudin, Yuni Suniarti, Muhammad Husni, Marlon Ririmasse, Daud
A. Tanudirjo, Lucas Wattimena, Wuri Handoko, Alifah and Julien Louys. Published with license by
Taylor & Francis

This is an Open Access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which
permits non-commercial re-use, distribution, and reproduction in any medium, provided the original
work is properly cited, and is not altered, transformed, or built upon in any way.


https://doi.org/10.1080/15564894.2018.1443171
https://crossmark.crossref.org/dialog/?doi=10.1080/15564894.2018.1443171&domain=pdf&date_stamp=2018-05-23
mailto:sue.oconnor@anu.edu.au
http://www.tandfonline.com/uica
http://creativecommons.org/licenses/by-nc-nd/4.0/

Sue O’Connor et al.

ABSTRACT

The occupation of small islands presents particular challenges for
Dpeople largely related to limited terrestrial resources and susceptibility
to natural disasters. Nevertheless, the challenges and risks inberent
in maintaining stable populations on small islands can be offset or
overcome through the use of maritime technologies and exchange
networks. The archaeology of Here Sorot Entapa rockshelter (HSE) on
Kisar Island in the Wallacean Archipelago provides an unparalleled
record for examining these issues in Soutbeast Asia. Kisar is the
smallest of the Wallacean islands known to bhave a Pleistocene occu-
pation record, and one of the smallest permanently inhabited today.
Our results indicate that Here Sorot Entapa was first occupied in the
terminal Pleistocene by people with advanced maritime technology
who made extensive use of local marine resources and engaged in
social connections with other islands through an obsidian exchange
network. As a result, populations appear to have been maintained
on the island for approximately 6,000 years. In the early Holocene
occupation at HSE ceased for unknown reasons, and the site was
not reoccupied until the mid-Holocene, during which time a major
change in the lithic resources can be observed and the exchange

network appears to bhave ceased.

Keywords island biogeography, maritime technology, fishing, risk buffering, obsidian

transport

INTRODUCTION

Islands are generally characterized in
archaeology as remote, marginal, and
isolated. Small islands in particular Q.e.,
those between ~1 and 500 km?) are often
neglected by archaeologists due to the
perception that they would have been too
marginal to have sustained human popula-
tions (Fitzpatrick et al. 2016). This widely
held perception is in large part due to the
acceptance of the ‘Theory of Island Bio-
geography’ (MacArthur and Wilson 1967)
by archaeologists. This theory posits that
smaller islands will have lower ecological
and biological diversity (i.e., a smaller
equilibrium species number) due to their
smaller area, and thus be less able to sustain
human settlement over longer timescales.
However, the theory also posits that the
smaller the distance of the island from
another landmass from which recoloniza-
tion can occur, the larger the equilibrium

species number. Thus, islands closer to the
mainland will have higher species equilib-
rium numbers than isolated islands, helping
to mitigate the area effect. When consid-
ering human dispersal and colonization of
islands, other factors may further offset
the small island effect (Fitzpatrick et al.
2016; Keegan et al. 2008), perhaps most
importantly the degree of maritime and fish-
ing technology and knowledge available,
which would free colonizers from insular
terrestrial resource restrictions.

Recent publications have questioned
archaeologists’ use of, and the utility of
the term ‘colonization’ in discussions of
the occupation of islands. Leppard and
Runnels (2017:511), for example, point out
the potential “spectrum of ecodynamic and
behavioral processes” implied by this term
and question whether its use is even appro-
priate to pre-Holocene populations. They
highlight the need to draw a distinction be-
tween ‘passive’ and ‘strategic’ colonization
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(Leppard and Runnels 2017). While their
argument pertains primarily to the capabil-
ities of non-sapiens hominins, it is perhaps
equally applicable to island colonization
by Homo sapiens in the Pleistocene. For
example, Pleistocene watercraft may have
been adequate for navigating rivers and
inshore coastal environments, but are likely
to have been caught by strong currents
or storms if used further out to sea and,
without the ability to travel against the
wind, been taken off-course, potentially
leading to castaway settlements.

These concerns notwithstanding, cen-
tral to archaeological investigations of
settlement histories is the ability to differ-
entiate continuous settlement versus occa-
sional visitation, at both the site and island
scale. Radiocarbon dates represent proba-
bilities, and the error range does not allow
discrimination between annual short-term
visits by those using an island as a foraging
locale and residential island occupation,
where a site may be intensively used for
only a few days or weeks prior to movement
to another camp on some other part of the
island. Fitzpatrick et al. (2016) point out the
necessity to at least try to differentiate what
type of occupation we are dealing with.
While in some regions this may be possi-
ble based on the presence of seasonally
available faunal resources or other seasonal
indicators, in most tropical islands where
seasonality is low, this is not possible. Re-
search on the Central Torres Strait islands
has even questioned the utility of such dis-
tinctions when dealing with small islands,
arguing that island use is much more fluid
and that patterns and length of occupation
will vary annually depending on weather
patterns and availability of food and fresh
water (McNiven 2015a, 2015b, 2016).

Pivotal to all of these issues is the
sophistication of maritime technology pos-
sessed by a community. Occupation is only
sustainable on small islands with unpre-
dictable fresh water supplies, or in the
event of environmental or geological catas-
trophes, if one has both the ability to leave
and somewhere to relocate to. Populations
on small islands with marginal environ-
ments can offset risk by using a variety of so-

cial strategies such as mobility, storage, and
exchange. In this case, high mobility to ce-
ment social networks of reciprocity (even in
good years) increases the odds of long-term
survival in the event that resources fail (Mc-
Niven 2015a, 2015b). Barham (2000:238)
notes that in the Central Torres Strait Is-
lands, in the event of drought, warfare, envi-
ronmental catastrophes or crop failure, “in-
vestment in canoe technology and social al-
liances permitted temporary abandonment
of islands, immediate access to expanded
resource areas, and population relocation”.

Here we discuss the archaeological
record from the Here Sorot Entapa rock-
shelter on Kisar Island in the Wallacean
Archipelago. We pay particular attention to
human adaptations to this small island us-
ing faunal, lithic, and other artifactual data
in light of some of the issues raised above.
Kisar, and the Wallacean Archipelago more
generally, provide useful additions to the lit-
erature on island archaeology due to the
depauperate nature of the terrestrial fauna
in most islands of the archipelago, and its
smaller islands in particular. Kisar is the
smallest of the Wallacean islands known to
have a Pleistocene occupation record, and
one of the smallest permanently populated
today. Due to its steep coastline, Kisar’s total
land area would have changed little during
the course of fluctuations in sea level over
the past 50,000 years, making it an interest-
ing case study in terms of viability of colo-
nization and settlement of small islands in
the Pleistocene.

Kisar Island

Kisar is located just over 25 km north
east of Timor-Leste in the Indonesian
province of Maluku Barat Daya (Figure 1).
Kisar is an emergent island in the hinter-
land of the active Banda arc-continent col-
lision zone. Today it is ca. 10 x 8.7 km
with a total area of 81.15 km?. It has a
narrow coastal platform owing to its rapid
rate of uplift and deep offshore profile. The
steep offshore profile means that its land
area has changed little during the sea level
fluctuations of the past 50,000 years. Even
during periods of maximum low stand, it

THE JOURNAL OF ISLAND AND COASTAL ARCHAEOLOGY 3



Sue O’Connor et al.

Kalimantan

N
42
43.3
Legend .
0 -

& Cooupaton sie Hare 554

Currant axtent Esr&;‘;: >

| \stand axsert a2 15ka

25.3(|25.7

o s 1020 W 40 50

Figure 1. Maps showing the location of Kisar Island and HSE site, and its proximity to neighboring
islands. A) Dark gray indicates reconstructed sea levels at c. 15 ka. B) Distance (km)
Jfrom Kisar to its nearest neighbors for present day (small values), and ca. 15 ka (larger

values).

would never have been much larger than it
is today. During the Last Glacial Maximum
(LGM) Kisar had an estimated land area of
ca. 123 km?; accounting for an average up-
lift rate of 0.5 m/ka (Major et al. 2013) and
a sea level 135 m below present (Lambeck
and Chappell 2001). Kisar originated from
uplifting, high-pressure metamorphic rocks
that formed through the collisional defor-
mation of the India-Australian Plate-Banda
Sea Plate interaction (Hall 2002; Major et al.
2013). While the metamorphic core of Kisar
first emerged ca. 450 ka (Major et al. 2013),
the island is almost completely encircled
by a series of Quaternary, coralline lime-
stone terraces (Agustiyanto et al. 1994; Ma-
jor et al. 2013) that run parallel to the coast-
line. It is within these terraces that erosion
and dissolution has produced shelters and
caves, including Here Sorot Entapa (HSE),
the subject of our excavation.

Kisar today has an extremely depau-
perate terrestrial fauna with only a few
species of bats, small rodents, small lizards,
and snakes recorded (How et al. 1996;
Maryanto et al. 2005; Monk et al. 1997;
Prawasti et al. 2013; Zug 2010). During the
course of our surveys we also identified
the presence of at least one shrew species.

The bird fauna of Kisar is comparatively
well studied with 44 resident species so far
identified (Finsch 1898; Natus 2005; Trainor
2003). Present-day annual rainfall on Kisar
ranges from 900 to 1200 mm/pa (Direktorat
Pendayagunaan Pulau-Pulau Kecil 2012),
80% of which falls between the months
of December and May (Regional Physical
Planning Project for Transmigration 1989),
making it the driest island in south Maluku
(Trainor 2003). Freshwater is scarce during
the dry season and some of the settlements
on the island today buy water for domestic
use, which is pumped from bores. Savannah
and plantations dominate the present veg-
etation, however, Trainor (2003) predicts
the island was once covered almost entirely
in tropical dry and semi-evergreen forests.
‘While the coastal waters surrounding Kisar
abound with marine life, this is somewhat
offset by narrow reef platforms resulting
from the steep offshore profile, and depth
of surrounding waters. The uplifted lime-
stone terraces create steep, almost vertical
cliffs girting large parts of the island, and
easy access to the sea is available in only
a few areas. A high energy beach about
135 m west of HSE provides an access point
to the coast.
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THE HERE SOROT ENTAPA EXCAVATION:
MATERIALS AND METHODS

Here Sorot Entapa (HSE) was excavated
by a joint Australian-Indonesian team over
one field season in September 2015. HSE is
formed in a raised coralline terrace located
approximately 80 m from the coast and
about 24 m above mean sea level on the

C

howing beight above coast and distance to coast.

south coast of Kisar, facing Timor-Leste
(Figure 2). The site comprises a shelter
about 12 m in length at its widest point,
and 10 m in depth from the back wall to the
dripline (Figure 3). The wall of the shelter
opens into an enclosed chamber with a
dome roof (approximately 5 m high) that
is on average 9 m deep from the opening
to the back wall and about 6 m across.
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Figure 3. Plan of the HSE shelter and cave with excavation squares indicated in yellow and large

rocks/boulders in blue.
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The narrow entrance allows little light to
enter the cave. The floor of the site has
several stone features that were said by the
locals to be sacred, and the shelter walls
contain painted motifs in a variety of colors
(O’Connor et al., in press).

Two 1 x 1 m? test pits (Squares A and
B) were excavated in the main shelter floor
outside the cave entrance but within the
dripline (Figure 3). Square A was located
near the east wall of the shelter; Square
B was situated centrally but avoiding the
stone features. Both were excavated in 5 cm
spits within sedimentary units. Square A
was excavated to a depth of 1.3 m and
Square B to a depth of 1.2 m, when natural
coralline rubble and sand was encountered.

Excavation and Recovery

All excavated sediment was dry sieved
and then wet sieved through a 1.5 mm mesh
screen. This ensured good recovery of small
bones and shell artifacts. All finds were then
dried before being sorted and separated
into categories of bone, stone, shell, urchin,
crab, charcoal, and seeds.

Charcoal and Shell Sampling for
Radiocarbon Dating and the Bayesian
Model

Charcoal and shell samples for ra-
diocarbon dating were removed in situ
during excavation and their 3D position
recorded. Samples were also removed from
the walls at the end of the excavation
and the sample location marked on section
drawings.

Nineteen charcoal and marine shell
samples were dated by the Australian
National University Radiocarbon Dating
Laboratory, while 12 marine shell samples
were dated at the University of Waikato Ra-
diocarbon Dating Laboratory. The C'4 ages
were then calibrated in OxCal v.4.3 (Ram-
sey 20092) using the IntCall3 (for charcoal
samples) and Marinel3 (for marine shell
samples) calibration curves (Reimer et al.
2013). A multiphase Bayesian model was
constructed using these dates in OxCal

Sue O’Connor et al.

to reduce the uncertainty of the age es-
timates and to predict the timing of the
transitions between the different identified
stratigraphic units. Each unit identified in
the stratigraphy (Figure 4) was modeled as
a Phase and ordered based on their strati-
graphic position. Double boundaries were
inserted between each unit to account
for discontinuous sedimentation rates and
possible hiatuses in the record. One ex-
ception was in Unit 8 where the date from
Square A was significantly older than those
from Square B and, based on the location
of the excavation squares in the shelter
and the contiguity of the corresponding
stratigraphic units between squares, was
thought to represent an earlier time in the
deposition of Unit 8. We therefore split
Unit 8 into two Phases within the model,
Lower Unit 8 and Upper Unit 8, but with
a continuous sedimentation rate (only a
single boundary) modeled between them.
The General t-type Outlier Model (Ramsey
2009b) and a prior outlier probability of
5% was applied to the overall model and
each individual date, respectively. This
model is the one most commonly used for
archaeological dates in determining the
probabilities of outliers and the scale of
offset applied to the data within the model
(Ramsey 2009b; Wood et al. 2016).

Stone Artifacts

The total number of stone flaked
artifacts [TNA] was counted for all raw ma-
terials. Analysis also included a count of the
minimum number of flakes [MNF], an arti-
fact count sensitive to flake fragmentation
(Hiscock 2002). Statistical tests were con-
ducted using SPSS V24, and included the
Wilcoxon Signed Rank test for comparison
of related non-parametric variables.

Vertebrate Fauna

The HSE vertebrate material was first
sorted into rough biological classes (bony
and cartilaginous fish, bird, lizard, marine
turtle, medium-sized mammal, murid, and
snake) at the Australian National Univer-
sity in Canberra. All bone fragments from
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Unit () = Multiple thin layers to loose, sandy silt top sail
Unit(8) = Dark brawn (7.5YR 3/2) sandy silt, with charcoal and small recks

Unit(7) = Dark brown (7.5¥R 3/2) sandy silt with loose compaction and Increased charcoal and ash

Unit (§) = Pink to grey ash (7.5YR 2.5/2]

Unit (5) = Rock clasts and angular gravels surrounded by very boose dark brown silt (7.5 YR 3/2 - 4/2)

Unit (4) = Dark brown (7.5YR 2.5/2) sandy silt

Unit(3) = Light grey (7.5YR 7/1} compact ash layer, dense with shell
Unit (2}= Dark brown (7.5 YR 3/3 - 3/4) sandy silt

Unit(L}= Reddish yellow (7.5YR 6/6) sterile sand with coral
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Figure 4. Stratigraphy of HSE, Square A (above) and Square B (below). Stratigraphic units num-
bered within the image, spits numbered down the vertical axis.

Square B were anatomically identified to the
lowest taxonomic level possible by com-
parison with modern reference collections
housed at the Department of Archaeology
and Natural History Osteology Laboratory
at the Australian National University (ANU),
and at the Muséum National d’Histoire
Naturelle in Paris, as well as some refer-
ence illustrations in ichthyoarchaeology
(Bellwood 1994; Cannon 1987; Gregory
1933; Lepsikaar 1994; Rivaton and Bourret
1999; Tercerie et al. 2014 [v.2017]; Tyler

1980). Ichthyoarchaeology in the tropi-
cal Indo-Pacific island region is especially
challenging due to the combination of
high regional marine biodiversity and con-
servative bone morphological variability
within most fish families (Samper Carro
et al. 2017). Indeed, there are no less
than 3,567 species of marine fishes living
near Indonesian coastlines (Froese and
Pauly 2010 [v.2017]). Among these, 2,103
are reef-associated. Identification based
on comparative anatomy is difficult and

THE JOURNAL OF ISLAND AND COASTAL ARCHAEOLOGY 7



often limited to family level (Fitzpatrick
et al. 2011; Lambrides and Weisler 2013,
2016).

Fortunately, the reference collections
used in this study are among the best for Pa-
cific fish in the world. They facilitated the
identification of a wide range of anatom-
ical elements that include the five-paired
jaw bones and unique post-cranial bones
such as pharyngeal plates and dermal spines
(Campos 2009; Leach 1997; Samper Carro
et al. 2016, 2017), as well as an expanded
set of cranial elements, and vertebrae. The
taxonomic determination of fish vertebrae
is important as it permits the identifica-
tion of fish families whose cranial bones are
very fragile and do not preserve (Lambrides
and Weisler 2013). The unidentified fish
fragments have been counted and classed
as boney ray-fined fishes (Teleostei) of the
Actinopterygii, which makes up the largest
number of fish species in the oceans of
the world (Nelson 2006). Some fish skele-
tal elements are better represented than
others, e.g., identification of Balistidae dor-
sal spines is straightforward compared with
those of other families. This creates bias
during the identification phase, although
this bias is consistent between units within
the sequence.

Tetrapod bones were identified to var-
ious taxonomic levels depending on degree
of fragmentation and reference material
available at ANU. The most fragmented
bones, lacking diagnostic morphological
features, were only identified to superclass
(Tetrapoda) or class (Reptilia, Aves, Mam-
malia). Bird bones were not identified to
any level lower than class, due to time and
comparative collection limitations; like-
wise limited reference material for lizards,
snakes, and bats restricted identification
of these taxa to suborder (Lacertilia, Ser-
pentes, Chiroptera). However, fruit bat
(Pteropodidae) bones are quite distinctive
from insectivorous bats (Yangochiroptera)
and these could often be distinguished
based on articulating limb appendages and
cranial material. Turtle bones were identi-
fied to the superfamily level (Chelonioidea)
as the seven extant species worldwide can

Sue O’Connor et al.

only be distinguished by mandibles and
crania (Wyneken and Witherington 2001),
elements lacking in the HSE vertebrate
assemblage. Rodents belonging to Muridae
were sorted on size (small, large, and giant).
More specific identifications to species and
genus were made on the maxillae and
mandible tooth rows.

Vertebrates were quantified by the
Number of Identified Specimens Present
(NISP) and weight. These quantitative meth-
ods are independent of aggregated prove-
nance units and avoid the overestimation of
rare taxa (Lyman 2008). However, we rec-
ognize that this may result in an inflated es-
timate of some taxa with regards to the dis-
proportionate preservation of certain bones
between different taxa (such as pharyngeals
of Scaridae or Labridae) (Poplin 1976). For
further discussion of the taphonomic
observations at HSE, see Supplementary
Information: S1.

Molluscan Fauna

All shells and shell fragments from
the site were retained for analysis and are
stored at the University of Gadjah Mada. To
date only the shell from two spits has been
identified. Shells and shell fragments were
identified to the lowest possible taxonomic
level using reference books for Indonesian
molluscs (Dharma 1988, 1992, and 2005;
and the online database WoRMS [WoRMS
Editorial Board 2017]). Molluscs were quan-
tified by weight (g), Minimum Number of
Individuals (MND) and Number of Identified
Specimens Present (NISP). The comparative
merits and disadvantages of weight, MNI,
and NISP methodologies for quantifying
shell are well known (see for example,
Claassen 2000). Weight, MNI, and NISP
were all calculated in an attempt to assess
potential biases inherent in each method.
For MNI a single shell feature was selected
for each species and used throughout, e.g.,
the apices for gastropods and the posterior
valve for chitons. For bivalves, both left and
right hinges were counted, with the greater
number selected from the total.
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HSE CHRONOLOGY AND
STRATIGRAPHY

The stratigraphy is composed of nine strati-
graphic units (Figure 4). Unit 1, the lowest,
is a reddish yellow (7.5 YR 6/6-5/6) sand
with abundant coral. A small amount of cul-
tural material was recovered in the upper
part of Unit 1; however, it is thought to
have been mixed into the culturally sterile
coralline sands at the time of initial occu-
pation. Unit 2, the first unit with significant
amounts of cultural material, is composed
of a dark brown (7.5 YR 3/3-3/4) sandy
silt, with some shell and small rock clasts.
A hearth feature is preserved within this
unit in the west wall of Square A. Unit 3isa
light gray (7.5 YR 7/1) compact ashy layer,
dense with shell and containing most of the
cultural material recovered. This ash layer
is vertically thinner in Square A, varying be-
tween approximately 5 to 20 cm, whereas
in Square B it is up to 70 cm thick. Square B
also contains several discrete charcoal and
ash-rich features within Unit 3 in the south-
ern and eastern walls. Unit 4 is composed
of a dark brown (7.5 YR 2.5/2) sandy silt,
which appears in Square A directly above
the dense shell layer, with hearth features
visible in the western and southern walls.
Unit 4 is most clear in the southern wall of
Square B, with less shell and ash than the
preceding unit. Unit 5 is a concentration of
rock clasts and angular gravels surrounded
by very loose dark brown silt (7.5 YR 3/2-
4/2), with some ash and shell. This unit is
only visible in the Square A walls, and was
not detected in Square B. Unit 6, a compact
pink to gray ash (7.5 YR 2.5/2) with lenses
of white ash is present in both squares,
particularly in the southern and western
walls of Square A. The overlying Unit 7 is
characterized by dark brown sandy silt with
increased charcoal content, and several
hearth features evident in both squares.
The boundary between Unit 7 and the un-
derlying units (Unit 6 in Square A, and Units
6 and 4 in Square B) is very sharp, with
clear changes in color, compaction, sort-
ing, and content. Unit 8 is the same color
and sediment composition, but contains

more charcoal and organics. The boundary
between Unit 7 and 8 in the western and
northern wall of Square B includes several
thin layers of fine ash, dense charcoal, and
burnt orange/yellow sediment (10 YR 4/6).
In situ dating of samples from one of these
charcoal lenses suggests these thin layers
are contemporaneous with either Unit 7 or
8. The uppermost Unit 9 includes multiple
thin layers of topsoil with fine rootlets. This
unit is thinly distributed across the surface
of Square A, although reaches greater depth
in the northern wall of Square B.

Radiocarbon dating of shell and char-
coal samples removed from the walls indi-
cates that the stratigraphic units are similar
in age across the site (Figure 4; Table 1).
The deposit can be divided into two broad
chronological phases. Phase 1 begins with
initial occupation around 15,500 years ago
and continues into the early Holocene
~9,500 years ago. This phase includes strati-
graphic Units 2 to 6, and is characterized
by the abundance of siliceous chert and the
presence of obsidian. The second phase of
occupation commences about 4,900 years
ago and continues until about 1800 cal BP
or more recently. Phase 2 includes strati-
graphic Units 7 to 9, and is characterized
by an abundance of crystal quartz and the
presence of pottery (see Supplementary In-
formation: S2). Between these two phases,
specifically between stratigraphic Units 6
and 7, there appears to have been a tempo-
ral hiatus in human occupation. The multi-
phase Bayesian model of the dates and likely
unit terminals also supports this hiatus in
the record, with a lack of overlap between
the modeled end date for Unit 6 and start
date for Unit 7 (Table 1; Figure 5).

Phytoliths in the HSE Sediments

Analysis of phytoliths from sediment
samples down the profile of Square B
identified 17 morphotypes, the majority of
which are from the Poaceae (grasses), one
specific to Bambusoideae (Alifah 2016).
Morphotypes distinctive of the Arecaceae
(palms) were also identified from sediment

THE JOURNAL OF ISLAND AND COASTAL ARCHAEOLOGY 9
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Figure 5. Bayesian wmodel of radiocarbon
Cal v43 (Ramsey 2009a) us-

g ol ing the IntCall3 (for charcoal)
and Marinel3 (for shells) calibra-
tion curves (Reimer et al. 2013).
Units correspond to Figure 4 and
Table 1. Black probability dis-
tributions represent the modeled
date (with 95.4% probability range
bracketed underneath), while the
pale distributions represent areas
where the unmodeled, calibrated
date does not overlap with the
model. Sample codes are written
thus: Square_Radiocarbon Labora-
tory_Individual Sample Number;
and correspond to Table 1. Prior
st e 4 and posterior outlier probabilities
Jollow in square brackets as follows:
[O:posterior/prior].

i
i

Start| U &

- samples as well as residue on some of the
_ pottery sherds (Alifah 2016), along with

types found in most tropical trees and
Pl ' shrubs (An et al. 2015; Bowdery 1999;
Piperno 2006). The sample from the dense
ash layer of Stratigraphic Unit 3 produced
the greatest number of phytoliths. The sam-
ple corresponding with Spit 7 records an
almost complete lack of phytoliths (three
Poaceae types) and is notable for its tem-

poral alignment with the sequence hiatus
(Alifah 2016).

—h
End Lint 4 R

HSE ARTIFACTS
Stone Artifacts

A total of 3,703 flaked stone artifacts
were recovered from the two excavation
squares, with most found in Square B, likely
due to its more central location in the living
floor of the shelter (A = 744, B = 2959).
The dominant raw material is a siliceous
chert (Figure 6) ranging in color from blue
% ESUUUUUI FEUUVITUS! [SUDTUUSEY FESTUUUIS! NUUO 4 to red, and often containing flaws from

ot () chemical and physical weathering. Chert
occurs in Timor-Leste as cobbles in creeks
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Figure 6. Lithics bistograms. Artifact frequencies: A) Square A TNA and MNF values, B) Square B
TNA and MNF values. Raw material types: C) Square A, D) Square B.

and rivers along the north coast (Hawkins
et al. 2017a; Marwick et al. 2016); how-
ever, the HSE chert is less homogenous than
chert in the Timor-Leste sites so is unlikely
to have had the same origin. Chert seams
may occur on Kisar but none have yet been
identified. Crystal quartz, recognized by a
highly translucent and fine crystal structure,

was occasionally exploited, with a major
shift in preference in the upper mid- to late
Holocene part of the sequence (Figure 6).
For example, in Square B chert overwhelm-
ingly dominates the assemblage between
~14,000 cal BP and ~11,000 cal BP (Spits
19-10), with a reversal in the upper part
of the site where crystal quartz dominates
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between ~4800 cal BP and ~2000 cal BP
(Spits 6-1). Likewise in Square A chert dom-
inates from ~13,600 cal BP to 10,400 cal
BP (Spits 16-9) and quartz dominates in
Spits 8-1, bracketing a similar period of
time (Spit 8 is undated but it likely dates to
ca. 5000 and Spit 1 is dated to ~1800 cal
BP) (Table 1; Figure 6). Comparing the fre-
quency of quartz and chert with a Wilcoxon
Signed Rank test these trends were found to
be statistically significant (A: Z = —2.046,
p = 0.041 B: Z = —4.018, p = 0.001).
One hundred and ninety-three obsidian ar-
tifacts were recovered in Square B, with a
discrete peak in deposition between Spits
19 and 16, coinciding with the general in-
crease in stone artifacts and other cultural
materials (Figure 6). Obsidian was infre-
quently deposited in Square A (n = 2, Spit
8). In Square B obsidian was mostly de-
posited in Phase 1. Three glass flakes re-
covered in the uppermost spit of Square A
must be the result of site use after European
contact.

The distribution of artifacts through-
out the sequence shows a unimodal dis-
card peak with most artifacts concentrated
within the ashy and shell-rich Unit 3 (Spits
16 and 12 in Square A, and Spits 17 and
10 in Square B). The total number of arti-
facts [TNA] and the minimum number of
flakes [MNF] show the same unimodal peak
(Figure 6) indicating that the increase in
numbers of artifacts at this time is unre-
lated to breakage. Heat shatter and heat-
affected pieces are also moderately rare in
each square (A = 48, B = 433), as are
flaked pieces (those artifacts displaying par-
tial conchoidal surfaces excluded from the
MNF count) which occur in similarly low
frequencies (A: n = 206, 27%, B: n = 458,
15%).

Technological diversity is highest
around the discard peak with the ma-
jority of retouched flakes (A: n = 6, B:
n = 17), retouched flake fragments (A:
n = 11, B: n = 22), and cores (A: n =
20, B: n = 31) deposited during this time.
Retouched flakes are predominately made
on chert and described and illustrated in
the Supplementary Information: S3.

Shell and Bone Artifacts

Shell technology at HSE is dominated
by finely made fishhooks on Tectus niloti-
cus shell. These tools are spread fairly
evenly throughout the excavated deposit
(Table 2), with 35 examples identified.
All are jabbing hooks. Most of the hooks
are fragmentary, commonly represented
by a ca. 10 mm segment of the hook
bend, though seven are complete or
near-complete (>85% intact). The largest
specimen (found in Square B Spit 10) is a
finished hook measuring 32.5 mm in abso-
lute height by 24.5 mm in maximum width
(Figure 7: E). This artifact is significantly
larger than the other finished and preform
examples recovered, the latter being more
gracile, averaging around 10 mm shorter
and thinner than the B10 hook (see typical
examples in Figure 7: C-D). Manufacture
of the fishhooks appears to have followed
the same sequence: first chipping out a
rough blank using direct percussion, then
targeted pressure flaking, followed by suc-
cessive phases of grinding to finalize the
form. Striations and facets from the refining
of the fishhook are clearly evident on all
of the finished examples, including those
shown in Figure 7. The presence of six
blanks and three preforms alongside the
finished fishhooks indicates that all phases
of manufacture were undertaken at HSE.

A shaped and perforated artifact made
on Nautilus pompilius (length 28.9 mm,;
Figure 7: A) was recovered from Square B,
Spit 12. This artifact exhibits a snap frac-
ture across its proximal end, along with
two pressure fractures on its left side. The
distal extremity features two perforations,
one complete beneath a second which has
snapped through its middle (Figure 7: I).
Given the thick coating of ochre on the ven-
tral face of the piece, it seems likely that this
artifact was an item of personal ornamen-
tation, rather than a fishing lure, and one
which was rejuvenated when the initial per-
foration failed.

Other shell artifacts made for per-
sonal adornment include small disc beads
(Figure 7: H) and fragments of two-holed
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Table 2. Stratigraphic distribution of fishhooks and shell beads. Square A first, shaded
blue, followed by Square B shaded pink.

Fishhook Bead
Spit Stage Number Raw Material & Form Number
Nautilus disc 1
2 Preform 1
4 Preform 2
Finished 1
5 Blank 1
6 Finished 1 Nautilus two-holed 11
7 Finished 6 Nautilus two-holed; Nautilus disc 6;1
8 Finished 1
10 Finished 1
21 Finished 1
TOTAL Sq. A 15 19
1 Nautilus disc 1
3 Conus top 1
4 Finished 2
5 Nautilus disc 1
6 Finished 1
7 Finished 1
10 Finished 4
11 Blank 1 Nautilus two-holed 1
12 Finished 2 Nautilus lure/pendant? 1
13 Blank 2
Finished 5
22 Blank 2
TOTAL Sq. B 20 5

beads (Figure 7: F-G)—both made on
Nautilus pompilius (Table 2). Interestingly,
most of these beads were recovered from
Spits 6 and 7 of Square A, suggesting either
the loss of a beaded object, or a temporally
constrained beading activity in this space.
The four complete disc beads are similar in
size, each falling around 4.5 mm in diam-
eter, an attribute shared by a single bead
made on Strombus sp. The 18 fragments
originating from two-holed beads would
have measured somewhere in the range
of 13 mm to 19 mm each when intact. All
of these beads and bead fragments exhibit

unifacially drilled perforations and striations
resulting from the grinding of their surfaces.
The two-holed beads also display evidence
for the pressure flaking of their perimeter—
the primary process through which their
final shape was achieved. Also found in
Square B Spits 18 and 19 were several
worked pieces of Nautilus which exhibited
a thick bright red ocherous residue. These
pieces were small, and without any charac-
teristic features (such as perforations), and
so it is possible that these artifacts origi-
nated from either beads/pendants or a shell
vessel utilized for holding ground red ochre.
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Figure 7. Shell and bone tools from HSE. A) Nautilus pendant with thick red ochre residue from
Square B Spit 12; B) bone point from Square B Spit 17; C-D) Tectus fishhooks from
Square B Spit 13; E) Tectus fishhook from Square B Spit 10; F-G) fragments of Nautilus
two-holed beads from Square A Spit 7; H) Nautilus disc bead from Square A Spit 1 1)
Detail of perforations on Nautilus pendant, scale bar = 1 mm, J) working tip on bone

tool, scale bar = 1 mm (Photos MCL).

Interestingly, four pieces of branch
coral showing signs of use were also iden-
tified in Square B Spits 6, 8, and 17 (see
example from B6 in Figure 8). The coral ar-
tifacts display chipped and crushed points
(Figure 8: A-B), alongside ground surfaces
(Figure 8: C), polished high points (Figure 8:
D), and traces of red, and possibly yellow,
ochre. These marks suggest that the coral
points were held in the hand (to account for
the high polish), and used to reduce marine
shell and/or ochre at HSE. A single bone
point was recovered from Square B Spit 17.
Measuring only 20 mm long (Figure 7: B),
it may have been used in the production of

the shell disc beads, for its diameter reaches
only 2.1 mm at its widest point (the perfora-
tions of the beads described above average
around 1.8 mm), the proximal extremity
has snapped through pressure during use,
and the distal point displays a rounded and
polished bevel (Figure 7: J). Light traces of
red ochre were also observed on the shaft.

THE FAUNAL ASSEMBLAGE

Preliminary field sorting divided the HSE
faunal material into five categories: shell,

THE JOURNAL OF ISLAND AND COASTAL ARCHAEOLOGY 17



Figure 8. Coral tool from Square B Spit O.
A) Worked edge with facetted tip;
B) chipping, rounding, and minus-
cule ochre residues (indicated by red
arrow) on working edge; C) group
of parallel striations near working
edge; D) rounding and polish of
coral surface. Scale bars = 1 mm.
(Photos MCL).

barnacle, crustacean, urchin, and bone (see
Supplementary Information: S1, $4, S5, and
S0, for details of laboratory faunal analyses).
All categories of faunal data, with the ex-
ception of the urchin, peak at ca. 13.5 ka
coinciding with the discard peak in stone
artifacts in Square B (Figures 9 and 10).
Bone weights in Square A also suggest that
more bone was discarded during this pe-
riod; however, the trend is less distinct than
in Square B, presumably due to the smaller
sample size. A significant decrease in bone

Sue O’Connor et al.

and shell NISP and weights in Phase 2 (Spits
6-1 of Sq. A; and 6-1 of Sq. B) compared
with Phase 1 (Spits 26-7 of Sq. A; and 25-7
of Sq. B), could indicate that smaller groups
of people occupied the site over shorter
time periods during the mid-late Holocene
compared to the terminal Pleistocene-early
Holocene occupation at HSE (Figures 9 and
10; Table 1).

Fish Remains

A total of 106,762 fish bones and bone
fragments were recorded in Square B (see
Supplementary Information: S4). Only 3.7%
of the bones (NISP = 3806) could be iden-
tified to the suborder or family level. This
low percentage is a direct result of high
fragmentation rates and a limited set of
identifiable fish elements (see Supplemen-
tary Information: S1 and S5). Six orders
of fish are present in the HSE assemblage:
Carcharhiniformes, Anguilliformes, Beloni-
formes, Beryciformes, Perciformes, and
Tetraodontiformes, representing 26 fish
families and one suborder (see Supplemen-
tary Information: S4 and S5). Triggerfishes
(Balistidae; NISP = 924), sea basses and
groupers (Serranidae; NISP = 881) dom-
inate. Labridae (wrasses; NISP = 426),
Holocentridae (squirrelfishes and soldier-
fishes; NISP = 365), Ostraciidae (boxfishes;
NISP = 316), and Scaridae (parrotfishes;
NISP = 287) are also relatively abundant
at HSE (see Supplementary Information: S4
and S5).

The diversity of fish taxa, reflect-
ing both carnivorous and herbivo-
rous/omnivorous species, shows that a
variety of mostly in-shore fishing tech-
niques were practiced at HSE over the past
15,000 years (see Supplementary Informa-
tion: S5, for descriptions of HSE fish family
ecology and capture methods). Based
on archaeological data and ethnographic
observations, these are likely to include
angling, trolling, spear fishing, netting, and
traps (Ono 2010). All fish taxa documented
are present in Phase 1, whereas diversity
declines in Phase 2, which has a much
smaller sample size (12.1%) compared to
Phase 1. Linear and non-linear temporal
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Figure 9. Faunal Histograms for Square A, all faunal abundance by weight (g) per spit.

changes in these fishing behaviors were
significant, with an increase in the propor-
tions of carnivores relative to herbivores
and omnivores during Phase 1 (Units 2-6),
a proportional decline in carnivores at the
beginning of Phase 2 (Unit 7), followed by
a dramatic increase in carnivores by the
end of Phase 2 (Units 8-9) (Figure 11, X?

trend = 18.649, p < 0.001, X?departure =
34.279, p = < 0.001). This likely represents
fluctuating changes in fish capture methods
in response to changes in the structure of
fish ecologies within the local marine envi-
ronment (Boulanger 2014). This is in direct
contrast to Tron Bon Lei on Alor, where
larger carnivores significantly declined and
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Figure 11. Temporal changes in fishing
practice at Here Sorot Entapa as
represented by the proportions
of carnivores relative to berbi-
vores and omnivores {(Carnivore
NISP/Herbivore NISP + Omnivore
NISP) x 100} by temporal phase
after Butler (1994).

smaller herbivores/omnivores increased
in relative abundance over the same time
period during the Pleistocene-Holocene
transition (Samper Carro et al. 2016).

Tetrapod Remains

Tetrapods (NISP = 3634) likely only
formed a minor component of people’s
diet at HSE. The assemblage is dominated
by small reptiles (snakes and lizards),
mammals (small rats), and birds, most of
which are likely troglodytes or prey of
owls (see Hawkins et al. 2017b and Supple-
mentary Information: S4 and S6). Marine
turtles were exploited during both phases
of human occupation, while the greater
abundance of fruit bats during Phase 1
may indicate more intensive harvesting
(Hawkins et al. 2016, 2017b) during the
Pleistocene-Holocene transition. Of inter-
est is the presence of two likely extinct
species of rat (one large and one giant) in
Phase 1 and the introduction of the Pacific
rat, black rat, and domestic dogs during
Phase 2. The presence of extinct rat species
and more abundant fruit bats in Phase 1,
followed by extinction and introduction of
commensal rats by Phase 2 may indicate a
decline in forested environments during the
late Holocene. The cave appears to have
had more natural deposition of vertebrates

during Phase 2: insectivorous bats, small
lizards, and birds were deposited in greater
numbers during this late Holocene period,
suggesting human site use was less intense.

Shellfish Remains

Preliminary analysis of the shellfish
remains in Square A identified 37 different
shell species within Gastropoda, 4 species
of Bivalveia, 1 species of Polyplacophora,
and at least 1 species of Cephalopoda. The
following 17 gastropod families were iden-
tified: Buccinidae (Buccinidae), Trochidae
(Trochus), Tegulidae (Tectus), Nacelli-
dae (Cellana), Patellidae (Scutellastra),
Lottiidae (genus unknown), Muricidae
(Thalessa, Mancinella, Menthais, Purpura,
Muricidea, and Morula), Fasciolariidae
(Peristernia), Haliotidae (Haliotis), Nas-
saridae (Bullia), Cassidae (Cypraeacassis),
Cypraeidae (Cypraea, Monetaria, and
Mauritia), Strombidae (Lambis, Strombus,
and Conomurex), Littorinidae (Tectarius),
Camaenidae (genus unknown), Turbinidae
(Turbo and Lumnella), and Neritidae (Ner-
ita). Families identified from Bivalvia
include Tridacnidae (Tridacna), Ostreidae
(genus unknown), and Veneridae (genus
unknown). Chitonidae were identified
from the Class Polyplacophora, and the
Family Nautilidae (Nautilus) from the
cephalopods. Turbo and Nerita are the
most common shell genera recovered from
the deposit. The Nautilus was likely col-
lected post-mortem from the shore edge for
production of shell artifacts (Langley et al.
2016).

DISCUSSION

Our excavation demonstrates that Kisar
was first occupied at least 15,500 years ago
(15,327-15,730 cal BP, 13,395 £ 33, Wk
43368). The lowest occupation horizon is
directly underlain by sterile coralline rubble
dated to 45,840 £ 2687 (WK 46537). While
this may be a minimum age, it demonstrates
that the shelter would have been available
for habitation well prior to the date when
it was actually occupied. Stone and shell
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artifacts, as well as all categories of faunal
remains, peak about 13,500 years ago, sug-
gesting that site use was most intense dur-
ing this period. Although we do not know
the regularity of HSE occupation or the
duration of visits, the site appears to have
been as intensively occupied as any of the
coastal shelters so far reported from east-
ern Indonesia. The presence of well-made
fishhooks of different sizes shows a high
degree of fishing technology, necessary on
a small island where terrestrial fauna was
extremely depauperate even by Wallacean
standards. The finely finished shell hook
dated to ~15,000 years ago is evidence that
fishhook technology was well established
prior to settlement at HSE. Fishhook man-
ufacture, breakage, and discard were taking
place at HSE, which, coupled with the
large and diverse fish bone assemblage, sug-
gests that the site was used as a base from
which to undertake fishing trips, as well as
maintenance activities on a range of fishing
gear.

Fishing strategies appear to have fluctu-
ated in response to either changes in tech-
nological practice and/or changes in marine
ecology. Marine turtles and fruit bats were
likely exploited in small numbers to com-
plement protein intake. The presence of
bats and extinct rat species suggests that the
environment surrounding HSE had some de-
gree of forestation, as proposed by Trainor
(2003). Plant foods such as seeds, fruits,
nuts, and tubers would have been available
in the tropical dry and semi-evergreen
forests and provided carbohydrates and
calories needed to complement the marine
resources; however, we currently have no
evidence of what these may have been. The
phytolith record leaves open the possibility
of palm fruits or starch. Invasive rat species
and domestic dogs were introduced to HSE
during the late Holocene.

The shell beads show that domestic
activities associated with the manufacture
and wearing of personal ornaments also
took place at the shelter. Such activities
are more consistent with a home base or
residential site rather than an occasional for-
aging locale, although by the late Holocene
a greater abundance of fauna likely derived
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from owl pellet remains indicates periods
when the site was unoccupied.

Based on the geology of Kisar
(Agustiyanto et al. 1994), obsidian is exotic
to the island. The source of this raw mate-
rial for lithic manufacture is currently not
known. Small numbers of obsidian flakes
also occur in coastal Timor-Leste sites and
are similarly thought to be exotic to that
island (Reepmeyer et al. 2011). Obsidian ar-
tifacts from the Tron Bon Lei site on nearby
Alor have been found to be made from both
locally sourced obsidians and exotic obsid-
ian from the same source as the Timor-Leste
samples (Reepmeyer et al. 2016). In view of
its temporal and geographic distribution, in
addition to the material quality and lack of
a cortex on the artifacts, this latter obsidian
is not believed to be native to Alor (Reep-
meyer et al. 2016). The Kisar obsidian could
be from Alor, but it could also be sourced
from one of the volcanic islands to the
northeast of Alor in the Banda Arc. At least
one source sample of obsidian currently
housed in the Geologi Museum, Bandung
(sample B71), has been collected from
these islands and is provisionally ascribed to
Wetar.

The HSE assemblage thus indicates
that obsidian from a source external to the
island appears with earliest occupation in
Phase 1. In neighboring Timor-Leste obsid-
ian from an exotic source also appears in a
number of sites after 15,000 cal BP. In Jer-
imalai shelter at the eastern end of Timor,
and with an occupation record extending
to 42,000 cal BP, most of the obsidian oc-
curs in excavation units bracketed by dates
of 15,000 to 4000 cal BP (Reepmeyer et al.
2011). At Laili in northern Timor-Leste,
where the deposits date between approx.
44,000 and 11,000 cal BP (Hawkins et al.
2017a), the only two obsidian artifacts
were found in a unit dated between 15,000
and 11,000 cal BP (Hawkens et al. 2017).
In Tron Bon Lei in Alor obsidian with the
same geochemical signature as the Timor-
Leste artifacts occurs in layers post-dating
12,000 cal BP (Reepmeyer et al. 2016).
In this context Reepmeyer et al. (2016)
argued that inter-island maritime connectiv-
ity in this region of Wallacea began about
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15,000 years ago. They suggested that
increased maritime interaction and social
connections between populations on dif-
ferent islands may have followed on as a
consequence of coastal communities pur-
suing maritime subsistence pursuits more
intensively, as rising sea levels increased
the productivity in marine environments
(Woodroffe et al. 2000). This interpretation
is strongly supported by the data from Kisar,
which was likely first settled during this
period of widespread maritime interaction.
Prior to ca. 15,000 years ago, connections
between Kisar and neighboring islands ap-
pear to have been too tenuous to support a
permanent occupation of this tiny island.
‘While the distances between Kisar and
neighboring islands might not seem so great
as to inhibit regular visitation, this is very
much a perspective based on current mar-
itime technological capacity. Such distances
could and did pose severe constraints for
groups with simple boats without sails. For
example, most Australian islands have no
evidence for occupation or even casual vis-
itation prior to ca. 3,000 years ago or more
recently (Bowdler 1995; Rosendahl et al.
2015). At the time of European contact it
was observed that most islands more than
10 km distant from the Australian main-
land or the large island of Tasmania, were
not inhabited or regularly visited by In-
digenous groups (Jones 1977). Kangaroo Is-
land, a very large island (4400 km?) only
14.0 km from the coast of South Australia,
is a case in point. It was occupied when it
was part of the Australian mainland in the
Pleistocene, was insulated at ca. 10,000 cal
BP but was not occupied or visited at the
time of European contact. The archaeologi-
cal record of Kangaroo Island indicates that
some people continued to live on the island
until about 4,000 years ago and possibly un-
til as recently as 2,000 years ago (Draper
1991; Lampert 1981). Lampert (1981:184)
believed that local extirpation of the popu-
lation likely occurred as a result of environ-
mental, demographic, and biogeographic
constraints. Some of the larger Tasmanian
islands in Bass Strait, such as King and
Flinders Islands, also have sparse evidence
suggesting that they were populated for

a few thousand years after insulation, but
like Kangaroo Island, were not occupied or
used at the time of first European contact
(Bowdler 1995, 2015).

Historical records and oral accounts of
maritime crossings to and between islands
off the Australian coast indicate that voyag-
ing accidents were common. Records for
the Wellesley group of islands in north
Queensland are instructive. Although in the
protected waters of the Gulf of Carpentaria,
Tindale (1977:269) reports that navigation
over distances of even a few kilometers was
hazardous and casualties were often high.
Travel from Bentinck Island (~150 km?)
in the southeast of the archipelago to the
mainland was made using rafts, and via
stages, with the longest single watercross-
ing of 10.5 km between Bentinck and Allen
Island. Evans (2005:14) reports that this
trip was rarely attempted, with some peo-
ple making the return voyage only a few
times in a lifetime. On two separate voyages
from Bentinck to Allen Island, drownings
occurred, with casualty rates of 20% and
74%, respectively, of the 15 and 19 persons
who commenced the voyages. Compared
with travel between Kisar and its neigh-
bor islands, currents would have been min-
imal in the Gulf, putting into perspective
the accomplishment of the Kisar colonists
15,000 years ago and the maritime network
of obsidian exchange which operated from
this time.

Anderson (2018) has argued that early
seagoing in the western Pacific can be ex-
plained by the “fortuitous conjunction of
the warmest seas with a ready availability
of large-diameter bamboo that occurred as
natural rafts, and which could also be con-
structed into rafts large enough to transport
viable colonizing groups from island to is-
land across Wallacea to Sahul”. While large
diameter bamboo grows in the islands of
Wallacea today, its distribution appears to
be that of a managed plant rather than a na-
tive, suggesting it is a translocation to the
islands east of the Wallace line. On the basis
of Trainor’s (2003) prediction of past forest
environments on Kisar, we hypothesize that
the boats used could have been hollowed
canoes or simple plank constructed boats,
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made from forest timbers. However, the
absence of stone axes in ISEA assemblage
prior to the Neolithic perhaps suggests boat
construction in raft form was more likely.
Without the aid of sails, crossing between
islands would have been challenging and
boating casualties may have taken a toll on
the Kisar population.

Although we have no direct evidence of
what happened at HSE 9,500 years ago to
lead to site abandonment, life on a small de-
pauperate island like Kisar would have been
precarious. If the population increased, re-
source depletion of marine staples may
have occurred, and freshwater sources are
likely to have been strained or exhausted.
Added to this, larger populations would
have made rapid relocation to another is-
land in the event of environmental collapse
more difficult. If the population remained
low, fortuitous accidents and random fac-
tors acting to unbalance the demographic
profile, may have rendered it unviable over
the long term.

HSE was reoccupied in the mid-
Holocene at which time there appears to
have been a change in raw materials used
for stone artifact manufacture as well as in
the range of fish caught. Quartz dominates
the stone artifact assemblage in Phase 2 and
obsidian is absent above Spit 7 in Square
A and Spit 5 in Square B, perhaps indicat-
ing a tighter focus on locally procurable re-
sources and the cessation of the obsidian
exchange network during the late Holocene
occupation. Aside from these changes there
is continuity in terms of the range of re-
sources exploited and the types and meth-
ods of manufacture of shell hooks and items
of personal decoration.

CONCLUSION

The finds in the HSE shelter demonstrate
that the small island of Kisar was occupied
by at least 15,500 years ago. That the shel-
ter was available to be occupied earlier,
by ~40,000 cal BP, is demonstrated by the
dating of the emerged coralline terrace
underlying the occupation deposit. Kisar is
extremely depauperate in terrestrial fauna
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and protein was acquired almost exclusively
from marine resources. Plant foods would
have been critical to complement the
largely marine diet, however, we currently
have no insight into what these may have
been. Exploitation of the waters surround-
ing the island was facilitated by the use of
finely made fishhooks with most fishing fo-
cused on small to medium fish from the in-
shore reef zone. Crustaceans, shellfish, and
urchins were also dietary staples collected
from the rocky shoreline or coral reef.
While we cannot be sure that settlement on
Kisar was ‘permanent’, the dense material
culture signature in HSE shelter suggests
sustained and intensive occupation during
the terminal Pleistocene and early Holocene
when compared with other coastal sites on
larger neighboring islands such as Timor
and Alor. However, the presence of obsid-
ian artifacts, a raw material not available
on Kisar, demonstrates that at least some
members of the population were making
maritime voyages to obtain this high-quality
raw material or, alternatively, were engaged
in exchange with visitors from another is-
land. While we do not yet know the source
of the obsidian, it is not derived from
Timor, the closest island to Kisar. Despite
the inherent dangers involved in maritime
crossings, this interaction network would
have constituted a risk buffering strat-
egy, providing relationships of reciprocity
which were vital to ensuring that the pop-
ulation could relocate in the event that
water shortage or catastrophic damage to
marine resources rendered the small island
of Kisar uninhabitable. Some such catastro-
phe may have occurred around 9,500 years
ago when the HSE shelter ceased to be
used.

Why a hiatus occurred at HSE during
the early to mid-Holocene is currently
unclear and it is also uncertain whether
occupation of the island or only the shelter
ceased at this time. Future survey and exca-
vation work on Kisar will hopefully provide
some clarification on this. HSE was reoc-
cupied approximately 5,000 years ago and
continued in use until about 1,800 years
ago. The obsidian markers of inter-island
synergies are not present during the mid-
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to late Holocene habitation, when all forms
of occupation evidence are generally less
dense. Pottery appears in the upper spits
(see Supplementary Information: S2) and
it seems likely that this marker of the Ne-
olithic signals the beginning of sedentary
village life on the island. After 1800 cal BP
HSE was little used, but the presence of a
few glass flakes close to the surface shows
that the site was still occasionally visited
into the European contact period.

Kisar represents a unique regional
record for Pleistocene occupation of very
small islands, allowing us to examine the dy-
namics behind initial settlement and use of
such environments. While it is impossible
to determine whether the first landfall on
Kisar was passive or strategic, given that ex-
otic obsidian is found throughout the first
phase of occupation, repeat voyages to the
island must have been in some way region-
ally strategic. On the basis of the production
of shell artifacts at the site, the occupation
of HSE, and thus Kisar, was also most prob-
ably permanent during this phase. How-
ever, on the basis of its size, locality, and
available terrestrial resources, Kisar repre-
sents an extremely marginal island—not ob-
viously appealing for Pleistocene human oc-
cupation. That people did occupy the island
successfully for thousands of years speaks
to the ability of people to overcome the
twin insular constraints of distance (from a
larger landmass) and size (in terms of total
habitable area). However, the archaeologi-
cal record of Kisar also demonstrates that
continual subsistence on the island was not
possible without the co-occurrence of ad-
vanced maritime technologies and a vibrant
exchange network. The former was clearly
present in Wallacea for thousands of years
before HSE was settled, as evidenced by the
number and types of maritime artifacts pre-
served on both Timor and Alor (O’Connor
et al. 2011, 2014, 2017). But it was only
with the introduction of an exchange net-
work approximately 15,000 years ago, with
concomitant economic and/or familial ties
with neighboring islands, that the ecolog-
ical constraints of small island living were
broken, and that Kisar was able to be suc-
cessfully occupied.
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