b 4

/N

H

e
—

= X
H

—
—

.

—

H

L




£ & | LA HmET

GaXAFDEE)

Yy P BT A4 T BOSE TGRS S it U7oBWA. BB & R PLITHMT Uy
HOETHREDREEHEMIT S LIk D . KRR 27 AOEEFHZEHE L1

1T, RIS DT oo A RSO LE (AD13~2 0{ife) &TF/E (ADL 1~17
) A5 it Urc il &l OREIE T L. & OEBSAEERIFTHD . I I TEHAY
DIBEBEE EDITEBR L, BETOEHIRAICE 7o 2 &R LTS

M2 TR T4 00N EEENBERIZHEH TA Y FRE (AD1 1~17H#32) 265
4 Utz BIB9S 2T Ulce TR, 1ZEAEDFEINA T =7 TILCHA LT
FHETBWEX NI ENbIN o1z, 7274 0 0 A BIFO FEOMROA % 30E EEFIC
3 U BN ESETRER > TOROITH Uy REHROAT A Y & FBEFDO A% 3 EIC
BRATRERD . EEHT VRN -5 LI E&H#ERE Uiz, £ LT, SRR
DT UHA TEBIIZEE Y — DRI B N2 B#FE L TO IRl 27r Ui,

2 3 Tld. T4 0 oAESO TEN S L U EBEY. BIU< AT EDORER
A Ulo ZOREE. Ax JEHEAEEFR L TERP MAZREL. TNOZARP
ﬁﬁﬁ&&bf%btﬁ\%G%Kﬁ@®ﬁ%ﬁﬁmmﬂmb\ﬂ%ﬂ%@;bvw#fl
%ﬁ%&(ﬂ%bfhtébh:&%mibtoAbu%fimkéﬁgﬁ%ﬁ%ﬁ<ﬂ$
MKﬂ%T%:&K;oT\Eﬁwmént%m%ﬁuﬁmbfht&%i%ﬂto

uiﬁé\%iﬁﬁwvyﬁ47%ﬁu\Ab®E¥%®KHD<O#®N&—yﬁ%O\
AD1 1 ~1 7 HHEICHE BERICAETE LT o A e DB A B SR L. #RHkP &5t
TR . BERE e HROICHAT 5 2 LItk - THIRBICEILT 5. &V

SWBETH - 1c I EMMEETE Do




Eimx 1

The finds excavated at the Vairoronga site on Mangaia,
Southern Cook Islands
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The finds excavated at the Vairoronga site on Mangaia,
Southern Cook Islands

YURIKO [IGARASHI

Department of Anatomy, Nihon University School of Dentistry at Matsudo,
2-870-1, Sakae-cho Nishi, Matsudo-shi, Chiba, 271 Japan

Abstract A prehistoric living site, the Vairoronga site, was excavated on Mangaia,
Southern Cook Islands. Artificial remains made of shells, sea urchin spines, basalts, coral
stones, lime stones and bones; faunal remains (fish bones, used shells, bird bones and
mammal bones); and structural remains (earth ovens and post holes) unearthed from the site
were compared between the Upper Layer (AD 13-20C) and the Lower Layer (AD 11-17C).
The variety of the finds showed that the prehistoric Mangaians used the area as a multi-
functional habitation in prehistoric times. The percentages of individual artificial items to
the total artificial remains and percentages of individual faunal items to the total faunal
remains indicated that fishing activities by the people around the site became less popular,
and land activities became more popular in the passage of time. Such a change in
subsistence activity likely associated with the progression of forest clearance and cultivation
on Mangaia. The development of land activities on Mangaia likely occurred in the same

period as the development of agriculture in the Marquesas Islands.
Key Words: Mangaia, coastal zone, prehistoric living site, subsistence activities
INTRODUCTION

In Polynesia, by three thousands years ago, Tonga and Samoa had been settled by the
Lapita people who are regarded to be the ancestors of present-day Polynesians (Green, 1979),
but the subsequent history of migration in Polynesia is still unclear. The hypothesis that the
people from Samoa or Tonga directly settled the Marquesas Islands around two thousands
years ago (Emory and Sinoto, 1965) is being reappraised, and the possibility that the Cook,
Austral, and Society Islands were settled first has been proposed (Kirch, 1986; Katayama,
1987; Irwin, 1989). Actually, it has been shown that a site on Pukapuka in the Northern
Cook Islands dates 2300 years ago (Chikamori, 1988), and sites on Maupiti and Huahine in
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the Society Islands date to more than one thousand years ago (Sinoto, 1983). However, no
site dates back more than one thousand years in the Southern Cook and Austral Islands.

By the beginning of the 20th century, unique systems of subsistence, society and culture
had developed on every island in Polynesia (Buck, 1930; 1944; 1957; Handy, 1923).
However, on most islands including Mangaia in the Southern Cook Islands, research is too
scanty to reconstruct their prehistory.

On Mangaia, some living sites in inland rock shelters have been excavated (Kirch et. al,
1991; Kirch et. al, 1992; Oshima et al., 1998 in press). A coastal site named Vairoronga
was chosen for another excavation because most Lapita sites were located in coastal zones
(Leopsky, 1988).

Figure 1. Oceania and Cook Islands.
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The present paper describes the finds excavated from the Vairoronga site, and discusses

the subsistence activities people carried out there.
MANGAIA ISLAND

Mangaia is the most southerly island in the Cook Islands, located at 21° 55’ south latitude
and 157 ° 57 west longitude (Figure 1), 204 km southeast of the nearest island,
Rarotonga. The annual rainfall on Mangaia is estimated at about 1900 mm and the monthly
temperature ranges from 21° to 27° C (Clark, 1981). This island is 51.8 km” in area

Figure 2. Mangaia Island. N
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(Figure 2), and consists of two main geological formations: a central volcanic cone rising to
169 m, and aring of elevated limestone surrounding the volcanic cone. The elevated
limestone, called the makatea, is 250-2000 m wide and 70 m above sea level at its
maximum height (Marshall, 1927). Taro (Colocasia esculenta)is cultivated in low-lying
swamps beneath the inner wall of the makatea. Bread fruit (Artocarpus altilis ), sweet
potato (Ipomosa batatas), dry taro (Xanthosoma sagittifolium) and cassava (Manihot
esculensa) are cultivated around swamps. Scrub and trees grow in other parts of the island
(Clark, 1981). A fringing reef extends out from the beach line for 150-300 m and is 0.9 m at
its deepest place(Marshall, 1927). The reef’s development is moderate among reefs on
Polynesian islands. In the reef flat, Mangaian people gather gastropoda and bivalva
(Igarashi, 1998a in press). They fish on the reef flat and reef slope, and in the open sea
(Igarashi, 1998b in press). One village is on the west coast and two villages are on the
makatea to the south and east. The population of this island was 1214 in 1991 according to
the Survey department in Rarotonga.

ARCHAEOLOGICAL INVESTIGATIONS

The Vairoronga site is located on the northwest coast of Mangaia (Figure 2). North of the
site is Avarua landing where a wide canal allows canoes to pass through. Near the Avarua
landing (Figure 3), aroad runs 70 m inland from the shoreline, and the outer border of the
makatea runs 110 m inland from the shoreline. A coconut plantation extends 150 m on the
strip between the road and the outer border of the makatea. The Vairoronga site is situated
in this plantation. A permanent spring named Vairoronga is by the shore 120 m south of
Avarua landing. The strip and the reef are wider and the reef flat is shallower than in other
parts of Mangaia.

The site survey and excavation were carried out for 60 days in 1991 and 1993. The
excavation of test pits had indicated that the northern part of the site was a cemetry and the
southern part of the site was inhabited; the cultural layer was thickest in Area A and Area B
(Figures 3 and 4). All finds excavated from Area A and Area B covering a total area of
27.32 m” were analyzed.

A datum point (O) was established on the roadside 215 m south of Avarua Landing (Figure
3). A north-south baseline was laid out on the datum point parallel to the roadside, and an
east-west baseline was laid out from the datum point perpendicular to the north-south

baseline. The positions of excavated areas were recorded by the distances from these lines.
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The datum point was 76 m horizontal to and 6.3 m above the shore line. Point “a” in Area A
was 14.5 m horizontal to and 1.8 m above the baseline (Figures 3 and 4). Point “b” in Area
B was 13.9 m horizontal to and 1.8 m above the baseline.

The excavation was carried out in squares as designated in Figure 4. The excavation in
every square was proceeded in arbitrary 10 cm levels except when natural stratigraphic
interfaces were encountered. Surface plans were drawn at every 10 cm level. Figures 5-7
show the plans of Area A and Area B. Figures 8-12 illustrate the stratigraphic profiles of
Area A and Area B. Four stratigraphic layers, I, II, III, IV, were identified in both areas.
Layer I consisted of brownish black soil (10YR3/2, 7.5YR3/1, 7.5YR3/2, according to the
Revised Standard Soil Color Chart of the Revised Mansell system) with coral pebbles, sand,
and broken shells. This layer, which varied from 5 to 30cm, contained artificial and faunal
remains with no recognized structural remains. Layer II consisted of brownish black soil
(10YR3/2) with many coral pebbles and dull yellowish brown soil (10YR4/3) with sand, and
different soils were recognized in some spots. This layer, which varied from 5 to 55 cm,
contained artificial and faunal remains with no recognized structural remains. Layer III
consisted of black soil (10YR1.7/1) with a lot of charcoal, black soil (10YR2/1, 7.5YR2/1)
with some charcoal, and brownish black soil (10YR2/2, 7.5YR2/2) with some charcoal.
Different soils were recognized in some spots. This layer, which varied from 10 to 66 cm,
contained artificial, faunal, and structural remains. Layer IV consisted of sand and coral
bedrock with no cultural deposits. The sand was yellow orange (10YR8/8, 10YRS8/6,
7.5YR8/8) or light yellow orange (10YR8/4, 10YRS8/3, 7.5YR8/6). The depth of all
combined cultural layers varied from 30 to 90 cm.

Cultural layers were classified into two layers according to their structural remain: Layers
I and II with no structural remains were combined and designated the Upper Layer, and
Layer III with structural remains the Lower Layer. Figures 5-7 show the Lower Layer.

Charcoal was directly collected from the walls of the excavated area for dating cultural
deposits, and were analyzed at the Dating and Materials Research Center at Nagoya
University. Twelve radiocarbon dates of nine charcoal samples have been obtained from the
Lower Layer (Nakamura and Oda, personal communication, Appendix). All calibrated
calendar dates except one are between AD 11 and 17C. Even though one is dated between
AD 7 and 10C, two other dates from the same sample are between AD 11 and 17C. Thus
the oldest date is discounted. Three radiocarbon dates of three charcoal samples were
obtained from the Upper Layer (Nakamura and Oda, personal communication, Appendix).

All calibrated calendar dates are between AD 13 and 20C. These dates show that the
15



cultural deposits of the Vairoronga site may not have been older than those of other
residential sites further inland on Mangaia; this includes the Ngaaitutaki site where the
cultural deposits range from AD 11 to 17C (Oshima et al., 1998 in press; Nakamura and Oda,
personal communication), and the Tangatatau site where the range is from AD 11 to 17C
(Kirch et.al, 1991; Kirch et.al, 1992) (Figure2).

All of the excavated deposits were sieved through 1/8 inch (3.2 mm) and 1/16 inch (1.6
mm) mesh screening. Artifacts brought to our laboratory included artificial remains: shell
artifacts, sea urchin spine artifacts, basalt artifacts, coral stone artifacts, lime stone
artifacts, bone artifacts, shell flakes, stone flakes; and faunal remains: shells, fish bones,
mammal bones and bird bones. The artificial remains were counted and for every layer the
proportions of each type to total artificial remains were calculated. The faunal remains were

weighed and in the same way the density proportions in each layer were calculated.

RESULTS

In the Lower Layer, at least 56 structural features were recognized. They are labelled by
numbers in parentheses in the figures. The function of the features was inferred from their
shapes. Shallow bowl-shaped pits with much charcoal inside (Nos. 3, 4, 5 and 6 in Figure
8, Nos. 10, 11, 12 and 13 in Figure 10, Nos. 25, 26 and 27 in Figure 5, Nos. 37, 38 and
39 in Figure 6) were judged to be earth ovens (umu ovens) due to their resemblance to
present-day umu ovens. No. 4 contained one pair of the bivalve Asaphys dichotoma , and
Nos. 10, 11 and 26 contained basalt umu stones, which confirmed that these pits were used
as umu ovens. Deep bowl-shaped pits were not judged to be umu ovens because their shape
differs from present-day umu ovens. These ovens are classified into two types: one type
denotes pits filled with charcoal or ashes (Nos. 1 and 2 in Figure 8, No. 14 in Figure 10, No.
55 in Figure 12), and the other type denotes pits without charcoal or ashes (Nos. 23 and 24
in Figure 11). The former were likely dumps for charcoal and ashes considering the large
amount of charcoal or ashes inside. The contours of Nos. 1 and 2 on the plan (Figure 6)
were not round like present-day umu ovens, which confirms that they were not used as umu
ovens. The latter were judged to be storage pits due to their pit-like shape and the lack of
charcoal and ashes inside. A dish-shaped depression with much charcoal inside (No. 9 in
Figure 10) was judged to be a dump for charcoal due to the large amount of charcoal inside.

Pits with charcoal (Nos. 28, 29, 30, 31, 32, 33, 34, 35 and 36 in Figure 6) were judged to
16



be umu ovens or charcoal dumps due to the abundant charcoal inside. Post-shaped holes
(Nos. 7 and 8 in Figure 9 and 15 in Figure 10) were tought to be post holes due to their
shapes. A deep pit filled with coral stones (No. 54 in Figure 12) was considered a dump for
stones considering its shape and many stones inside. A large pit lined with coral stones
around the perimeter (No. 56 in Figure 7) was judged to be a umu oven due to an analysis of
the soil. The fine brownish gray soil (10YR6/1) with ashes inside the pit was more thickly
deposited than in other ovens, 10 30 cm, and charcoal was scattered in patches. The soil
with ashes outside the pit was not recognized but we did note brownish black soil (7.5YR3/2)
with coral pebbles and sand, black soil (7.5YR2/1) with much charcoal, and brownish black
soil (10YR2/2) with some charcoal.

The only structural feature recognized in the Upper Layer was a cluster of 15 coral stones,
10-100 cm in diameter, scattered in a 6 m* area of Area A. None of the stones were
artifacts.

The artificial remains excavated from the Vairoronga site are listed in Table 1, and some
of them are drawn in Figure 13. The items in Area A from the Lower Layer include: shell
fishhooks, sea urchin spine files, sea urchin spine plaques, basalt adzes, a basalt drill, and
a basalt scraper, a bone tattooing needle, pearl-shell flakes, and basalt flakes; those from
the Upper Layer include: shell fishhooks, a Terebla shell chisel, shell ornaments, sea
urchin spine files, sea urchin spine plaques, basalt adzes, basalt drills, basalt scrapers, a
basalt pecking tool, a coral grindstone (weight?), a coral disc, coral balls, a coral pounder,
a coral pecking tool, a lime stone pounder, alime stone adze, a bone tattooing needle,
pearl-shell flakes, and basalt flakes. Branch coral files were only collected in Area A and
were found in both layers. Items in Area B from the Lower Layer include: a basalt adze,
basalt scrapers, a human tooth ornament, pearl-shell flakes, basalt flakes; those from the
Upper Layer include: a shell fishhook, basalt adzes, basalt scrapers, pearl-shell flakes,
basalt flakes. The distribution of artificial remains was different between the Lower Layer
and the Upper layer. Shell artifacts, sea urchin spine artifacts, bone artifacts and pearl-shell
flakes were more frequent in the Lower Layer than in the Upper Layer, while basalt
artifacts, coral artifacts, limestone artifacts, basalt flakes were more frequent in the Upper
Layer than in the Lower Layer. In the total of Area A and Area B, shell artifacts were 5.6%
of the total artificial remains in the Lower Layer and 1.9% in the Upper Layer, sea urchin
artifacts 1.9% in the Lower Layer and 0.5% in the Upper Layer, bone artifacts 0.9% in the
Lower Layer and 0.1% in the Upper Layer, pearl-shell flakes 13.9% in the Lower Layer and

4.0% in the Upper Layer, basalt artifacts 3.2% in the Lower Layer and 4.8% in the Upper
17



Table 1. Number of artificial remains. Numbers in parentheses are percentages of artificial

item to total artificial remains in each layer.

Area| Area A Area B total
layer| lower  upper ? lower  upper ? lower  upper ?
shell artifacts
shell tools
fish hook (single, double) 12 21 1 12 22
Terebla shell chisel 1 1
shell omament
pearl shell button 1 1 1 1
Conus shell bead 1 1 1 1
total 12 24 2 1 12 25 2
[7.1] [2.0] [0.0] [1.0] [5.6] [1.9]
sea urchin spine artifacts
file 2 3 2 3
plaque 2 3 1 2 3 1
total 4 6 1 4 6 1
[2.4] [0.5] [0.0] [0.0] [1.9] [0.5]
basalt artifacts
adze 2 15 1 4 3 19
drill 1 13 1 13
scraper 1 26 2 3 3 29
pecking tool 1 1
total 4 55 3 7 7 62
[2.4] [4.6] [6.4] [7.1] [3.2] [4.8]
coral stone artifact
grind stone/weight 1 1
disc 1 1
ball 2 2
Reru (pounder) 1 1
pecking tool 1 1
total 6 6
[0.0] [0.5] [0.0] [0.0] [0.0] [0.5]
lime stone artifacts
Reru (pounder) 1 1
adze 1 1
total 2 2
[0.0] [0.2] [0.0] [0.0] [0.0] [0.2]
bone artifacts
tooth ornament 1 1
tatooing needle 1 1 1 1
bone needle
total 1 1 1 2 1
[0.6] [0.1] [2.1] [0.0] [0.9] [0.1]
pearl-shell flakes 14 43 16 9 30 52
[8.3] [3.6] [34.0]  [9.2] [13.9]  [4.0]
basalt flakes 134 1067 24 27 81 161 1148 24
[79.3]  [88.6] [57.4] [82.7] [74.5]  [88.2]
remains total 169 1204 27 47 98 216 1302 27
[100.0] [100.0] [100.0] [100.0] [100.0]  [100.0]
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Figure 13. Artifacts excavated from Vairoronga site: 1, Pearl shell button from Upper
Layer; 2, Pearl shell button from unknown Layer; 3, Conus shell bead from Upper Layer;
4, Sea urchin spine file from Lower Layer; 5, Sea urchin spine file from Upper Layer; 6,
Sea urchin spine plaque from Upper Layer; 7, tooth ornament from Lower Layer; 8,
tatooing needle from Lower Layer; 9, tatooing needle from Upper Layer; 10, Basalt adze
from Upper Layer; 11, Basalt drill from Upper Layer; 12, Basalt drill from Upper Layer;
13, Basalt scraper from Lower Layer; 14, Basalt pecking tool from Upper Layer; 15,
Coral grind stone / weight from Upper Layer; 16, Coral disc from Upper Layer; 17, Coral
ball from Upper Layer; 18, Coral pounder from Upper Layer; 19, Coral pecking tool from
Upper Layer; 20, Lime stone pounder from Upper Layer; 21, Lime stone adze from Upper
Layer; 22, Branch coral file from Upper Layer.

Table 2. Density of faunal remains.

Area A Area B total
layer lower upper total lower  upper total lower upper total
fish bone 36.2 14.2 19.8 37.5 13.9 24.6 36.7 14.1 21.2
(g/m?) [1.4] [0.3]
used seashell 3056.3 5997.5 5017.1 3683.5 43855 41047 2599.9 5306.3 4322.1
(g/m?) [98.1] [98.9]
mammal 15.6 44.4 37.1 10.4 34.9 23.8 13.8 42.7 34.6
&bird bone(g/ m*) [0.5] [0.8]
total 3108.1 6056.1 5074.0 37314 44342 4153.1 2650.4 5363.1 4378.0
{100.0] {100.0]

Used sea shells only include sea shells judged to have been used by inhabitants sampled
from four selected squares. Numbers in parentheses are percentages of faunal item to total

faunal remains in each layer.

Layer, coral artifacts 0% in the Lower Layer and 0.5% in the Upper Layer, limestone
artifacts 0% in the Lower Layer and 0.2% in the Upper Layer, basalt flakes 74.5% in the
Lower Layer and 88.2% in the Upper Layer.

Table 2 presents the amount of faunal remains from the Vairoronga site. In Area A from
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the Lower Layer, fish bones were 36.2 g/m’, used seashells 3056.3 g/m’, and mammal and
bird bones 15.6 g/m’; from the Upper Layer, fish bones were 14.2 g/m’, used seashells
5997.5 g/m’, and mammal and bird bones 44.4 g/m’  InArea B from the Lower Layer, fish
bones were 37.5 g/m®, used seashells 3683.5 g/m’, and mammal and bird bones 10.4 g/m’;
from the Upper Layer, fishbones were 13.9 g/m®, used seashells 4385.5 g/m®, and mammal
and bird bones 34.9 g/m’>. The distribution of faunal remains differed between the Lower
Layer and the Upper Layer. Fish bones were more frequent in the Lower Layer, while used
seashells and mammal-bird bones were more frequent in Upper Layer. In the total of Area
A and Area B in the Lower Layer, fish bones were 1.4% of the total faunal remains and
0.3% in the Upper Layer, used seashells 98.1 % in the Lower Layer and 98.9 % in the Upper
Layer, and mammal and bird bones 0.5 % in the Lower Layer and 0.8 % in the Upper Layer.

DISCUSSION

The excavation findings indicate the function of the site and the subsistence activities of its
residents as well as changes in their subsistence activities over time.

I have concluded that people used this place as a multi-functional habitation.

One reason is that during the time that the Lower Layer and the Upper Layer were formed,
people likely carried out most subsistence activities around this site. In the time the Lower
Layer was formed, people likely used umu ovens as inferred from the excavation of umu
ovens and dumps for charcoal and ashes, and they constructed buildings as inferred from the
excavation of post holes. In addition, they probably ate shellfish, fish, mammals and birds
as indicated from the digging out of shells, fish bones, mammal bones, and bird bones. It
was likely that people made and used shell fishhooks as inferred from the excavation of shell
fishhooks, shell fishhook preforms, pearl-shell flakes as well as sea urchin spine files,
branch coral files, and a basalt drill and drill-shaped basalt flakes, which were possibly used
as tools for making fishhooks. People likely made and used basalt tools as inferred from the
presence of basalt tools and basalt flakes. They must have carried basalt from inland areas
to the site because basalts is only found inland. The people also likely used bone tattooing
needles and ornaments.

In the time the Upper Layer was formed, people likely ate shellfish, fish, mammals and
birds as inferred from the excavation of their shells and bones. They likely made and used

shell artifacts as inferred from the shell artifacts, shell fishhook preforms, pearl-shell flakes
23



as well as sca urchin spine files, branch coral files, basalt drills, and drill-shaped basalt
flakes possibly used as artifact-making tools. The residents also must have carried basalt
from the inland and made and used basalt tools as inferred from the presence of basalt tools
and basalt flakes. The people likely cooked starch foods judging from the presence of coral
and limestone pounders, which are though to have been used for preparing starch food(Buck
1944). They probably also used tattooing needles, coral abraders (weights?), coral discs for
games (sling stones? or weights?) and coral balls (sling stones? or weights?). The density of
artificial remains in the squares where coral stones were gathered is significantly higher than
that in the other squares (Mann- Whittny U- test, p<0.01). However, in the densities of
faunal remains, there is no such difference (Mann- Whittny U- test, p=0.23). Hence, I
infer that the place around these squares was a kind of workshop where artifacts were
actively made.

The other reason why this site is considered to be a multi-functional habitation is that if the
site was a fishing camp, tool making would not have been so active.

The Anai’o site is a prehistoric site on Mauke (Walter 1990) in the Southern Cook Islands.
Mauke is second closest island to Mangaia and it is 213 km northeast of Mangaia. The
calibrated calendar dates of the Anai’o site range from AD 14 to 15C (Walter 1990). This
site was a permanent multi-functional habitation where a full range of domestic economic
activities, including tool production and maintenance, cooking, food preparation, fishing

and agriculture, were carried out (Walter 1990).

Table 3. Numbers of shell fishhooks and basalt adzes from Vairoronga site and Anai’o site

arranged by unfinished ones and finished ones.

Vairoronga Anaio
lower layer upper layer
hook unfinished 4 3 25
finished 6 19 41
adze unfinished 1 10 3
finished 2 9 7

The proportion of preforms to finished shell fishhooks and basalt adzes is regarded as an
index of tool making activities. Table 3 presents the number of fishhooks and basalt adzes

from the Vairoronga site and the Anai’o site arranged by preforms and finished tools. In the
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Lower Layer at the Vairoronga site, there were four unfinished fishhooks, six finished
fishhooks, one unfinished adze and two finished adzes. In the Upper Layer, there were
three unfinished fishhooks, 19 finished fishhooks, ten unfinished adzes and nine finished
adzes. At the Anai’o site, there were 25 unfinished fishhooks, 41 finished fishhooks, three
unfinished adzes and seven finished adzes. The proportion of preforms to finished tools
between the Lower Layer of the Vairoronga site and the Anai’o site is not significantly
different for either shell fishhooks or basalt adzes (Fisher’s exact probability test, p=0.58 and
p=0.71, respectively). This indicates that during the formation of the Lower Layer at the
Vairoronga site, hooks and adzes were made as actively as at the Anai’o site. The
proportion of basalt adzes between the Upper Layer of the Vairoronga site and the Anai’o
site is not significantly different (Fisher’s exact probability test, p=0.22), even though the
proportion of shell fishhooks is significantly different (Fisher’s exact probability test,
p<0.05). This indicates that during the formation of the Upper Layer at the Vairoronga site,
basalt adzes were made as actively as at the Anai’o site.

I have concluded that among the people who lived around the Vairoronga site, fishing
activities became less popular and land activities increased as time passed. The reason is as
follows. The subsistence activities in the period when the Lower Layer was formed (AD
11-17C) have been compared with those in the period when the Upper Layer was formed
(AD 13-20C) by examining the proportion of remains in each layer. The proportions of the
artificial remains are significantly different between the layers (Table 1, x *=62.091, d.f.
=7, p<0.01). Shell artifacts, sea urchin artifacts, bone artifacts and pearl-shell flakes were
more frequent in th” Lower Layer than in the Upper Layer, while basalt artifacts, coral
artifacts, limestone artifacts and basalt flakes were more frequent in the Upper Layer. The
proportions of faunal remains significantly differ between the layers (Table 2, x 2=37.892,
d.f.=2, p<0.01). Fish bones were more frequent in the Lower Layer than in the Upper
Layer, while used seashells, and mammal and bird bones were more frequent in the Upper
Layer. Since shell fishhooks and fishbones were more frequent in the Lower Layer fishing
activities were probably more prevalent during the formation of the Lower Layer. Basalt
artifacts, which are tought to have been used for processing wood (Buck, 1944), and
mammal and bird bones, were more frequent in the Upper Layer, which probably indicates
that land activities were more prevalent during the formation of the Upper Layer.

Kirch et. al. (1991, 1992) has suggested that on Mangaia, there was a progression of forest
clearance and increased cultivation from AD 11 to 17C based on their analyses of

sedimentary patterns and chronological change in the frequencies of the land snail at the
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Tangatatau site. It is very possible that the change in subsistence patterns recognized at the
Vairoronga site was connected to the increasing forest clearance and cultivation at the
Tangatatau site.

Rollet (1989, 1992) has suggested that on Tahuata island in the Marquesas Islands, the
importance of offshore fishing declined while that of inshore fishing and agriculture
increased from older dates (AD 11-13C) to younger dates (AD 15-20C) based on his
investigation of the Hanamiai site. It is possible that land activities developed on Mangaia

in the same period when agriculture developed on Tahuata Island.

CONCLUSION

The investigation of the finds from the Vairoronga site indicates that prehistoric Mangaians
lived in a coastal zone and they used the area as multi-functional habitation throughout the
prehistoric period. The people likely used umu ovens, ate shellfish, fish, mammals and
birds, made and used shell tools, stone tools, bone tools, shell ornaments and bone
ormnaments. As time passed, fishing activities became less popular and land activities
became more popular. The change in subsistence activity recognized at the Vairoronga site
were likely connected with the progression of forest clearance and cultivation on Mangaia as
indicated by Kirch et. al. (1991, 1992). It is likely that the development of land activities on
Mangaia occurred in the same period when agriculture developed on Tahuata Island in the
Marquesas Islands as suggested by Rollet (1989, 1992).
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Appendix. Radiocarbon dating of charcoal samples from Vairoronga site

Sample Layer 14Cage Calibrated-age probability

(BP) (AD) (%)

1 Lower 1237+116 673 [783] 893 98.7
938 [] 941 1.3

723+147 1174 [1287] 1404 100

761143 1242 [1279] 1290 100

2 Lower 904+84 1043 [] 1108 39.4

1111 [] 1149 232

1151 [1164] 1213 37.4

718 +120 1217 [1289] 1400 100

3 Lower 525+122 1298 [1418] 1488 99.4
1609 [] 1610 0.6

4  Lower 784+153 1047 [] 1095 152
1116 [] 1143 8.7

1154 [1273] 1310 65.9

1353 [] 1385 10.2

5 Lower 626+158 1222 [1312.1351.1388] 1456 100

Lower 86158 1058 [] 1080 129

1124 [] 1136 73

1157 [1214] 1257 79.8

7 Lower 539+93 1306 [] 1364 40.5
1375 [1411] 1448 59.5

8 Lower 750+44 1246 [1282] 1294 100
9 Lower  763%47 1237 [1279] 1290 100
10 Upper 549+53 1318 [1 1344 30
1391 [1408] 1435 70

11 Upper 682157 1283 [1297] 1316 44.9
1346 [] 1391 55.1

12 Upper  205+50 1652 [1671] 1687 28.3

1736 [1783.1794] 1813 61.5

1928 [] 1942 10.2

(Nakamura and Oda, personal communication)
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The shell fishhooks excavated at prehistoric sites on Mangaia, Southern
Cook Islands

YURIKO IGARASHI
Department of Anatomy, Nihon University School of Dentistry at Matsudo,
2-870-1, Sakae-cho Nishi, Matsudo-shi, Chiba, 271-0061 Japan

Abstract A total of 95 shell fishhooks from the prehistoric living sites on Mangaia ,
Southern Cook Islands were typologically examined. Thirty five of them were from a
coastal site called the Vairoronga site; the Upper Layer dates from AD 13 to 20C and the
Lower Layer dates from AD 11C to 17C. The remaining sixty hooks were from an island
site called the Ngaaitutaki site which dates from AD11 to 17C. By reconstructing the shell
hook manufacturing procedure from several stages of preforms, it was found that the people
around both sites were making one-piece hooks using a simple drilling method; this method
was prevarentin the South Pacific. Examinations of the head forms and fishhook material
indicated that the Vairoronga people actively interacted with other East Polynesian Islands
but that the Ngaaitutaki people did not. Analyses on fishbones and fishhook sizes showed
that the Vairoronga people carried out both inshore and offshore fishing, while the
Ngaaitutaki people mainly did inshore fishing. This study suggested the possibility that on
prehistoric Mangaia, there coexsisted several groups that differed in subsistence patterns and

the degrees of inter-island interactions.

Key Words: Mangaia, prehistoric living sites, fishhooks, inter-island interaction, fishing

INTRODUCTION

In Polynesia, Tonga and Samoa were settled by the Lapita people 3000 years ago (Green,
1979). However, the subsequent history of the migration and inter-island interaction of the
people in Polynesia is still unclear. In order to reconstruct the migration and inter-island
interaction, a comparison of fishhooks from prehistoric sites is useful, because fishhooks
show huge variation among prehistoric sites in the South Pacific (Emory et al., 1959; Suggs,
1961; Davidson, 1967; Sinoto, 1967, 1968, 1979, 1983a; Kirch, 1993; Rollett, 1989).
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By the beginning of the 20th century, unique systems of subsistence, society, and culture
had developed on every island in Polynesia (Buck, 1930, 1944, 1957; Handy, 1923).
However, the history of the development of such systems on most islands is still unclear.
Fishhooks are very useful for reconstructing fishing activities (Walter, 1990; Allen, 1992b;
Rollett, 1989), which were one of the most important subsistence activities in Polynesia.

On Mangaia Island in the Southern Cook Islands, large numbers of shell fishhooks were
excavated from two prehistoric sites (Igarashi, 1998 in press; Oshima et.al., 1998 in press).
The present paper describes the fishhooks excavated from these two sites and reconstructs
the manufacturing method of the fishhooks. There is also a discussion of the inter-island
interactions between the site inhabitants and people on other islands as well as the fishing

activities carried out around these sites.

MATERIALS AND METHODS

The Vairoronga site is located on the northwest coast of Mangaia (Figure 1). Two cultural
layers, an Upper Layer and a Lower Layer, were identified. The radio carbon dates of
charcoal samples from the Upper Layer are AD 13-20C, and those from the Lower Layer are
AD 11-17C (Nakamura and Oda, personal communication). This site was a multi-
functional habitation (Igarashi, 1998 in press), where people likely cooked and ate shellfish,
fish, birds and animals; in addition, they likely used shell tools including fishhooks, stone
tools, bone tools, shell omaments, and bone ornaments.

The Ngaaitutaki site is located in the eastern area of Mangaia (Figure 1) on the inside of the
raised coral reef and in a rock shelter. The radiocarbon dates of charcoal samples from the
site are AD 11-17C (Oshima et.al, 1998 in press; Nakamura personal communication). As
at Vairoronga site, this site was also a multi-functional habitation, where the people most
likely used earth ovens and ate shellfish, fish, birds and animals, and used shell tools such

as fishhooks, stone tools, bone tools, shell ornaments, and bone ornaments (Oshima et.al,

1998 in press).



Figure 1. Mangaia Island with Vairoronga site, Ngaaitutaki site and Tangatatau site.
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Table 1. Shell fishhooks excavated from Vairornga site and Ngaaitutaki site.

site

Vairoronga upper layer 22
lower layer 12

unknown 1

total 35

Ngaaitutaki 60
total 95

Table 1 presents the number of excavated shell fishhooks. A total
of 35 fishhooks were excavated at the Vairoronga site: 22 from the Upper Layer, 12 from
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the Lower Layer, and one from an unknown layer. A total of 60 fishhooks were excavated
at the Ngaaitutaki site. Figure 2 and Figure 3 show the drawings of shell fishhooks from the
Vairoronga site and Ngaaitutaki site, respectively. Figures 4 and 5 show the plates of the
fishhooks from the Vairoronga site and Ngaaitutaki sites.

All hooks are listed in Table 2 with data on site, layer, condition (complete, broken or
unfinished), parts of broken one-piece hooks, form, material, head form, shank length,
point length, breadth, laterality, and the sharpness of ridges. Fishhooks were classified
according to the method by Sinoto (1991) with some modifications. First, hooks were
classified as one-piece, two-piece or composite (Table 3). The one-piece hook denotes a
hook made of one piece of material, and the parts were designated head, shank, bend,
point, point tip and barb (Figure 6a). The two-piece hook denotes a hook in the same shape
as the one-piece hook but made of two separate parts: the part of point tip and point and the
part of shank and head connected at the bend. The composite hook denotes a hook made of
multiple parts, such as the bonito-lure hook (Figure 6b) and octopus-lure hook.

Each one-piece fishhook was classified by a set of five dimensions: form of point and
shank, bend form, barb type, material, and head form. Frst, one-piece hooks were
classified as a jabbing hook or a rotating hook by the form of point and shank. If the
extension of the curvature of the outer contour of the point did not intersect the shank, it was
classified as a jabbing hook (Table 3, I-A), and if it intersected the shank, it was classified
as a rotating hook (Table 3, I-B). A jabbing hook was characterized by (1) a parallel point
and a shank, or (2) a point curved slightly inward towards the shank, or (3) a point curved
out. A rotating hook was characterized by (1) a point tip angled inward, or (2) a point
curved inward, or (3-A) a shank angled inward, or (3-B) a shank curved inward, or (4) a
point and a shank curved inward. Second, the bend form was classified into U type, V type,
O type, or Ltype. Third, the barb type was classified into (1) no barb, (2) inner point barb,
(3) outer point barb, (4) lower barb, or (5) inner shank barb. Fourth, the material was
identified. Finally, the head form was classified according to the method by Allen (1992a),
with some modifications, by a set of three dimensions: a distal end, an inner edge, and an
outer edge (Figure 7a). These dimentions were then respectively judged to be flat, concave,

pointed, notched, reduced, stepped, or knobbed. Eight types of heads were identified
(Figure 7b).
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parts of broken one-piece hooks, form, material, head form, shank length, point length,

breadth, laterality, and ridge sharpnes.

Table 2. Fishhooks with site data, layer, complete, broken or unfinished condition,

Table 2-1.
head shank point

No. site layer condition  part form material form length length  breadth laterality ridge
1 VvV U broken be [ b D
2V U broken c [ b M
3V U broken c [ b D
4 VvV 8) broken bc [ m D
5 \'% U broken d B b R M
6 V U preform [ m

7 V 8] broken abc [ b 313 25 L D
8§ V U broken abc [ b 123 25 L M
9 V U broken abc I m 123 12 L D
10 V U broken abc I b 121 L D
11 V U broken c I b D
12V U broken ab [ m 113 L M
13 VvV 8) broken c [ b S
4 V U broken [ b M
15 VvV U broken bc [ b D
16 V U broken bc [ b D
17 V U preform [ b

18 V U broken Il or b S

gaff

19 V U preform  abcd I[AIU(1) m 113 20 12 13 R

20V U broken ab [ b 344 R D
21V U broken [ m D
22V U broken bc { b D
23V L complete abcd IB20(1) b 223 68 42 48 R M
24 V L broken ab [ b 223 53+ L S
25 V L broken d [ b R S
26 V L complete  abcd [A1U(1) m 313 17 11 10 L M
27V L preform  abcd I m 13 9 L

28 V L preform  abcd [ b 14 10

29 V L broken abc [ b 113 R M
30 V L broken c [ b S
31 V L broken bc [ m D
32V L preform [ c

33 V L broken bed I b 28+ 21 R D
4 V L preform I b

35 V ? broken I1I b 54+ M
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Table 2-2.

head shank point

No. site layer condition  part form material form length length  breadth  laterality ridge
36 N broken bc [ m R D
37 N complete abcd IB1U(1) m 123 17 20 15 R D
383 N broken abcd [B40(1) m 144 8 8 7 R D
39 N broken ab [ b 113 R M
40 N ? c [ m

41 N complete abcd [A3U(Q1) m 123 18 7 14 L M
42 N complete abcd [A1UQ1) m 113 19 8 13 L M
43 N complete abcd [A1U(1) m 313 19 10 14 L D
4 N broken abc [ m 313 18 L D
45 N broken abc [ m 123 21 11 L M
46 N broken abc [ m 112 18 R S
47 N broken abc [ m 113 15 L M
48 N preform ab [ m 113 R

49 N broken ab [ m 113 L M
50 N broken be [ m 20 L M
51 N preform abc [ m R

52 N ? abc [ m R

53 N preform ab I m L

54 N broken b [ m R M
55 N broken cd [ m L M
56 N complete abcd IB1U(1) b 113 14 14 11 M
57 N preform  abcd IB1U(1) m 113 16 15 13 R ‘
58 N broken bed [ m 13 L M
59 N complete  abcd IB40(1) m 144 14 14 11 L S
60 N broken abc I m 144 14 11 L D
61 N broken abc I m 144 12 L M
62 N broken c I m M
63 N broken bc [ b 41+ D
64 N preform I m

65 N ? I m

66 N ? c I m

67 N preform  abcd [ m L

68 N broken ab [ m 113 R S
69 N complete abcd IB1U(1) m 123 18 14 14 L M
70 N broken abc I b 123 34 30 L M
71 N preform [ m

72 N broken abc I m 123 15 L M
73 N broken abc [ b 113 13 R D
74 N preform ab [ m R

75 N preform  abcd IA1U(1) m 113 14 10 13 L
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Table 2-3.

head shank point

No. site layer condition  part form  material form length length  breadth  laterality ridge
76 N broken bed I m L M
77 N broken abc I m 144 11 L S
78 N broken abc I m 144 14 L M
79 N broken abc I m 144 14 R S
80 N broken cd [ m R D
81 N broken d I m M
82 N broken [ m M
8 N broken be [ m M
84 N ? bed I m
8 N broken be [ m M
8 N broken bc I m M
87 N broken be I m S
8 N ? be I m
8 N preform abc I m L
% N preform ab I m L
91 N preform ab I m L
92 N preform I m
93 N preform I m
94 N preform I b
95 N preform I m

Site: “V” Vairoronga site, “N” Ngaaitutaki site. Layer: “U” upper, “L” lower. Part

descriptions of one- piece hooks follows Sinoto (1991): “a” head, ”b” shank, “c” bend, “d”

point and point tip. Form descriptions by Sinoto (1991). Material: “b” pearl-shell, “m”
Turbo. shell, “c” Chama shell. All the pearl shells were included in Pinctada

margaritifera , even though some lacked species’ black color. Head form descriptions by

Allen (1992) with some modification. If shank is partly broken, shank length is marked

with + Laterarlity: “L (left) shank is on left side and point on right when outer surface

faces observers, “R (right)” shank is on right side and point on left when outer surface faces

observers. Ridge: “D” dull, “M” moderate, “S” sharp.

next page:Table.3
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Table 3. Classification system of shell fishhooks after Sinoto (1991)

I One-piece
I Two-piece
I Composite

[ One-piece
A Jabbing
1 Point and shank parallel
2 Point curved slightly inward
3 Point curved out
B Rotating
1 Point angled inward
2 Point curved inward
3 point straight
A Shank angled inward
B Shank curved inward
4 Shank and point curved inward

Bend forms of one-piece hooks:
U U-shaped

V V-shaped

O Circular

L L-shaped

Barb types

(1) No barb

(2) Inner point barb
(3) Outer point barb
(4) Lower barb

(5) Inner shank barb

Materials

a mammal bone
b pearl shell

c turtle shell

d metal

e ivory (whale)
f wood

g bird bone

h fish bone

i mammal tooth
j cowrie shell

k stone

m Turbo shell
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Figure 6. Parts of the one-piece fishhook (a), and the bonito lure hook (b).

b a

proximal end
head hole mesial ridge

head
point tip

point rb shank

bend

distal end

Figure 7. Parts of the head of one- piece hooks (a), and the head form types recognised at the
Vairoronga and Ngaaitutaki sites (b).
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In Class 112, the distal end and inner edge were flat, and the outer edge was notched
(Figure 3, No. 46). In Class 113, the distal end and inner edge were flat, and the outer
edge was knobbed. The profile of the knob was triangular (Figure 2, No.19, Figure 3, Nos.
42, 47, 48, 49, 57, 75), or square (Figure 2, Nos. 12, 29, Figure 3, Nos. 39, 56, 68,
73). In Class 121, the distal end was flat and the inner and outer edges were reduced
(Figure 2, No. 10). In Class 123, the distal end was flat, the inner edge was reduced, and
the outer edge was knobbed (Figure 2, Nos. 8, 9, Figure 3, Nos. 37, 41, 45, 69, 70, 72).
In Class 144, the distal end and outer edge were flat and the inner edge was knobbed (Figure
3, Nos. 38, 59, 60, 61, 77, 78, 79). In Class 223, the distal end was concave, the inner
edge was stepped, s and the outer edge was knobbed (Figure 2, Nos. 23, 24). In Class 313,
the distal end was pointed, the outer edge was knobbed, and the inner edge was flat (Figure
2, Nos. 7, 26, Figure 3, Nos. 43, 44). In Class 344, the distal end and inner edge were
knobbed, the outer edge was flat (Figure 2, No. 20).

Suggs (1961), Davidson (1967) and Oshima et al. (1998 in press) also classified
Polynesian fishhook forms. However, the method in Table 3 more fully documents the
variety of fishhook forms.

In order to decide a hook as finished or a preform, the following terms were defined.
Shell pieces that were artificially cut with curved edges were designated fishhooks and the
others flakes. The contour of a one-piece hook was divided into outer and inner parts (
Figure 8a). An outer bevel (OB)is a sloping surface between the shell surface (S) and the
outer contour, and an inner bevel (IB) s a sloping surface between the shell surface (S) and
the inner contour. A ridge (R) is the line where a bevel meets the shell surface (S). If the
contour of a hook was smooth, the contour was designated complete. A hook was
designated finished when its outer and inner contours were complete, and its outer and inner
bevels were completely formed at the point tip and head. When a hook had no head or
point, it was classified as finished if the bevels were completely formed. A finished hook
without breakage was classified as complete, and if a finished one lacked some part, it was
termed broken.

In order to decide whether a hook was used or not, the sharpness of the ridge was
estimated. A ridge was designated “sharp” if it was not worn at all, “dull” if it was
discontinuous, and “moderate” in other cases. A hook with a sharp ridge was classified as

seldom used, a hook with a dull ridge was classified as frequently used or worn down by

sedimentation.
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Figure 8. One-piece fishhook.

b
a
I
. OB R R
Inner contour S

R IB OB
R IB) OB

R S R

outer contour
OB: outer bevel, IB: inner bevel, S: shell surface, R: ridge.

The shank length, the point length, and the breadth of a one-piece hook were measured
according to Sinoto’s method (1991) (Figure 9). The base is a tangent at the middle of a
bend; the shank length (SL)is the maximum length of a shank measured vertically to the
base; the point length (PL) is the maximum length of a point measured vertically to the base;
the width (W) is the maximum length between the outer contour of a shank and the outer
contour of a point parallel to the base. The head part is not included in the width.

The outer surface of Pinctada margaritifera is pearly black, and there are furrows on the
outer surface of the Turbo shell and the Chama shell. In order to determine whether the
surface color and texture were considered for making fishhooks, the frequencies were
compared between the hooks with the shank on the left side and the point on the right side
when the outer surface of the shell faces observers, and the hooks with the shank on the right
side and the point on the left side when the outer surface of the shell faces observers.

The inter-island interaction and fishing activities of the Vairoronga site inhabitants in the
time when the Lower Layer was formed (AD 11-17C) and the Ngaaitutaki site inhabitants
(AD 11-17C) was reconstructed by a fishhook analysis and were compared with each other.

The radiocarbon dating of charcoal from the Vairoronga site’s Lower Layer coincides with
that from the Ngaaitutaki site. However, there are two possibilities considering the wide

ranges of charcoal dates from both sites. One possibility is that if the dates of fishhooks
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from the Lower Layer of the Vairoronga site coincide with those from the Ngaaitutaki site,
the inter-island interaction and fishing of the Vairoronga people reconstructed by an analysis
of their fishhooks and activities by the Ngaaitutaki people also reconstructed were done in

the same period. Another possibility is that if the dates of fishhooks from each site do not

Figure 9. Measuring methods of one-piece fishhook.

base

\4

SL: shank length, PL: point length, W: width.

completely coincide with each other, the inter-island interaction and fishing of the

Vairoronga people and those by the Ngaaitutaki people were done in a different period.

RESULTS

Thirty nine finished hooks were characterized in certain dimensions and their features as
well as 23 preforms are listed here. Another 33 hooks without important features were
excluded.

No. 5 (Figure 2) is the point of a rotating hook. It is made of pearl-shell and the shank is
on the right side when the outer surface of the shell faces observers. The ridge is moderate.

No. 6 (Figure 2) is a preform made of Turbo shell with a hole at the center.

No. 7 (Figure 2) is made of pearl-shell with a Class 313 head. The shank length is 25 mm.
The shank is on the left side. The ridge is dull.
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No. 8 (Figure 2) is made of pearl-shell with a Class 123 head. The shank length is 25 mm.
The shank is on the left side and the ridge is moderate.

No. 9 (Figure 2) is made of Turbo shell with a Class 123 head. The shank length is 12
mm. The shank is on the left side and the ridge is dull.

No. 10 (Figure 2) is made of pearl-shell with a Class 121 head. The shank is on the left
side and the ridge is dull.

No. 12 (Figure 2) is made of Turbo shell with a Class 113 head. The shank is on the left
side and the ridge is moderate.

No. 17 (Figure 2) is a preform made of pearl-shell with a perforation at the center. The
notch is cut from one side into the center.

No. 18 (Figure 2) is a gaff or a point of a two-piece hook. It is made of pearl-shell and its
proximal end is broken. The ridge is sharp.

No. 19 (Figure 2) is a preform classified as [A1U(1)m113. The outer and inner contours
are complete, and the outer and inner bevels are incomplete. The shank length is 20 mm,
the point length is 12 mm, and the breadth is 13 mm. The shank is on the right side.

No. 20 (Figure 2) is made of pearl-shell with a Class 344 head. The shank is on the right
side and the ridge is dull.

No. 23 (Figure 2) is a complete hook classified as IB20(1)b223. The shank length is 68
mm, the point length is 42 mm, and the breadth is 48 mm. The shank is on the right side,
the ridge is moderate, and the point tip is round.

No. 24 (Figure 2) is made of pearl-shell with a Class 223 head. The shank is broken and
the length is more than 53 mm. The shank is on the left side and the ridge is sharp.

No. 26 (Figure 2) is complete and classified as IA1U(1)m313. The shank length is 17 mm,
the point length is 11 mm, and the breadth is 10 mm and the shank is on the left side and the
ridge is moderate.

No. 27 (Figure 2) is a preform. The outer contour is complete, the inner contour is
incomplete, and the outer bevel is complete at the head and point. It is made of Turbo
shell. The shank length is 13 mm and breadth is 9 mm. The shank is on the left side.

No. 28 (Figure 2) is a preform. The point tip is broken. The outer contour is complete,
the inner contour is incomplete, and the outer bevel is complete at the head. It is made of
pearl-shell. The shank length is 14 mm and the breadth is 10 mm.

No. 29 (Figure 2) is made of pearl-shell with a Class 113 head. The shank is on the right

side and the ridge is moderate.
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No. 32 (Figure 2) is a hook-shaped Chama sp. shell. The outer and inner contours are
incomplete and no bevel was formed.

No. 33 (Figure 2) is made of pearl-shell. The shank is broken and its length is more than
28 mm. The breadth is 21 mm. The shank is on the right side and the ridge is dull.

No. 34 (Figure 2) is a preform made of pearl-shell with a perforation at the center. The
notch is cut from one corner into the center. The wall of the hole is undulated.

No. 35 (Figure 2) is the shank of a bonito-lure hook. It is made of pearl-shell, and the
distal end is broken. The upper view of the proximal end is triangular. The shank length is
more than 54 mm. The maximum breadth is 11 mm, 27 mm from the proximal end. The
thickness is almost even and is 6 mm at its maximum. The head holes are recognized and a
mesial ridge is not. The sharpness of the ridge between the inner face and side is moderate.
On the inner face, a trace of rubbing is visible along the long axis, and on both sides, the
trace of rubbing is vertical to the long axis. This hook was excavated from a burial area.

No. 37 (Figure 3) is a complete hook classified as IB1U(1)m123. The shank length is 17
mm, the point length is 20 mm, and the breadth is 15 mm. The shank is on the right side
and the ridge is dull.

No. 38 (Figure 3) is classified as IB40(1)m144. The inner edge of the head is partly
broken. The shank length is 8 mm, the point length is 8 mm, and the breadth is 7 mm.
The shank is on the right side. The ridge is dull and the point tip is round.

No. 39 (Figure 3) is made of pearl-shell with a Class 113 head. The shank is on the right
side and the ridge is moderate.

No. 41 (Figure 3) is a complete hook classified as [A3U(1)m123. The shank length is 18
mm, the point length is 7 mm, and the breadth is 14 mm. The shank is on the left side.
The ridge is moderate and the ridge close to the head is duller than other parts.

No. 42 (Figure 3) is a complete hook classified as [A1U(1)m113. The shank length is 19
mm, the point length is 8 mm, and the breadth is 13 mm. The shank is on the left side.
The ridge is moderate and the ridge close to the head is duller than other parts. The point tip
is round.

No. 43 (Figure 3) is a complete hook classified as [A1U(1)m313. The shank length is 19
mm, the point length is 10 mm, and the breadth is 14 mm. The shank is on the left side.
The ridge is dull. The point tip is round.

No. 44 (Figure 3) is made of Turbo shell with a Class 313 head. The shank length is 18
mm. The shank is on the left side and the ridge is dull.
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No. 45 (Figure 3) is made of Turbo shell with a Class 123 head. The shank length is
21mm and the breadth is 11 mm. The shank is on the left side. The ridge is moderate.

No. 46 (Figure 3) is made of Turbo shell with a Class 112 head. The shank length is 18
mm and the shank is on the right side. The ridge is sharp.

No. 47 (Figure 3) is made of Turbo shell with a Class 113 head. The shank length is 15
mm. The shank is on the left side. The ridge is moderate. The ridge close to the head is
duller than other parts.

No. 48 (Figure 3) is a preform made of Turbo shell with a Class 113 head. The outer and
inner contours are complete, and the outer and inner bevels are incomplete. The shank is on
the right side.

No. 49 (Figure 3) is made of Turbo shell with a Class 113 head. The shank is on the left
side. The ridge is moderate. The ridge close to the head is duller than other parts.

No. 51 (Figure 3) is a preform made of Turbo shell. The outer contour is complete, the
inner contour is incomplete, and the outer and inner bevels are incomplete. The point is
broken. The shank is on the right side.

No. 53 (Figure 3) is a preform made of Turbo shell. The outer and inner contours are
complete, and the inner bevel is complete at the head. The shank is on the left side.

No. 56 (Figure 3) is a complete hook classified as IB1U(1)b113. The outside of the head
is deeply cut under the knob. The shank length is 14 mm, the point length is 14 mm, and
the breadth is 11 mm. The laterality was not determined because the shell’s outer surface
was impossible to identify. The ridge is moderate.

No. 57 (Figure 3) is a preform classified as IBIU(1)m113. The outer and inner contours
are complete, and the outer and inner bevels are incomplete. The shank length is 16 mm,
the point length is 15 mm, and the breadth is 13 mm. The shank is on the right side.

No. 58 (Figure 3) is made of Turbo shell. The head is broken. The breadth is 13 mm.
The shank is on the left side. The ridge is moderate.

No. 59 (Figure 3) is a complete hook classified as IB40O(1)m144. The shank length is 14
mm, the point length is 14 mm, and the breadth is 11 mm. The shank is on the left side.
The ridge is relatively sharp.

No. 60 (Figure 3) is made of Turbo shell with a Class 144 head. The bend form is an O
type. The shank length is 14 mm and the breadth is 11 mm. The shank is on the left side.
The ridge is dull. This specimen is possibly the same shape and size as No. 59.

No. 61 (Figure 3) is made of Turbo shell with a Class 144 head. The shank length is 12
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mm. The shank is on the left side. The ridge is moderate.

No. 63 (Figure 3) is made of pearl-shell. The shank is broken and its length is more than
41 mm. The shank is on the right side. The ridge is dull.

No. 64 (Figure 3) is a preform made of Turbo shell with a hole at the center. The shank is
on the right side.

No. 67 (Figure 3) is a preform made of Turbo shell. The outer contour is complete, the
inner contour is incomplete, and the outer and inner bevels are incomplete. The shank is on
the left side.

No. 68 (Figure 3) is made of Turbo shell with a Class 113 head. The shank is on the right
side. The ridge is sharp.

No. 69 (Figure 3) is a complete hook classified as IB1U(1)m123. The outside of the head
is deeply cut under the knob. The shank length is 18 mm, the point length is 14 mm, and
the breadth is 14 mm. The shank is on the left side. The ridge is moderate.

No. 70 (Figure 3) is made of pearl-shell with a Class 123 head. The shank length is 34
mm and breadth is 30 mm. The shank is on the left side. The ridge is moderate.

No. 71 (Figure 3) is a preform made of Turbo shell. The outer and inner contours are
incomplete.

No. 72 (Figure 3) is made of Turbo shell with a Class 123 head. The outside of the head
is deeply cut under the knob. The shank length is 15 mm. The shank is on the left side.
The ridge is moderate.

No. 73 (Figure 3) is made of pearl-shell, with a Class 113 head. The outside of the head is
cut relatively deeply under the knob. The shank length is 13 mm. The shank is on the right
side. The ridge is dull.

No. 74 (Figure 3) is a preform made of Turbo shell. The head is broken. The outer
contour is complete, the inner contour is incomplete, and the outer bevel is complete at the
head. The shank is on the right side.

No. 75 (Figure 3) is a preform classified as [A1U(1)m113. The outer and inner contours
are complete, while the outer and inner bevels are incomplete. The shank length is 14 mm,
the point length is 10 mm, and the breadth is 13 mm. The shank is on the left side. This

specimen is burned.
No. 77 (Figure 3) is made of Turbo shell with a Class 144 head. The shank length is 11

mm. The shank is on the left side. The ridge is sharp.
No. 78 (Figure 3) is made of Turbo shell with a Class 144 head. The shank length is 14
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mm. The shank is on the left side. The ridge is moderate. This specimen is burned.

No. 79 (Figure 3) is made of Turbo shell with a Class 144 head. The shank length is 14
mm. The shank is on the right side. The ridge is sharp.

No. 89 (Figure 3) is a preform made of Turbo shell. The outer contour is complete, the
inner contour is incomplete, and the outer bevel is complete at the head. The shank is on
the left side.

No. 90 (Figure 3) is a preform made of Turbo shell. The outer contour is complete, the
inner contour is incomplete, and the outer and inner bevels are incomplete. The shank is on
the left side.

No. 91 (Figure 3) is a preform made of Turbo shell. The outer contour is complete, the
inner contour is incomplete, and the outer bevel is complete at the head. The shank is on
the left side.

Nos. 92, 93 and 95 (Figure 3) are preforms made of Turbo shell with a hole in the center.
No. 94 (Figure 3) is a preform made of pearl-shell with a hole in the center.

Oshima et.al (1998 in press) classified the hooks from the Ngaaitutaki site. Nos. 41, 42,
43 were classified as Type A; Nos. 56, 57, 69 were classified as Type B; and Nos. 37, 38,
59, 60, 61, 77, 78, 79, 80 as Type C.

One-piece hooks were probably used most at both sites. In the Upper Layer of the
Vairoronga site, one hook (No. 18) was a gorge or a point of a two-piece hook, and the
others (Nos. 1-17, 19-22) were one-piece hooks. In the Lower Layer, all 12 hooks (Nos.
23-34) were one-piece hooks. One from the unknown layer (No. 35) was a shank of a
bonito-lure hook. All 60 hooks were one-piece hooks at the Ngaaitutaki site.

The jabbing hook is suitable on a line with tension in shallow waters, such as for trolling
or angling in the reef flat and reef slope. The rotating hook is suitable on a line that cannot
be pulled, such as for deep-sea fishing or fishing in strong currents; the rotating hook has
the advantage of being seldom caught on rocks (Johannes, 1981). The people of both sites
may have used both types of hooks. In the Upper Layer of the Vairoronga site, at least one
jabbing hook and one rotating hook were identified, and in the Lower Layer, at least one
jabbing hook and one rotating hook were founded. At least four jabbing hooks and six
rotating hooks were identified at the Ngaaitutaki site.

The Mangaian people may not have considered the surface color and texture of shells for
making fishhooks, which differs from the cases reported on Rennell (Chikamori, 1985) and
Anuta (Kirch and Rhosendal, 1973). Thirty-three one-piece hooks had the shank on the left
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side, and 24 had the shank on the right side. The frequencies of the former and latter are not
significantly different from the 50% frequency when the surface color and texture of shells
were not considered.

The presence of preforms at both sites supports the conclusion that fishhooks were being
manufactured at these sites (Igarashi, 1998 in press). In the Upper Layer of the Vairoronga
site, 19 fishhooks were broken and three were preforms, and in the Lower Layer, there
were two complete, six broken, and four preforms. The one from the unknown layer was
broken. At the Ngaaitutaki site, seven fishhooks were complete, 31 broken, 16 were
preforms and six could not be determined.

Hooks with moderate and dull edges at both sites suggest that used hooks were brought
back there, which supports the conclusion that these places were not mere workshops but
multi-functional living places (Igarashi, 1998 in press). In the Upper Layer of the
Vairoronga site, 12 hooks had a dull edge, five a moderate edge and two a sharp edge; in
the Lower Layer, two hooks had a dull edge, three a moderate edge, and three a sharp edge.
One hook from the unknown layer had a moderate edge. Nine hooks had a dull edge , 23 a
moderate edge, and six a sharp edge at the Ngaaitutaki site.

Pearl-shell hooks were more frequent than Turbo shell hooks at the Vairoronga site. On
the other hand, Turbo shell hooks were more frequent at the Ngaaitutaki site. In the Upper
Layer of the Vairoronga site, 16 were pearl-shell (Pinctada margaritifera ) hooks, six Turbo
shell (Turbo setosus) hooks; in the Lower Layer, there were eight pearl-shell hooks, three
Turbo shell hooks and one Chama sp. shell hook. The one from the unknown layer was
made of pearl-shell. There were six pearl-shell hooks, and 54 Turbo shell hooks at the
Ngaaitutaki site.

Class 121 and Class 344 head forms of one-piece hooks were characteristic of the Upper
Layer of the Vairoronga site; Class 223 was characteristic of the the Vairoronga site’s Lower
Layer ; Class 112 and Class 144 were characteristic of the Ngaaitutaki site. In the
Vairoronga site’s Upper Layer of the, two hooks had a Class 113 head, one a Class 121, two
a Class 123, one a Class 313, and one a Class 344; in the Lower Layer, one Class 113, two
Class 223, one Class 313, and at the Ngaaitutaki site, one Class 112, ten Class 113, six
Class 123, seven Class 144, and two Class 313.
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DISCUSSION

(I) Manufacturing method of shell fishhooks

Seven manufacturing methods are known for shell fishhooks from Polynesian prehistoric
sites (Sinoto and Kellum, 1965; Sinoto ,1967; Allen, 1992a). In the simple drilling method,
the outside edge of a shell tab is filed to form the outer contour of a hook; then, a hole is
drilled in the center of the tab, and a notch is filed from the outside edge to form the inner
contour of the hook (Sinoto, 1967). In the double drilling method, two holes are drilled
instead of one as in the simple drilling method (Sinoto, 1967). Allen (1992a) described
preforms with more than three holes, which can be called the multiple drilling method. In
the filing and notching method, a deep notch is cut into the tab from the outside edge, and
the notch is enlarged to form the inner contour of the hook (Sinoto, 1967). In the chipping
and filing method, the outside edge of a large tab is chipped to form the outer contour of a
hook, and a hole is drilled in the center of the tab (Sinoto and Kellum, 1965). In the drilling
out method, the outside edge of a tab is filed to form the outer contour of a hook; then, the
inside of the tab is drilled following the inner contour of a hook, and the center part is
broken out (Sinoto, 1967). In the filing out method, the outside edge of a tab is filed or
chipped to form the outer contour of a hook; then, the inner contour of a hook is formed by
filing from the outer edge into the tab, and then inner piece is filed away (Sinoto, 1967).

The manufacturing method of shell fish hooks utilized by prehistoric Mangaians have been
reconstructed. Preforms with a hole in the center (Nos. 6, 17, 34 in Figure 2, Nos. 89, 90,
91, 92, 93, 94, 95 in Figure 3) suggest that the simple drilling method was employed by
the people of both sites. Preforms were classified into groups a to e according to the
condition of the contours and bevels (Table 4). Group a denotes that the outer and inner
contours are incomplete, and the outer and inner bevels are incomplete. Group b denotes
that the outer contour is complete, the inner contour is incomplete, and the outer and inner
bevels are incomplete. Group c indicates that the outer and inner contours are complete,
and the outer and the inner bevels are incomplete. Group d denotes that the outer and inner
contours are complete, the inner bevel is complete at the head, and the outer bevel is
incomplete. Group e denotes that the outer contour is complete, the inner contour is
incomplete, the the outer bevel is complete at the head, and the inner bevel is incomplete.

The hooks in each group seemed to reflect a certain stage of the manufacturing process.
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Table 4. Preforms of one- piece hooks arranged by groups a-e.

group outer  inner outer inner preforms
contour contour bevel bevel Ngaaitutaki site Vairoromga site Vairoromga site Vairoromga site
(Turbo shell) (pearl shell) (Chama sp.)

a X X X X 95,93,92,94 6 17, 34 32
b O X X X 90, 67, 51

c O O X X 57,75, 48 19

d O O x O 53

e O X O X 89, 91, 74 27 28

O(complete), X (incomplete).

Two manufacturing processes have been suggested at the Ngaaitutaki site. Figure 10 shows
the preforms from the Ngaaitutaki site. The cortex of the shell was removed in all preforms.
Method 1 is followed in the stages a, b, ¢, d, and method 2is a, b, e. Inboth methods, a
tab is perforated in the center (group a), a notch is filed from the outer edge, then the outer
contour is completed (group b). The subsequent steps are different. In Method 1, the inner
contour is completed (group c), and then the inner bevel is completed (group d). In Method
2, the outer bevel is completed before the inner contour is completed (group €). Both
methods are the same as the simple drilling method except that in these methods, atab is
perforated before its outer edge is filed to form the hook’s outer contour ~ Thus, these
methods can be called the simple drilling method. Nos. 64 and 71 belonged to group @ of
the simple drilling method or to a step in the double or multiple drilling methods. The
simple drilling method was likely the only method utilized at the Ngaaitutaki site because no
other methods have been reconstructed from the preforms and shell flakes.

The Turbo shell preforms at the Vairoronga site are listed as No. 6 in group ¢, No. 19 in
group ¢ , and No.27 in group e. Thus, Turbo hooks were likely made by the simple drilling
method of Method 1 or Method 2. For the pearl-shell preforms, No. 17 belongs to group a,
No. 34 belongs to group a, and No. 28 belongs to group e. Thus, pearl-shell hooks were
more likely made by the simple drilling method. Chama shells do not need to be cut like
No. 32 in order to be eaten, so, No. 32 is a fishhook preform placed in the filing and
notching method. I have concluded that the fishhook makers at both sites most likely mainly
used the simple drilling method, which was common in the South Pacific: Nukuoro

(Davidson, 1967, 1971), Rennell (Chikamori, 1985), Tikopia (Kirch and Yen, 1982), Ofu
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Figure 10.  Preforms of one-piece hooks excavated from Ngaaitutaki site.
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(Kirch, 1993; Kirch et. al., 1990), Aitutaki (Allen, 1992a), Mauke (Walter, 1990), Rurutu
(Verin, 1969), Moorea (Rappaport et al., 1967), Huahine (Sinoto and McCoy, 1974),
Nukuhiva (Suggs, 1961), Uahuka (Sinoto, 1967), Hawaii (Sinoto, 1967).

Traces of polishing on hooks suggest that the people at both sites polished preforms
utilizing the same steps in hook-making. The polishing traces on preforms (Nos. 6, 92, 93,
94, 95) suggest that when a tab was drilled, the drill was moved along the ridge. The
polishing traces on the bevels of the finished hooks (Nos. 18, 23, 24, 25, 26, 30, 46)
suggest that the outer and inner bevels were polished at a right angle to the ridge in the
finishing stages.

Manufacturing tools necessary for the simple drilling method were found at both sites:
basalt flakes, which may have been used for cutting shells (Buck, 1944), basalt drills and
drill shaped basalt flakes, which were likely used for drilling shell tabs (Beasley, 1928), and
sea urchin spines and branch corals, which were likely used for polishing shell fishhooks
(Kirch and Yen, 1982)

(II) Inter-island interaction and subsistence activities at the Vairoronga and
Ngaaitutaki sites

The inter-island interaction and fishing activities carried out by the people at the
Vairoronga site during the formation of the Lower Layer (AD 11-17C) and at the Ngaaitutaki
site (AD 11-17C) have been reconstructed.

The inter-island interaction has been reconstructed from the head form and material of
fishhooks. I have concluded that the Vairoronga people actively interacted with other East
Polynesians, but there is no evidence that the Ngaaitutaki people actively interacted with the
people on other islands.

One reason has been offered by an analysis of the head form. It is reasonable to
reconstruct the prehistoric inter-island interactions by comparing the head form of fishhooks
on each island, because in ethnographies (Beasley, 1928; Anell, 1955), in many cases, the
head of fishhooks were completely covered by fishing line , which suggests that the head
form did not directly affect the catch of fishes. Table 5 shows the head types of shell
fishhooks excavated from various archaeological sites in South Pacific: Mussau (Kirch,
1987) in Melanesia; Nukuoro (Davidson, 1967, 1971), Rennell (Chikamori, 1985), Anuta
(Kirch and Rhosendahl, 1973), and Tikopia (Kirch and Yen, 1982) in Outlier Polynesia;
Ofu (Kirch, 1993; Kirch et. al., 1990), Upolu (Davidson, 1969a, 1969b; Janeski, 1980),
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Niuatoputapu (Kirch, 1988), Tongatapu (Poulscn, 1968) in West Polyncsia; in East
Polynesia, Pukapuka in the northern Cook Islands(Chikamori, 1988), Aitutaki (Allen,
1992a; 1992b), Mauke (Walter, 1990) in the Southern Cook Islands, Rurutu (Verin, 1969)
in the Austral Islads, Maupiti (Emory and Sinoto, 1964), Moorea (Rappaport et al., 1967;
Sinoto, 1967), and Huahine (Sinoto and Mccoy, 1974; Sinoto 1983a) in the Society Islands,

Table 5. Head types of shell fishhooks excavated from archacological sites on islands in

South Pacific.

site Head type Reference
Mussau 312 (Kirch 1987)
Nukuoro 312 113 (Davidson 1967, 1971)*
Rennell 112 113 (Chikamori 1985)
Anuta 312 113 123 (Kirch and Rhosendal 1973)*
Tikopia 312 113 313 (Kirch and Yen 1982)*
Ofu 344 [(Kirch 1993, Kirch et al. 1990)
Upolu (Davidson 1969a, 1969b; Janetski 1980)
Niuatoputapu 312 112 (Kirch 1988)
Tongatapu (Poulsen 1968)
Pukapuka 113 (Chikamori 1988)
Aitutaki 223 112 113 123 313 (Allen 1992a, 1992b)*
Mauke 223 312 (Walter 1990)
Mangaia(Vairoronga) | 223 113 121 123 313 344
Mangaia(Ngaaotutaki) 112 113 123 313 144
Rurutu 313 (Verin 1969)
Maupiti 223 (Emory and Sinoto 1964)
Moorea 123 313 (Rappaport et al. 1967, Sinito 1967*)
Huahine 113 123 (Sinoto and McCoy 1974; Sinoto1983a)
Fakarava etc 113 123 (Sinoto and Kellum 1965)*
Rangiroa 113 313 213 (Garanger 1965)
Mangareva 113 123 313 (Green 1960)
Henderson 123 (Sinoto 1983b)
Tahuata 223 113 123 (Rolett 1989)
Nukuhiva 223 113 (Suggs 1961)*
Uahuka 223 112 113 122 142 |(Sinoto 1966, 1967,1968,1970)*
Hivaoa 223 113 122 123 142 |(Skjolsvold 1972)
Hawaii 312 313 (Sinoto 1967)*
Kauai etc 112 122 313 (Emory et al. 1959)*
New Zeland 223 123 313 (Duff 1956)*

Islands marked with *: Not all excavated hooks drawn in reports. Comparisons were made

by the hooks in the reports.
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Fakarava, Raroia, Napuka, Fangatau, Takapoto (Sinoto and Kellum, 1965) and Rangiroa
(Garanger, 1965) in the Tuamotu Islands, Mangareva (Green, 1960) in the Mangareva
Islands, Henderson (Sinoto, 1983b) in the Pitokain group, Tahuata (Rolett, 1989),
Nukuhiva (Suggs, 1961), Uahuka (Sinoto, 1966, 1967, 1968, 1970) and Hivaoa
(Skjoldvold, 1972) in the Marquesas Islands, Hawaii (Sinoto, 1967), Kauai, Oahu,
Morokai, Ranai, Kahorawe, Maui and Hawaii (Emory et al., 1959) in the Hawaii Islands,
and New Zealand (Duff, 1956). Table 5 shows that the hooks with a Class 223 head were
excavated from the Vairoronga site’s Lower Layer and hooks with this type of head form
were identified only in East Polynesia: the Southern Cook Islands (Vairoronga site on
Mangaia, Aitutaki, Mauke), the Society Islands (Maupiti), the Marquesas Islands (Tahuata,
Nukuhiva, Uahuka, Hivaoa)and New Zealand. The No. 23 hook with a Class 223 head
from the Vairoronga site’s Lower Layer most resembles a hook from Nukuhiva Island in the
Marquesas (Suggs, 1961; Figure 26 i). Both are classified as IB20(1)b223. The No. 23
hook also resembles another hook from Nukuhiva Island(Suggs, 1961; Figure 26 h), which
is classified as IB2V(1)b223. Thus, this indicates that the Vairoronga inhabitants were in
contact with inhabitants of East Polynesia. Table 5 also shows that the hooks with a

Class 223 head were not excavated at the Ngaaitutaki site, and hooks with a Class 144 head
were only found at the Ngaaituaki site. Thus, this finding does not suggest that the
Ngaaitutaki people actively interacted with people on other islands.

Another reason has been offered by an analysis of the material. The Vairoronga people
likely used pearl-shell fishhooks more frequently than Turbo shell fishhooks, while the
Ngaaitutaki people likely used Turbo shell fishhooks more frequently than pearl-shell
fishhooks. This is because the ratios of pearl-shell hooks and Turbo shell hooks are
significantly different between the Vairoronga site’s Lower Layer and the Ngaaitutaki site
(Fisher’s exact probability test, p<0.01). The pearl-shell is not found in Mangaia today. In
the Northern Cook Islands and Tuamotu Islands, the pearl-shells grow abundantly (Sims,
1988), and they grow to some extent in the Marquesas Islands (Sinoto, personal
communication), and Rarotonga and Ajtutaki in the Southern Cook Islands (Walter, 1990).
Therefore the prehistoric Mangaians probably introduced pearl-shells or pearl-shell hooks
from these islands. The Turbo shell, on the other hand, now grows on Mangaia, which
suggests that prehistoric Mangaians could also have obtained Turbo shells in Mangaia.
Thus, the Vairoronga people could have actively introduced pearl-shells or pearl-shell

fishhooks from other islands in East Polynesia such as the Northern Cook, the Tuamotu, the
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Marquesas, or other Southern Cook islands. On the other hand, no one has suggested that
the Ngaaitutaki people actively interacted with other islanders.

Fishing activities have been reconstructed from fishbones and fishhook size. I have

Table 6. Fish families caught by present day Mangaians and fishing place and method.

inshore offshore
reef flat reef flat reef slope
& reef edge
shallow deep sea
netting angling spear gun trolling angling angling

Acanthridae
Aulostomidae
Balistidae
Belonidae
Carangidae
Cirrhitidae
Coridae/Labridae
Coryphaenidae O
Diodontidae
Epinephelidae O
Exocoetidae
Gemphylidae
Hemilamphidae O
Holocentridae O

Kyphosidae O O O O
Leptocephalidae
Lethrinidae
Lutjaenidae
Mugilidae
Mullidae
Muraenidae
Pempheridae
Priacanthidae
Scaridae
Scombridae O O
Siganidae O O O O
Sparisomidae
Sphyraenidae O
Teleostomi

O O

O

O O 000

OO

OO0
OO0
OO0

O(employed more than once).
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concluded that the Vairoronga people carried out both inshore and offshore fishing, while
the Ngaaitutaki people mainly carried out mainly inshore fishing according to the analysis of
fish bones.

The folloeing fish species were excavated at the Vairoronga site: Epinephelidae ,
Labridae, Lethrinidae, Scaridae, Scombridae and Elasmobranchii. Table 6 shows the fish
families caught by present-day Mangaians and the place and method for catching them
recorded during four months in 1991, 1992, and 1993. Judging from the fishing methods
of the present-day Mangaians, the Vairoronga people likely caught Epinepheridae by
inshore angling or offshore deep-sea angling, Labridae by inshore netting or inshore angling
or offshore shallow angling, Lethrinidae by inshore netting, Scaridae by spears at the reef
slope, and Scombridae by offshore trolling or offshore deep sea angling. Table 7 presents
the MNI (minimum number of identified) of the fish families calculated from the fish bones
excavated at the Ngaaitutaki site (Leach et al., 1994). The most dominant families are
Balistidae, Epinephelidae, Labridae and Muraenidae, and no large offshore fishes such as

Scombridae

Table 7. MNI (minimum number of identified) of fish families calculated from fish bones
at the Ngaaitutaki site (Leach et al. 1994).

MNI %

Balistidae 55 42.3
Epinephelidae 19 14.6
Coridae/Labridae 15 11.5
Muraenidae 9 6.9
Diodontidae 7 5.4
Holocentridae 4 3.1
Scaridae 4 3.1
Lutjaenidae 3 2.3
Mullidae 3 2.3
Leptocephalidae 3 23
Lethrinidae 2 1.5
Teleostomi 2 1.5
Acanthridae 1 0.8
Belonidae 1 0.8
Carangidae 1 0.8
Sparisomidae 1 0.8

total 130 100.0
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are listed. Again, judging from the fishing methods of present-lday Mangaians,
Ngaaitutaki people likely caught Balistidae by inshore netting or inshore angling. They
fished for Epineprhridae by inshore angling or offshore deep-sea angling, Labridae by
inshore netting, inshore angling or offshore shallow angling, and Muraenidae by inshore
angling.

An analysis of fishhook sizes supports the belief that the Vairoronga people caught both
inshore and offshore fish while the Ngaaitutaki people caught mainly inshore fish.

Table 8. Shank length of shell fishhooks excavated from Vairoronga site and

Ngaaitutaki site.
Vairoronga Vairoronga Ngaaitutaki
[upper layer] [lower layer]
shank length  average 20.5 [4] 32.2 (6] 17.4 [24]
minimum 12 13 8
maximum 25 68 41
S.D. 6.14 23.08 6.98

Hooks marked with + in Table 2 included in calculation. Numbers in parentheses are

sample number. S.D. is standard deviation.

The Vairoronga people likely used a greater variety of shell fishhook sizes than the
Ngaaitutaki people. Table 8 presents the shank length of one-piece hooks from both sites.
The average shank length is 20.5 mm in the Vairoronga site’s Upper Layer of (range = 12 to
25 mm, SD = 6.14, N=4), 32.2 mm in the Lower Layer (range= 13 to 68 mm, SD = 23.08,
N=6), and 17.4 mm at the Ngaaitutaki site (range= 8 to 41 mm, SD = 6.98, N=24). The
variance in shank length is larger in the Vairoronga site’s Lower Layer than that in the
Ngaaitutaki site, and the difference is statistically significant (F=10.940, p<0.01). An
investigation of 44 jabbing hooks now used by Mangaians has shown that fishhook size
corresponds to angling methods and angling zones. Twelve hooks with shank lengths from
16 mm to 29 mm are used for inshore angling. Twelve hooks from 33 mm to 45 mm in
length are used for inshore angling, offshore deep-sea angling and offshore trolling.
Twenty hooks from 47 mm to 123 mm length are used for offshore deep-sea angling and

offshore trolling. Large fish, like Coryphaenidae, Scombridae, Sphyraenidae and
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Gemphylidae are cought only with the largest hooks. Thus, the Vairoronga people utilized a
greater variety of angling methods and angling zones than the Ngaaitutaki people, which
supports the results of fishbone studies that showed the Vairoronga people caught both
inshore and offshore fish while the Ngaaitutaki people mainly caught inshore fish.

Around the beginning of the 20th century, Mangaians used large wooden hooks with shank
lengths from 7 to 20 cm for offshore fish such as Gemphyridae and Elasmobranchii (Buck,
1944). There is a possibility that prehistoric Mangaians also used large wooden hooks for
offshore fish. Thus, the Ngaaitutaki people could have caught large offshore fish if they
used large wooden hooks. However, no offshore fish were found at the Ngaaitutaki site.
This indicates that the Ngaaitutaki people chose not to do fish offshore as the Vairoronga
people did.

The charcoal radiocarbon dates from both sites are of a wide range, so two possibilities can
be considered. One possibility is that the age of fishhooks from the Vairoronga site’s Lower
Layer coincides with that from the Ngaaitutaki site, which means the inter-island interaction
and fishing by the Vairoronga inhabitants and the Ngaaitutaki inhabitants were conducted in
the same period. In this case, it is suggested that during AD 11 to 17C, there coexisted
some groups that differed in the pattern of fishing activities and the degree of inter-island
assocoation on Mangaia: the Vairoronga people actively interacted with people on other
islands and fished both inshore and offshore, while the Ngaaitutaki people may not have
actively interacted with people on other islands and did mainly inshore fishing. Another
possibility is that the ages of fishhooks from each site do not completely coincide with each
other, which means that the inter-island interaction and fishing by the Vairoronga people and
those by the Ngaaitutaki people were done in different periods. Especially in the case when
the activities of the Vairoronga people were older than those of the Ngaaitutaki people, this
study supports the estimation by Kirch et al. (1992) that by ca. 700BP, Mangaia became
disengaged from the long distance exchange network evidenced at the Tangatatau site on

Mangaia (AD 11C to 17C).

CONCLUSION

The investigation of shell fishhooks from the Vairoronga site and Ngaaitutaki site shows
that most hooks were the one-piece type and the people living around both sites likely made

one-piece hooks using the simple drilling method broadly prevalent in the South Pacific. An
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investigation of the head form and material of fishhooks and fishbones indicates that the
people at the Vairoronga site in the age when the Lower Layer was formed actively
interacted with people on other islands in East Polynesia, the Vairoronga inhabitants carried
out inshore and offshore fishing, and the people at the Ngaaitutaki site mainly carried out
inshore fishing. The analysis does not show evidence that the Ngaaitutaki people actively
interacted with other islanders. This study proposes the possibility that on prehistoric
Mangaia, some groups coexisted such as the Vairoronga people and the Ngaaitutaki people

who had different subsistence patterns and different degrees of inter-island interactions.
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Be e g w/HATE HiER AR AR A% ARER MN
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Patellidae Patella flexuosa Quoy et Gaimard Iy JNHA Mapii 48.5 20 102 164
VY INHA
Acmaeidae Patelloida sp. Mama 6.6
2% AYHA
Turbinidae Turbo setosus Graelin Sl Ariri 748.4 180 105 632 % x 5375 74
) 20T YL Astralium rhodostoma (Lamarck) ZA S50 XHA Karikao 213.4 82 52 612 %% 206.8 26
Neritidae Nezita plicata Linnacus FF7 e A Ti 16.6 5 24 172
TRATRHA Neritidae spp. 0.6
Littorinidae Tectarius coronatus Valenciennes 1832 AHy=2HE Avareoronga 5.4 2 8 200
FREEHA
Cerithiidae Corithium columna Sowerby ax=)v)H4A Roarora 364.6 352 38 90.3 % % 3422 323
A=) V) A4
Hipponicidae Antissbia foliacea (Quoy et Gaimard) HADF K HA 34.0 1 158 0.6
ZAXAHA Sabia conica acuta (Quoy et Gaimard) TS AXA 53 3 13 188
Pilosabia trigona (Gmelin) RXXHA 0.1 0 1 0.0
Strombridae Caparium mutabilis (Swainson) IN-DL AR Popoto 124.8 187 19 90.8 % % 118.2 130
AL a4 Mageogeo
Pu
Cypraeidae Staphylaca nucleus (Linnacus) LA EIHSHA Poreo 32 0 1 0.0
S HSHA Ravitrona caputserpentis (Linnacus) NFNAEY TG HA Poreo 39.3 3 13 188
Mauritia depressa (Gray) CAYs =T NTHA Poreo 19.6 0 2 00
Cypraeidae spp. 122.8
Cymatiidae Cymatiidae spp. 280
72974
Cymatiidae Cymatiidae/Fasciolariidae spp. 9.6
/Fasciolariidae
72IIHA
A1 b=¥FKS
Tonnidae Tonnidae sp. 3.2
YyoH4
Murucidae Drupa ricinus hadari Emerson ct.Cernchorsky 04 LA v+ 4 Mageogeo 152.8 46 110 295 %
T *HAA /Drupa ricinus (Linnacus) S ERISGAH VA LHA
Drupa rubuscaesiua Roding FTHAAHVAVHA Mageogeo 24 0 1 0.0
Drupa morum Roding LoYERAHAVAVHA Mageogeo 10.7 1 7 12.5
Thais spp. 164
Morula spp. 13.0
Muricidae spp. 69.7
Coralliophilidae Quoyula monodonta (Blainville) MY RYHA 1.3 0 1 0.0
# I Ky A4
Buccinidae Pollia undosus Linnacus RvsakI 2y 17.0 6 17 26.1
x84
Nassariidae Nassarius Spp. 03
LvpHA
Fasciolariiae Peristerna nassatula (Lamarck) INREDVES S RN LS 9.4 2 13 133

4 b=HEES




B4e L g <~vi1T4 HIBEER A AR AR AYER MNI
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Mitridae Mitridae spp. 29
ZFH4
Conidae Virroconus cbracus (Linnaeus) 2YS5AEHA Popoto 4.5 4 2 66.7 x
1EH1 Virroconus chaldeus (Roding) aRYSAEHA Popoto 3.0 4 0 1000 %
Virroconus sponsalis (Hwass) NFIALRHA Popoto 33 0 1 0.0
Virroconus fulgetrum  (Sowerby) Y HIALEHA Popoto 59 1 2 333
Chelyconus  catus (Hwass) TS5VAEHA Popoto 6.6 1 4 20.0
Rhizocopus rattus (Hwass) NMABIFUHA Popoto 134 0 1 0.0
Conidae spp. 2412
Pyramidellidae Otopleura mitralis (A.Adams) VA I0FHFV 13 0 1 0.0
FOHY A
Siphonariidae Siphonaria laciniosa Linnacus avFdhhseIHA Mapii 0.7 1 6 14.3
A Y hh5= YA
—KA
Arcidae Arca arabica Philippi XITHY 56.1 19 69 216
Y ki
Mytilidae Modiolus auriculatus (Krauss) YavEawbsSYHe Kakuku 116.0 104 23 819 %% 889 63
AHA
Pteriidae Pinctada sp. Parau 50.2
TIARHA
Pectinidae Gloripallivm pallium (Linnacus) FHIHA 04 0 1 0.0
18 %74
Spondylidae Spondylus spp. 19
DIF¥IHA
Limidae Lima sp. 63
I HA
Lucinidae Epicodakia bella (Conrad) EAYFHA Tunani 188 12 27 308
VA4 Kai
Chamidae Chama plinthota Cox IV HY SN Pauakute 155.8 33 16 673 k% 143.0 7
X0 YNHA Charma semipuopurata YADHEHYS 571 11.00 83 133
Cardiidae Corculr imp (Solander) 0.0
YN A
Tridacnidae Tridacna maxima (Roding) I+ IHA Paua 317.8 12 1 522 %% k23755 1
oy aHA /N14.45 6
Veneridae Periglypta reticulata (Linnacus) TZ32)AHA4 Ka'i 339 5 3 625 % 276 3
QRS LA Tunani
Psammobiidae Asaphis dichotoma (Anton) YawF 2T AtH4 Ka' 102.1 26 8 76.5 * % 916 8
YAYYF A
Tellinidae Scutarcopagia scobinata (Linnacus) HAYSHA Tunani 25 3 5 375
—yaIvHA Ka'i
* % :p<0.01, % :p<0.1
R4 2365.8
KRG 9188
75.6

T4
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e FoJ) 0T AK  ASUH R HE Mt B W EsEE B BA a4y
AHI<TFE* @) ) 0 0 B MRHLEE s 35 14 038 6.8 33
BE
FINTHA * O 0O O 0 EH MEmLER R 25 10 09 46 %
s
ZVRTIATRAA X x @] x it WEBTEH S® 0 74 19 53 9.2 4
x x @) X Mt WRE TR PBRE
YaUFa0TRANA * X O O X Wb WREETE DRE 359 337 50 118.6 12
TSR] AHA * x 0 x x it WREBTEH PRE 304 142 134 43.0 4
A=)V I HA K x 0 x x Rt MRETE S 04 02 02 08 28
YUHTHILR O o) 0 o) W MR TE BE 49 158 70.4 1129 6
TY A EHA * O O O O Wit BMEETE E® S0 14 27 6.1 5
AT TAEHA * O O O O L MME TR S 2.7 11 12 47 8
NFTAEHA * O O O O i WABHTE B 14 14 14 1
YPHIAEHA * @] O O o Wit WMWTE S 30 3.0 30 1
TIUVALEHA * O O O O Wit WEWETE S 5.7 5.7 57 1
NAATIFUHAL* O O O @] WX AEBETE S 22 22 22 1
V) bA A o] b X O M WRMETE SR 54.8 54.8 54.8 1
FISAN VAL VA * O O O O it MR TR ER 3.5 35 35 1
vaA R VA A4 * @] O @) O Wit HRHTE A 3.6 0.9 11 72 52
FAANT VA VHA * x o) x x R IR TR SR 180 180 180 1
LIFFATVAHA4%x O O O @] et IR TE S 13.7 4.9 72 220 9
TARFY LAY @) O ®) O B MM TR Eme 119 4.1 7.0 195 6
FAOTNTHA (@] O @) O Heith  MMH TR B 24 24 24 1
FvIhFAINTHA4 O O @] x M MM TR SR 26 0.4 2.1 31 S
NFINAFINTHA* O O O @] Heh  MIRIE T ERE 6.3 18 4.5 7.9 4
EAYy YA HA4*x O O @ O i MRABTE EM 493 11.9 362 59.4 3
YaUFambeNUHA* X O * x b WIMBETE Bk 4.7 23 19 83 6
X (@] X x Tl MHEHETE S
DY) NHA * O @] O O i MREHETE S 3.4 25 10 9.1 19
YIFIHA U * O O (@] O i WMETER EM 298 134 12.5 79.8 59
YSFIAA (K * A A x x Eeim  ®ITH  EHE 800 800 800 1
LAVYEITA* x O x ~ . MEBTE Sk 18 18 18 1
AAYD I XHFA * O O O it HTw &tk 208 5.1 103 309 29
< UH T % ) ) 0 TR MM TR Sm 361 232 49 735 12
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