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Origins of Agriculture at Kuk Swamp in the Highlands of New Guinea
T. P. Denham,' S. G. Haberle,2 C. Lentfer,®> R. Fullagar,4 J. Field,4 M. Therin,4 N. Porch,> B.
Winsborough®

ABSTRACT. Multidisciplinary investigations at Kuk Swamp in the Highlands of Papua New Guinea
show that agriculture arose independently in New Guinea by at least 6950 to 6440 calibrated years
before the present (cal yr B.P.). Plant exploitation and some cultivation occurred on the wetland
margin at 10,220 to 9910 cal yr B.P. (phase 1), mounding cultivation began by 6950 to 6440 cal yr B.P.
(phase 2), and ditched cultivation began by 4350 to 3980 cal yr B.P. (phase 3). Clearance of lower
montane rainforests began in the early Holocene, with modification to grassland at 6950 to 6440 cal yr
B.P. Taro (Colocasia esculenta) was utilized in the early Holocene, and bananas (Musa spp.) were
intensively cultivated by at least 6950 to 6440 cal yr B.P.
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1. Introduction

Investigation of agricultural origin in Papua New Guinea Highlands (Kuk) since 1966:
Golson (1977): archaeological remains of former cultivation dating 9000 BC.
Wilson (1985): association between Musa spp. phytoliths and archaeological phases.
Powell (1982): the presence of numerous edible plants throughout the Holocene (10000 y BP-).
No direct evidence that the archeological remains were anthropogenic nor Musa spps were
domesticated ones.
Early independent agricultural development in New Guinea??

€ Multidisciplinary data from renewed investigation at Kuk
— independent aricultural development by at least 6950-6440 BP
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Kuk swamp in Papua New Guinea highlands, 1560m amsl, mean
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3. Paleoecological evidence

Previous studies: from 1750 y BP to 10000 y BP, open grassland between 1200-2000 m amsl
were replaced by forest (dominated by Nothofagus: ) > % a 7 7+ OfhifE]) due to climate
warming, increased precipitation, and less frequent fires.

— natural vegetation at 10000 BP (without anthropogenic disturbance): rainforests in dryland,

swamp forest/grassland/sedge in wetland

@® First signs of human impacts: change in forest composition, expansion of open herbaceous
vegetation, increased concentration of charcoal in sediments

@® Timing of the earliest anthropogenic impacts: 7800 BP in Baleim valley, 1700 BP in Tari
basin.

€ Sediment samples: 300 pollen grains and 200 phytoliths were counted in each sample.
Obtained radio carbon date.

Figure 3:

(1) Before 10000 y BP: mosaic of forest and grassland.

(2) 10200-7400 y BP: grassland and fern flora increased; forest decreased.

(3) 10200-7400 y BP: periodical increase of charcoal density

(4) 10200-7400 y BP: dominant composition: Nothofagus, Castanopsis, and gymnosperms (#
YHi¥)) — Pandanus, Zingiberaceae, and Musaceae sect. Eumusa

(5) 6950-6440 y BP: forest declined as burning increased

(6) 6950-6440 y BP: Musaceae phytoliths T 15% of total counts: banana growing in open
grassland environment.

4. Archaeological evidence

Table 1: Three phases that are relevant to the origins of agriculture in New Guinea, because they
predate known Southeast Asian influence on New Guinea at ~3500 y BP.

Table

1. Chronology for archaeological phases 1, 2, and 3 at Kuk Swamp (see tables S1 and S2 for dates

and calibrations).

Phase G(?Jl;cc);\l ;?g;;ﬂ Subphase Wetland remains (?:IV\;EEB??)
1 ~9000 None Amorphous palaeosurface 10,220 to 9910
2 6000 to 5500 None Subcircular paleosurfaces 6950 to 6440
3 4000 to 2500 Earliest Sinuous runnel 4840 to 4440
Early Rectilinear ditch networks 4350 to 3980
Mid-late Rectilinear ditch networks None
Late Rectilinear ditch networks Pre—3260 to 2800

<Phase 1> The oldest archaeological features at wetland margin at 10220-9910 y BP (Fi 2: B):

— pits, stakeholes, postholes, and runnels
— planting, digging and tethering of plants and localized drainage?
— Single period of shifting cultivation ?

<Phase 2> Regularly disturbed mounds at 6950-6440 y BP (FI 2: C):

— Regular morphologies of features, numerous stakeholes and postholes, elevated charcoal
— mound cultivation?

<Phase 3> Drainage and ditch at 4350-3980 y BP (FI 2: D):

— intensified agriculture in wetland environment?
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Fig. 2. Archaeostratigraphic representation of phases 1, 2, and 3.
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Fig. 3. Selected pollen and phytolith data from the Kuk Swamp samples (n = 38). Ages are based on radiocarbon dating of
stratigraphic features associated with phases 1, 2, and 3 and intervening stratigraphy (that is, gray clay). Samples are
arranged in order of oldest (sample 1, right-hand side of the diagram) to youngest (sample 38, left-hand side). The lower half
of the diagram depicts pollen and spore summary curves (for ferns, herbs, and trees and shrubs) and charcoal density (as
area of pollen slide). The upper half of the diagram shows Poaceae (as percentage of total sum of pollen and spores) and
Musaceae phytoliths (as percentage of total phytolith sum), with the presence of diagnostic seed phytoliths assigned to
Eumusa, Ensete sp., and Musa ingens depicted as symbols.



5. Archaeobotanical evidence
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(1) Numerous edible plants were present in Kuk before 10000 y BP.

(2) No association with plant remains and archaeological features — plants may not be
domesticated

(3) Disturbance in wetland margin may have been intended to increase the availability of
edible-useful plants — the plants are still utilized today.

(4) Microfossils from taro (Colocasia esculenta) and banana (Musa spp.) may have been
presented in PHASE 1.

(5) Starch grains from taro are present on_the worked edges of three stone tools from Phase 1
and phase 2, and intervening gray clay.

(6) Taro (Colocasia esculenta) was also found in a Pleistocene site in Island Melanesia and an
early Holocene site in lowland New Guinea.

(7) Because Taro is a lowland crop, Highland taro may be a product of anthropogenic selection.

(8) Musaceae phytoliths are present from 10000 y BP until present (Fig 3).
(9) Musaceae phytolith found in high percentage before 6950 y BP — only suggestive of
deliberate planting (because banana may exist in wooded or edged environment in nature)
(10) Musaceae phytolith were also found in Phase 2 and phase 3 (when grasslands
dominated) — deliberate planting — because (a) Musa banana do not produce large
amount of phytolith, (b) Musa banana may not survive when burned (Ensete may survive, but
found only marginally) — Musa banana may have been planted deliberately

(11) Phytoliths of Australimusa banana (7 = »3}}) was not found.

\ (12) Eumusa cultivars may have been domesticated in PNG highlands (cf. Lebot V,1999).

B | c A Fig. 4. Photographs illustrating discrimination of
contemporary and prehistoric Musa spp. phytoliths.
(A) Articulated phytoliths from seed of Musa
acuminata ssp. banksii showing distinct dorsal ridging
of Eumusa seed phytoliths (modern reference: sample
QHO067962). (B) Seed phytolith from seed of Musa
ingens (modern reference sample). (C) Dorsal and
lateral views of Ensete glaucum seed phytoliths
(modern reference: sample QH356652). (D) Fossil
Eumusa seed phytolith with distinct dorsal ridging
found in the phytolith assemblage from the base of a
phase 2 feature fill (sample 5). (E) Faceted phytolith
morphotype found in the phytolith assemblage from
the upper fill of the phase 1 paleochannel (sample 19).
It is similar to the seed morphotype of Musa ingens,
although its surface is more heavily textured. (F)
Lateral view of Ensete seed morphotype found in a
phase 2 feature fill and the clayey black sediment
above (samples 3 and 4). (G) Articulated chain of
Musa leaf phytoliths from within the gray clay
sequence between phase 1 and phase 2 (sample 10).

(H) Fossil leaf phytolith of Musa acuminata from the upper fill of the phase 1 paleochannel (sample 19). (I) Fossil Eumusa
seed phytolith from the upper fill of the phase 1 paleochannel (sample 19).

6. Conclusion

(1) Gradual emergence of agriculture (shifting-cultivation) in Highlands of New Guinea is
suggested by (1) cumulative forest disturbance, (2) archaeological remains of cultivation
on the wetland margin, (3) the use of Colocasia taro, (4) presence of Eumusa bananas.

(2) By 6950-6440 y BP, mounding, creation/maintenance of anthropogenic grasslands,
deliberate planting of banana started. Eumusa cultivars were domesticated.

(3) New Guinea is a primary center of agricultural development and plant domestication.
Eumusa bananas and Colocasia taro may have been domesticated in New Guinea.

(4) Independent agriculture is not necessarily a trigger of large-scale demic expansion, social
stratification, and the rise of “civilization”, which challenge the conventional
interpretation of prehistorical social change.
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Enhanced: New Guinea: A Cradle of Agriculture
Katharina Neumann, Johann Wolfgang Goethe-Universitat, Frankfurt, Germany.

New Guinean agricultural heritage: the banana. (Left)

) o o _ Modern banana. (Right) Modern banana phytoliths, similar to

Centers of agricultural origins. New Guinea is marked in red. those that indicate its cultivation in New Guinea 7000 years
ago.
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<What is phytoliths?>

Paleoenvironmental reconstruction is an important
contribution of phytolith analysis (the study of plant opal silica
bodies) to archaeology and paleoecology. Phytoliths extracted
from natural soil accumulations provide a detailed record of
vegetation, and the impact on that vegetation by human
activities such as clearance for agriculture.

Successful tapping of the wealth of information from phytolith
analysis for the study of past vegetation depends on two things:
(1) establishing diagnostic types for key indicator species, and
(2) developing phytolith vegetation analogs, or signatures, for
modern plant communities.

(Source: University of Missouri's Paleoethnobotany Laboratory.
http://www.missouri.edu/~phyto/floral.htm)
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<Prehistoric colonization of South Pacific Islands>

First humans who crossed Wallace line to Sahel continent were the
speakers of non-Austronesian language group. They probably
arrived at current Arnemland at around 50000 y BP, then moved to
interior Sahel and New Guinea. Australian aborigine and
majority of New Guinea people are the descendants of these
settlers. As were in the other regions on the globe, they did not
know agriculture at least before 10000 y BP.

50000y BP . =
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The speakers of Austronesian language group, who originated from Southern China, later arrived at
the northern coastal areas of New Guinea Island at around 3500 y BC. They may have brought
domesticated crops or animals from Southeast Asia. The speakers of Austronesian language group
further moved to remote Oceania. Polynesian people and a part of Melanesia and Micronesia people

are the descendants of these settlers.
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