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Stone knife and stone muller are common artefacts
belonging to the Neolithic period sites in the Yangtze
River Basin, China. The Dawangling archaeological
site is an important Neolithic site located on the
southern bank of the Yangtze River. One stone knife
and one stone muller were excavated from the Neo-
lithic layer and examined using starch residue analysis
to determine the functions of these tools. More than
165 starch granules and a few bordered pits of tracheid
were retrieved from the residues of these stone tools.
The results of starch granule analysis show that stone
knife and stone muller were probably agricultural
processing tools for ancient humans at the Dawan-
gling site during the Neolithic period and hint at the
possible existence of a broadspectrum subsistence
economy during the Neolithic period.

Keywords: Archaeological sites, starch granule resi-
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rage organs.

CHINA is a global agricultural centre'. Many crops have
been domesticated in this region, such as common millet
(Panicum miliaceum), foxtail millet (Setaria italica) and
rice (Oryza sativa)’. With regard to subsistence pattern of
Neolithic East Asia, the pattern at the Yellow River Basin,
China, involves dry farming and is mainly dependent on
millets. The pattern at the Yangtze River Basin involves
rice farming and is mainly dependent on rice’. Nonethe-
less, many questions arise regarding food utilization at
the Yangtze River Basin prior to rice*. Researchers suggest
the existence of an epoch during which root and tuber
crops such as taro and yam were mainly grown in tropical
South China before rice cultivation was introduced to this
region’. Nonetheless, only a few studies have been con-
ducted on the food utilization pattern south of the
Yangtze River Basin, thus, further research is necessary.
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With the development of agriculture during the Neo-
lithic period in the Yangtze River Basin in South China,
various stone tools began to appear in the archaeological
sites. The analysis of these agricultural tools can help us
to further understand the agricultural production situation
at that time, especially the microremains on the tools can
provide direct evidence to determine the functions of
these tools. At the same time, by extracting the remains
on the surface of these tools, it is possible to gain know-
ledge on the subsistence economy at that time and recon-
struct the pattern of plant utilization by ancient humans in
the Neolithic period.

Although the subsistence pattern in the Yellow River
Basin and the lower Yangtze River has been widely stu-
died in recent years and clear conclusions have been
drawn, few studies focus on the pattern south of the Mid-
dle Yangtze River Basin®’. The main reason for this is
the lack of necessary research materials and technical
methods to determine the macroremains in humid tropic
environments®. For example, plant macroremains are not
preserved in the Latosol, which is widespread in South
China’. Such macroremains are preserved in the Yellow
River Basin, because the alkaline loess is suitable for
organic matter preservation. Underground parts of plant
organisms (known as underground storage organs, or
USOs) can be preserved under carbonization. However,
we cannot identify the species of these parts because the
remains are too small to discern the overall appearance of
tubers and roots. For example, recent developments in
palaeoethnobotany and the use of floatation in Chinese
archaeological sites have facilitated the detection of bro-
ken carbonized roots and tubers in the Zenpiyan site
(12,000-7,000 BP)™’. However, these plants cannot be
identified due to poor preservation. Thus, we cannot infer
food utilization effectively based on the limited amount
of macroremains in this region, although a few root or
tuber plant macroremains from the Neolithic period have
been found in South China.

Pollen grains and phytoliths have been successfully
studied in the context of palaeoethnobotany in the
past'™'". However, root and tuber crops have produced
little pollen and hardly any phytoliths'>. Therefore, we
must introduce new plant microfossil research methods
and innovative ideas to address the prehistoric palacoeth-
nobotany problems in South China, especially the
Yangtze River Basin. Starch granule analysis technology
has recently become an effective archaeobotanical
method following phytolith and pollen analyses'>'®. The
basic principle of this analysis involves identifying the
microremains recovered from sediments, archacological
artefacts, or even the calculus on human teeth in compari-
son with a reference collection of modern starch granules.
Since the 1980s, the use of starch granule analysis to
determine the origins and dispersals of agricultural crops,
the functions of stone tools, and palacoenvironment re-
construction has progressed significantly'”'®. Previous
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studies have demonstrated that starch granules can be
preserved in various environmental contexts for a long
period of time'’.

Thus, we used starch granule analysis to examine the
residues on artefact surfaces to determine the functions of
stone tools, and use this to acquire information on the
subsistence economy at that time. The Dawangling site,
Jiujiang County is located ~15km south from the
Yangtze River and is an important Neolithic site in the
Jiangxi Province of China. Thus, this site was selected as
the present study region for reconstructing the subsis-
tence pattern of the area south of Yangtze River Basin.
No plant macroremains were found in this site during the
excavation. Therefore, a new microfossil method can be
applied in this area. Here we report the preliminary results
obtained for the starch granule analysis of one stone mul-
ler and one stone knife excavated from the Dawangling
site.

The Dawangling Neolithic archaeological site
(29°3634”N, 115°54’07”E) is located ~15 km south of
the Yangtze River in Jiujiang County, Jiangxi Province,
China (Figure 1). The site is approximately 45 m amsl
and has been excavated from August to October 1976. An
archaeological surface measuring 450 m> was uncovered;
this surface was divided into 18 test pits of dimension
5mx5m. The cultural deposits were 1.8-1.9 m thick
and composed of three layers. The first layer consisted of
modern cultivated soil, and only a small amount of stone
tools was unearthed from the second layer. Thus, most of
the stone tools were obtained from the third layer, which
was divided into two sub-layers labelled 3A and 3B based
on the sediment characteristics of the site section. All
three layers belong to the middle Neolithic strata.

On the basis of their characteristics, archaeologists
have confirmed that the artefacts excavated from the
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Figure 1. Location of Dawangling site, Jiangxi Province and profile
of Dawangling site, China. a, The location of the study area in China;
b, Distribution map of Dawangling site; ¢, Stratigraphic section of the
Dawangling site.
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Dawangling site belong to the cultural stage between the
Zhengjiaao culture (5500 BP) and the late Fanchengdui
culture (~4000 BP). Both cultures resided in central
Jiangxi. The cultural period of the Dawangling Neolithic
site is confirmed to span 5500-5000 BP. The Dawangling
site is an important Neolithic site in the Yangtze River
Basin, given the scarcity of Neolithic archaeological sites
in the northern part of Jiangxi Province and on the south
bank of the Yangtze River, which is considered as a
pathway through which the northern culture travelled
prior to its introduction into the Jiangxi region.

At present, the study area receives approximately
1400 mm of annual precipitation and approximately
1600 h/yr of sunshine. The mean annual temperature at
this site is 16°C—17°C. The vegetation in the region is
subtropical evergreen forest type, and the primary crops
are rice (O. sativa), oilseed rape (Brassica napus) and
cotton (Gossypium hirsutum)®.

One stone knife and one stone muller retrieved from
the Neolithic strata 3A and 3B respectively, between
August and October 1976, were examined (Figure 2).
After excavation, the stone tools were cleaned and placed
in clean bags. When the excavation of the Dawangling
site was completed, all samples were stored in wooden
boxes in the storeroom of the Cultural Relics and Arc-
haeology Institute of Jiangxi Province. Table 1 provides
information about these samples. The stone knife, which
is made of a type of grey sandstone, is currently fragmen-
tary. The stone muller is almost intact and the cross-
section is nearly circular. The surface of the muller was
pitted. We also collected some dust in the storeroom as a
control sample to detect potential contamination. The
dust samples were collected from inside the wooden
boxes using a clean brush.

Several areas of each stone tool were sampled to max-
imize the information obtained on their utilization by the
ancient people (Figure 2 and Table 1). The following pro-
tocol was used for the extraction of starch granule resi-
dues on stone tools: Step 1: The selected area of the stone
tools was placed in an ultrasonic water bath and shaken
for 10 min. In general, for the end of a small stone knife
or stone muller, the sampling process is to place the se-
lected area inside a beaker in an ultrasonic tank so that
the water surface in the beaker just touches the surface of
the stone tool. For the central part, a larger stone muller,
is placed in the beaker and an ultrasonic toothbrush is
used for cleaning around the selected area. Step 2: The
solution was transferred to a test tube, and CsCl solution
was added at a density of 1.8 g/cm’ to isolate the starch
granules. Step 3: The retrieved residues were mounted on
20% glycerine and 80% pure water on a glass slide. The
residues were then scanned under polarized and unpola-
rized light at 400X magnification (using a Nikon eclipse
501 pol microscope and Mshot digital imaging system
(v1.2)). The results were recorded and compared with a
modern reference collection.
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Table 1. Information on stone tools and sample data

Tool no. Type Length (cm) Width (cm) Lab sample no. Description
T8(3)A Stone knife 9.5 8.5 S1 Blade section

S2 Blade section

S3 Fracture parts

S4 Stone knife back
JD(3)B Stone muller 20.1 4.5 S5 Used facet

S6 Used facet

S7 Used facet

S8 Used facet

S9 Top parts/used facet
KF1 Dust - KF1 Control sample

Figure 2. Stone knife (top) and stone muller (bottom) from the
Dawangling archaeological site. White dots indicate sampling loca-
tions. Scale bar: 5 cm.

Figure 3.

Starch granule reference material derived from modern
species in Jiangxi Province for comparison: a, b, From Coix chinensis;
¢, d, from Vigna angularis;, e, f, from Castanea mollissima; g, h, from
Nymphaea tetragona; i, j, from Sagittaria trifolia; k, 1, from Trachy-
carpus fortunei. Scale bar: 20 pm.

To prevent sample contamination, all the laboratory
equipment used to extract the starch granules were heated
in boiling water and shaken in an ultrasonic water bath
before each application.
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To identify the starch granules extracted from the stone
tools, we compiled more than 50 species from 20 families
of plants common in China, particularly in the Jiangxi
Province, as modern references (Figure 3). The collected
genera include cereals such as Triticum, Panicum, Seta-
ria, Oryza and Coix; acorns such as Quercus and Casta-
nea; roots and tubers such as Lilium, Nelumbo, Dioscorea
and Sagittaria; beans such as Vigna and Phaseolus and
the stem pith of trees such as Cycas and Trachycarpus.
We also consulted descriptions in many other studies of
starch granule morphology to categorize the starch gra-
nules correctly'>?' .

Samples S1-S9 yielded 165 starch granules that could
be classified into seven types, as well as several bordered
pits of tracheid (Figure 4). Table 2 shows in detail the
distribution of starch granules found in each sample.
Starch granules were not obtained from the dust sample
KFI1.

Type A: This group included 42 polygon starch gra-
nules with centric hilum and no visible lamellae. Most
starch granules of this type have smooth surface with size
ranging from 12.3 to 14.6 um, with the exception of seven
starch granules. The size of these granules exceeded
15 um and reached up to 19.3 um. The modern reference
collection suggested that the starch granules derived from
panicoid grasses (Poaceae) such as S. italica, P. milia-
ceum, Sorghum bicolor, Zea mays and Coix lacryma-jobi
are almost polygon-shaped”. The mean diameter of the
starch granules obtained from S. italica and P. miliaceum
was less than 10 um. Z. mays originated from America
and was brought to the Jiangxi region at a later period.
Starch granules from S. bicolor always display visible
lamellae that are not present in this type®*, according to
the modern references and previous studies.

Although the stone tools came from samples in the
storeroom, we sampled and analysed the dust samples in
the preservation environment to eliminate possible con-
tamination during preservation. In the course of this ex-
periment, starch granules were analysed simultaneously
on the used and non-used facet of all stone tools. Accord-
ing to some studies®® ", if the archaeological artefacts are
contaminated, the probability of finding starch granules
on the used and non-used facet should be the same pattern.
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Table 2. Starch granules retrieved from samples S1-S9 at Dawangling site

Sample no. Type A Type B Type C Type D Type E Type F Type G Percentage
S1 6 1 3 9 1 1 2 425
S2 11 0 0 5 2 2 3 425
S3 0 0 1 0 0 0 1 4
S4 0 0 0 2 1 1 2 11
S5 9 7 3 2 2 2 1 23
S6 4 2 7 12 3 1 3 29
S7 8 11 2 9 3 1 0 30
S8 1 0 1 4 0 2 0 7
S9 3 1 2 3 1 0 1 11

Figure 4.

Representative starch granules and bordered pits of tracheid
retrieved from stone tools. Each granule is depicted in unpolarized and
polarized light views. Type A: 1-4; type B: 5-8; type C: 9-12; type D:
13-16; type E: 17-20; type F: 21-26; type G: 27-28; bordered pits of
tracheid: 29-30. Scale bar: 20 um.

The results of this experiment show that there is a signifi-
cant difference in the probability of the ancient starch
granules extracted from different places of the two stone
tools, and the occurrence probability of starch granules
on the used facet is significantly higher than that of the
non-used facet. On the other hand, 1 g of corn contains
up to 1.7 billion starch grains®'>*, but due to the natural
weathering process of ancient starch grains, only a small
amount of starch grains in the crevices of stone tools can
be preserved. On the contrary, if there is contamination of
modern starch granules, the number of starch granules
will be very large. Consequently, some type A granules
can be regarded as having originated from Coix spp.

Type B: This group contained 22 elliptic starch gra-
nules that usually exhibited a radiating fissure with ob-
vious lamellae. The lamellaec were especially clear under
polarized light. The size of these starch granules ranged
from 19.4 to 46.3 um. According to our modern starch
granule database and the published literature®®, the cha-
racteristics of this granule type are identical to those ori-
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ginating from the seeds of leguminous plants (Fabaceae),
such as Vigna angularis, Phaseolus vulgaris and Lablab
purpureus. Thus, the features of type B are in accordance
with those from a type of legume.

Type C: This group contained 19 lenticular and oval-
shaped starch granules that were characterized by a
curved Maltese extinction cross and a distinctive longitu-
dinal fissure across the hilum. The size of type C granules
ranged from 7.1 to 16.9 um, overlapping with the starch
granule assemblage from acorn and oak (Fagaceae)®.
Consequently, the morphological features of type C are
identical to those of acorn and oak, thereby suggesting
that this granule type may be derived from a Quercus spp.

Type D: This group contained 46 starch granules with
eccentric hilum. Single granules may have been separated
from the compound starch granules, which join two or
more individual granules. The size of type D granules
ranged from 8.7 to 22.1 um. According to the modern
reference database, this type of starch granule assemblage
may originate from Nelumbo nucifera, Nymphaea tetra-
gona or Schizocapsa plantaginea, which are characte-
rized by semicircles and long ellipses®. Although these
granules cannot be identified at the species level now,
they can be identified to originate from some food like
lotus root.

Type E: This group contained 13 ellipsoid and oblong
starch granules with eccentric and open hila, and radiating
fissures. Some granules showed demonstrable lamellae.
The size of these granules ranged from 17.2 to 42.3 um.
The characteristics of some granules of this type are con-
sistent with those of the Chinese arrowhead (Sagittaria
trifolia) in the modern starch granule database®**’. The
features of the remaining granules of this type are in
accordance with the morphological features of some
types of roots and tubers, with extreme eccentric hila and
curved extinction crosses under polarized view. Accor-
dingly, type E may have been derived from some species
of Sagittaria or other USOs.

Type F: This group contained ten elliptic or almost
round starch granules with eccentric, open hila and un-
clear lamellae under unpolarized light. Their size ranged
from 15.4 to 26.8 um. Based on previous studies, these
granules may originate from some species of Arecaceae
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(palms). A comparison with the modern references indi-
cated that the characteristics of type F are similar to those
of Caryota urens, Areca catechu and starch granules from
the pitch of some types of palm’’. Consequently, this gra-
nule type can be considered to have originated from the
stem pith of palms.

Type G: This group contained 11 small, circular, starch
granules with no fissure on the surface and closed hila.
The granule size ranged from 3.7 to 6.9 um. Two starch
granules ranging in size from 21.2 to 23.5 um may be
damaged. Distinctive features were lacking, and many
plants contained starch granules resembling a small
sphere. Thus, the starch granules in this group are not
identifiable at present, and we regard this type as uniden-
tified.

Bordered pits of tracheid: In the course of this experi-
ment, several bordered pits of tracheid were recovered
from the residues extracted from the stone knife sample.
Previous studies have demonstrated that bordered pits of
tracheid are common in conifers®**’. These pits can exhi-
bit an extinction cross under polarized light, similar to
starch granules under polarized light. Thus, it may con-
fuse these pits with compound starch granules, when the
observation is not careful.

Several starch granules were recovered from the stone
knife and the stone muller. For the stone knife, almost
85% of the total starch granule assemblage was retrieved
from samples S1 and S2, which come from the knife
blade and thus likely reflect its use. Since the extracted
starch granule residues mainly come from the used facet of
stone tools, this can reflect ancient plant utilization infor-
mation. Only 11% and 4% of the granules were obtained
from the back portion of the knife and the fractured parts
respectively. This distribution of starch residues indicates
that the stone knife had not been contaminated by sec-
ondary deposition of the stratum environment™. It is gen-
erally considered that if the stone tools are contaminated,
the probability of starch granules being extracted from all
parts of the tools is the same, and the number of starch
granules extracted will far exceed the number of ancient
starch granule microremains®***°. Moreover, no starch
granule was detected on the dust sample from the store-
room, thereby suggesting that the batch of archaeological
items stored in the room after excavation had not been
contaminated during storage. Starch granules were evenly
distributed across the stone muller. This phenomenon
may indicate that the muller was a multipurpose tool. For
example, the muller can be used to grind plants, and there-
by cause the starch granule residues at the S5-S8 sampling
positions to be consistent. This tool can also pound food
materials as a pestle; hence, S9 makes contact with plants
as such.

Experiments have also demonstrated that starch gra-
nules can be enlarged in the process of grinding and
pounding®'. External forces influence these granules and
alter them morphologically. Such forces also cause the
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extinction cross to weaken under polarized light. Figure 5
indicates that the interior structure of lamellae can be ob-
served clearly under unpolarized light. The left part of the
starch granule shown in Figure 5 ¢ may have experienced
a strong external punching force; thus, a depressed region
was observed on the surface. The left part in Figure 5 d
lost the extinction cross property and the border of the
granule is marked by an arrowhead.

Various starch granules were identified in this study
and we can use the information to infer the uses of stone
knife and stone muller based on the results of the micro-
remains of starch granules. The starch granules from
Dawangling may have been derived from Coix spp., food
legumes, Quercus spp., lotus root, a unidentified USO
and palms. Figure 6 shows the percentage of each type of
starch granule. The radar diagram indicates that the main
edible plants processed by the stone knife and stone mul-
ler were Coix spp. and lotus root. According to the local
modern vegetation type and ethnobotanical records, lotus,
USO and Arecaceae are common plant resources in the
tropical zones™*>. For instance, N. tetragona originated
from tropical India. Cassava remains an important staple
food resource in tropical America, and indigenous people
residing in southeastern Asia still eat sago made from the
starch of Arecaceae pith'?. Quercus spp. (0ak) is currently a
common plant in northern China. The Dawangling site is
located in South China, which is a rice-farming region.
Consequently, the food utilization revealed by starch
residues also contained some kind of non-staple food.

Unlike previous studies that labelled the people who
lived in the Yangtze River region as mainly rice farmers,
those who lived in the Dawangling region during the
Neolithic period may have relied on non-staple foods,

Figure 5. Damaged starch granules retrieved from samples S5 and S9
of the stone muller from Dawangling site. a, Interior structure of lamel-
lae; b, Interior structure of lamellae under polarized light; ¢, Starch
granule experienced external punching force; d, Starch granule expe-
rienced external punching force under polarized light. White arrow-
heads indicate damaged parts of the starch granules. Scale bar: 20 um.
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Radar diagram of the percentage of each type of starch gra-

including cereals, beans, oak, lotus, USO and palms.
These results of this study suggest that until the mid-
Neolithic age, the gathering economy remained important
to the ancient people. Moreover, the rice farming system
may be have been adopted later as the main food re-
source. No rice starch granule was detected in this study,
probably because of the tendency of rice starch granules
to weather given their small size®®. Nonetheless, this phe-
nomenon does not affect the use of the starch assemblage
information to reconstruct food utilization pattern.

A certain number of different types of plant starch gra-
nules were extracted in this experiment, reflecting the
diversity of plant utilization by ancient humans in the study
area. Approximately half of these starch granules originated
from underground storage organs, which had not been deci-
phered earlier.

The starch granule analysis results show that the stone
knife and stone muller unearthed from the Dawangling
Neolithic site have complicated agricultural production
functions. The stone knife can be used to harvest and
scrape crops, and the stone muller can process and grind
starchy plants. The microremains of starch granules also
indicate that before adopting rice farming, ancient
humans at the Dawangling site also used many plant food
resources such as Coix spp. with those of beans and oaks.
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