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The Dingsishan Site, located in Nanning City, Guangxi Zhuang Autonomous Region, is one
of the most important Neolithic archaeological sites in the Lingnan region of China’s
southeastern seaboard. Plant microfossil remains recovered from excavated artifacts and
human teeth suggest that the site’s ancient inhabitants practiced a subsistence system
based on foraging. Wild plant food resources dominated their vegetal diet. Starch granules
extracted from residue samples represent various taxa, including plant roots and tubers,
aquatic plant fruits, beans, and wild cereals, defining the primary vegetal diet of
Dingsishan’s Neolithic occupants. In addition, residue samples from shell artifacts
yielded starch granules and phytolith remains, providing significant clues as to the
function of these tools. We also identified millet starch granules from Dingsishan
Cultural Phases 3-4 (ca. 7,000–6000 BP), albeit in extremely low quantities. Holocene
paleoecological conditions in the Lingnan area provided diverse and plentiful wild food
resources, allowing the relatively late emergence of agriculture. Our study suggests that
Middle Neolithic human groups in the Yong River drainage consumed various plants, and
their subsistence pattern was relatively stable through the four Cultural Phases identified at
Dingsishan. Our conclusions enhance understanding the diversity of plant food resources
exploited by foraging societies and interpretations of differences in patterns of agricultural
origins in different ecological regions of China.
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1 INTRODUCTION

The Lingnan area refers to the Nanling (or Wuling) Mountains and geographical areas to the south,
mainly encompassing the Chinese province-level subdivisions of Guangdong, Guangxi, Fujian, and
all administrative districts south of the Nanling Mountains. The Lingnan area today is a mixed
subtropical and tropical monsoon zone characterized by a warm and humid climate with great
biodiversity that is exceptionally plentiful. Abundant natural resources and a salubrious climate
provided a favorable environment for the development of prehistoric human cultures. Ancient
humans have occupied the Lingnan area since the Paleolithic period (>12,000 BP), forming
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prehistoric cultures with distinctive regional characteristics.
Extensive archaeological fieldwork has been carried out in the
Lingnan area since the 1930s, accumulating a substantial database
(Gong and Gong, 2013). Early-Middle Neolithic cultural
characteristics and sequence of development in the Lingnan
area have long been important topics for scholars from many
related disciplines.

The cultural behavior of prehistoric people is closely related
to their ecological context. Neolithic cultural groups in the
Lingnan region and neighboring Southeast Asia expressed
complex and diverse subsistence patterns, which were quite
different from those of contemporaneous cultures in the
Chinese Central Plains and the middle-lower reaches of the
Yangtze River (Han, 2012). A subtropical climate provided
abundant and diverse biological resources for ancient people,
facilitating the acquisition of animal and plant resources
essential for human survival. However, this paleoecological
situation also dampened the development of agriculture in the
Lingnan area, where foraging subsistence systems based on
hunting-fishing-gathering persisted well into the Holocene.

The economic strategies of prehistoric foragers in southern
China and greater Southeast Asia, as well as the transition to
agriculture in these regions, have been the subject of intensive
investigation in recent years (Higham, 2013; Yang et al., 2013a;
Cheng et al., 2018; Denham et al., 2018; Oxenham et al., 2018;
Yang et al., 2018; Deng et al., 2019). Carbonized plant remains are
essential evidence to facilitate discussion of the human use of
ancient plant resources. However, moist and acidic subtropical
soils in the Lingnan region often prevent plant remains from
being well preserved. Evidence directly documenting the
foodways of ancient people is very rare, thus hindering our
understanding of the subsistence patterns of this area’s
prehistoric inhabitants (Chen, 2016; Yu, 2018). These
problems have thus far prevented the systematic and complete
understanding of Early-Middle Neolithic Cultures in this area. As
a result, plant microfossils become particularly important.
Phytolith and starch granules in plants, especially, can provide
solid evidence and support for the resolution of the questions
outlined above.

Archaeological fieldwork conducted at the Dingsishan Site
uncovered numerous artifacts and human remains, which has
facilitated the application of multidisciplinary research
approaches and provided a body of materials to enhance
our understanding of the essential characteristics of Early-
Middle Neolithic culture and ancient human economic
activities in the Lingnan area (Fu et al., 1998; Fu, 2002). In
our study, plant residue analysis was applied to materials
unearthed from the Dingsishan Site. Starch remains from
archaeological contexts at Dingsishan are fully described in
this paper.

2 ARCHAEOLOGICAL CONTEXT

The Dingsishan Site (22°43′48″ N, 108°28′6″ E, ca. 70 m above
mean sea level) is a well-preserved shell midden located on the
first terrace of the right bank of the Bachi River, a tributary of

the Yong River, approximately 3 km south of the Yongning
District center, in the Guangxi Zhuang Autonomous Region,
South China (Figure 1). The site was found in 1994 and
excavated in 1997; subsequently, the Institute of
Archaeology of the Chinese Academy of Social Sciences
conducted excavations there between 1998–2000. The site
extends over an area of roughly 5,000 square meters at
present. Its stratigraphic profile is divisible into seven layers
which yielded a total of 331 human burials and a large number
of artifacts, including pottery, lithics, animal bones, and shell
artifacts (Fu et al., 1998; Fu, 2002). Based on artifact typology,
stratigraphic correlations, and chronological work conducted
at adjacent archaeological sites, the Dingsishan cultural
sequence can be roughly divided into four chrono-phases:
Phase 1, ca. 10,000 BP; Phases 2-3, 8,000–7000 BP; and
Phase 4, ca. 6000 BP (Fu et al., 1998; Chen, 2021). Artifacts
unearthed from Phase 1 deposits include perforated stone tools
and tektite flakes, as well as a small number of pottery sherds
mixed with fine sand. Phases 2-3 are referred to as Dingsishan
Culture, part of a complex of similar material culture widely
distributed in southern Guangxi, especially in Yong River
Valley, during the Early-Middle Neolithic. Human burials
and substantial quantities of pottery, lithics, shell and bone
artifacts were unearthed from these Dingsishan Culture layers.
Various modes of human interment are known, especially the
unique burial custom of dismemberment. Very few funerary
objects were discovered in these graves. In Phase 4, the
quantity of lithic artifacts decreases significantly over those
of Phases 2-3 and shell implements disappear completely.
Ceramic technology improved dramatically with the
adoption of the potter’s wheel and higher firing
temperatures (Fu et al., 1998; Fu, 2002).

3 METHODS AND MATERIALS

3.1 Plant Residue Analysis
Plant microfossil residue analysis has been comprehensively applied
in archaeology during recent years (McGovern et al., 2017; Prebble
et al., 2019;Wang et al., 2019; Barber, 2020; Zhang et al., 2021; Guan
et al., 2022). In our study, residue samples were collected from the
surfaces of artifacts and human teeth unearthed from theDingsishan
Site. Human teeth were selected from 78 individuals unearthed from
76 graves belonging to Phases 2-4 (Fu et al., 1998) (Supplementary
Table S1). The artifacts sampled derive from all the four phases. A
total of 91 lithic, 20 shell, and 11 bone artifacts were selected for
sampling. We collected both dental and artifact residue samples
according to protocols established by Pearsall et al. (2004) and Guan
et al. (2014). The residue samples comprise three sediments:
Sediment I (Sed I), deposits attached to the surface of human
teeth and artifacts; Sediment II (Sed II), liquid samples obtained
by washing the specimens’ surfaces with distilled water; Sediment III
(Sed III), liquid samples derived by ultrasonic cleansing of teeth and
artifacts. Soil was rarely found adhering to dental specimens so only
Sed III samples were collected in those cases.

Residue samples were gathered from different sediment-
types for several reasons. Sed I samples reflect a micro-residue
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originating in soil, while Sed II samples, which are obtained by
wet brushing, are thought to contain matter from both soil and
the deep surfaces of the sampled specimens. The main aim of
the wet brushing is to isolate Sed I and Sed III, to mitigate
cross-contamination from Sed I to Sed III. In this case, Sed I
samples are equally as important as Sed III samples since both
can provide valid indications, while Sed II samples are difficult
to analyze because they are, by definition, mixtures of multiple
points of origination. Therefore, Sed II samples are not
discussed further here. The taxa and amounts of starch
granules in each sediment sample are used as indicators to
evaluate which taxon/taxa were derived from soil
contamination and which were formed as the result of
ancient human behaviors.

Finally, 79 dental and 285 artifact residue samples were
collected and processed in the Key Laboratory of Vertebrate
Evolution and Human Origins of the Chinese Academy of
Sciences in Beijing. The experimental process followed that of
Guan et al. (2010), integrating several laboratory operations
(Chandler-Ezell and Pearsall, 2003; Pearsall et al., 2004).
Processing included the following steps: concentration,
deflocculation, and heavy liquid flotation. Starch granule
and phytolith extraction slides were observed with a Nikon
Ni-E biological polarizing microscope. 100% glycerol was
used as a mounting medium for starch and phytolith
extractions. NIS-Elements D3.2 software was applied for
the photography. Both phytolith and starch slides were
viewed at 200–3×00 magnification and photographed at
×400 magnification.

3.2 Geometric Morphometric Analysis of
Starch Granules
Geometric morphometry analysis has been widely used recently
in many disciplines such as entomology, aquatic biology, medical
science, paleoanthropolgy, and archeology (e.g,.Slice, 2007;
Mitteroecker and Gunz, 2009; Addis et al., 2010; Webster and
Sheets, 2010; Adams and Otárola-Castillo, 2013; Park et al., 2013;
McNulty and Vinyard, 2015; Savriama, 2018) with accompanying
advances in the anslysis of objects’ shapes. This method allows us
to visualize differences among complex shapes with nearly the
same facility. Moreover, it avoids the shortcomings of varying
data sources, non-repeatability, and the size and shape data can
be calculated altogether (Chen, 2017). The technological detail see
Bookstein (1997) and Zelditch et al. (2004), thus will not be
elaborated in this paper. In our study, 35 landmarks were
assigned on each single starch granule, presenting the contour,
location of hilum, and the extinction cross curvature of individual
starch granule (Figure 2) (Zhang et al., 2021). Thin Plate Spline
(TPS) files (landmark configurations) were imported into
MorphoJ software (Klingenberg, 2011), for General Procrustes
Analysis (GPA) and Canonical Variate Analysis (CVA). CVA
assumes that the covariance structure within all groups is the
same, therefore, a pooled within-group covariance matrix is used
throughout for CVA and for computing distances between pairs
of groups. The Mahalanobis distance matrix and Procrustes
distance matrix may help explain group similarities and
differences. In addition to CVA, our study also applied a
supervised machine learning method to modern starch
geometric morphometric data for model training (for technical

FIGURE 1 | Geographic location of the Dingsishan site and other Neolithic Site mentioned in this paper.
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details, see Zhang et al. (2021). In order to maximize the reliability
of the machine learning model results, we adopted 95% accuracy
as the standard of model usability, therefore, we regarded labels
with an accuracy of 95% or more in the predicted results as valid,
while labels with an accuracy of less than 95% were doubtful and
are not presented here.

No matter what starch ideintification method is used, the contal
groups, datasets derived frommodern starch granules, are extremely
essential (Figure 3). We have thus far compiled a modern reference
database of more than 98 starch-producing taxa including both
domesticated and wild taxa. For the geometric morphometric data
extraction, some plants, such as certain species of Colocasia, produce
extremely small (<5 μm) starch granules, and are thus inappropriate
for the acquisition of landmark configurations. As a result, 57 taxa
were included in our quantitative examination. Phytolith
classification was based completely on published resources (Yang
et al., 2009; Liu et al., 2011;Wan et al., 2011a;Wan et al., 2011b; Yang

et al., 2013b; Yang and Perry, 2013; Liu et al., 2014; Wan et al., 2016;
Liu et al., 2019; Ma et al., 2019; Li et al., 2020).

4 RESULTS

Starch granules, phytoliths and small quantities of plant tissue
fragments were revealed from the extracts (Table 1). Pollen,
bordered pits, epidermal fibers and cells of unknown biological
origin, and other organic fragments were also recovered from all
three sediment types in extremely low frequencies and lacking
distinguishing biological attributes, thus they are not included in
this paper.

4.1 Starch Granule Analysis
A total of 887 starch granules was recovered from all three
sediments types of residue samples (Figure 4), among which

FIGURE 2 |Definition of the 35 landmarks on starch granule. (A) Extinction cross with no bend; (B) each arm with one bend; (C) each armwith two bends; and (D),
each arm with three bends (based on Zhang et al., 2021).
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32 were extracted from Sed I, 147 from Sed II, and 708 from Sed
III (Table 1). Among these starch remains, 221 are seriously
damaged or lack of identifiable features. Therefore, 666 granules
(75.08% of the total) are examined in detail. We compared
granules from Sed I with III by image comparison and
geometric morphometric analysis to exclude contamination in

Sed III, resulting in starch granules originating from human
behavior during the occupation of the site.

4.1.1 Morphological Classification
All recovered starch granules can be divided into the following
categories by simple geometric and other visible characteristics:

FIGURE 3 |Modern plant starch references included in this paper. (A) Pueraria lobata (B) Amorphophallus virosus (C) Pinellia ternata (D) Zizania aquatica (seed) (E)
Acorus tatarinowii (F) Canavalia gladiata (G) Vigna umbellata (H) Trapa bispinosa (I) Nelumbo nucifera (root) (J) Sagittaria trifolia (K) Bolbostemma paniculatum (L):
Polygonatum sibiricum.
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Type 1, Semi-spheroidal, ellipsoidal, and elongated-ellipsoidal
granules. The main two-dimensional shapes are oblong, ovate
and irregular fan-shaped. The diameter range of these granules is
5.84–36.27 μm. This granule type always exhibits an eccentric
hilum, remarkable lamellae and bent extinction crosses, therefore
this type is easily distinguished from others. Granules of this type
may be produced by roots and tubers of both terrestrial and
aquatic plants.

Type 2, Polyhedral starch granules. The two-dimensional
shapes are polygonal or circular with invisible lamellae,
pronounced fissures and centric to slightly eccentric hilums,
ranging 4.91–22.86 μm in size. Starch granules of this type
were probably produced by Panicum sp., Setaria sp. (including
wild species and domesticated species such as millet) and other
Poaceae seeds. In addition, Figures 4K–M and o could be
identified as the tribe Triticeae based on morphology and size
(Yang and Perry, 2013). And the bell-shaped starch grains such
as Figure 4I are mainly associated with roots and tubers in
southern China, but some acorn, such as Cyclobalanopsis,
contain similar starch grains, it is difficult to distinguish
these granules according to traditional typology method.
Therefore, more precise quantitative analytical methods are
used in our project and the additional results are displayed at
4.1.2 (Wang, 2017).

Type 3, Polyhedral or spheroidal body with an extremely small
diameter range. Most of the two-dimensional shapes are rounded
polygons, and the rest are almost circular. These granules have
smooth surfaces and invisible lamellae. No clear extinction cross
or hila position can be observed due to the small size of the
granule bodies. The diameter range of these granules is
4.25–9.18 μm. These starch granules resemble the morphology
of modern specimens of the Araceae, according to our reference
database (Figure 3B) and published literature (Wan et al., 2011a).

Type 4, Kidney bean shaped granules, which include starch
from legumes (Family Fabaceae), ranging 8.56–17.28 μm in size.
according to our modern reference database (Figure 3F) and
published literature (Wang et al., 2013). These granules exhibit
visible fissures and lamellae, with mostly invisible hilums.
Furthermore, the center of the extinction crosses appears as a
dark linear area and the extinction crosses themselves are “χ”
shaped.

Type 5, Drop-shaped granules. This type features close and
eccentric hila, visible lamellae and almost no fissures. The two-
dimensional shapes are mostly tri-rounded corners ovoids or
drop-shaped ovoids. The diameter range of these granules is
6.75–26.52 μm. According to recent studies (Yang et al., 2009),

starch granules probably derive from Quercus acorns and,
especially, nuts of the Chinese chestnut, Castanea mollissima.

This classification does not effectively assess the differences
between Sed I and III, thus more precise quantitative analytical
methods are needed.

4.1.2 Geometric Morphometric Analysis and
Evaluation of Contamination
Landmark configurations of all recovered starch granules were
applied to CVA and machine learning algorithm analysis. The
distribution of canonical variates (CVs) showed that the
geometric morphometric characteristics of starch granules in
Sed I and Sed III defined two peak values (Figure 5), and the
Mahalanobis distance also showed apparent differences between
the groups (p value < 0.0001), suggesting different dominant
sources of the two samples. In this case, most of the starch
granules from Sed III are considered the result of human use of
artifacts and chewing food. For a better understanding, we
displayed the canonical variates calculated from Sed III starch
granules and modern starch granules on a two-dimensional
scatter plot, thereafter, compared the overlap scatters to infer
which plant taxa the Sed III starch granules belong to. Scatter plot
results of CVA with confidence ellipses (probability = 0.95)
(Figure 6) reflect a clustered relationship and distribution
region that may be formed by geometric data of different
types of starch granules, and provide important reference data
for further distinguishing starch granule groups with obvious or
unique morphological characteristics. However, the results
presented here cannot cover all the canonical variates
simultaneously and, as a result, we cannot quantitatively count
and analyze species information on starch granules according to
CVA data, and the mathematical distance between groups does
not support detailed classification of starch granules in a more
quantitative way. In order to present more accurate and specific
recognition results and exlude soil contamination in Sed III
samples, a SVM model was applied from which a list was
acquired (Table 2), suggesting taxa possibly derived from soil
sediments.

These results establish that Castanea mollissima, Bolbostemma
paniculatum, Maranta arundinacea, Panicum miliaceum,
Polygonatum sibiricum, Pueraria lobata, Sagittaria trifolia,
Saururus chinensis, Setaria italica, Trapa bispinosa, and
Zizania aquatica may be considered positive taxa (model
accuracy ≥95%) (Table 3), among which wild species
dominate the assemblage. These taxa are regarded as
indicators of human activity during the period of the site’s

TABLE 1 | Frequency of plant microfossil remains at the Dingsishan Site.

Specimen Type Sediment I Sediment II Sediment III Total

Starch Phytolith Starch Phytolith Starch Phytolith Starch Phytolith

Human teeth \ \ \ \ 178 235 178 235
Shell artifacts \ \ 2 0 315 461 317 461
Bone artifacts 0 0 3 9 18 20 21 29
Stone artifacts 32 3 142 48 197 100 371 151
Total 32 3 147 57 708 816 887 876
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occupation. The taxa possibly derived from soil will not be
discussed below.

One issue should be considered that, the size of starch granules
is an important index when identifying foxtail millet and

broomcorn millet (Yang et al., 2012). In view of its low
quantity, and weakly positive in geometric morphometric
analysis, we suggest to consider the five granules of foxtail and
broomcorn millets as the subfamily Panicoideae.

FIGURE 4 | Starch granules from Dingsishan Sed III plant residue samples. (A) Polyhedron starch granule (B) Polyhedron starch granule (C) Polyhedron starch
granule (D) Polyhedral spheroid starch granule (E) Polyhedron starch granule (F) Polyhedral spheroid starch granule (G) Polyhedron starch granule (H) Semi-ellipsoid
starch granule (I) Bell-shaped starch granule (J) Ellipsoid starch granule (K) Ellipsoid starch granule (L): Ellipsoid starch granule (M): Ellipsoid starch granule (N): Drop-
shaped starch granule (O): Ellipsoid starch granule (P): Drop-shaped starch granule (Q): Ellipsoid starch granule (R): Ellipsoid starch granule (S): Ellipsoid starch
granule (T): Fan-shaped starch granule (U): Elongated-ellipsoid starch granule.
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4.1.3 Starch Taxa Associated With Different Cultural
Stages at Dingsishan
As previously stated, the Dingsishan archaeological deposit can be
separated into four cultural stages, among which Phases 2-3 are
defined as Dingsishan Culture. In consequence, positively identified
Sed III starch granule taxa are categorized into six groups according
to cultural stage and specimens sampled: 1) artifacts from Cultural
Phase 1 (A01); 2) artifacts from Cultural Phase 2 (A02); 3) artifacts
from Cultural Phase 3 (A03); 4) artifacts from Cultural Phase 4
(A04); 5) human teeth from Cultural Phase 2-3 (T02-03); and 6)
human teeth fromCultural Phase 4 (T04). SVM predictions for each
group (see Table 3) suggest that the Dingsishan starch granules (n =
465) likely derive from terrestrial plant roots and tubers (58.49%),
aquatic plants (32.26%), legumes (6.67%), nuts (1.29%) and cereal
grains (Panicoideae seeds) (1.08%). The Panicoideae seeds were
present only in Phase 3 and 4 at low percentages. Cultural Phase 1
shows a pattern distinguishable from Phase 2 and 3. Wild taxa
represented are mainly subtropical species, among which Manihot
esculenta (cassava or manioc) and Maranta arundinacea
(arrowroot) are not native to China. They appear on the list of
identified species because, in the process of determining unknown
starch granules, the SVMmodel searched for the most similar subset
in the control group and output the label of that most similar group
for the unknown starch granules. This does notmean that these two
plants are actuallyManihot esculenta andMaranta arundinacea but,
rather, that their starch granule morphologies are highly similar to
those taxa. Due to the great diversity of plants in Guangxi, our
modern starch database does not include all the wild root and
rhizome resources thatmay have existed during theNeolithic period,
thus this problem occurs. One way to solve this problem is to expand
the scale of the control group and provide more accurate predictive
models in future work.

4.2 Phytolith Remains and Plant Tissue
Fragments
At Dingsishan, 235 phytoliths from tooth samples and 641
phytoliths from three stratigraphic levels of artifacts were
recovered (Figure 7). In summary, 816 specimens were
extracted from Sed III samples. These phytoliths were

classified into eight types based upon criteria provided by
Lu et al. (2006) including Elongate, Fan-shaped, Saddle,
Square, Bilobate short cells, Cylindrical polylobate, Globular
echinate and other irregular-shaped. Fan-shaped and Elongate
forms appeared most frequently, suggesting these phytoliths
might belong to the Bambusoideae (bamboos), Palmae
(palms), or Chloridoideae (tropical and sub-tropical grasses)
taxonomic groups. We also identified several unknown taxa
with conspicuous morphological characteristics. Phytolith
analysis failed to yield evidence of cultivation, indicating
that foraging may have been the most sustainable
subsistence pattern for Dingsishan’s Neolithic inhabitants.

5 DISCUSSION

In this study, starch granules and other plant microfossils
extracted from human dental remains and artifacts provide
considerable evidence for exploring human diet and
subsistence patterns at Dingsishan. We suggest that the
Neolithic inhabitants of the site utilized underground storage
organs as their primary source of vegetal food (Table 4). Roots
and tubers, rich sources of energy, are usually easy to gather and
process, and are thus one of the most common plant food
resources exploited in both prehistoric and modern times.
Fruit of the aquatic plant, Trapa bispinosa (water caltrop) and
tubers of Sagittaria trifolia (Chinese arrowhead) are rich in
starch, which can provide the necessary energy for human
survival. Nuts and grains also occupy a place in human plant
recipes, but in relatively low percentages. In addition, in terms of
the identifiable starch number among all the results, except for
Amorphophallus virosus, Maranta arundinacea, and Sagittaria
trifolia, the identifiable quantity of other plant species is tiny
under the strictly statistical standards, which limits our discussion
about how Dingsishan people consume and utilize these plants.

The utilization of wild plant resources was an essential part of
ancient human subsistance behavior for millennia at Dingsishan,
throughout all four Cultural Phases. However, during Cultural
Phases 3 and 4, Panicoideae seeds evidenced by the starch
remains are present, while this discovery shows low quantity

FIGURE 5 | Canonical variable frequency bar chart of Sed I and Sed III samples from the Dingsishan Site.
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(n = 5) and weakly positive characteristic in geometric
morphometric analysis, it surely suggesting a subtle change
during Cultural Phase 3. Therefore, current evidence is
insufficient to determine whether cultivation behavior leading
to the subsequent millet agriculture appeared at that time.
Nevertheless, these data may indicate that Dingsishan’s
Neolithic occupants were in a transitional period of plant
resource utilization during Cultural Phases 3-4 when they
attempted to intensify the utilization of seed plants, paying

greater attention to the acquisition and utilization of cereal
grain resources than previously.

It is noteworthy that 315 starch granules in Sed III were
extracted from shell knives (or spatulas), which accounted for
59.4% of the total starch granule yield from artifacts (n = 530) in
Sed III. Taxonomically identifiable starch granules recovered
from shell implements came mainly from roots and tubers,
perhaps indicating that implements such as shell knives were
used mainly for gathering and processing roots and tubers.

FIGURE 6 | Confidence ellipses (probability = 0.95) based on Canonical Variate scatter plot of CV1 and CV2.
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Scholars have argued that South China may have been a relatively
stable tropical agricultural zone with roots and tubers
constituting the principal cultivated crops (Li, 1990; Zhao,
2006). However, carbonized or otherwise preserved roots and
tubers are rarely found in archaeological contexts due to the high
moisture and acidity of tropical soils. It is difficult to demonstrate
the existence of root- and tuber-based agriculture based on the
quantity of plant remains available for study. Morphological
standards for distinguishing domesticated root and tuber
remains are still unclear, which limits our ability to provide
extensive discussion of this issue. Our results suggest that
roots and tubers existed for a long period (Phases1-4) at
Dingsishan, and in larger proportions.

A foraging strategy dominated subsistence systems in the
Lingnan region for a long period during the Early-Middle
Neolithic. Previous studies have proposed that rice agriculture
and planting techniques were introduced into this area from the
Middle and Lower Yangzi Valley about 5,000–4000 BP (Zhang
and Hung, 2009; Chi and Hung, 2012). Currently, the earliest
direct evidence of rice agriculture in the Lingnan region comes
from the Shixia and Laoyuan sites in Guangdong Province where
carbonized rice grains have been dated directly to 4,347–4,090
and 4,419–4,246 Cal BP, respectively (Yang et al., 2017; Yang
et al., 2018). Moreover, Deng et al. (2022) published their new
discovery of Gancaoling Site, for where the ancient human
cultivated rice together with a small portion of foxtail millet
around 4,800–4,600 cal. BP. So far, no clear evidence of early
agriculture at contemporaneous sites farther south in the Yong
River Valley in Guangxi has been detected; the earliest evidence of
rice agriculture in Guangxi is a diagnostic Oryza phytolith found
at Dingsishan in Cultural Phase 4 deposits (Zhao et al., 2005).
However, our study detected no clear evidence of rice farming,
such as rice phytoliths and starch, which may be a function of the
number and type of samples selected for analysis. Since the
distribution of plant residues is random, and the microfossils

which attached to artifacts and human teeth are easily destroyed
by human activities and the preservation condition, we suppose
that the different source of samples selected by us and Zhao et al.
(2005) led to the different results. Current archaeological
evidence and our research suggest that Phase 4 at Dingsishan
was probably a transitional period with respect to human
subsistence patterns (Chen, 2016). Therefore, plant remains
associated with Dingsishan Phase 4 are considered significant
evidence for exploring this transformation. We expect
accumulating follow-up research results to clarify this critical
transition to developed agriculture.

The Guangxi Zhuang Autonomous Region, where the
Dingsishan Site is located, is bisected by the Tropic of Cancer
and is bordered by tropical seas to the south, the Nanling
Mountains to the north, and the Yunnan-Guizhou Plateau to
the west. Mountains and hills dominate the terrain. Numerous
rivers, abundant water resources, and a complex coastline are all
typical. The region has a warm climate with high average annual
rainfall and sunshine amounts. The average annual temperature
is 17.5–23.5°C. According to paleoclimatic and
paleoenvironmental studies conducted in Guangxi (e.g., Li,
1998; Zhang et al., 2000; Zhang et al., 2003), the Lingnan
region began to enter a warming period in the early Holocene
about 10,000 years ago, during which various plants, especially
broad-leaved species, rhizomes and herbs, greatly increased,
providing abundant fruits, green leaves and tubers for human
consumption. Our results indicate that such wild plant resources
were crucial to the prehistoric occupants of Dingsishan. They
apparently gathered and consumed wild plant resources such as
roots and tubers, beans and aquatic plants, nuts and grains,
indicating the extensive use of diverse plant resources. Roots
and tubers are usually easy to gather and process; thus, they are
considered one of the most common food resources in both
prehistoric and modern times. Aquatic plants are widely
distributed in the subtropical zone. For Dingsishan’s

TABLE 2 | Extrapolated identification of archaeologically-derived starch granules from the Dingsishan Neolithic site.

Starch taxon Count (sed I) Count (sed III) SVM model accuracy (%) Sed III sample
Confidence

Amorphophallus virosus 0 131 93.18 Positive
Acorus tatarinowii 0 10 91.43 Positive
Bolbostemma paniculatum 0 1 100 Weakly Positive
Castanea mollissima 0 6 97.22 Positive
Canavalia gladiata 0 21 91.18 Positive
Maranta arundinacea 0 125 97.5 Positive
Manihot esculenta 0 14 92.5 Positive
Nelumbo nucifera (root) 0 19 93.94 Positive
Panicum miliaceum 0 2 100 Weakly Positive
Pinellia ternata 13 1 100 Negative
Polygonatum sibiricum 0 1 100 Weakly Positive
Pueraria lobata 0 5 100 Weakly Positive
Sagittaria trifolia 0 89 100 Positive
Saururus chinensis 0 7 95 Positive
Setaria italica (72-h soak) 0 3 96.88 Weakly Positive
Trapa bispinosa 0 2 100 Weakly Positive
Vigna umbellata 0 5 90.91 Weakly Positive
Vicia faba 2 0 100 Negative
Zizania aquatica (seed) 0 23 100 Positive
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prehistoric inhabitants, living as they did along a river, obtaining
such resources was very time- and labor-efficient, with a high
resource return rate. Nuts and grains also occupied a place in

plant recipes, but the proportions of these two plant resources are
relatively low. Our analysis confirms that the Lingnan region’s
hydrothermal conditions and natural environment fostered a

FIGURE 7 | Phytoliths recovered from Dingsishan plant residues. 1. Bilobate 2–3. Short cell (Two-spiked rondels) 4–6. Bulliform cells 7–9. Globular echinate 10.
Rectangle 11. Elongate echinate; 12. Elongate sinuate 13–16. Polyhedron from wood 17. Smooth elongate 18. Elongate from wood.
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level of biodiversity that gave the region’s ancient inhabitants
ready access to diverse food sources and delayed the process of
agricultural development.

6 CONCLUSION

We identified several types of plant starch from Dingsishan
plant residue samples. Geometric morphometric analysis
indicates that these starch granules might derive from plant
underground storage organs, aquatic plant fruits and tubers,
and a small number of nuts and cereals. These plant micro-
remains reflect the diversity of the vegetal food resources
exploited by the Lingnan region’s prehistoric inhabitants
between roughly 10,000 and 6,000 years ago. Terrestrial
plant roots and tubers, and aquatic plant edible parts
occupy the most crucial position in the diet structure of

human beings during various cultural periods. In brief,
gathering was the principal means by which prehistoric
humans obtained plant food resources.

Dingsishan is the best-preserved Early-Middle Neolithic
shell midden site yet discovered in Guangxi. It provides
important information to enhance our understanding of the
cultural characteristics and chronology of prehistoric Guangxi
and the greater Lingnan region. Conducting a systematic study
of the animal and plant remains in this site can reveal the
unique economic patterns of prehistoric people in the Lingnan
region and provide better understanding of regional diversity
and common developmental trajectories of prehistoric human
subsistence patterns.

What pathways did the emergence and development of
agriculture in prehistoric South China follow? This question
has been common among archaeologists for the past several
decades. Today, many scholars are still focused on

TABLE 3 | Positively identified plant taxa (SVM model accuracy ≥95%) from the Dingsishan site.

Starch
taxon

A01 A02 A03 A04 T02-03 T04 Total % Remarks

Castanea mollissima 6 6 2.27 Wild
Pueraria lobata 4 1 5 1.89 Wild
Trapa bispinosa 2 2 0.76 Wild
Maranta arundinacea 125 125 47.35 Wild
Saururus chinensis 1 6 7 2.65 Wild
Zizania aquatica (seed) 23 23 8.71 Wild
Polygonatum sibiricum 1 1 0.38 Wild
Setaria italica 3 3 1.14 Domesticated
Panicum miliaceum 1 1 2 0.76 Domesticated
Sagittaria trifolia 89 89 33.71 Wild
Bolbostemma paniculatum 1 1 0.38 Wild

Total 12 126 7 2 113 4 264 100

TABLE 4 | Starch taxa associated with different cultural stages at the Dingsishan Site.

Cultural phase Age (years BP) Plant Taxa Edible Portion Remarks

1 ca. 10,000 Castanea ollissima Nut Wild
Pueraria lobata Root Wild
Trapa bispinosa Fruit Wild

2 ca. 8,000 Maranta arundinacea? Tuber Wild
Saururus chinensis Root Wild
Zizania aquatica Seed Wild
Polygonatum sibiricum Tuber Wild
Sagittaria trifolia Corm Wild

3 ca. 7,000 Saururus chinensis Root Wild
Zizania aquatica Seed Wild
Polygonatum sibiricum Tuber Wild
Sagittaria trifolia Corm Wild
Panicum miliaceum Seed Cultivated?

4 ca. 6,000 Panicum miliaceum Seed Cultivated?
Bolbostemma Tuber Wild
paniculatum Tuber Wild
Setaria italica Seed Cultivated?
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reconstructing the processes of subsistence change in their
entirety. Plant residue analysis provides a unique perspective
to enhance discussions of these issues. Archaeobotanical
studies tend to concentrate on evidence of specialized
agricultural food production, and such research has focused
predominantly on data regarding farming economies, while
problems such as the use of plant foods in hunter-gatherer
contexts and how foraging peoples obtained and cultivated
plant foods are discussed less or such discussions are at least
limited by a relative paucity of substantiating evidence.
Research on plant micro-remains from archaeological
contexts needs to continuously accumulate, embracing the
latest investigative technology and information efficiently and
comprehensively to inexorably establish an effective and
comprehensive interpretive database.
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