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Abstract

The Tunpu settlements are the historical product of the co-evolution development of the unique geographical and
cultural environment of Guizhou and the military defense policies of Ming Dynasty (1368-1644 AD), which created
products such as the station troops and station farms. In this study, taking 10 Tunpu settlements in central Guizhou as
the research objects, the space diversity of the Tunpu settlement and its influencing factors were analyzed based on
the theory and calculation method of plant community species diversity. The results showed that: (1) On the whole,
the space a-diversities of the military Tunpu settlements and the commercial Tunpu settlements were relatively high,
with strong spatial similarity, while the residential Tunpu settlements had a lower degree of space a-diversity and
significant difference. The space a-diversity of different types of the Tunpu settlement presents a variety of changes
from the core protected areas to coordinated control areas. (2) There was a significant correlation between the spatial
network and spatial morphological indicators and space -diversity among the Tunpu settlement, and the stepwise
regression showed that spatial morphological indicators had a strong explanatory power for the space S-diversity
among the Tunpu settlements. (3) The space diversities of the Tunpu settlements were affected by the multiple syner-
gies of natural environment, policy support, social-economic factors and cultural customs. Among them, policy fac-
tors and cultural factors were the dominant factors in the space diversity characteristics of the Tunpu settlements. By
analyzing the space diversity law and its driving factors of the Tunpu settlements, this study could provide an impor-
tant scientific basis for the protection planning and management of traditional settlements.

Keywords: Space diversity, Key factors, Tunpu settlement, Central Guizhou

Introduction

As an important carrier of tangible and intangible cul-
tural heritage [1], traditional settlements have important
cultural heritage protection value. But with the process
of urbanization, traditional settlements are facing the
threat of homogenization and disappearance [2]. As an
organic whole, urban and rural settlements must empha-
size on sustainable development and mutual support [3].
Therefore, the study of traditional settlements has also
become a hot topic in current research on urban and
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rural development. As the carrier of various activities of
the settlement, space is of great significance in the struc-
tural protection and cultural inheritance of traditional
settlements.

In the 1950s, American scholar Jane Jacobs introduced
the theory of Urban Diversity, proclaiming that diver-
sity is nature to big cities [4]. Subsequently, numerous
scholars extended the theory further into the diversity
of land use, diversity of landscape pattern, and spatial
composition diversity [5-7]. And the theory was widely
applied to the research on rural settlements diversity [8].
Some researches proved that the theories and methods
of species diversity in the taxonomy of plant communi-
ties could be used to quantitatively analyze urban space
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diversity [9]. For example, Zheng [10] believed that space
diversity included the basic characteristics of urban
space, basic elements of urban space and other physi-
cal attributes of urban space, and the diversity of spatial
types was the most direct criterion for evaluating space
diversity; Yang [11] defined space diversity as the diver-
sity of spatial structure, and considered that urban space
diversity was the material carrier and spatial appeal of the
city’s "social ecological chain"; Xu et al. [7] established an
urban diversity assessment model based on the diversity
of urban spatial composition. However, different from the
attribute division of urban mixed plots, traditional settle-
ments are limited by specific cultures and lifestyles, form-
ing a special cultural function space attribute. Therefore,
traditional settlement space should be recognized and
divided according to spatial functional attributes.

Rural settlements also have complex and diverse spatial
characteristics. Previous researches have systematically
elaborated the spatial characteristics of traditional settle-
ments from the dimensions of architectural space, spatial
morphology, layouts, and distributions of traditional set-
tlements [12—17]. For example, Hu et al. [18] constructed
a three-dimensional spatial system integrating material
space, social space and cultural space of traditional set-
tlement in Huizhou, verified the rationality of the spatial
system and showed that the reorganization of traditional
settlements space was the positive effect of the settle-
ment space system on internal and external environ-
mental changes, or a qualitative shift in passive response.
Although there are abundant researches on traditional
settlement space, few studies have considered the poten-
tial value of traditional settlement space diversity in the
stability and evolution of traditional settlement space
system.

Based on the influence of multiple factors such as
natural environment, social-economic and cultural
customs, the spatial morphology of settlements has
regional heterogeneity that is significantly different
from that of cities [19]. The research framework of
rural settlements based on influence factors such as
nature, economy, society and culture has been widely
used in the study of settlement space. For example,
Singh et al.[20] analyzed the driving factors of rural
land use evolution in the Galval region of India from
three aspects: ecological, socio-economic and policy
impact. Liu et al. [21] believed that the natural envi-
ronment and infrastructure were important driv-
ing forces for the spatial differences in the hollowing
out of traditional settlements in Lishui. Larraz et al.
(2020) regarded that population is the main reason for
the fluctuation of spatial vitality in traditional cultural
areas [22]. In addition, some scholars have found that
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the human-land relationship played an important driv-
ing role in the evolution of traditional settlement mor-
phology [15]. The studies mentioned above showed that
the settlement space is a dynamic process driven by
multiple dimensions such as physical geography, eco-
nomic development, and social functions. [23]. How-
ever, traditional settlements have a strong bottom-up
self-organization pattern. Therefore, it is more mean-
ingful to explore space diversity and its driving factors
from within the settlements [24].

Before the Ming Dynasty, the central area of Guizhou
province, or central Guizhou simply, was an area inhab-
ited by ethnic minorities. It was sparsely populated, and
the influence of the Central Plains culture and govern-
ment management was extremely weak.The Tunpu set-
tlements were the product of the historical background
of the military operations and immigration policies
of “transferring the north to conquer the south” and
"immigrating the north to the south” under the Weisuo
(close to garrison) system (a local military defense sys-
tem) of the Ming Dynasty (AD 1368-1644) [25]. Part
of the people in the lower reaches of the Yangtze River
(namely the Jiangnan area) with a highly developed
social economy and culture at that time moved to the
central region of Guizhou Province in southwest China,
forming a settlement landscape with the Jiangnan ele-
ments, karst mountain features and military defense
integration. Due to the relatively sluggish economy and
social development and the closed and self-contained
cultural characteristics, the Tunpu settlements in this
region have been well preserved in the process of his-
torical development, and have a strong research value
in the exploration of traditional settlements. However,
the existing studies mainly focused on the spatial char-
acteristics and spatial morphology of the Tunpu settle-
ments [26-28], and there were few relevant reports on
the space diversity of Tunpu settlements.

In this study, 10 typical Tunpu settlements in the cen-
tral area of Guizhou province were selected as research
objects, the space diversity and influencing factors of
the Tunpu settlements were studied by referring to the
theory and measurement method of plant community
species diversity. We aimed to explore the following
questions: (i) whether the species diversity index sys-
tem based on plant community taxonomy is suitable
for the study of traditional settlement space diversity;
(i) what are the characteristics of the space diver-
sity of the Tunpu settlements; (iii) What are the main
factors affecting the space diversity of the Tunpu set-
tlements? This study would provide a basis for reveal-
ing the impact mechanism of the space diversity of
the Tunpu settlement, as well as a theoretical basis for



Ge et al. Heritage Science (2022) 10:85

the traditional settlement conservation planning and
management.

Study areas and objects

Study area

The study area is located in Anshun City, in central
Guizhou Province, southwest China (105°13'-106°34'E,
25°21' ~26°38'N) (Fig. 1), with a total area of 9267 km?,
which is a typical karst landform concentration area.
According to statistics, there are 229 Tunpu settlements
in this area, accounting for 35.5% of the total number of
the Tunpu settlements in the province [29]. A total of
67 villages in Anshun have been selected into the list of
traditional Chinese villages, of which 36 are Tunpu set-
tlements, accounting for 53.7% of the total number of tra-
ditional villages in Anshun.

Research objects

Following the principle of typicality and integrity of tra-
ditional settlements, a total of 10 sample Tunpu settle-
ments in the study area were selected in this study: Vil
1 (Shuangtong Village), Vil 2 (Baotun Village), Vil 3
(Chetou Village), Vil 4 (Xiaojia Village), Vil 5 (Gaozhai
Village), Vil 6 (Datun Village), Vil 7 (Xiaotun Village), Vil
8 (Yunshan Tun), Vil 9 (Benzhai Village), Vil 10 (Tianlong
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Village), and the details of the specific settlements are
shown in Table 1.

Research methods

Data sources

Obtaining the textual data of traditional villages from
Housing and Urban—Rural Development of Guizhou
Province, so as to determine the scale range of this study
and extract the influencing factors indicators of settle-
ments. Taking the 2019 Pleiades satellite image maps
(0.5 m spatial resolution) of the research objects as the
basic data source, the two-dimensional vectorized spa-
tial layout map of each sample Tunpu settlement was
obtained by visual interpretation based on ArcGIS spatial
information technology with reference to the topographic
maps of the settlements.The two-dimensional plane data
variables of the settlement spatial network (road) and
spatial form (overall spatial layout) were extracted.

Space division of the Tunpu settlement

Tunpu settlements have small village area, clear divi-
sion of spatial functions, and unique military cultural
attributes that are different from other traditional set-
tlements in China.Therefore, through field investigation,
the internal space of the Tunpu settlement was divided

. Machang fown
japfong town o . town
%%10 anymglv:r“

Vil3 Vil4 Yangfy Buyi Miao township

O sample settlements

Fig 1. Location map of the study object
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Table 1 Basic information of 10 samples(CPA is core protected area, CCA is coordinated control area)

Tunpu’s ID Name Type Population(pop) CPA Size CCA Size Latitude and longitude
(hm?) (hm?)
Vil 1 Shuangtong Residential Tunpu 1385 1.34 13.74 106°09'E;26°28'N
Vil 2 Baotun Military Tunpu 2390 262 3.71 106°10’E;26°21'N
Vil 3 Chetou Residential Tunpu 985 227 18.39 106°14'E;26°21'N
Vil 4 Xiaojia Residential Tunpu 3613 9.36 2476 106°20'E;26°40'N
Vil 5 Gaozhai Residential Tunpu 1563 335 16.21 106°20'E;26°40'N
Vil 6 Datun Residential Tunpu 2168 5.02 16.05 106°17'E;26°43'N
Vil 7 Xiaotun Residential Tunpu 2168 2.60 13.10 106°18/E;26°44'N
Vil 8 Yunshan Tun Commercial Tunpu 1015 532 8.04 106°14'E;26°07'N
Vil 9 Benzhai Military Tunpu 985 2.29 5.66 106°09'E;26°28'N
Vil 10 Tianlong Commercial Tunpu 4420 8.12 10.71 106°04'E;26°25'N

into 12 types of unit space (Table 2), following the prin-
ciple of no repetition and no omission, and based on the
specific functional attributes of each plot space. Then
spatial attribute database of sample settlements was con-
structed. To reveal the changes in the space diversity of
Tunpu settlement during the later expansion, referring to
the historical data of the selected sample settlements and
related drawings of conservation planning, the research
range of each settlement was divided into two scales: the
core protected area with relatively well-preserved tradi-
tional landscape characteristics of the settlement and the
coordinated control area with later expansion (Table 2).

Space diversity indices of Tunpu settlements

The minimum spatial unit of the 12 spatial types men-
tioned above was taken as the basic unit for the measure-
ment of space diversity of the Tunpu settlements (just like
a plant individual in the measurement of plant commu-
nity diversity). Through the field survey, the space type
and quantity of each settlement were counted, and the
species diversity indices [30, 31] were used as measure-
ments for the space diversity of the Tunpu settlement.
Three a diversity indices, namely Margalef, Shannon—
Wiener and Pielou (Table 3), were selected to measure
the richness of space types, the diversity of the space
composition and pattern, and the uniformity of space
quantity distribution of Tunpu settlement, respectively;
Three f3 diversity indices, Whittaker, Jaccard and Bray-
Curtis (Table 3), were used to measure the degree of spa-
tial heterogeneity between the settlements.

Influence factors of space diversity of the Tunpu settlement
Internal influencing factors of Space diversity of the Tunpu
settlement

Referring to the research methods of urban space diver-
sity [10, 32], the spatial network and spatial morphology

within the settlement were taken as internal factors that
directly affect the space diversity of the settlement. The
spatial characteristics indicator system (Table 4) of the
settlement content was constructed by using space syn-
tax [33] and fractal dimension [34], and each indicator
was calculated based on the spatial attribute database of
the Tunpu settlement.

External influencing indicators factors of space diversity

of the Tunpu settlement

Referring to previous studies [35], and combining with
the characteristics and actual conditions of the Tunpu
settlement, the external influencing factor indicators
were selected from the natural environment, social econ-
omy, policy and cultural and other factors related to the
Tunpu settlement in central Guizhou. All indicators and
their data sources are shown in Table 5. Among them, the
values of qualitative indicators were assigned at different
levels (see Fig. 2).

Data processing

AutoCAD2014 and Depthmap + Beta 1.0 2012 software
were used to process the spatial morphological indica-
tors; the spatial morphological clustering was carried out
by the average Euclidean distance. Spearman correlation
analysis of bivariate correlation was used to compare the
correlation between the space diversity of the Tunpu set-
tlement and the internal and external influencing fac-
tors. The contribution rate of the influencing factors
was analyzed by stepwise linear regression. Excel 2020
and SPSS19.0 software were used to conduct statistical
analysis on the data. Origin 2021 software was used for
normalization processing of correlation indicators and

mapping.



Page 5 of 18

(2022) 10:85

Ge et al. Heritage Science

sjuapIsal ndun| ayy Jo pue| syl pue
4 odoad ay3 usamiag diysuone|as poolq ayi bujuieiulew Ul 3101 e sAejd 1 ‘s10. [eDylioes Wiogad JUSWS[1SS B JO SIUSpIS) 21aym aoe(d ay |

JUBWISIIS ndun| 3y} JO INYND [eUOIY
-IpeJ} anbiun sy} Jo Ja1ied Juenodw ue s 36e1s 24123} [PUOIIPRIL 3Y S|P AIBM|ILL PUR JUSWUIRLISIUS [BINYND Y1OQ YIM ‘SIeM 353U1YD
JUBIDUE JO SSWRYY SU1 AjUleW 24aMm pauiopad sewelp ay] Tuswamas ndun] syl Jo saduewlioyiad Ja1eay) [euoiiipesl ayi 1o adejd ay |

S1UapISal
ndun] Jo aouapuadap [eniuids ayi si 9deds 9jdwial ‘TUsWS1S NAUN| JO 9POU 210D Y1 S “Je|IWIS A|DAIIe|2 918 SuIo) 9dwal ay3 Ing
‘suoiblijai Jo sadAy1 snolea aie 2191 pue Jeindod a1ow a1e 543113 SNOIBIIRY “S91IIAILR SNOIBIS 12NPUO 01 sJuspIsal ndun] 1oy sedejd oy

Bunooys apniiije-ybiy 1oNpuod pue Uoneniis sAWaUS 9y} SAISSCO 01 S| UOIdUN)
uleW Y] JUSWI[IIS BY Ul BUIp|iNg 153||B} 9U3 SI DUOIS PIOS JO Spew BuIp|ing A2101s-1NW B ‘JUSWS[1IS U1 JO J31UDD 33 U1 135 Ajjensn

21eH
9be||IA 3Y1 Y1M Pa1dauuod s 9deds ay1 PUB ‘3 UO IN0 PaLURD 3G UBD SIIUAIIDR 3SUSJIP SNOLIBA *[|BA 181D U1 01 JB|ILLIS ‘'DUOIS JO dpeul
SI||eM 3y "||eM SAISUDRP Y pue 31eb abe||iA 9y JO pasodwiod S| YdIym ‘IUSWS|11S SU3 JO 9DURIIUS 343 Je 135 deds asuayap Isiy 3y

9UO01S UM paned Aj1sow Si [etslew punoib ay] jjem preA1nod ayl
pue BUIP|ING 331 JO SIUBWS|D Y3 Jo Buip|ing 2yl Ag paulioy st ‘Ajiudey a1 apisul adejd Aliaioe pue adejd buiiayieb ayi se ‘9deds pieAnnod)

SQe|S SUOIS YUM paned ‘IN0Ae| [elpe pue yduelg YI0MIDU JO WIOS SUL Ul 318 WYl JO ISON
“1DRIUOD [RUISIXD S SB [|oM Se JUSW[1Ids Ndun| JO SIUSPISI [eusaiul ayi Bundauuod sade|d uoleniodsues] sy ie saue| pue s192.3s ay |

a|bueipenb ajgnop ‘sjbueipenb ‘sapis a1y} Uo SBUIP|ING Ylim pieAunod ‘padeys-]
‘Mo 1ybiess Yum Usbuljjamp ueubuelf JO 31A1S Uo1IdNIISUOD ay3 buinuiuod ‘siabe|iA Jo adeds BulAl] ay3 ale SBuIp|INgG [e1lnuapIsal ay |

90eds ||ey |el1saduy

aoeds abes a11eay) [puonipes|

9oeds ojdwa|

90eds JamolydIeAN

aoeds asuagep 1IN0

9oeds pieALINOD

9oeds 199115

anpid uondudsag

2dA} adeds

JusWaIas nduny ayi Jo suondidsap pajejal pue sadAy adeds sy g ajqeL



Page 6 of 18

(2022) 10:85

Ge et al. Heritage Science

sabe)|in bul
1108 9peI} pUE Jeezeq JO SUOIIDUNS 3Y1 3¥e1apun A3yl pue ‘syuawiafiias ndun] [episwwod U dn 1s
AIIDB DJWOU0D3 J9YI0 PUB SIIIAIIDE [BIDIDUILLIOD SNOLBA 2J9UMm dDe[d Y3 0 SI9J24 9JedS [BIDIDUILWIOD)

-pUNOAINS 3Y3 JO SIUSPISI DY} 10§ S
918 WA JO ISO 'INO PaLiied aJe's

22eds |[9m JUBIDUB 33 WO} 0 Paso|dus Ajisdoid pue pauspley si pesy |[om syl punole jusudared ayi ‘painjjod buisg
S 1 WU U91eM [|9M 93 JusAa1d 01 J9pIo U “sauaplisal nduny ayi JO BulAl| pue uononpoid Joj 921N0S Ja1em punoibIapun ayi s ||om Jusdue sy |

2oeds alenbs oy ui skejd punoib buiwiopad pue ulelb BulAip Se Yons SaI1IAILDE 1IN0 A11ed S1UspISaI 9yl Juasald 1y paud

. {EaM Sem saniigeded asujap AJel[il o) PUBWISP 31 PUR ‘PI3Y SU1 01Ul PIWIOJSURIL SBM AULIE 31 JO UONDUNY SY1 ‘A1seukq Buip suy1 03
A1seuAQ Buly oY1 woiy uonisuel 3yl buung ‘Buiulel} 1oj pasn sem a2eds a1enbs ay3 ‘AWiie a3 JO SSEUSAIIDIYS 1eGUIOD Y3 UlelUlew pue
S3lWaUL UBIBIO0) JO UOISBAUL DY JUSASID 01 JSPIO Ul ‘SaWI} JUSIDUE U "9de|d JSY10 JO ‘Speayabplig ‘SUOIDaSI91Ul PROJ ‘S3OURIIUS JUSWIS[IIDS
1e Pa1ed0| A|[BNS( JUSWJIDS 9U1 UIYIIM SuoiDuNy Y10 pue buiwiopad ‘bunnguisip pue buuayiebd Joj aoejd uado dijgnd ayi 01 siajl 1

S|OOYDS UISPOW OIU| PIAJOAD UYL PUB ‘s313seUAQ
#, 6uID pue Bulpy U Ul sjooyds 1usIdUe dN 195 Pey S1usWSes Ndun sy JO 150 pulyag Buibbe| sem 1usWIAO|9ASP JILIOUODS pue [eInjnd
1 2I9YM NOYZIND) [211USD 0} SBJE [RININD PIDURAPE WO} UOIIRIBIW 3l AQ PaWLIO) 219M SIUSWSIIdS ndun| 'saliiAlde Buiyoea) Joj aded sy

9oeds |BI2JIsWWIOD)

92eds ||am JUsPUY

2oeds aienbg

92eds uoleonp3

ainpid uondudsag

adA) adedg

(PanUNUOD) 7 3|qeL



Ge et al. Heritage Science (2022) 10:85

Page 7 of 18

Table 3 Calculation and meaning of space diversity indices of the Tunpu settlements

Index category Index

Calculation method Description

a diversity index  Shannon-Wiener index(H') H’

S
— > Pilog, pi
i=1

Pi = ni/N

p; is the proportion of the ith spatial type in the overall space of the settle- (1)
ment
ni: the number of individuals of the ith species

N: the total number of spatial units in the village
Higher index represents more diversity of settlement space types

Pielou index (E) E = H/H max

H

max:

H: space diversity index of actual observations, (3)
Maximum possiblespace diversity index

E indicates the distribution of spatial types of different settlements in the
overall settlement
Representing the allocation of the number of space types

Margalef index(R) R=(—=1)/InN

N: the total number of spatial patch units “)

In: the natural logarithm based on e,
S:the number of space types
The higher the index, the richer the types of settlement spaces

B diversity index  Whittaker(Bw) Bw = s/ma—1

S:the total number of spatial type units in the research system (5)

ma: the average number of species in each plot or sample
Characterizing the degree of dissimilarity among different settlements

Jaccard (C)) G=j/a+b—))

jis the number of spatial types common in the two settlement study areas,  (7)

aand b are the number of spatial types of settlement a and settlement b
respectively
Representing the similarity of different settlement spaces

Bray—curtis(Cn) Cn = 2jN/(aN + bN)

aN is the number of spatial types of settlement space a, bN is the number 9)

of spatial types of settlement b, jN is the sum of the smaller number of
individuals in the common space of settlement a(jNa) and settlement
b(jNb)(Taking the sum of the number of spatial individuals that are less than
the average of the number of individuals in the common space)
Representing the spatial composition differences between different settle-

ments

Results

Characteristics of space network and morphological

of the Tunpu settlements

Figure 3 exhibited the differential characteristics of the
spatial network of each sample Tunpu settlement. On
the whole, the military Tunpu settlements and the com-
mercial Tunpu settlements showed a strong spatial con-
nection, while the spatial network connection of the
residential Tunpu settlements was relatively weak. At the
core area scale, the Vil 2 spatial network had the highest
value of each index, indicating the strongest spatial con-
nection, while the Vil 7 spatial network had the lowest
indices and the weakest spatial connection. At the coor-
dinated control area scale, Vil 2 had the highest road
density, and Vil 8 had the highest road connectivity and
road circulation. Combining the measurement changes
of various indicators of spatial network characteristics,
it could be seen that the spatial network of the RT var-
ies greatly during the expansion process, with strength-
ened settlements (such as Vil 4, Vil 5, Vil 6 and Vil 7)
and slightly decreased settlements (such as Vil 1 and Vil
3). In contrast, the spatial correlations of the military
Tunpu settlements and the commercial Tunpu settle-
ments were mostly weakened to a certain extent. It can
be seen from Figs. 4 and 5 that the spatial morphological

characteristics of the core protection areas in the Tunpu
Settlements presented 4 modes of highly concentrated,
moderately concentrated, moderately dispersed and
highly dispersed, and presented 3 modes of highly con-
centrated, moderately concentrated and moderately dis-
persed in the coordinated control area; each indicator
of the spatial morphology fluctuated in different magni-
tudes at the scale conversion from the core area to the
coordinated control area. According to the change of
aggregation degree among different settlements, there is
no obvious rule between spatial morphological change
and Tunpu settlement types.

Space diversities of the Tunpu settlements in central
Guizhou

The space a-diversity characteristics at different scales

in the Tunpu settlements

Table 6 showed the calculation results of space
a-diversity of each sample settlement at two spa-
tial scales. It can be seen that there were obvious dif-
ferences in the space a-diversity of different Tunpu
settlements in central Guizhou. The space diversity
of the military Tunpu settlements and the commer-
cial Tunpu settlements were relatively high. On the
scale of core protected areas, the Margalef index and
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Indicators category Indicator

Equation

Description

Spatial network Road connectivity(RC)
Degree of road circulation(DRC)
Road density (RD)

Spatial morphology  Fractal dimension(FD)

Patch fragmentation(PF)

Choice (C)

Connectivity (Con)

Integration (/)

Control (Ctrl)

Mean depth (MD)

RC = 3(VL—2)
DRC = (L—V)/(2V = 5)

RD = /A

o InN(e)
FD = ﬂ"j;o In(1/e)

PF = Ni/Ai

Coni = k

= n—2
i = 2(MDi=T)

n
Ctrl = Z%
1

MDi = DI

n—1

L is the number of corridors,
Vis the number of nodes

L is the number of corridors,
Vis the number of nodes

L is the total length of the road axis within the study scope,
A'is the settlement land use area

Assuming that F is a bounded set point on a plane, it is always
possible to find a rectangle to include F, dividing the rectangle into
several small squares with sides long r, and the number of small
squares occupied by F is N(r)

Niis the total number of patches of a certain spatial type, and Ai is
the total area of the settlement

Choice is the choice calculated based on axial map. It measures
how often an axial line lies on the shortest topological paths any
pair of axial lines. The higher the choice of an axis, the higher the
traffic potential for that axis to be traversed

Connectivity is the number of other lines an axial line intersects. In
the actual spatial system, the higher the spatial connectivity, the
better the permeability of the space. Where, k is the number of
nodes directly connected to node i

Integration is a measure of integration of axial lines. High values
means an axial line with a high degree of integration. It character-
izes the overall spatial properties of a specific area, reflecting the
accessibility of a space, the higher the integration of space, the
higher its accessibility. Where, n is the total number of nodes in the
network (number of axes); MD; is mean depth

Control measures the degree to which one axial line controls its
immediately neighboring lines, which can indicate the degree of
control of a spatial node over the space intersecting it, and reflect
the degree of aggregation between local spaces

Where, C; is the connectivity of road|

Mean depth is defend as the arithmetic mean of depths from each
line to all others. The higher the value, the lower the convenience of
that spatial node

Where, D; is global depth, n is the total number of nodes in the
network (number of axes)

Table 5 Indicator system of external influencing factors

Influencing factors category Indicators

Data source

Natural environment Altitude (Alt), Forest Coverage (FC), Distance from Urban ~ Remote sensing images and vectorized topographic maps
Areas (DUA), Hydrographic Net (HN)
Social economy Total Population (TP), Permanent Resident Population The archives of traditional villages in Guizhou Province and

(PRP), Main Traffic (MT), Per Capita Cultivated Land (PCCL), the statistical data of relevant departments
Per capita average income (PCA)

Policies factors Government protect time (GPT), Infrastructure Invest- policy documents and materials from the official websites
ment (//), Investment in traditional landscape mainte- of the Ministry of Housing and Urban—Rural Develop-

nance (ITLM)

ment of the People’s Republic of China and the Guizhou
Provincial Department of Housing and Urban-Rural
Development

Cultural factors Number of religious types (NRT), Number of folk culture  The field investigation
(NFO), Number of educational facilities (NEF)

Shannon—Wiener index of Vil 1 and Vil 4 were the low-
est, and those of Vil 8 was the highest, indicating that
settlements with richer space types also have relatively

high space diversity; except that the Pielou index of Vil
4 showed lower values, the Pielou index of all other set-
tlement was between [0.4—0.6], that of Vil 1 performed



Ge et al. Heritage Science (2022) 10:85

Page 9 of 18

Vil 1 Vil 2

0_100_ 200m = 0 100 200m

S
- 'I"
.\x.,
Vil s Vil6 7
0 100 200m —— 0100 200m \
e L 2
V=T
v

Vil 3 Vil 4

100

0 100 200m 0

200m

Vil 7

coordinated control area(CCA)

—
core protected area(CPA)

Fig. 2. The research scale of each sample Tunpu settlement

—937) Degree of road

O3~ ; Road d
villo / e alat Villo / tivity Vil10] / 0ad density
gz ™ </ v w v " / -
E . / o vilr osie Vi / L0
= i \\\ ) 03070 Ve o i‘u, - y L5
B N/ wan L AV
w Vils { 0.1825 Vils 0, Vils p 0.8050
\ X 0.5700
L vie o Vil " Vil TN o
vil3 vil3 vil3
(’J vil2 p vil2 P i12]
vilt AN - vill AN / vill N E——
0t 0.00' 0.4t 035 03— 03
CPA CCA CPA CCA CPA CCA
Spatial scale
Fig. 3. Characteristics of the space network of the sample Tunpu settlements

060 Road connec-

the highest. In the transformation from the core pro-
tected area to the coordinated control area, almost all
the space a-diversity indices of the military Tunpu set-
tlements and the commercial Tunpu settlements were
slightly reduced, indicating that their spatial complexity
of the coordination area was lower than that of the core
area; while the space a-diversity indices of the residen-
tial Tunpu settlements presented that Margalef index

all showed an upward trend, the Shannon—Wiener
index increased and the Pielou index decreased slightly.

Space B-diversity characteristics among the Tunpu
settlements

The space S-diversity between the Tunpu settlements
were shown in Table 7. Both the dissimilarity index (whit-
taker index and Bray—curtis index) and the similarity
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index (Jaccard index) show that the similarity level
between the military Tunpu settlements and the com-
mercial Tunpu settlements was higher than other Tunpu
settlements, and the difference among the residential
Tunpu settlements was higher than that of the other set-
tlements. On the scale of the core protected area, the
whittaker index (dissimilarity index) was the highest
among the residential Tunpu settlements, and the low-
est among the commercial Tunpu settlements; the Jac-
card index (similarity index) was the highest among the
commercial Tunpu settlements, higher between the com-
mercial Tunpu settlements and the military Tunpu set-
tlements, and the lowest between the commercial Tunpu
settlements and the residential Tunpu settlements; the
highest Bray—curtis index (dissimilarity index) presented
among the residential Tunpu settlements, and the low-
est was between the commercial Tunpu settlements
and the military Tunpu settlements. On the scale of the

coordinated control area, the order of Jaccard index
(similarity index) values from high to low was among
the military Tunpu settlements, between the commer-
cial Tunpu settlements and the military Tunpu settle-
ments, and between the commercial Tunpu settlements
and the residential Tunpu settlements; the highest values
of whittaker index and Bray-curtis index were among
the residential Tunpu settlements, and the lowest values
were between the commercial Tunpu settlements and the
residential Tunpu settlements. Between the scales of the
same type Tunpu settlement, the space 5-diversity among
the commercial Tunpu settlements was the most sta-
ble; and among the other settlements, the Jaccard index
(similarity index) showed an upward trend; the whittaker
index (dissimilarity index) presented a small decline; the
Bray—curtis index (dissimilarity index) showed a rise and
a decline of different magnitudes.
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Table 6 The space a diversity of the Tunpu settlements (CPA is core protected area, CCA is coordinated control area.)
Tunpu’s Margalef Shannon-Wiener Pielou
ID
CPA CCA CPA CCA CPA CCA
Vil 0.7453 1.2103 0.7702 0.6720 0.5556 0.3232
Vil2 1.6908 1.8551 1.0496 0.9296 0.4558 03741
Vil3 0.9262 1.2325 0.7297 0.8073 0.4073 0.3674
Vil4 0.8654 1.1870 0.4609 0.8760 0.2573 04213
Vil5 1.0178 1.2046 0.8863 0.9053 04947 04353
Vvilé 1.2463 1.4583 0.9204 1.0155 04426 04410
Vil7 0.8461 1.2852 0.8849 0.9320 0.5498 04482
Vils 2.0544 1.9753 1.3299 1.2374 0.5546 0.5160
Vil9 1.9608 1.9039 1.3100 1.2152 0.5463 0.5068
vil10 1.7113 1.6339 1.0969 1.0755 04574 0.4485

Table 7 The space S-diversity among the Tunpu settlements(MT is military Tunpu, CT is commercial Tunpu, RT is residential Tunpu)

SM Whittaker(Bw) Jaccard (Cj) Bray-curtis(Cn)
CPA CCA CPA CCA CPA CCA

MT-MT 22105 2.1905 0.7500 09167 5.6190 6.6957
CT-CT 2.2000 2.2000 0.8333 0.8333 7.6364 9.5455
RT-RT 24205 22718 05112 0.7402 10.702 10.2810
MT-RT 22765 2.2230 0.5337 0.7059 6.8191 6.9161
CT-RT 2.2641 22314 0.4496 0.6824 9.6034 9.5327
MT-CT 2.2026 2,191 0.8189 09183 4.0260 6.9908
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Influencing factors of space diversity of the Tunpu
settlements in central Guizhou

The correlation between the internal influencing factors

and the space diversity of the Tunpu settlements

Figure 6 exhibited the correlation of the spatial network,
spatial morphology and the space a, § diversity of the
Tunpu settlement. It can be seen that the internal influ-
encing factors had no obvious correlation with the space
a-diversity indices of the Tunpu settlement, but had a
significant correlation with 5 diversity indices. Specifi-
cally, Whittaker index (dissimilarity index) had a positive
correlation with the control value, but a negative correla-
tion with the road network density, fractal dimension and
selectivity. The Jaccard index (similarity index) correlated
positively with the degree of connection and integration.
The Bray—Curtis index (dissimilarity index) had a signifi-
cant positive correlation with fractal dimension, depth
value and selectivity, while a significant negative correla-
tion with road network density.

External influencing factors of space diversity of the Tunpu
settlements in central Guizhou

Figure 7 demonstrated that the indices of space
a-diversity and S-diversity were correlated with external
factors to varying degrees. The Margalef index of space
a-diversity was significantly positively correlated with
altitude, Government protection time and the number
of religious types, but negatively correlated with infra-
structure investment and investment in traditional land-
scape maintenance. All space S-diversity indices were
significantly correlated with external factors. Among
them, the Whittaker index (dissimilarity index) was posi-
tively related to distance from urban areas, infrastruc-
ture investment, per capita cultivated land, investment
in traditional landscape maintenance and number of
educational facilities, but negatively related to altitude,
hydrographic net, government protection time, number
of religious types, and number of folk culture types; the
Jaccard index (similarity index) was positively correlated
with the number of folk culture types and altitude, but
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Fig. 7 Space diversity of the Tunpu settlement and correlation of influencing factors

negatively correlated with the total population, per capita
cultivated land, infrastructure investment and number of
educational facilities; As for Bray—curtis index (dissimi-
larity index) was significantly positive correlated with the
number of educational facilities, infrastructure invest-
ment, per capita average, permanent resident population
and total population.

Stepwise regression analysis between space diversity
and influencing factors of the Tunpu settlements
It can be seen from Figs. 6 and 7 that the space a-diversity
and S-diversity indicators of the Tunpu settlement were
correlated with internal and external influencing fac-
tors to varying degrees. Through stepwise linear regres-
sion, the variables with no significant influence on space
a-diversity and f5-diversity were eliminated, and the step-
wise regression equation of space diversity and influ-
encing factors of the Tunpu settlement was obtained as
follows.

Y;=0.107 +0.81GPT(R*=0.674).

Y,= 1.148-0.759NFC-0.593GPT-
0.492DUA +0.257PCCL +0.148Ctrl(R? = 0.929).

Y;=0.557-0.444PCCL + 0.286AIt(R*=0.311).

Y,,=0.150+0.491PCCL(R? =0.371).

Where, Y is the Margalef index, Y,, is the whittaker
index, Y] is the Jaccard index, Y, is the Bray—curtis index,
GPT is the government protection time, NFC is the type
of folk culture, DUA is the distance from the urban area,
PCCL is the per capita cultivated land, and Ctr/ is Con-
trol value, Alt is altitude.

The results of regression analysis showed that the fit-
ting degree of Y; and Y, equations were and was low
(R?<0.5), but they all passed the significance test
(p<0.01) and the T test, indicating that altitude and per
capita cultivated land had certain explanatory power
on the space similarity between different Tunpu settle-
ments. The fitting degree of Y, and Y,, equations were
high (R?>0.5), showing that government protection time,
folk culture types, distance from the urban area, altitude,
per capita cultivated land and control values had strong
explanatory power for the space diversity of the Tunpu
settlements. The government protection time and the
types of folk culture had a larger contribution rate in the
space diversity index of the Tunpu settlements, mean-
ing that policy factors and cultural factors were the main
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influencing factors to explain the space diversity of the
Tunpu settlements.

Discussion

Space diversity of the Tunpu settlements in different scales
and types

The formation of the Tunpu settlements was affected by
their defense functions and unique cultural characteris-
tics. Compared with the residential Tunpu settlements,
the military Tunpu settlements and the commercial
Tunpu settlements had stricter defense requirements and
construction scale levels [28, 36], and their spatial func-
tions were more abundant, so it showed a higher space
diversity. In addition, the space similarity between the
commercial Tunpu settlements and the MT was sig-
nificantly higher than that among the residential Tunpu
settlements, indicating that the settlements with higher
defense level were more similar in space composition.
Through on-the-spot investigation, it was found that
the traditional public landscapes such as streets, alleys,
and watchtowers in the military Tunpu settlements and
the commercial Tunpu settlements had very obvious
defensive functions; and their historical features and
cultural elements were relatively well preserved. On the
other hand, the Residential Tunpu settlements had a
low sense of cultural identity and a weak cultural bind-
ing force on the villagers. With the development of the
social economy and the innovation of production meth-
ods and technologies, the transformation of material
space of the residential Tunpu settlements was more ran-
dom and diverse. This reflected that the space diversity of
the Tunpu settlements had obvious cultural dependence,
and further confirmed that the defense system played an
important role in the spatial pattern of the Tunpu settle-
ments [37, 38].

Urban space diversity varies significantly by the dis-
tance from the central urban area to expansion area [8,
39], representing a decreasing pattern of physical decay
from the inside to the outside [40], and the internal space
diversity of traditional settlements in suburbs shows an
increasing trend with time [23]. Our results showed that
the space diversity of the military Tunpu settlements and
the commercial Tunpu settlements was consistent with
the change of urban space diversity, showing a decrease
from the inside to the outside. But the space diversity of
the residential Tunpu settlements showed an opposite
trend which increases from the core protected area to the
coordinated control area. This result also confirms that
the expansion of the Tunpu settlement has various spatial
evolution mechanisms [27].

Some studies have reported that due to the changes in
social conditions, the buildings of traditional settlements
have tended to be modernized in order to meet the needs
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of current residents, and the core functional spaces with
cultural characteristics have been transformed into resi-
dent daily activity spaces, resulting in a decrease in the
number of traditional spaces [23, 41] In this study, the
differences in space types among different settlements
showed a decreasing trend with the change of scale,
which explains to a certain extent that the moderniza-
tion and expansion of the Tunpu settlements had reduced
the diversity of space functions among traditional settle-
ments, which is consistent with the development trend
of the homogenization of the space functions of tradi-
tional Chinese settlements. Through investigation, it is
found that in the coordinated control areas of the Tunpu
settlements, the space functions are mostly the daily liv-
ing space of the villagers, and the original space func-
tions of military defense and cultural characteristics are
weak. Therefore, the settlement space with relatively
complete cultural attributes has a strong self-organized
space system, which can maintain a relatively stable spa-
tial development model, while the modern settlement
development will lead to the homogenization of the set-
tlement space. Compared with the urban space diversity,
although the overall space diversity of the Tunpu settle-
ment was relatively low, its diversity indices still showed
certain regularities. It showed that it was scientific and
feasible to analyze the space diversity of traditional set-
tlements by referring to the theory and method of species
diversity of plant communities. This also requires a lot of
empirical research to further verify and improve.

The relationship between space diversity and the spatial
characteristics of the Tunpu settlements

The changes of spatial network and spatial morphological
characteristics are usually caused by social and political
influences that directly or indirectly affect the endog-
enous logic of traditional settlements [42]. Although
some studies have shown that spatial morphology and
spatial network have an important impact on the tradi-
tional settlement space system [15, 43], and have strong
correlations with urban space diversity [10, 32], in this
study, there was no correlation between the spatial net-
work and spatial form of the Tunpu settlement and its
space a-diversity, indicating that the spatial network, spa-
tial morphology and space diversity might be the results
of social, economic and cultural activities on settlement
space in the process of settlement development. How-
ever, the spatial network and spatial form of the Tunpu
settlements presented a significant correlation with the
space f3-diversity, and the control value had the most
obvious effect on the space difference among the Tunpu
settlements. The Tunpu settlement is an overall defense
system constructed by local control of the internal space,
which profoundly affects the spatial representation of the
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settlement [44]. The composition and layout of the inte-
rior space of different types of the Tunpu settlements are
different due to the difference of their main functions.
For example, in the settlement site selection and con-
struction of the military Tunpu settlements, the walls
and gate of the village were often taken as the bound-
ary to form a group layout, and this spatial form has also
been maintained in the later expansion [27]; due to the
diversity of production, life and commercial activities,
the spatial composition and layout of the same type of the
commercial Tunpu settlements or the residential Tunpu
settlements also showed certain differences. Comparing
the relationships between the spatial network and spatial
morphological characteristics and the space S-diversity
among the sample Tunpu settlements, it was found that
the settlements with higher spatial accessibility had rela-
tively high spatial similarity, and relatively stable spa-
tial morphological change. This result could explain the
important role of spatial organization in shaping the
space diversity of the Tunpu settlement.

Analysis of external influencing factors of space diversity
in the Tunpu settlements

Settlement space is a system constructed by the interac-
tion of different elements [45]. The specific social-culture
and natural environment make the physical space of tra-
ditional settlements appear in various forms [46]. China
has a vast territory, and the geographical environment
of the north and the south is quite different, so that the
traditional settlements in different geographical loca-
tions have obvious differences in spatial characteristics
[41, 47], the driving mechanism also has corresponding
complexity. In general, the space diversities of the Tunpu
settlements in central Guizhou were a comprehensive
response under the synergistic effect of multiple driv-
ing factors such as natural environment, social economy,
policy factors, and cultural factors, which confirmed
that external factors are inevitable driving force on the
evolution of traditional settlement space system [22, 28,
48-50].

Stepwise regression analysis proved that the natu-
ral environment and social economy have a certain
explanatory power for the space diversity of the Tunpu
settlement. The Tunpu settlements were mostly built
in the valleys among mountains, forming a defense sys-
tem combined with mountains layout [38]. To a certain
extent, it reflected that the Tunpu settlement was a mani-
festation of the spatial pattern of settlements adapted
to nature and humanities [28, 51]. However, policy fac-
tors and cultural factors were the main factors influenc-
ing the space diversity of the Tunpu settlements. This
is significantly different from the driving factors of the
space diversity of traditional settlements in Guangzhou
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suburbs [23]. This might be due to the relatively rapid
urbanization in the plain area, which has great damage
to the complete rural traditional cultural landscape [52].
Guangzhou occupies a coastal economic area, and the
rapid economic development stimulates the transforma-
tion of traditional suburban settlements from agriculture
to urban spatial functions, and promotes the replacement
of regional physical and spatial functions [23]. The Tunpu
settlements in central Guizhou are special settlements
formed by the migration of the Han nationality with
advanced culture and technology from Jiangnan region,
China to the central area of Guizhou where the local eth-
nic minorities lived with relatively backward culture and
technology. Tunpu culture had played an important role
in uniting the hearts and minds of the Tunpu people and
jointly resisting harassment, therefore, the Tunpu settle-
ment has a very strong cultural dependence. At present,
under the background of modernization development,
homogeneous culture has a serious impact on the tradi-
tional Tunpu culture, the contradiction between social
development and traditional cultural elements is increas-
ingly prominent, and a large number of traditional cul-
tural elements and facilities have been destroyed. This
contradiction has been effectively alleviated since the
Chinese government has protected the traditional settle-
ments. Through the field investigation, it was found that
due to the inclination of the protection policy, the mate-
rial space and the non-material space of the Tunpu settle-
ments selected into the Chinese traditional list have been
effectively protected, while the construction of the settle-
ment space with weaker policy protection is more casual,
and the damage to the traditional cultural landscape is
more serious. It shows that the government’s protection
intervention can make the Tunpu settlement better and
more effective, and proves that the organic combination
of cultural and policy factors plays an important role in
the sustainable development of Tunpu settlements [53].

The protection and development strategy of the Tunpu
settlements in Central Guizhou Province

Based on the results of this study, it is suggested that
the maintenance and orderly development of space
diversity should be paid attention to when planning
for the protection, development and utilization of the
Tunpu settlements. It is necessary to strengthen the
government’s guidance on the Tunpu settlement devel-
opment, and coordinate the relationship between the
protection of local cultural elements and settlement
development. The traditional culture of the settlement
core area should be strictly protected, and a buffer zone
should be appropriately set up in the periphery of the
core area to transition and connect with the cultural
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convergence of modern economic and social develop-
ment. It should not only meet the needs of the modern
life of the villagers in the settlement, but also be condu-
cive to the protection of the spatial pattern of the core
area, to form a stable spatial structure of functional
coordination between the internal space and the exter-
nal space of the settlement. In addition, the govern-
ment should actively cooperate with village committees
to establish space diversity archives, delimit the space
rich areas and space diversity maintenance ranges, and
implement hierarchical management and maintenance
according to space diversity archives and space rich-
ness level. For the Tunpu settlements with declining
space diversity in the process of settlement expansion,
orderly maintenance should be carried out in the core
protected areas, and traditional landscape elements and
space types should be appropriately increased in the
coordinated control areas.

Conclusion

Quantitative research on space diversity of traditional
settlements and its influencing factors could provide
scientific basis for the protection of traditional settle-
ments. Based on the theories and methods of com-
munity species diversity, this study analyzed the space
diversity characteristics of the Tunpu settlement and its
internal and external influencing factors, and the fol-
lowing preliminary conclusions were obtained: (1) On
the whole, the military Tunpu settlements and com-
mercial Tunpu settlements have relatively high space
diversities, and have strong spatial similarity with each
other; while the space diversities of the residential
Tunpu settlements are low and significantly different
each other. The space diversity of different types of the
Tunpu settlements presents a variety of changes in the
expansion from the inside to the outside. (2) The spa-
tial network and spatial morphology indicators of the
Tunpu settlements had no significant correlation with
its space a-diversity, but were significantly correlated
with space f3-diversity, which could explain the change
degree of spatial composition among the Tunpu settle-
ments, and the spatial form has a strong explanatory
power for the spatial differences of different settle-
ments. (3) The space diversities of the Tunpu settle-
ments were affected by the multiple synergies of the
natural environment, policy factors, social-economic
and cultural factors, among which policy factors and
cultural factors are the dominant factors in the space
diversity characteristics of the Tunpu settlements. In
this study, the theory and method of plant community
species diversity were applied to analyze the traditional
settlement space system and its internal and external
driving factors. It is shown that the theory and methods
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of plant community species diversity can be applied to
traditional settlement space system research, which can
enrich the traditional settlement space theory research
methods. The results could provide theoretical refer-
ence for scientific guidance of the planning and devel-
opment of the Tunpu settlements.
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