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Hao Pan,1 Hengguang Fu,1 Xiaoying Wu,1 Kexin Jiang,1 and Ruliang Pan1,2,3,4,*

SUMMARY

Evolutionary and historical development and current profiles are essential to gener-
ating a tangible conservation strategy. It is also critical to distinguish the regions
with vigorous potential growth from thosemeeting evolutionary development bot-
tlenecks and those whose development has been severely devastated. We used
two sizeable national data repositories of terrestrial fauna and flora of China to
approach the issues. The results indicate that the Southwest and Coastal regions
have the most significant terrestrial faunal-floral biodiversity (TFFB). Thus, they
should be prioritized in conservation for great potential promotions. Although
there has been remarkable evolutionary development, the Central region has
been severely devastated. A solution is to uphold a balanced association between
social-economic development and TFFB sustainability. As for theNortheast and the
western Northwest, there is no need to invest heavily in conservation measures.
This study sheds light on exploring more practical conservation strategies region-
ally, nationally, and globally to achieve pragmatic goals.

INTRODUCTION

The formation of conservation and environmental protection strategies has to refer to the environmental and

ecological quality, faunal-floral biodiversity, sustainability supporting social-economic development, evolu-

tionary development history, and resilience to external factors. Several appraisal methods have been applied

up to now: (1) System index, a measurement of environmental quality and capacity, based on the variables

relevant to the topography, soil components, vegetation, natural disasters, and potential social-economic

development (Peng et al., 2016); (2) Ecological footprints, measuring natural resource capacity, the balance

between environmental material consumption and restoration (Wackernagel and Rees, 1996); (3) Energy anal-

ysis, qualitatively and quantitatively gauging the ability of generating renewable energy, balance between en-

ergy production and sustainability, and environmental loadings (Jung et al., 2018); (4) Environmental dynamics,

evaluating changing trajectories of climate, carbon cycle, economy, population growth, land use and agricul-

ture, hydrological cycle, water quality and usages (Davies and Simonovicb, 2011); (5) Optimized development,

appraising whether the designed sustainability between social-economic development and biodiversity main-

tenance are the best solution, referring to the balances of natural resources, water and energy provided by the

environments, and atmospheric capacity of tolerating air pollution (Wang and Zeng, 2013); and (6) Environ-

mental sustainability, assessing whether there are balanced consumption and restoration relationships for

different kinds of natural resources, referring to environmental assimilative ability, ecosystem durability, and

supporting power from the society (Liu and Borthwick, 2011).

Those assessments, however, rely on the horizontal level of contemporary environmental and biodiversity pa-

rameters without considering the vertical (evolutionary) development. Such evolutionary processes compose

some critical issues needed to be clarified while designing a tangible conservation strategy, such as how the

environment and biodiversity have been developed, shaped, and damaged; how the resilience to natural and

human-induced disasters has evolved, weakened, or lost; and how the regional disparity of the biodiversity

can be referred. On the other hand, the diversities of the fauna and flora are analyzed separately and evalu-

ated at a lower scale, without an integral picture showing crucial evidence and information to estimate

regional conservation profiles. In other words, relying on current environmental and biodiversity parameters

and considering faunal or floral biodiversity alone likely offers incomplete or misleading information to predict

the potential integrity of environmental development and conservation prospects.
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Evolutionary developing forces of environment and biodiversity in China have played considerable roles in

creating and maintaining greatly diversified topography, ecology, habitat, climate, and water resources

(Figure 1). The current profiles are a consequential balance between evolutionary development, restora-

tion, natural disasters, and human interruption (Hendry et al., 2010). Thus, we must identify whether a re-

gion’s environmental quality and biodiversity profile are primarily the consequence of the development

and resilience of evolution or human devastation. Such identification is vitally required for environmental

protection and biodiversity conservation to tangibly achieve goals based on available financial resources

and human powers. Such a research model can be set up with remarkably varied regional fauna-flora

biodiversity archives in China, referring to what is illustrated in Figure 1, developed and shaped since

the Cambrian more than 500 mya (Chen et al., 2001) so that it is now one of the global mega biodiversity

centers.

It is recognized that the significant changes in the terrestrial faunal and floral biodiversity (TFFB) in China ap-

peared since the Quaternary following the accelerated lifts of the Qinghai-Tibet Plateau in the west of North-

west, Yun-Gui Plateau in the Southwest, and Loess Plateau in the north (Figure 1), resulted in the severe

monsoon in East Asia that promoted glacial development (Harris et al., 2018; Li, 1991). This was followed by

increasing shifts of the tropical and subtropical forests from north to south that considerably altered faunal

and floral structures (Jablonski, 1998). Thus, Quaternary climate fluctuations and geographicmodification signif-

icantly shaped the current distributions of many animal and plant species (Deng et al., 2019).

However, the considerable impacts on TFFB came from the increasing anthropogenic devastation to the

environment following the speeding up of human extension and agricultural expansion that occurred

in recent China history, which can be generally categorized into two eras: ancient China andmodern China.

Ancient China, before 1800, according to (Duan et al., 1998), was primarily rural: Most Chinese communities de-

pendedonsmall farmingvillages foragriculture,mostlydominatingnorthernChinaandbeginningtoexpand into

theYangtzebasin tosouthernChina.Theenvironment,especially in thesouthandsouthwest,wasprimarily similar

to that of the Early Holocene – the most essential tropical and subtropical regions, bearing important fauna and

flora, were still primitive (Ren et al., 2007). Although there were some social riots and disturbances, the threats to

biodiversity and the environment were quite limited.
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Figure 1. China’s geographic and environmental diversity profiles and regionalization

NW:Northwest (Inner Mongolia, Ningxia, Gansu, Shaanxi, Qinghai, Xinjiang, and Tibet); SW:Southwest

(Sichuan,Chongqing. Yunnan, Guizhou, and Guangxi); CE:Central (Shanxi, Henan, Anhui, Hubei, Hunan, and Jiangxi);

CO:Costal (Hebei, Shandong. Jiangsu, Zhejiang. Fujian, Guangdong, Hainan, and the three metropolis cities of Beijing,

Tianjin, and Shanghai); NE:Northeast (Heilongjiang. Jilin, and Liaoning). For more details about regional differences in

geography, ecology, and habitats, please see (Huang et al., 2021).

ll
OPEN ACCESS

2 iScience 25, 104897, September 16, 2022

iScience
Article

https://www.timemaps.com/encyclopedia/ancient-china-economy
https://www.timemaps.com/encyclopedia/ancient-china-society/


In modern China, after 1800, anthropogenic impacts on the environment increased significantly, such as the war

with westerners – the first Opium Wars – in the Qing Dynasty from 1839-1842 (Antony, 2003). Simultaneously,

China entered a period of chaos and turbulence: Many massive rebellions in south and southwest China

occurred, conqueringCentral China after 14 years of battles. The threats to society and naturewere catastrophic

(Ouchterlony, 1844).

From 1850 to 1899, apart from the SecondOpiumWar (1856 to 1860) (Phillips, 2011), the significant threats to

China’s society and environment mainly came from the Taiping Rebellion (1850–1864). It involved the most

prosperous regions of the Central and Coastal, killing approximately 20 million Chinese, regarded as one

of late imperial China’s most subversive social uprisings and environmental devastations (Yeung, 2007b). It

is described as ‘‘with rampant natural calamities, widespread social unrest, deadly military conflicts, and

finally, large-scale population collapses’’ (Lee and Zhang, 2012).

Between 1900 and 1949, the Chinese completed the final territorial occupation by expansion, with a pop-

ulation size of 450 million, and the domain of the habitat and environment in Southwest and Central

reached the maximum (Laves, 2011). However, the environmental damages principally came from themod-

ern wars: The Sino-Japanese War (1937–1945), part of the Second World War, involved all parts of China

except for Xinjiang and Tibet in the Northwest, with about 35 million Chinese killed and injured (Coble,

2007). The Civil War between the Kuomintang and the Communist parties from 1945 to 1949 (Coble,

2007) involved the whole nation and caused another wave of social and environmental devastation; nearly

two million people were displaced from the continent to Taiwan (Fan, 2010), apart from severe damage to

nature repositories (Li et al., 2020). Such threats were further made prominent because of chemical and

modern destructive weapons (Li et al., 2002).

From1950 to 1999: Thiswas a post-war period inwhichChina embraced theplannedeconomic and social devel-

opment under a one-party administration,which led toanunprecedentedacceleration inmany aspects (Gabriel,

1998), particularly agricultural expansion and rapid economic and social growth, especially over the last 40 years

(Jiang et al., 2018), characterized by a significant population increase – 552.0 million in 1950 and 1.253 billion in

1999 (https://www.macrotrends.net/countries/CHN/china/population). Followingaonce-and-for-all upheaval in

Chinesehistory—nationalized landownership in theearly 1950s—thecurrent regimehas successfully carriedout

a series of social and political campaigns to convert an agricultural country into a modern industrialized nation.

Unfortunately, such effort has been at the cost of depleting natural resources, land conversion, and environ-

mental contamination by applying a nature resource-and-carbon extensive emission developmental model,

driven by the policy of establishing a world manufactory for the goods labeledMade in China (Cui et al., 2019;

Li, 2018; Pan et al., 2016).

Between 2000 and 2020, even though natural resource depletion has been limited to some magnitude

(Xiao et al., 2020), land conversion has significantly increased for urbanization and residential building

demands, with an increasing rate of 17.92% in 1978 to 57.35% in 2016 (Ya-Feng et al., 2020). Several

ongoing mega artificial projects have been implanted, such as the South-North Water Transfer Project,

involving Northern, Eastern, Central, and Western China (Berkoff, 2003; Yang and Zehnder, 2005),

The Western Development Project, and One Belt and One Road Initiative in Northwest China

(Lahtinen, 2022; Lu and Deng, 2011). In other words, the threats to biodiversity and ecology are still

very prominent.

Although recently the Chinese Government has started to envisage problems in the environment and biodiver-

sity by investing considerable resources in protection and conservation, it is still a long way from reaching the

goals of effectively and efficiently carrying on the programs and management (Yu and Czarnezki, 2013; Zhang

et al., 2017). A lack of an endeavor proposed in this study might be one of the significant causes.

We thus explored variationpatterns of TFFB to address regional disparity topropose a conservation strategy,

which aims to set up the guidelines to effectively and tangibly invest financial resources and measures –

the regions with significant TFFB backed with strong evolutionary resilience must be prioritized. To do so,

we analyzed the congruence of the two biological kingdoms, clarifying whether the diversities of fauna

and environment (represented by floral taxa) integrally and tightly co-existed to reflect the regional disparity

of biodiversity. We provided regional-specified biodiversity profiles of the fauna and flora and discussed

regional evolutionary development and human devastation processes.

ll
OPEN ACCESS

iScience 25, 104897, September 16, 2022 3

iScience
Article

https://www.macrotrends.net/countries/CHN/china/population


RESULTS AND DISCUSSIONS

Congruence of the fauna and flora

Table 1 presents a significant positive correlation between the groups based on regional species density

index (RSDI). The strongest correlation, with a coefficient greater than 0.90, was found between Gastro-

poda and Arachnida, Insecta and Arachnida, Amphibia and Arachnida, Reptilia and Arachnida, Reptilia

and Insecta, and Aves and Insecta. Vascular plants display very high correlation with Mammalia (0.91%|r|

<1.0).

What is illustrated in Table 1 indicates that each faunal group has a significant relationship with floral ones based

on RSDIs, implying that fauna and flora have established a symbiotic environmental and ecological association

bridged by shelter-food provision and seed-weed dispersal through microorganisms; a hologenome theory in

evolutionary development (Herrera and Pellmyr, 2009). Such a mutual interaction is more prominent among

Gastropoda, Arachnida, Insecta, Amphibia, Reptilia, and Aves — they are lower vertebrates and individually

have a higher than 0.95 coefficient. These groups are less resilient, tending to decline with diminishing floral

biodiversity (Dai et al., 2016). They form strong inter-taxa solid ecosystem interactions, particularly regarding

the Amphibia, Reptilia, and Aves, which rely heavily on the Gastropoda, Arachnida, Insecta, andmarine animals

in their food chains, forming part of a co-dependent ecosystem (Adite et al., 2018).

Thus, an extraordinarily strong congruence indicated in Table 1 declares that the TFFB studied can be inte-

grally used to assess the environmental and ecological quality and the variety adopted by alternative faunal

and floral groups during evolutionary development.

Regional TFFB variation

Figure 2 shows species density (RSDIs) variation scales in different regions and a regional variation of the

regional spatial distribution (RSTDs), the combined RSDIs of all groups in each region. The former, (a),

emphasizing species density variation among the groups, indicates that vascular plants present the highest

density in each region, followed by Insecta, nonvascular plants, Arachnida, Mammalia, Aves, Gastropoda,

Amphibia, and Reptilia. The latter, (b), emphasizes regional disparity of biodiversity density at a national

scale. Coastal China demonstrates a relatively stable density among the groups and bears the highest

TFFB, followed by Southwest, Northwest, Central, and Northeast.

Figure 3 illustrates a regional variation of the ranked TFFB of China; a shared proportion of the national

total – fauna and flora are separated – for each region, scaled with four ranks: 0–09, 10–19, 20–29, and

30–39 of the national percentage. The Southwest is ranked first regarding floral biodiversity, followed by

Coastal-Northwest and Central. Northeast China shows the lowest scale. As for the faunal biodiversity,

Coastal is scaled first, followed by Southwest, Northwest-Central, and Northeast.

Coastal China shows the first and second floral biodiversity grades (Figure 3), with 35.55% and 23.41% national

terrestrial floral and faunal repositories, respectively. It is characterizedbyahighernational proportionof the lower

animals (more than 35% of Gastropoda, Arachnida, Insecta, Reptilia, andmore than 40% of Aves). It also contains

more than 20% of vascular and nonvascular plants andMammalia. Its RSDIs indicate a higher environmental and

ecological quality, especially considering vascular and nonvascular plants, Insecta, and Arachnida (Figure 2A).

Table 1. Pearson correlation coefficients (r) of RSDIs among faunal and floral groups

Class Gastropoda Arachnida Insecta Amphibia Reptilia Aves Mammalia

Arachnida 0.98**

Insecta 0.99** 0.99**

Amphibia 0.97** 0.98** 0.99**

Reptilia 0.96** 0.97** 0.97** 0.97**

Aves 0.97** 0.98** 0.99** 0.96** 0.95**

Mammalia 0.57** 0.66** 0.61** 0.62** 0.68** 0.60**

Vascular plant 0.71** 0.80** 0.76** 0.75** 0.77** 0.77** 0.91**

Nonvascular plant 0.69** 0.78** 0.75** 0.71** 0.75** 0.77** 0.78**

Note: ** indicates p< 0.01; the coefficients with a value greater than 0.90 are bolded.
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Suchphenomenamustbeassociatedwith itsexceptionalevolutionarydevelopment through theCambrianExplo-

rations and the later progress of fivemajor animals andplant biotas, resulting in the basic frameworkof faunal and

floral structures inEastAsia about 500mya (Erwinet al., 2011).A famousonewas located in theMioceneShanwang

basin in Shandong. Taxonomically, it is themost diversified andextraordinarily well-preserved lacustrine fossil de-

posit globally, containing more than 500 fossil species, including diatoms, ostracodes, fish, amphibians, reptiles,

insects, birds, and mammals, as well as terrestrial plants (Yang and Yang, 1994). Within the region, Shanghai is

unique, featuring abundant lake nets, riverine, lacustrine, reservoirs, and pond wetlands, accounting for 23.5%

of the Coastal size. The Dongtan Nature Reserve, one of the largest nature reserves in East Asia, was regarded

as one of theworld’s prioritized protection sites in 2001(Tian et al., 2008). In other words, theCoastal climate, envi-

ronment, and ecology are suitable for culturing highly diversified TFFB. They have collectively refined humid and

semi-humid temperate, warm temperate, subtropical, and tropical zones (Huang et al., 2017), drastically promot-

ingTFFB, especially for invertebrates and lower vertebrates, such asGastropoda,Arachnida, Insecta, Reptilia, and

Aves as found in this study, aswell as smallmammals (Jianget al., 2017).On theother hand, theCoastal, especially

Hainan and its neighbor regions, is an area with higher floral phylogenetic diversity (Zhang et al., 2022).

Significant anthropogenic impacts on the Coastal region in recent Chinese history, as addressed above,

mainly during 1850–1899 from the Second Opium War and Taiping Rebellion; during 1990–1949 caused

by the Sino-JapaneseWar and Civil War (Coble, 2007); and over the last decades through playing a leading

role in unprecedented economic reform, created significant environmental devastation (Sun et al., 2020).

However, the results found in this study imply that, compared with the other regions, Coastal China still

maintains a robust evolutionary resilience.

SouthwestChinahas thehighest floral (33.90%)andsecondfaunal (27.3%)national TFFB levels (Figure3), showing

slight spectrumvariationamonggroups, except for the vascularplants (Figure 2B)becauseof their higher species

density (Figure 2A). The region has been refugia for fauna and flora since the Late Miocene or Early Pliocene,

particularly during theQuaternary (Sun et al., 2017). It has experienced accelerated orogenic movements, result-

ing in significant uplifts of the Yun-Gui Plateau and the formation of numerous rivers (Figure 1). As a result, 8 of the

14 Natural Heritage Sites in China are located there (UNESCO: https://whc.unesco.org/en/statesparties/cn),

along with 9 of China’s top 10 endemic floral cradles (López-Pujol and Ren, 2009b).

A B

Figure 2. Regional RSDI variation patterns (species/km23103) (A); and RSTD variation among the groups within each of the regions (B).
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Like theCoastal region, the Southwest has been considered an essential early animal origin and radiation center

in East Asia since the Cambrian (Erwin et al., 2011). The most famous is the Chengjiang Biota in Yunnan, one of

the most noticeable Cambrian evolutionary explosions, a World Heritage Site for studying faunal and floral or-

igins, evolutionary and ecological development, featured by the first fossil chordates and earliest vertebrates,

and covering 34 localities in which 22,038 fossil specimens of early vertebrates were recorded (Hou et al., 2017).

Another uniqueness of the region is that it has provided an irreplaceable convergence-divergence center for

faunal migration and floral exchanges between Western and Eastern Asia, particularly for the animals that

migrated from Africa via Europe (He et al., 2022; Li et al., 2020). On the other hand, among nine endemic

centers of the floral genera in China, three are located in the Southwest, owing to the considerable generic

richness and phylogenetic diversity of angiosperm flora (Zhang et al., 2022).

Comparedwith theother regions, theSouthwesthasbeen less impactedby theeventsaddressedabove in recent

China because of its higher mountainous contours of the plateau (Figure 1) until recently (please see below).

Thus, the Coastal and Southwest regions present significant national faunal and floral biodiversity repos-

itories, retaining strong evolutionary resilience and great potential for TFFB promotion.

Like the Coastal region, the Northwest is ranked second according to its national faunal biodiversity (20.5%), but

third considering the floral profile (18.0%, Figure 3). This region displays pretty different environmental and

geological patterns compared with the Coastal region (Figure 1). It bears the Qinghai-Tibet and Loess plateaus,

which appeared in theMiocene, havingbeendominatedby adesert environment andecology since theMiocene

orEarly Pleistocene (MengandZhang, 2013), responding toupliftingplateaus and the increasingmonsoon (Favre

et al., 2015). The western parts of Xinjiang and Tibet form the easternmargin of arid Central Asia (Figure 1), cold,

dry, and backgrounded bymeadows, montane subalpine and alpine ecosystems (Lehmkuhl and Haselein, 2000).

That explains why this region, with the largest land size among the five, displays a small proportion of Aves,

Amphibia, Insecta, Gastropoda, Arachnida, and Reptilia (Figure 2B), ranging from only between 14.50% and

18.55%. It also shows extremely low species density for Amphibia and Reptilia (less than 0.1species/km2 3 103)

compared with the Costal and Southwest regions (Figure 2A).

However, its eastern part, primary southern Shaanxi and Gansu, and east Qinghai, linking with the Qinling and the

Southwest, is quite different from thewest, forming one of China’s biodiversity hotspots. The southeasternQinghai

andeasternTibetof the region,where theupper reachesof the fourmajorAsia’s rivers –Salween,Mekong,Yangtze,

and Yellow – originate, are unique for remarkable TFFB (Huang et al., 2021; Jiang et al., 2017), making this region

contain almost the same Mammalia repositories as the Southwest (Figure 2B). Furthermore, like the Southwest,

the southeastparts of theNorthwest havebeen refugia for faunal andfloral taxa since theglaciation (Maet al., 2017).

Figure 3. Regional variation of terrestrial faunal and floral biodiversity (TFFB), the summed RSTDs of the groups

analyzed, in China, based on which regions are ranked for designing conservation strategy.
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Owing to its great geographic separation hedged by the plateaus, the Northwest avoided significant anthro-

pogenic devastations in recent Chinese history until the beginning of this century, following the implementation

of theWestern Development Project andOneBelt andOne Road Initiative (Lahtinen, 2022; Lu and Deng, 2011).

Central China has the third faunal (13.6%) and floral (14.3%) national biodiversity levels (Figure 3), behind its neigh-

bors Southwest and Coastal. Evolutionarily and environmentally, this region has also significantly contributed to

TFFB development back to the Silurian, 443–491 mya, as indicated by the fossils of early invertebrates and verte-

brates unearthed in Wuhan, and Hubei, containing more than 400 fossil species (Zong et al., 2017), and by the

Lower Jurassic Anyao Formation in western Henan, a Mesozoic Jiyuan-Yima Basin (Buatois et al., 1996). Those

found in Anhui and Shanxi had unique roles in dispersing early vertebrates and mammals in eastern Central

and southern China during the Mesozoic, 256–66 mya (Chang et al., 2012). Another noticeable ecological biota

is Huaibei Flora in the Early Permian (300 mya), a floral assemblage in a triangular area surrounded by northern

Jiangsu, Anhui, and southern Henan (Mei et al., 1996). What followed was the mammalian development during

the Paleocene (66–56 mya), confirmed by Danjiangkou environmental biota in Hubei (Huang et al., 2004), and

several other mammal-fossil burying sites in the areas across the Yellow and Yangtze Rivers during the Neogene

(23–2.6 mya) (Deng, 2006; Flynn et al., 1997).

Thus, unlike Southwest and Coastal China, a third TFFB national grade in the Central region must be associated

with the significant anthropogenetic-induced activities, starting from the appearance of the modern Chinese;

Hongshan men in Anhui, Central China, led to most of the populations in China on a large scale approximately

5,300 years ago, the significant development of Chinese history and civilization (Yu and Li, 2021); three capital cit-

ies (Luoyang, Kaifeng, and Anyang) among China’s top seven ancient capitals were allocated in Henan (https://

www.chinadiscovery.com/articles/top-7-ancient-capitals-of-china.html). Unfortunately, thismodern human civili-

zationbrought significantenvironmental andecologicaldevastation,echoedbydegradedTFFB:The sharedpro-

portion for each group is lower than those of Coastal, Southwest, andNorthwest (Figure 2B). Furthermore, three

of the 11 mammalian orders became extinct (Huang et al., 2021).

The Central has further been significantly devastated in recent Chinese history, such as the First OpiumWar during

1839–1842 (Antony, 2003), the Second OpiumWar, and Taiping Rebellion between 1850 and 1899 (Phillips, 2011;

Yeung, 2007a), and theSino-JapaneseWar andCivilWar from1900 to1949 (Coble, 2007).Most recently, theCentral

has involved extensive human engagements through several gigantic artificial projects: the South-North Water

Transfer Project and the Three Gorges Dam in Yichang, Hubei, the largest hydrologic project globally. The area

used to be one of the TFFB hotspots in China, with more than 6,000 plant species, over 500 terrestrial vertebrates,

and about 160 fish species recordedbefore the project (López-Pujol and Ren, 2009a). Unfortunately, such amagnif-

icent faunal structure has been ravaged because of a drastically fragmented environment and ecology: More than

100mountainspreviously linkedby landarenow isolated following the risingwater level,particularlyduring theflood

period (Wu et al., 2004).

In other words, the remarkable evolutionary development in the environment and ecology in Central China

has been significantly wrecked by anthropogenic activities, which overpowered evolutionary resilience, a

different scenario from the Coastal and Southwest regions.

Northeast China is the region with the lowest national TFFB profiles, both faunal (5.6%) and floral (7.9%) (Fig-

ure 3).Only nonvascular plants do sharemore than 10%of the national total (Figure 2B). The region alsopresents

the lowest species density of vascular plants among the five regions, close to 8 (7.98/km2 3 103) (Figure 2A).

Themost significant evolutionary contribution of the region is the discovery of the feathereddinosaurs, implying

theoriginof thebirds in the Early Cretaceous, and it iswheremammals originated in EastAsia (Huet al., 1997). Its

Jehol Biota, widely distributed in other adjacent areas, includingMagnolia, during the lateMesozoic, is featured

by remarkable faunal and floral deposits of early invertebrates and vertebrates (charophyte algae, bivalves, gas-

tropods, ostracods, shrimps, insects, spiders, fish, amphibians, reptiles, birds, andprimitivemammals) (Zhouand

Wang, 2017).

Regrettably, such environment and ecology grandeur started degrading during the Quaternary, rooted in the

permafrost and periglacial environment with a dry and cold climate (Jin et al., 2016). The region’s environment

and ecology have experienced five successive negative changes from cold-temperate mixed coniferous and

broadleaved forests to forest-steppe, steppe-woodland, steppe, and finally meadow-woodland featured with
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alkaline or saline (Zhao et al., 2016). Such experiences have collectively constrained environmental and ecolog-

ical development, and its evolutionary resilience has diminished dramatically.

Historically, the Northeast was significantly devastated during the Sino-Japanese War (1937–1945) (Coble,

2007), and the post-war period after 1950 suffered from significant deforestation, with an annual forest loss

of 1,014 km2 between 1958 and 1980, resulting in thousands of environmental fragmentations (Gao and Liu,

2012), making it be a leader in the logging industry in China since 1950, in which 5.21 million m3 of the tim-

bers were produced by 1977, half of the nation’s total (Zhang, 2008).

Thus, the Northeast is the region that has been retarded in recent evolutionary development, with a lost

resilience rooted in an evolutionary bottleneck and human-induced activities.

Strategies for conservation

China faces severe challenges in biodiversity conservation and environmental protection. Apart from

others, the lack of a tangible managerial strategy is the primary cause; the current plan is to establish

the protected areas (PAs) individually (Zhang et al., 2017). On the other hand, some environmental and

ecological quality evaluations used to design the strategy were aimed at the current natural resource ca-

pacity and sustainability, accommodating increased social-economic growth (Liu and Borthwick, 2011;

Peng et al., 2016), without considering the regional disparity of TFFB, which collectively provide both ver-

tical (evolutionary) and horizontal (resilience) references, as provided by this study.

By 2017, China had established more than 2,750 PAs, sporadically disseminated to different regions (He

and Cliquet, 2020). Between 2000 and 2013, the total areas of PAs increased from about 0.9 million km2

to about 1.5 million km2, covering about 15% of China’s land (Yang et al., 2019). According to (Wang

et al., 2014), among the 1,110 PAs analyzed, the Southwest has the most significant number of PAs, fol-

lowed by the Central, Northeast, Coastal, and Northwest regions. Thus, referring to PA’s number, rather

than area size, Southwest China seems to have been regarded as a priority region but not Coastal.

Although the key ecological function zones and the priority areas for biodiversity conservation in China have

been mapped (Cao et al., 2015), the integral guidelines and regulations on effectively organizing PAs within

and amongdifferent regions have not been seen. Thus, it is not surprising to see the conflicts of interests among

managerial authorities of different regions; without a precise authorized mechanism to allocate finance within

and among the regions, especially facing insufficient budgets; the shortage of public participation with clearly

designed purposes; and the conflicts between PAmanagement and local communities (He and Cliquet, 2020).

Although the Chinese Government has started to envisage the conservation and protection difficulties by

increasing funding for PAs through the projects of theWildlife Conservation and Nature Reserve Construc-

tion and the Special Fund for Capacity Building of National-level Nature Reserves in 2001, the investment

was only 53.5–114 dollars/km2, less than one-tenth of the average level invested in the developed countries

($2074.3), and even lower than that of developing countries ($158.3) (Yang et al., 2019).

Thus, among the problems stated, scientifically and tangibly distributing financial resources is more urgent,

given that 58.6% of 400 surveyed PAs are short of funding to support their daily management and conserva-

tion activities – 34%of which even have no adequate resources tomeet their fundamental expenditure needs

(Feng et al., 2021). As a result, some PAs are described as being paper parks (Yang et al., 2019).

Therefore, it is very critical that the resources for PAs in China be increased on the one hand, and a financial dis-

tribution scheme guided by regional TFFB profiles and referring to the potential ability and capacity of promot-

ing biodiversity be established on the other hand. Thus, what China needs is not only to increase PAs individually

andprioritizemore areas isolatedly but also to rank conservation andprotection regions so that the limitedfinan-

cial resources could be invested rationally to get the best achievements according toChina’s geographical char-

acteristics, evolutionary developmental background, and the existing TFFB.

According to what has been found in this study, what we must do in conservation is to prioritize the regions still

bearing remarkable wildlife and natural resource diversities, still with solid evolutionary resilience for prospective

promotion.Otherwise, suchadvantages couldbe lost soon. Southwest andCoastalmeet such criteria, confirmed
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by the most significant TFFB. They accommodate the scenario of among 36 plant genetic diversity hotspots in

China, likely the glacial refugia’s representatives, primarily found in those two regions (Deng et al., 2019).

Because of the prominently impoverished environment, ecology, and lost resilience, there is no need to

invest heavily in conservation measures in the Northeast and the western parts of the Northwest, whose

aridification began much earlier, in the Early Miocene, and drastically accelerated during the Pleistocene,

with significantly low floral phylogenetic diversity (Zhang et al., 2022).

Regarding Central China, a sustainable balance between social-economic development and TFFB mainte-

nance requires special attention from the social-economic designers and conservationists. Such a sus-

tained balance would gradually recover its resilience since significant evolutionary development continues

to force back the region, like what happened to the Coastal and Southwest.

Limitations of the study

Although this study has integrally analyzed the TFFB and exposed the disparity among five geographic regions,

most of the discussion on regional evolutionarydevelopment focuseson fauna, lackingmore information andev-

idence from the floral background. In other words, further studies to systematically disentangle some essential

issues associated with these two kingdoms are demanded, such as the sympatric distribution of the hot spots,

endemic centers, and phylogenetic diversity of the fauna and flora during the evolution, and the disruptions

and separation between them followinggeographic change since theCambrian, especially during theNeogene

in which significant tectonic modifications of the plateaux of Qinghai-Tibet, Yun-Gui and Loess occurred, whose

uplifts were remarkably acceleratedduring theQuaternary. Obviously, cooperation betweenbotanists and zool-

ogists in China and overseas is required.

On the other hand, the conservation strategies proposed have to be discussed and improved through li-

aisons with Chinese government officials, especially those in the forests and conservation departments,

conservationists, and social-economic development designers. Their feedback is critically important to

finally form a national conservation strategy before it can be implemented.
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KEY RESOURCES TABLE

RESOURCE AVAILABILITY

Lead contact

Further information and resource requests should be directed to the lead contact: Ruliang Pan (ruliang.

pan@nwu.edu.cn).

Materials availability

This study did not generate new unique reagents.

Data and code availability

This study did not generate new codes. Any additional information required to reanalyze the data reported

in this paper is available from Supplemental information: Data S1 and Data S2.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

The animals studied include seven classes of 15,889 terrestrial species: Gastropoda (841 species), Arach-

nida (3,594), Insecta (8,728), Amphibia (302), Reptilia (390), Aves (1,360), and Mammalia (674). Plants

analyzed include 31,006 vascular and 3,135 nonvascular species (Datas S1 and S2). They are the repositories

of China’s fauna and flora, compiling all recorded animal and plant species from the Life Catalogues (Ma et

al., 2015). Plant and animal taxa were categorized as groups for simplicity. A small number of faunal (n =

213, 1.34%) and floral (n = 860, 2.52%) taxa were excluded from analyses because of incomplete species

records and lack of information on geographical distribution. Except for Hainan Island, records from other

islands such as Taiwan, Hong Kong, andMacao were excluded because of the ambiguity in definingmarine

or terrestrial taxa.

Our recent study demonstrates a remarkable biodiversity variation in Mammalia among the five geo-

ecological regions of the mainland – Northeast, Central, Coastal, Northwest, and Southwest (Huang

et al., 2021). A similar regional definition was applied in this study.

METHOD DETAILS

As for a given region, environmental and ecological quality and their changes were measured by a national

proportion of the TFFB generated through the following three steps.

Regional species density (RSDI)

Regional species density (RSDI), biodiversity richness relative to its regional size for each group (Huang

et al., 2021). It was calculated with the formula of RSDI = N/A, where N is the species number of a given

group in a region, and A is the area of the same region (km2). This index removes size influence in assessing

the environment and ecology; there is a considerable regional land size variation. Thus, richer biodiversity

for a specific faunal or floral group in a region could be because of the bigger land size instead of higher

environmental and ecological quality. Pearson correlation analysis was used to explore the relationship of

RSDIs among faunal and floral groups.

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

China’s fauna and flora data Catalogue of Life China in the Catalogue of Life https://www.gbif.org/dataset/

b8e085cf-5f2c-47f8-9244-fd501202e475

Software and algorithms

SPSS/PC Statistical software for data science version 20, IBM
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Regional biodiversity distribution (RSTD)

Regional biodiversity distribution (RSTD). It is the proportion of the national total for each group in each

region, calculated with the formula: RSTD = N/T x 100, where N is the species number of a specific group

in each region, and T is the total species number of the same group combing the five regions.

A region’s TFFB profile

A region’s TFFB profile is expressed by the sum of RSTDs, including all groups. SPSS/PC (version 20, IBM)

was used for statistical analyzes and figure generation.

QUANTIFICATION AND STATISTICAL ANALYSIS

All results were repeatedly performed and confirmed by supplemental file Sets. Quantification and statis-

tical analysis are presented in method details.
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