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Abstract
1. The global expansion of forest plantations at the expense of natural forests, es-

pecially old- growth forests, raises concerns about habitat loss and a decline in 
ecosystem services.

2. Natural regeneration of second- growth forests with minimal human assistance 
has been suggested as a cost- effective way to restore forests and increase forest 
ecosystem service potential. However, it is unclear whether natural regeneration 
will lead to the development of second- growth forests similar to natural forests 
because most naturally regenerated second- growth forests are still young.

3. We present a case study of a very old second- growth forest in southeastern China 
in which a forest plantation established approximately six centuries ago has now 
developed into an old forest with extraordinary high biodiversity levels, an im-
mense carbon pool, and a rich culture. The forest was established in the 14th cen-
tury because of a charitable contribution, became protected under the Chinese 
cultural norm of ‘unity between humans and the nature’, and was conserved be-
cause of the belief that the prosperity of people is closely linked to the prosperity 
of trees. The recent designation of the forest as a nature reserve further protects 
it from development despite competing land- use demands related to recent eco-
nomic growth.

4. This case illustrates that, although human activity is the main cause for the disap-
pearance and degradation of many forests, when human interests and cultural 
values align second- growth restoration and subsequent forest conservation can 
lead to the successional development of old- growth forests. Because this devel-
opment takes multiple centuries, the protection of current second- growth forests 
within conservation easements (e.g. nature reserves) and the reformation of cul-
ture values for the linkage of forests to human well- being are key aspects of the 
continued conservation- aided succession of second- growth forests.
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1  | INTRODUC TION

Forest plantations are an important component of global forest 
cover with a global extent of 294 million ha (FAO, 2020). The global 
extent of forest plantations increased approximately 139% from 
1990 to 2020 (from 123 million ha to 294 ha) despite an overall de-
crease of global forest area by 178 million ha or 1.7% during that 
period (FAO, 2020). As a result, maximizing the ecosystem services 
of forest plantations has become a major objective of forest man-
agement in light of current global climate change (Baral et al., 2016; 
Barrios et al., 2018; Liu et al., 2018).

Forest plantations are often considered as having lower capac-
ities to provide ecosystem services compared to natural forests. 
Many forest plantations (e.g. oil palm plantations) are viewed as 
‘green biodiversity deserts’ (Horák et al., 2019), especially when 
they have replaced natural forests because biodiversity levels typ-
ically decline (Bremer & Farley, 2010; Brockerhoff et al., 2008). 
Although many studies indicate that forest plantations can provide 
multiple forest- based products and play an important role in carbon 
sequestration (Baishya et al., 2009; De Stefano & Jacobson, 2018; 
Lai, 2004; Quine, 2015; Sang et al., 2013), there are doubts regard-
ing their relative capacity for long- term carbon sequestration and 
harboring a comparable diversity of organisms to natural forests 
(Barlow et al., 2007; Liu et al., 2018; Sohngen & Brown, 2006; Yu 
et al., 2019). In addition, forest plantations are not often associ-
ated with the unique cultural and biodiversity conservation values 
that characterize many old natural forests (Sutherland et al., 2016; 
Yazzie, 2007) because the vast majority of forest plantations are 
relatively young and therefore lack clearly established cultural con-
nections to people.

Old- growth forests differ from forest plantations in many 
ways. In addition to the astonishing tall and giant trees they have, 
many old- growth forests are characterized with more complex 
horizontal and vertical forest structure than second- growth for-
ests, which results in a greater diversity of habitats for plant and 
animal species (McMullin et al., 2010; Spies & Franklin, 1988; 
Zenner, 2004). Many old- growth forests are refuge habitats (i.e. 
areas, often protected, where populations thrive because of low 
mortality or increased survival or recruitment) for endemic, endan-
gered or keystone species such as the spotted owl of the Pacific 
Northwestern United States (Yackulic et al., 2019), the ant com-
munities of the Brazilian Atlantic Forest (Bihn et al., 2008), or the 
giant panda of Sichuan, China (Zhang et al., 2011). Although old- 
growth forests are assumed to have low, even near zero net carbon 
accrual rates, studies have shown that they can still sequester and 

accumulate large amounts of carbon in soils (Desai et al., 2005; 
Zhou et al., 2006) and thus are important global carbon sinks 
(Badalamenti et al., 2019; Luyssaert et al., 2008; Yuan et al., 2016). 
In this light, old- growth forests provide a clear societal and cultural 
value, given the current anthropogenic global change pressures. 
Additionally, old- growth sacred forests, are renowned for their 
culture and spiritual values (Brandt et al., 2013; Ishii et al., 2010; 
Moore, 2007; Moyer et al., 2008).

Old- growth forests are symbols of humankind's natural leg-
acy, and hallmarks of societal environmental stewardship. In 
fact, many old- growth forests are national or world heritage 
sites, which symbolizes both their cultural and environmental 
value as natural ecosystems. For example, the old- growth beech 
Fagus crenata forest in the Shirakami Mountains in Japan was 
registered as a UNESCO World Heritage in 1993 because it con-
tains some of last unaltered remains of a forest type which once 
covered the landscapes of northern Japan (Chakraborty, 2018). 
Similarly, the large and iconic old- growth forests of British 
Columbia are symbolic of its natural heritage, exemplifying how 
native people used the forest for provisioning of food, medicine 
and shelter (Connell et al., 2015). Thus, although not defined 
explicitly, old- growth forests are in general, assumed to be the 
unaltered product of nature's majesty over long periods of time 
with minimal human disturbance (Bradshaw, 2004; Chapman & 
McEwan, 2016; Lin et al., 2015).

2  | FOREST REGENER ATION AND 
ECOSYSTEM SERVICES

Forests can regenerate artificially, completely naturally or natu-
rally with some human assistance (Table 1). Artificial regeneration 
which is most common in the form of forest plantations is achieved 
by planting and actively managing tree survival and growth for eco-
nomic gain. The expansion of forest plantations often takes place at 
the expense of natural forests, which often leads to a reduction in 
the provisioning of key forest resources, like clean air and water, and 
increases the risk of environmental degradation, including reduced 
soil fertility, increased soil erosion, more floods and even desertifi-
cation (Li, 2004) as well as a loss of connectivity between the forest 
and the people (Foo, 2016). Some silviculture practices seek to de-
velop or maintain old- growth forest attributes in forest plantations 
(Bauhus et al., 2009). However, an important but largely unaddressed 
question in management is whether forest plantations can succes-
sionally develop to old- growth forests, with their characteristic high 
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capacity for providing ecosystem services (e.g. biodiversity, carbon 
storage and culture values). The answer to this question has impor-
tant implications in forest management, especially in regions where 
intensive forest plantation practices have led to land degradation (Bi 
et al., 2007; Yetti et al., 2011).

Natural regeneration and assisted natural regeneration have been 
recommended as viable strategies to improve ecosystem service ca-
pacities of degraded plantation forests (Chazdon, 2017; Crouzeilles 
et al., 2020; Shono et al., 2007; Yang et al., 2018). Naturally regen-
erated forests have been shown to achieve the level of species rich-
ness similar to old- growth forests in several decades, but a much 
longer time is required for them to regain the species composi-
tion and structural complexity of typical old- growth forests (Aide 
et al., 2000; Brown & Lugo, 1990). Regeneration through human 
assistance to minimize barriers to natural regeneration (e.g. compe-
tition with weeds and grazing) has been suggested as a low cost and 
effective way to quickly restore degraded tropical and subtropical 
forests in terms of biodiversity, soil and water conservation and car-
bon sequestration (Evans et al., 2015; Shono et al., 2007, 2020; Yang 
et al., 2018). Secondary forests developed through assisted natural 
regeneration have been shown to provide multiple social benefits in 
addition to ecological benefits (Chazdon & Uriarte, 2016).

In relatively ‘wild’, well- conserved areas with minimal direct 
human influence, regeneration through secondary succession takes 
place typically following major disturbance events such as the 1988 
Yellowstone National Park fire (Turner et al., 1997). Given sufficient 
time, many of the disturbed (e.g. burned) sites may naturally regen-
erate to old- growth forests characteristic to the region although 
they could be slightly different in their extent, spatial distribution or 
species composition from the forest existing before the fire due to 
changes in the environment such as the climate (Donato et al., 2016).

Natural regeneration through secondary succession can some-
times take place not as the result of conservation effort, but 
due to lack of management such as old field abandonment (Aide 
et al., 2000). In fact, modern successional theory has its origins 
in studies of secondary succession on abandoned old fields in the 
eastern United States (Inouye et al., 1987; Nicholson & Monk, 1974). 
One important but not well- addressed question is whether forest 
regeneration through secondary succession on unmanaged lands 
can result in the recovery of forests with characteristics common to 
old- growth forests. A study of secondary forests in central Panama 

ranging in age from 20 to 100 years showed that secondary forests 
increased in ecological similarity to old- growth forests over time 
in terms of shade tolerance but not in species composition (Dent 
et al., 2013). Similarly, the study of secondary succession following 
old field abandonment and the study of historical changes in forest 
vegetation and land use in central New England indicate that spe-
cies richness but not species composition in 150-  to 200- year- old 
forests were similar to old- growth forests (Foster et al., 1998; 
Nicholson & Monk, 1974). These studies support the idea that 
100– 200 years is not sufficient to attain forests with old- growth 
characteristics. However, to our knowledge no studies have exam-
ined secondary forests of more than 200 years old to evaluating 
whether the forest will eventually develop old- growth characteris-
tics and attain a high capacity for providing ecosystem services over 
multiple centuries.

Here we describe a case study, in which a ‘human- made forest’ 
in southeastern China has successionally developed over six centu-
ries to become an old natural forest with extraordinarily high levels 
of biodiversity, large carbon stocks and a deep cultural significance. 
We argue that although human disruption is currently the main cause 
of the disappearance of many old- growth forests, the many species 
that inhabit them, and the cultural links between human communities 
and the forest, such disruptions are not the only possible outcome. If 
well- managed or protected, marginal land can develop into an old nat-
ural forest with characteristics similar to primary old- growth forests; 
however, this process takes a very long period of time, likely multiple 
centuries. We also highlight that the successful protection of the for-
est, despite recent economic growth at the expense of natural forests, 
relies on both the deep cultural belief of the unity between the nature 
and people and the inclusion of the forest into the formal nature re-
serve system. Thus, we affirm that the protection of local culture and 
its incorporation into national nature reserve system are key to the 
protection of sacred forests with often unique ecosystem services.

3  | THE WANMULIN NATURE RESERVE

The Wanmulin (meaning forest with tens of thousands of trees) 
Nature Reserve (27°03′N, 118°09′E) is a low- elevation (230– 556 m) 
evergreen broadleaf forest located in Fangdo Town, Fujian Province 
of southeastern China (Figure 1). The annual mean temperature of 

TA B L E  1   Forest regeneration types and their biological and cultural diversity

Type Subtype Strength Weakness

Artificial regeneration/
tree plantation

Monoculture Rapid tree growth/High short- term 
market value

Very low biodiversity, limited 
connection to people

Mixed Low biodiversity, limited connection 
to people

Natural regeneration Without human assistance High biodiversity, co- development 
with local human community

Very slow succession to the mature 
stage, low short- term market value

With human assistance (e.g. weeding and 
exclusion of grazing at the initial stages)

High biodiversity, co- development 
with local human community

Slow succession to the mature 
stage, low market value
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the region is 18.7℃, with temperature highs of 28.5℃ in July and 
lows of 8.0℃ in January. The mean annual precipitation is 1,673 mm, 
which ranged from 1,010 mm to 2,028 mm between 1951 and 2010. 
The soil developed from granite parent material, is highly weathered 
and can be classified as humic Planosols in the FAO system, with a 
soil depth exceeding 1.0 m (Lin et al., 2011; Yang et al., 2009).

3.1 | The history

The 189- ha Wanmulin Nature Reserve, is a Fengshui (an ancient 
Chinese geomantic tradition which claims to use energy forces to 
harmonize environments) forest. It was a marginal land area used 
as a cemetery of the Yang family (Chen, 2000), and during this 
time was not forested. During a famine in 1,354, Mr Fushing Yang 
(1,305– 1,378)— an elite of the Yang family, gave one Chinese bushel 
(approximately 10 L) of millet to people suffering from the famine 
and, in exchange, he asked each of them to plant one Chinese fir 
Cunninghamia lanceolata sapling in his family graveyard (Chen, 2000; 
Qiu, 2010). This exchange (bushels of millet for the planting of trees) 
had two important purposes. For one, Mr Yang delivered the mes-
sage that there is no free lunch; more importantly, this eased doubts 
from the government that donating food to the poor people was a 
sign of suspicious economic activity (Qiu, 2010; Yu, 2001). In 1,385, 
when the forest plantation was 31 years old, well within the range 
of typical age of harvest for Chinese fir plantations (25– 50 years 
old; Yang, 1998), Mr Fuashing Yang's son donated approximately 
30,000 trees, covering an area of about 33 ha, for construction of 
the Biheshan (White Crane) Temple. As a reciprocal gesture of kind-
ness, the temple management team gave the Yang family a piece of 
land (Qiu, 2010). This is the only known large scale tree harvest to 
the forest plantation since its establishment.

In 1,399, after Mr Jong Yang, the grandson of Mr Fushing Yang 
passed the imperial examination at the provincial level, the site 

was locked down as a protected area by the provincial government 
(Yang, 2004). Since then, land development or felling trees in the 
forest has been forbidden. In 1954, the forest was designated as 
a no- logging forest by the Chinese government, and in 1973, it was 
further designated as a nature reserve. Furthermore, it was included 
into the Nature Reserve system of the Fujian Province in 1980 (Zheng 
et al., 2019), which was a few years before the reform and opening of 
China that led to the rapid industrialization and development of many 
forested lands over the past several decades. Because of the limited 
utilization and development, the site has been left largely un- managed 
allowing secondary succession to take place for approximately six 
centuries, making the Wanmulin Nature Reserve now an old forest 
(Figure 1).

4  | FOREST STRUC TUR AL 
CHAR AC TERISTIC S

Six major plant communities dominated by tree species common and 
native to the region can be identified within the Wanmulin Nature 
Reserve (Zhu et al., 1997). By 1997, the canopy height of the six 
plant communities ranged from 23 m to 32 m, with maximum di-
ameters at breast height (dbh) of the dominant tree species ranging 
from 46.7 cm to 100.5 cm, and tree ages spanning 120 ± 20 years to 
185 ± 15 years (estimated from Zhu et al., 1997; Table 2). However, 
the tallest tree within the Wanmulin Nature Reserve is a 41 m Pinus 
massoniana (Figure 2a) and the largest tree in terms of dbh is a 
190 cm Castanopsis lamontii (Figure 2b; Zheng et al., 2019). The ages 
of large trees are not perfectly determined; however, the oldest tree, 
a Cinnamomum micranthus, is estimated to be more than 500 years 
old, with a height of 36 m, a dbh of 175 cm, and crown dimensions of 
30 × 35 m (Zheng et al., 2019; Figure 2c).

The tree- diameter distributions for the Wanmulin Nature 
Reserve for the number of species and individuals are reverse 

F I G U R E  1   (a) The location of the Wanmulin Nature Reserve within the Fangdo Town, Fujian Province of China, (b) the distribution 
of dominant species- type forest communities within the reserve, and (c) a visual overlook of the reserve. The Wanmulin Nature Reserve 
was initiated as a human- made Chinese- fir plantation but is now an ~600- year old mixed- species forest with many old- growth forest 
characteristics and a high capacity to provide essential ecosystem services. Photo courtesy of Xiaohui Guan
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J- shaped (Bi et al., 2003), which is common for old- growth forests 
(McCarthy & Weetman, 2006; Rozas, 2006; Varga & Klinka, 2001), 
although other distribution types such as negative exponential 
model and Weibull functions could also be found in old- growth for-
ests (Westphal et al., 2006).

Coarse woody debris (diameter > 20 cm) of the old forests in 
the Wanmulin Nature Reserve is 23 Mg/ha with 77% from fallen 
trees and 22% from standing dead trees (He et al., 2010). Although 
23 Mg/ha is lower than some old- growth forests such as those in 
Northwestern Pacific (up to 173 Mg/ha, Spies & Franklin, 1988) and 
in south- central Chile (60– 89 Mg/ha, Schlegel & Donoso, 2008), 
it is comparable to the 21.8 Mg/ha of the old- growth forest in the 
Cumberland Plateau of southeastern Kentucky, United States (Muller 
& Liu, 1991), within the range of old- growth evergreen forests in 
British Columbia (17– 74 Mg/ha, Feller, 2003), and greater than the 
3.7– 15 Mg/ha reported for old- growth forests in southern Indiana, 
United States (MacMillan, 1988). Moreover, the coarse woody debris 
of the forests in the Wanmulin Nature Reserve is spread over a wide 
range of decay levels (14%, 26%, 32%, 26% and 2% for decay level 
from I to V, He et al., 2010), which is also characteristic of old- growth 
forests (Wirth et al., 2009).

Canopy gap size also has a reverse J- shape frequency distribu-
tion with a mean gap size of 75 m2, but gap size varies widely, ranging 
from <60 m2 to >800 m2 (Yan et al., 2002). A wide range of gap size 
has been suggested to contribute to high canopy species diversity 
of southern Appalachian cove old- growth forests of Kentucky and 
Tennessee, United States (Clebsch & Busing, 1989). Gap phase dy-
namics, which contributes to the population age/size- structure of 
old- growth forests (Rebertus & Veblen, 1993), play a key role on the 
regeneration of the Wanmulin Nature Reserve as seedlings of many 
of the tree species found in the forest (29 species in total) only re-
generate in canopy gaps (Yan et al., 2006).

5  | BIODIVERSIT Y AND BIOMA SS

5.1 | Plants and large fungi

There are 1,342 vascular plant species and 137 species of large 
fungi in the Wanmulin Nature Reserve. Among vascular plants, two 
species are listed in the national level I protection of wild plants, 
23 species are listed as national level II protected, and six species 
occur on provincial protection list (Table 3). Twenty- two of the 
species were not listed previously in the Flora of Fujian where the 
Wanmulin Nature Reserve is located, and are thus new records to 
the area. In addition, there are three species (Mazus wanmuliensis, 
Acidosasa chienouensis, Symplocos fukienensis) which were recorded 
for the first time, and found to be endemic to Fujian Province 
(Zheng et al., 2019).

A total of 963 insect species, 8 amphibian species, 22 reptile spe-
cies, 141 bird species and 35 mammal species have been recorded 
in the Wanmulin Nature Reserve (Zheng, 2013; Zheng et al., 2019). 
Among the animals, five species are listed in the national level I pro-
tection list, 23 species are listed in the national level II protection list, 
and 24 species are listed in provincial focal protection list, and 207 
species are listed in the general protection list (Zheng, 2013; Zheng 
et al., 2019).

TA B L E  2   Canopy height, maximum diameter at breast height 
(dbh) of the dominant tee species, and age of plant communities at 
the Wanmulin Nature Reserve (Modified from Zhu et al., 1997)

Community type
Canopy 
height (m)

Maximum 
dbh (cm)

Age 
(year)

Castanopsis carlesii 23 46.7 125 ± 20

Castanopsis fabri 25 49.8 125 ± 20

Tsoongiodendron 
odorum

28 77.0 145 ± 20

Altingia gracilipes 28 820.0 160 ± 15

Cinnamomum 
chekiangense

26 65.0 160 ± 15

Pinus massoniana 35 100.5 190 ± 15

F I G U R E  2   Tree giants of the Wanmulin Nature Reserve in Fuijan, China. (a) The tallest tree, a Pinus massoniana, with a height of 41 m, (b) 
the thickest tree, Castanopsis lamontii, diameter at breast height 190 cm and (c) and the oldest tree, Cinnamomum micranthus, >500 years old. 
Photos courtesy of Xiaohui Guan
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5.2 | Biomass/carbon storage

The above- ground biomass of trees in the Wanmulin Nature Reserve 
is around 400 Mg/ha, and based on a carbon concentration of 55.5%, 
the above- ground carbon stock is estimated to be around 224 Mg/ha  
(Huang et al., 2011). The above- ground biomass is much higher than 
other forests in China. According to a nationwide survey, the average 
above- ground biomass of all forests in China is 120 Mg/ha, and max-
imizing at >300 Mg/ha with subtropical evergreen broadleaf forests 
harboring about 140 Mg/ha (Su et al., 2016). Based on the survey 
of Su et al. (2016), the tropical monsoon forests– rainforests have 
the highest above- ground biomass in China, with more than 50% 
at the range of 100– 250 Mg/ha. In the region, the above- ground 
biomass of a natural evergreen broadleaf forest in the Gutianshan 
National Nature Reserve of Zhejiang Province is 180– 246 Mg/ha 
(Lin et al., 2012). Therefore, like many old- growth forests, the old 
forests within the Wanmulin Nature Reserve play an important 
role in cycling and storing carbon (Hoover et al., 2012; Luyssaert 
et al., 2008; Paw et al., 2004).

In terms of below- ground carbon, soil organic carbon of the 
Wanmulin Nature Reserve is 157 Mg/ha, 34% higher than adjacent 
secondary forests and more than two times the soil organic carbon 
stocks in nearby arable land (Yang et al., 2009). It is also considerably 
higher than the 100– 114 Mg/ha reported for subtropical broadleaf 
forests in China (Li & Zhao, 2001).

6  | CULTURE AND EDUC TIONAL VALUES 
AND ECOSYSTEM SERVICE VALUATION

The act of Mr Yang from more than 600 years ago, highlights the 
long- held Chinese belief of ‘unity between humans and the nature’, 
as well as the lesser- known Yang family value that ‘tree prosperity 
leads to family prosperity’ (Yu, 2001). The specific belief is emotional 
or even spiritual in nature, encompassing the assumption that trees 
grow well because of good land stewardship, and good stewards of 
land are also good family members. Following these beliefs, the an-
cient Yang family's action of planting trees in Wanmulin has led to 
the prosperity of the forest reserve, its conservation and a cultural 
heritage site that is closely linked to the prosperity of people in the 

region. This deeply rooted belief has played a key role in continued 
conservation of the Wanmulin Nature Reserve over the past six 
centuries.

Additionally, the Wanmulin Forest has inspired the creation of 
many works of artwork. Many paintings, poems and essays have 
also been inspired by the Wanmulin Nature Reserve and at least 
seven movies or documentaries (e.g. Love Castle of 1964 and 
Lufengpithecus Lufengensis of 1992) have been filmed within the 
Wanmulin Nature Reserve (Zheng et al., 2019).

The astonishing old- growth Wanmulin Forest along with its ex-
traordinary high biodiversity has attracted many scientific research-
ers. At least 16 different high schools, universities and research 
organizations have used Wanmulin Nature Reserve as an environ-
mental education site (Zheng et al., 2019), and 134 scientific journal 
articles about the Wanmulin Nature Reserve have been published 
covering both nature and social sciences [based on our literature 
search in Web- of- Science (three articles) and China Integrated 
Knowledge Resources Database (131 articles) using the keyword 
‘Wanmulin’ or ‘Wanmulin Nature Reserve’].

Based on the valuation assessment made by the Provincial 
Government of Hunan, China, the value of ecosystem services pro-
vided by the Wanmulin Nature Reserve is approximately $40 million 
USD annually, 41.4% of which comes from soil protection and im-
provement, 29.3% of which originates from air purification, 13.5% of 
which is related to water resource protection, 12.4% of which comes 
from timber products (estimated from the current market value of 
current timber divided by 600 years, as harvest has been forbidden 
since 1,399), and 3.6% of which is related to forest landscape attrac-
tion (Yu, 2001).

7  | WANMULIN NATURE RESERVE IN 
COMPARISON WITH OTHER SACRED 
FORESTS AND UNINTENTIALLY PROTEC TED 
FORESTS

Forests can be largely free from direct human influence for both 
intentional and unintentional reasons (Table 4). The formal con-
servation of forests with laws and conservation easements is well 
understood. However, in the absence of laws and conservation ease-
ments, the lack of direct human influence on natural areas which 
leads to secondary succession and forest development can arise in-
tentionally, (i.e. as a result of cultural or religious beliefs) or uninten-
tionally (i.e. unplanned, as in the case of old field abandonment or in 
remote, inaccessible areas) because there is no need to manage the 
forests yet (Peterken, 1996). The intentional (i.e. deliberate) conser-
vation and protection of sacred forests begs a deeper understanding 
from a cultural and value- based perspective. Forests may undergo 
intentional, albeit typically informal, protection because of religious, 
social, cultural or moral reasons, even despite having extractable 
ecosystem services.

For example, religious traditions from the Khasis, Faros and 
Jaintias tribal communities are closely linked to biodiversity levels, 

TA B L E  3   Biodiversity in the Wanmulin Nature Reserve. Data 
from Zheng (2013) and Zheng et al. (2019)

Species Genera Family Order Class

Vascular plant 1,342 619 169

Large fungi 137 56 30 8 4

Insect 963 112 17

Amphibians 8 4 1

Reptile 22 8 2

Bird 141 36 15

Mammals 35 16 17 7
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and forest structure in the sacred forests of Meghalaya, India, which 
are much better conserved than adjacent unprotected forests 
(Tiwari et al., 1998). In addition to intentional protection by religious 
or culture beliefs, forests in national parks and nature reserves are 
intentionally protected by laws for conservation purposes. Although 
the formal protection by conservation legislation is of relatively re-
cent origin (within the last 200 years), the forests protected often 
have much longer periods free from direct human disturbance be-
cause wildness or pristineness is one of the main reasons they were 
chosen for protection by laws. Their protection reflects intentional 
human efforts to keep certain areas of nature from the anthropo-
genic forces that are transforming them (Turner, 2014), and provides 
a link between intentional conservation and formal (i.e. legal) con-
servation areas. Such conservation efforts are rewarding, as national 
parks and other protected areas have been shown to be keystones to 
conservation and sustainable development (Nelson & Serafin, 2013). 
Natural forests with minimum human influences represent an im-
portant reference point for evaluating human impact on natural eco-
systems and for illustrating the interconnection between people and 
the natural woodlands (Peterken, 1996).

The Wanmulin Nature Reserve and many other sacred forests, 
globally, are unintentionally protected due to culture beliefs but not 
necessarily by laws, at least at the beginning. Like the Wanmulin 
Nature Reserve, many scared forests across the globe are key res-
ervoirs of biodiversity and have high cultural value (Ambinakudige 
& Sathish, 2009; Ormsby, 2011; Rots, 2017). For example, sacred 
forests in the Himalayan of southwest China are keystone habitats 
to bird conservation efforts (Brandt et al., 2013). In addition to the 
culture and religious significance, more than 100,000 sacred for-
ests in India are important refuge habitats for biodiversity conser-
vation, with some of them being international biodiversity hotspots 
(Ormsby & Bhagwat, 2010).

Sacred sites protected through community- based conservation 
due to religious and cultural beliefs are found on every continent ex-
cept Antarctica and have been considered an important component 
of global biological conservation (Bhagwat & Rutte, 2006). Without 
formal protection by laws, changes in the cultural or religious beliefs 
of the nearby communities in combination with the pressures from 
the demands for forest- derived natural resources (e.g. timber prod-
ucts) and for agriculture, industrial, commercial or residential devel-
opment impose threats to these forests (Ormsby & Bhagwat, 2010). 
It has been suggested that if local communities depend heavily 
on the forests to meet their needs, sacredness may not be suffi-
cient to ensure their persistence or sustainable use (Soury, 2007). 
Using the Wanmulin Nature Reserve as a case study, we illustrate 
that although cultural traditions were key to the protection of the 

Wanmulin Nature Reserve for multiple centuries, its inclusion to the 
nature reserve system granted and ensures its continuing protection 
via a formal conservation easement despite the increasing compet-
ing demands of land use in recent decades.

In contrast to the intentional protection of forests which re-
flects people's appreciation of the value of nature, many natural 
forests and second- growth forests in remote areas or developing 
from abandoned old fields are free from direct human disturbance 
because of the limited profit of managing them (i.e. unintentionally; 
Peterken, 1996). Many forests, which have naturally regenerated 
from abandoned old fields now provide a diverse range ecosys-
tem services such as habitat for biodiversity and large carbon se-
questration and storage capacity (Geddes et al., 2011; Johnston 
et al., 1996; Perring et al., 2012). Such unintentional conservation 
of forests is possible, and more- probably, in regions with large 
land areas relative to human population densities, such as parts of 
the United States of America (Johnson et al., 1991; Li et al., 2016; 
Pickett, 1982) and the alpine Andes (Sarmiento et al., 2003). 
However, without changes in the human valuation of the natural 
forests, they will continue to be converted to more profitable land 
uses, especially related to private or corporate interests. For exam-
ple, in New England, the expansion of secondary forests took place 
from the mid- 1800s until the 1990s following an abandonment of 
farmland (Foster et al., 1998), but between 1990 and 2005, a total 
of 133,000 ha of land has be deforested for residential or commer-
cial development (Jeon et al., 2014).

8  | IMPLIC ATIONS ON THE REL ATIONSHIP 
BET WEEN PEOPLE AND NATURE IN THE 
ANTHROPOCENE

Human beings, and societies as their collective, have unprecedently 
altered global ecosystems, leading to degraded ecosystems with re-
duced levels of ecosystem services (Western, 2001). This phenome-
non is one defining characteristic of the Anthropocene (Malhi, 2017). 
Restoration of degraded forests, especially tropical forests, is a major 
goal for current global forest management (Lamb et al., 2005). It has 
been suggested that ‘Aligning restoration goals and practices with nat-
ural regeneration can achieve the best possible outcome for achieving 
multiple social and environmental benefits at minimal cost’ (Chazdon 
& Guariguata, 2016). However, there are few examples available 
to demonstrate the long- term outcome of natural regeneration be-
cause most of the naturally regenerating second- growth forests are 
relatively young (several decades to one or two centuries) compared 
to the time needed to reach the old- growth stage.

TA B L E  4   The motivation, causes, challenges and examples of forests/ecosystems with low direct human disturbance

Motivation Causes Examples Challenges

Intentional Religious/Cultural beliefs Sacred sites, fengshui/geomantic sites Religious change, economic pressure

By laws National parks, National forests, Nature reserve Law enforcement

Non- intentional Low development value Abandoned old- fields, remote (low- accessibility) sites Changes in land values
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We have described a case study in which an ancient forest 
plantation was protected yet unmanaged, thereby allowing natu-
ral regeneration to take place, which resulted in a forest with many 
characteristics of an old- growth forest, including high biodiversity 
levels, even aged trees, and a highly variable gap size distribution. 
The Wanmulin Forest is also characterized by large carbon stocks 
(both below- ground and above- ground), cultural significance and 
many ecosystem services of high economic value. Thus, although 
anthropogenic activity is a main cause for the disappearance and 
degradation of many old- growth forests around the globe, it is not 
the only possible outcome. If current second- growth forests are 
well protected, they have the potential to develop into old for-
ests with characteristics similar to primary old- growth forests and 
extraordinarily high capacities for providing ecosystem services. 
However, it takes a long period of time to attain such old- growth 
forest attributes, most likely more than a few centuries. Thus, it is 
unwise to interpret the example of the Wanmulin Nature Reserve 
to claim that forest plantations are ecologically and culturally as 
valuable as old- growth forests, because it is the multiple centu-
ries of natural succession without human disturbance, not the 
establishment of forest plantation, that contributes most to the 
high levels of ecosystem services found in the Wanmulin Nature 
Reserve.

ACKNOWLEDG EMENTS
This study was supported by grants from National Natural Science 
Foundation of China (grant 31930071 and 31670623). The authors 
thank Professor Yusheng Yang for inviting the corresponding author 
(Teng- Chiu Lin) to visit the Wanmulin Nature Reserve and thank Dr 
Hongda Zeng for the production of Figure 1.

CONFLIC T OF INTERE S T
The authors declare no conflict of interest. Neither Dr Zhijie Yang 
nor Dr Yuesheng is from the Yang family that owned the Wanmulin 
forest.

AUTHORS'  CONTRIBUTIONS
T.- C.L., J.A.H. and Z.- j.Y. wrote the paper; Q.- r.Z., M.- x.Z. and H.- d.Z. 
collected the paper and took the pictures. All authors contributed to 
the drafts and gave final approval for the submission.

DATA AVAIL ABILIT Y S TATEMENT
Sources of all data used in this paper are clearly identified.

ORCID
Teng- Chiu Lin  https://orcid.org/0000-0003-1088-8771 

R E FE R E N C E S
Aide, T. M., Zimmerman, J. K., Pascarella, J. B., Rivera, L., & Marcano- Vega, H. 

(2000). Forest regeneration in a chronosequence of tropical abandoned 
pastures: Implications for restoration ecology. Restoration Ecology, 8(4), 
328– 338. https://doi.org/10.1046/j.1526- 100x.2000.80048.x

Ambinakudige, S., & Sathish, B. N. (2009). Comparing tree diversity and 
composition in coffee farms and sacred forests in the Western Ghats 

of India. Biodiversity and Conservation, 18(4), 987– 1000. https://doi.
org/10.1016/j.biocon.2013.06.014

Badalamenti, E., Battipaglia, G., Gristina, L., Novara, A., Rühl, J., Sala, 
G., Sapienza, L., Valentini, R., & La Mantia, T. (2019). Carbon stock 
increases up to old growth forest along a secondary succession in 
Mediterranean island ecosystems. PLoS ONE, 14(7), e0220194. 
https://doi.org/10.1371/journ al.pone.0220194

Baishya, R., Barik, S. K., & Upadhaya, K. (2009). Distribution pattern of 
aboveground biomass in natural and plantation forests of humid 
tropics in northeast India. Tropical Ecology, 50(2), 295– 304. Retrieved 
from http://www.trope col.com/pdf/open/PDF_50_2/J- 10.pdf

Baral, H., Guariguata, M. R., & Keenan, R. J. (2016). A proposed frame-
work for assessing ecosystem goods and services from planted for-
ests. Ecosystem Services, 22B, 260– 268. https://doi.org/10.1016/j.
ecoser.2016.10.002

Barlow, J., Gardner, T. A., Araujo, I. S., Avila- Pires, T. C., Bonaldo, A. B., 
Costa, J. E., Esposito, M. C., Ferreira, L. V., Hawes, J., Hernandez, M. 
I. M., Hoogmoed, M. S., Leite, R. N., Lo- Man- Hung, N. F., Malcolm, 
J. R., Martins, M. B., Mestre, L. A. M., Miranda- Santos, R., Nunes- 
Gutjahr, A. L., Overal, W. L., … Peres, C. A. (2007). Quantifying the 
biodiversity value of tropical primary, secondary, and plantation 
forests. Proceedings of the National Academy of Sciences of the United 
States of America, 104(47), 18555– 18560. https://doi.org/10.1073/
pnas.07033 33104

Barrios, E., Valencia, V., Jonsson, M., Brauman, A., Hairiah, K., Mortimer, 
P. E., & Okubo, S. (2018). Contribution of trees to the conserva-
tion of biodiversity and ecosystem services in agricultural land-
scapes. International Journal of Biodiversity Science, Ecosystem 
Services & Management, 14(1), 1– 16. https://doi.org/10.1080/21513 
732.2017.1399167

Bauhus, J., Puettmann, K., & Messier, C. (2009). Silviculture for old- 
growth attributes. Forest Ecology and Management, 258(4), 525– 537. 
https://doi.org/10.1016/j.foreco.2009.01.053

Bhagwat, S. A., & Rutte, C. (2006). Sacred groves: Potential for biodi-
versity management. Frontiers in Ecology and the Environment, 4(10), 
519– 524. https://doi.org/10.1890/1540- 9295(2006)4[519:SGPFB 
M]2.0.CO;2

Bi, J., Blanco, J. A., Seely, B., Kimmins, J. P., Ding, Y., & Welham, C. (2007). 
Yield decline in Chinese- fir plantations: A simulation investigation 
with implications for model complexity. Canadian Journal of Forest 
Research, 37(9), 1615– 1630. https://doi.org/10.1139/X07- 018

Bi, X., Hong, W., Wu, C., Yan, S., Feng, L., & Wang, X. (2003). Height 
structures of dominant species of different subtropical evergreen 
broadleaved forest communities in Wanmulin Natural Reserve. 
Chinese Journal of Applied Ecology, 14(12), 2355– 2358.

Bihn, J. H., Verhaagh, M., Brändle, M., & Brandl, R. (2008). Do second-
ary forests act as refuges for old growth forest animals? Recovery of 
ant diversity in the Atlantic forest of Brazil. Biological Conservation, 
141(3), 733– 743. https://doi.org/10.1016/j.biocon.2007.12.028

Bradshaw, R. H. (2004). Past anthropogenic influence on European 
forests and some possible genetic consequences. Forest Ecology 
and Management, 197(1– 3), 203– 212. https://doi.org/10.1016/j.
foreco.2004.05.025

Brandt, J. S., Wood, E. M., Pidgeon, A. M., Han, L. X., Fang, Z., & 
Radeloff, V. C. (2013). Sacred forests are keystone structures for 
forest bird conservation in southwest China’s Himalayan Mountains. 
Biological Conservation, 166, 34– 42. https://doi.org/10.1016/j.
biocon.2013.06.014

Bremer, L. L., & Farley, K. A. (2010). Does plantation forestry restore 
biodiversity or create green deserts? A synthesis of the effects 
of land- use transitions on plant species richness. Biodiversity and 
Conservation, 19(14), 3893– 3915. https://doi.org/10.1007/s1053 
1- 010- 9936- 4

Brockerhoff, E. G., Jactel, H., Parrotta, J. A., Quine, C. P., & Sayer, 
J. (2008). Plantation forests and biodiversity: Oxymoron or 

https://orcid.org/0000-0003-1088-8771
https://orcid.org/0000-0003-1088-8771
https://doi.org/10.1046/j.1526-100x.2000.80048.x
https://doi.org/10.1016/j.biocon.2013.06.014
https://doi.org/10.1016/j.biocon.2013.06.014
https://doi.org/10.1371/journal.pone.0220194
http://www.tropecol.com/pdf/open/PDF_50_2/J-10.pdf
https://doi.org/10.1016/j.ecoser.2016.10.002
https://doi.org/10.1016/j.ecoser.2016.10.002
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1073/pnas.0703333104
https://doi.org/10.1080/21513732.2017.1399167
https://doi.org/10.1080/21513732.2017.1399167
https://doi.org/10.1016/j.foreco.2009.01.053
https://doi.org/10.1890/1540-9295(2006)4%5B519:SGPFBM%5D2.0.CO;2
https://doi.org/10.1890/1540-9295(2006)4%5B519:SGPFBM%5D2.0.CO;2
https://doi.org/10.1139/X07-018
https://doi.org/10.1016/j.biocon.2007.12.028
https://doi.org/10.1016/j.foreco.2004.05.025
https://doi.org/10.1016/j.foreco.2004.05.025
https://doi.org/10.1016/j.biocon.2013.06.014
https://doi.org/10.1016/j.biocon.2013.06.014
https://doi.org/10.1007/s10531-010-9936-4
https://doi.org/10.1007/s10531-010-9936-4


     |  9People and NatureYANG et Al.

opportunity? Biodiversity and Conservation, 17(5), 925– 951. https://
doi.org/10.1007/s1053 1- 008- 9380- x

Brown, S., & Lugo, A. E. (1990). Tropical secondary forests. Journal of 
Tropical Ecology, 6(1), 1– 32. https://doi.org/10.1017/S0266 46740 
0003989

Chakraborty, A. (2018). Shirakami Mountains: Old- growth forests of 
Siebold’s Beech supporting biodiversity in a dynamic landscape. 
In A. Chakraborty, K. Mokudai, M. Cooper, M. Watanabe, & S. 
Chakraborty (Eds.), Natural Heritage of Japan (pp. 49– 60). Springer.

Chapman, J. I., & McEwan, R. W. (2016). Thirty years of compositional 
change in an old- growth temperate forest: The role of topographic 
gradients in oak- maple dynamics. PLoS ONE, 11(7), e0160238. 
https://doi.org/10.1371/journ al.pone.0160238

Chazdon, R. L. (2017). Landscape restoration, natural regeneration, and 
the forests of the Future. Annals of the Missouri Botanical Garden, 
102(2), 251– 257. https://doi.org/10.3417/2016035

Chazdon, R. L., & Guariguata, M. R. (2016). Natural regeneration as a 
tool for large- scale forest restoration in the tropics: Prospects and 
challenges. Biotropica, 48(6), 716– 730. https://doi.org/10.1111/
btp.12381

Chazdon, R. L., & Uriarte, M. (2016). Natural regeneration in the con-
text of large- scale forest and landscape restoration in the tropics. 
Biotropica, 48(6), 709– 715. https://doi.org/10.1111/btp.12409

Chen, M. (2000). Traditional Fengshui views in relation to soil and water 
conservation. Fujian Soil and Water Conservation, 12(2), 13– 16 (In 
Chinese).

Clebsch, E. E., & Busing, R. T. (1989). Secondary succession, gap dynam-
ics, and community structure in a southern Appalachian cove forest. 
Ecology, 70(3), 728– 735. https://doi.org/10.2307/1940223

Connell, D. J., Shapiro, J., & Lavallee, L. (2015). Old- growth forest 
values: A case study of the ancient cedars of British Columbia. 
Society & Natural Resources, 28(12), 1323– 1339. https://doi.
org/10.1080/08941 920.2015.1041660

Crouzeilles, R., Beyer, H. L., Monteiro, L. M., Feltran- Barbieri, R., Pessôa, 
A. C. M., Barros, F. S. M., Lindenmayer, D. B., Lino, E. D. S. M., Grelle, 
C. E. V., Chazdon, R. L., Matsumoto, M., Rosa, M., Latawiec, A. E., & 
Strassburg, B. B. N. (2020). Achieving cost- effective landscape- scale 
forest restoration through targeted natural regeneration. Conservation 
Letters, 13(3), e12709. https://doi.org/10.1111/conl.12709

De Stefano, A., & Jacobson, M. G. (2018). Soil carbon sequestration in 
agroforestry systems: A meta- analysis. Agroforestry Systems, 92(2), 
285– 299. https://doi.org/10.1007/s1045 7- 017- 0147- 9

Dent, D. H., DeWalt, S. J., & Denslow, J. S. (2013). Secondary for-
ests of central Panama increase in similarity to old- growth 
forest over time in shade tolerance but not species composi-
tion. Journal of Vegetation Science, 24(3), 530– 542. https://doi.
org/10.1111/j.1654- 1103.2012.01482.x

Desai, A. R., Bolstad, P. V., Cook, B. D., Davis, K. J., & Carey, E. V. (2005). 
Comparing net ecosystem exchange of carbon dioxide between an 
old- growth and mature forest in the upper Midwest, USA. Agricultural 
and Forest Meteorology, 128(1– 2), 33– 55. https://doi.org/10.1016/j.
agrfo rmet.2004.09.005

Donato, D. C., Harvey, B. J., & Turner, M. G. (2016). Regeneration of 
montane forests 24 years after the 1988 Yellowstone fires: A fire- 
catalyzed shift in lower treelines? Ecosphere, 7(8), e01410. https://
doi.org/10.1002/ecs2.1410

Evans, M. C., Carwardine, J., Fensham, R. J., Butler, D. W., Wilson, K. 
A., Possingham, H. P., & Martin, T. G. (2015). Carbon farming via 
assisted natural regeneration as a cost- effective mechanism for 
restoring biodiversity in agricultural landscapes. Environmental 
Science & Policy, 50, 114– 129. https://doi.org/10.1016/j.
envsci.2015.02.003

FAO. (2020). Global Forest Resources Assessment 2020. FAO Forestry 
Paper, UN Food and Agriculture Organization, Rome.

Feller, M. C. (2003). Coarse woody debris in the old- growth forests of 
British Columbia. Environmental Reviews, 11(S1), S135– S157. https://
doi.org/10.1139/a03- 008

Foo, C. H. (2016). Linking forest naturalness and human wellbeing –  A 
study on public's experiential connection to remnant forests within a 
highly urbanized region in Malaysia. Urban Forestry & Urban Greening, 
16, 13– 24. https://doi.org/10.1016/j.ufug.2016.01.005

Foster, D. R., Motzkin, G., & Slater, B. (1998). Land- use history as long- 
term broad- scale disturbance: Regional forest dynamics in central 
New England. Ecosystems, 1(1), 96– 119. https://doi.org/10.1007/
s1002 19900008

Geddes, L. S., Lunt, I. D., Smallbone, L. T., & Morgan, J. W. (2011). Old 
field colonization by native trees and shrubs following land use 
change: Could this be Victoria’s largest example of landscape recov-
ery? Ecological Management & Restoration, 12(1), 31– 36. https://doi.
org/10.1111/j.1442- 8903.2011.00570.x

He, X., Yang, Z., Guo, J., Chen, G., Ma, S., & Zhang, B. (2010). Composition 
and storage of woody debris in mid- subtropical evergreen broad- 
leaved forest in Wanmulin Nature Reserve. Journal of Subtropical 
Resources and Environment, 5(2), 46– 52.

Hoover, C. M., Leak, W. B., & Keel, B. G. (2012). Benchmark carbon stocks 
from old- growth forests in northern New England, USA. Forest 
Ecology and Management, 266, 108– 114. https://doi.org/10.1016/j.
foreco.2011.11.010

Horák, J., Brestovanská, T., Mladenović, S., Kout, J., Bogusch, P., Halda, J. 
P., & Zasadil, P. (2019). Green desert? Biodiversity patterns in forest 
plantations. Forest Ecology and Management, 433, 343– 348. https://
doi.org/10.1016/j.foreco.2018.11.019

Huang, R., Wang, C., Yang, Z., & Chen, G. (2011). Allocation of carbon 
storage in the arbor layer of young and old- growth evergreen broad- 
leaved forests in Wanmulin. Journal of Subtropical Resources and 
Environment, 6(2), 29– 35.

Inouye, R. S., Huntly, N. J., Tilman, D., Tester, J. R., Stillwell, M., & Zinnel, 
K. C. (1987). Old- field succession on a Minnesota sand plain. Ecology, 
68(1), 12– 26. https://doi.org/10.2307/1938801

Ishii, H. T., Manabe, T., Ito, K., Fujita, N., Imanishi, A., Hashimoto, D., & 
Iwasaki, A. (2010). Integrating ecological and cultural values toward 
conservation and utilization of shrine/temple forests as urban green 
space in Japanese cities. Landscape and Ecological Engineering, 6(2), 
307– 315. https://doi.org/10.1007/s1135 5- 010- 0104- 5

Jeon, S. B., Olofsson, P., & Woodcock, C. E. (2014). Land use change 
in New England: A reversal of the forest transition. Journal of 
Land Use Science, 9(1), 105– 130. https://doi.org/10.1080/17474 
23X.2012.754962

Johnson, N. C., Zak, D. R., Tilman, D., & Pfleger, F. L. (1991). Dynamics 
of vesicular- arbuscular mycorrhizae during old field succession. 
Oecologia, 86(3), 349– 358. https://doi.org/10.1007/bf003 17600

Johnston, M. H., Homann, P. S., Engstrom, J. K., & Grigal, D. F. (1996). Changes 
in ecosystem carbon storage over 40 years on an old- field/forest land-
scape in east- central Minnesota. Forest Ecology and Management, 83(1– 
2), 17– 26. https://doi.org/10.1016/0378- 1127(96)03704 - 8

Lai, R. (2004). Soil carbon sequestration in natural and managed trop-
ical forest ecosystems. Journal of Sustainable Forestry, 21(1), 1– 30. 
https://doi.org/10.1300/J091v 21n01_01

Lamb, D., Erskine, P. D., & Parrotta, J. A. (2005). Restoration of degraded 
tropical forest landscapes. Science, 310(5754), 1628– 1632. https://
doi.org/10.1126/scien ce.1111773

Li, S. P., Cadotte, M. W., Meiners, S. J., Pu, Z., Fukami, T., & Jiang, L. (2016). 
Convergence and divergence in a long- term old- field succession: The 
importance of spatial scale and species abundance. Ecology Letters, 
19(9), 1101– 1109. https://doi.org/10.1111/ele.12647

Li, W. (2004). Degradation and restoration of forest ecosystems in 
China. Forest Ecology and Management, 201(1), 33– 41. https://doi.
org/10.1016/j.foreco.2004.06.010

https://doi.org/10.1007/s10531-008-9380-x
https://doi.org/10.1007/s10531-008-9380-x
https://doi.org/10.1017/S0266467400003989
https://doi.org/10.1017/S0266467400003989
https://doi.org/10.1371/journal.pone.0160238
https://doi.org/10.3417/2016035
https://doi.org/10.1111/btp.12381
https://doi.org/10.1111/btp.12381
https://doi.org/10.1111/btp.12409
https://doi.org/10.2307/1940223
https://doi.org/10.1080/08941920.2015.1041660
https://doi.org/10.1080/08941920.2015.1041660
https://doi.org/10.1111/conl.12709
https://doi.org/10.1007/s10457-017-0147-9
https://doi.org/10.1111/j.1654-1103.2012.01482.x
https://doi.org/10.1111/j.1654-1103.2012.01482.x
https://doi.org/10.1016/j.agrformet.2004.09.005
https://doi.org/10.1016/j.agrformet.2004.09.005
https://doi.org/10.1002/ecs2.1410
https://doi.org/10.1002/ecs2.1410
https://doi.org/10.1016/j.envsci.2015.02.003
https://doi.org/10.1016/j.envsci.2015.02.003
https://doi.org/10.1139/a03-008
https://doi.org/10.1139/a03-008
https://doi.org/10.1016/j.ufug.2016.01.005
https://doi.org/10.1007/s100219900008
https://doi.org/10.1007/s100219900008
https://doi.org/10.1111/j.1442-8903.2011.00570.x
https://doi.org/10.1111/j.1442-8903.2011.00570.x
https://doi.org/10.1016/j.foreco.2011.11.010
https://doi.org/10.1016/j.foreco.2011.11.010
https://doi.org/10.1016/j.foreco.2018.11.019
https://doi.org/10.1016/j.foreco.2018.11.019
https://doi.org/10.2307/1938801
https://doi.org/10.1007/s11355-010-0104-5
https://doi.org/10.1080/1747423X.2012.754962
https://doi.org/10.1080/1747423X.2012.754962
https://doi.org/10.1007/bf00317600
https://doi.org/10.1016/0378-1127(96)03704-8
https://doi.org/10.1300/J091v21n01_01
https://doi.org/10.1126/science.1111773
https://doi.org/10.1126/science.1111773
https://doi.org/10.1111/ele.12647
https://doi.org/10.1016/j.foreco.2004.06.010
https://doi.org/10.1016/j.foreco.2004.06.010


10  |    People and Nature YANG et Al.

Li, Z., & Zhao, Q. (2001). Organic carbon content and distribution in soils 
under different land uses in tropical and subtropical China. Plant and 
Soil, 231(2), 175– 185. https://doi.org/10.1023/a:10103 50020951

Lin, C., Yang, Y., Guo, J., Chen, G., & Xie, J. (2011). Fine root decompo-
sition of evergreen broadleaved and coniferous tree species in mid- 
subtropical China: Dynamics of dry mass, nutrient and organic frac-
tions. Plant and Soil, 338(1), 311– 327. https://doi.org/10.1007/s1110 
4- 010- 0547- 3

Lin, D., Lai, J., Muller- Landau, H. C., Mi, X., & Ma, K. (2012). Topographic 
variation in aboveground biomass in a subtropical evergreen 
broad- leaved forest in China. PLoS ONE, 7(10), e48244. https://doi.
org/10.1371/journ al.pone.0048244

Lin, D., Lai, J., Yang, B., Song, P., Li, N., Ren, H., & Ma, K. (2015). Forest 
biomass recovery after different anthropogenic disturbances: 
Relative importance of changes in stand structure and wood den-
sity. European Journal of Forest Research, 134(5), 769– 780. https://doi.
org/10.1007/s1034 2- 015- 0888- 9

Liu, C. L. C., Kuchma, O., & Krutovsky, K. V. (2018). Mixed- species versus 
monocultures in plantation forestry: Development, benefits, ecosystem 
services and perspectives for the future. Global Ecology and Conservation, 
15, e00419. https://doi.org/10.1016/j.gecco.2018.e00419

Luyssaert, S., Schulze, E.- D., Börner, A., Knohl, A., Hessenmöller, D., 
Law, B. E., Ciais, P., & Grace, J. (2008). Old- growth forests as global 
carbon sinks. Nature, 455(7210), 213– 215. https://doi.org/10.1038/
natur e07276

MacMillan, P. C. (1988). Decomposition of coarse woody debris in an old- 
growth Indiana forest. Canadian Journal of Forest Research, 18(11), 
1353– 1362. https://doi.org/10.1139/x88- 212

Malhi, Y. (2017). The concept of the Anthropocene. Annual Review of 
Environment and Resources, 42, 77– 104. https://doi.org/10.1146/
annur ev- envir on- 10201 6- 060854

McCarthy, J. W., & Weetman, G. (2006). Age and size structure of gap- 
dynamic, old- growth boreal forest stands in Newfoundland. Silva 
Fennica, 40(2), 209– 230. https://doi.org/10.14214/ sf.339

McMullin, R. T., Duinker, P. N., Richardson, D. H., Cameron, R. P., 
Hamilton, D. C., & Newmaster, S. G. (2010). Relationships between 
the structural complexity and lichen community in coniferous for-
ests of southwestern Nova Scotia. Forest Ecology and Management, 
260(5), 744– 749. https://doi.org/10.1016/j.foreco.2010.05.032

Moore, K. D. (2007). In the shadow of the cedars: The spiritual values of 
old- growth forests. Conservation Biology, 21(4), 1120– 1123. https://
doi.org/10.1111/j.1523- 1739.2007.00669.x

Moyer, J. M., Owen, R. J., & Duinker, P. N. (2008). Forest values: A 
framework for old- growth forest with implications for other forest 
conditions. The Open Forest Science Journal, 1(1), 27– 36. https://doi.
org/10.2174/18743 98600 80101 0027

Muller, R. N., & Liu, Y. (1991). Coarse woody debris in an old- growth de-
ciduous forest on the Cumberland Plateau, southeastern Kentucky. 
Canadian Journal of Forest Research, 21(11), 1567– 1572. https://doi.
org/10.1139/x91- 218

Nelson, J. G., & Serafin, R. (2013). National parks and protected areas: 
Keystones to conservation and sustainable development (Vol. 40). 
Springer Science & Business Media.

Nicholson, S. A., & Monk, C. D. (1974). Plant species diversity in old- field 
succession on the Georgia Piedmont. Ecology, 55(5), 1075– 1085. 
https://doi.org/10.2307/1940357

Ormsby, A. A. (2011). The impacts of global and national policy on the 
management and conservation of sacred groves of India. Human 
Ecology, 39(6), 783– 793. https://doi.org/10.1007/s1074 5- 011- 9441- 8

Ormsby, A. A., & Bhagwat, S. A. (2010). Sacred forests of India: A 
strong tradition of community- based natural resource management. 
Environmental Conservation, 37(3), 320– 326. https://doi.org/10.1017/
S0376 89291 0000561

Paw U, K. T., Falk, M., Suchanek, T. H., Ustin, S. L., Chen, J., Park, Y.- 
S., Winner, W. E., Thomas, S. C., Hsiao, T. C., Shaw, R. H., King, 

T. S., Pyles, R. D., Schroeder, M., & Matista, A. A. (2004). Carbon 
dioxide exchange between an old- growth forest and the atmo-
sphere. Ecosystems, 7(5), 513– 524. https://doi.org/10.1007/s1002 
1- 004- 0141- 8

Perring, M. P., Standish, R. J., Hulvey, K. B., Lach, L., Morald, T. K., 
Parsons, R., Didham, R. K., & Hobbs, R. J. (2012). The Ridgefield 
multiple ecosystem services experiment: Can restoration of for-
mer agricultural land achieve multiple outcomes? Agriculture, 
Ecosystems & Environment, 163, 14– 27. https://doi.org/10.1016/j.
agee.2012.02.016

Peterken, G. F. (1996). Natural woodland: Ecology and conservation in 
northern temperate regions. Cambridge University Press.

Pickett, S. T. A. (1982). Population patterns through twenty years of old-
field succession. Vegetatio, 49(1), 45– 59. https://doi.org/10.1007/
BF000 51566

Qiu, X. (2010). Protection history of Wanmulin (woodland of thousands 
species) and its implication on ecological construction. Journal of 
Beijing Forestry University (Social Sciences), 9(2), 6– 9.

Quine, C. P. (2015). 15 The curious case of the even- aged plantation: 
Wretched, funereal or misunderstood? Europe's changing woods and for-
ests: From wildwood to managed landscapes, 207. CABI.

Rebertus, A. J., & Veblen, T. T. (1993). Structure and tree- fall gap dy-
namics of old- growth Nothofagus forests in Tierra del Fuego, 
Argentina. Journal of Vegetation Science, 4(5), 641– 654. https://doi.
org/10.2307/3236129

Rots, A. P. (2017). Shinto, nature and ideology in contemporary Japan: 
Making sacred forests. Bloomsbury Publishing.

Rozas, V. (2006). Structural heterogeneity and tree spatial patterns in an 
old- growth deciduous lowland forest in Cantabria, northern Spain. Plant 
Ecology, 185(1), 57– 72. https://doi.org/10.1007/s1125 8- 005- 9084- 1

Sang, P. M., Lamb, D., Bonner, M., & Schmidt, S. (2013). Carbon seques-
tration and soil fertility of tropical tree plantations and secondary 
forest established on degraded land. Plant and Soil, 362(1– 2), 187– 
200. https://doi.org/10.1007/s1110 4- 012- 1281- 9

Sarmiento, L., Llambí, L. D., Escalona, A., & Marquez, N. (2003). 
Vegetation patterns, regeneration rates and divergence in an old- 
field succession of the high tropical Andes. Plant Ecology, 166(1), 145– 
156. https://doi.org/10.1023/A:10232 62724696

Schlegel, B. C., & Donoso, P. J. (2008). Effects of forest type and 
stand structure on coarse woody debris in old- growth rainfor-
ests in the Valdivian Andes, south- central Chile. Forest Ecology and 
Management, 255(5– 6), 1906– 1914. https://doi.org/10.1016/j.
foreco.2007.12.013

Shono, K., Cadaweng, E. A., & Durst, P. B. (2007). Application of assisted natural 
regeneration to restore degraded tropical forestlands. Restoration Ecology, 
15(4), 620– 626. https://doi.org/10.1111/j.1526- 100X.2007.00274.x

Shono, K., Chazdon, R., Bodin, B., Wilson, S. J., & Durst, P. (2020). 
Assisted natural regeneration: Harnessing nature for restoration. 
Unasylva, 252, 71– 81.

Sohngen, B., & Brown, S. (2006). The influence of conversion of forest 
types on carbon sequestration and other ecosystem services in the 
South Central United States. Ecological Economics, 57(4), 698– 708. 
https://doi.org/10.1016/j.ecole con.2005.06.001

Soury, A. (2007). Sacred Forests: A Sustainable Conservation Strategy? The 
Case of Sacred Forests in the Ouémé. Wageningen University.

Spies, T. A., & Franklin, J. F. (1988). Old growth and forest dynamics in the 
Douglas- fir region of western Oregon and Washington. Natural Areas 
Journal, 8(3), 190– 201.

Su, Y., Guo, Q., Xue, B., Hu, T., Alvarez, O., Tao, S., & Fang, J. (2016). Spatial 
distribution of forest aboveground biomass in China: Estimation 
through combination of spaceborne lidar, optical imagery, and forest 
inventory data. Remote Sensing of Environment, 173, 187– 199. https://
doi.org/10.1016/j.rse.2015.12.002

Sutherland, I. J., Gergel, S. E., & Bennett, E. M. (2016). Seeing the forest 
for its multiple ecosystem services: Indicators for cultural services 

https://doi.org/10.1023/a:1010350020951
https://doi.org/10.1007/s11104-010-0547-3
https://doi.org/10.1007/s11104-010-0547-3
https://doi.org/10.1371/journal.pone.0048244
https://doi.org/10.1371/journal.pone.0048244
https://doi.org/10.1007/s10342-015-0888-9
https://doi.org/10.1007/s10342-015-0888-9
https://doi.org/10.1016/j.gecco.2018.e00419
https://doi.org/10.1038/nature07276
https://doi.org/10.1038/nature07276
https://doi.org/10.1139/x88-212
https://doi.org/10.1146/annurev-environ-102016-060854
https://doi.org/10.1146/annurev-environ-102016-060854
https://doi.org/10.14214/sf.339
https://doi.org/10.1016/j.foreco.2010.05.032
https://doi.org/10.1111/j.1523-1739.2007.00669.x
https://doi.org/10.1111/j.1523-1739.2007.00669.x
https://doi.org/10.2174/1874398600801010027
https://doi.org/10.2174/1874398600801010027
https://doi.org/10.1139/x91-218
https://doi.org/10.1139/x91-218
https://doi.org/10.2307/1940357
https://doi.org/10.1007/s10745-011-9441-8
https://doi.org/10.1017/S0376892910000561
https://doi.org/10.1017/S0376892910000561
https://doi.org/10.1007/s10021-004-0141-8
https://doi.org/10.1007/s10021-004-0141-8
https://doi.org/10.1016/j.agee.2012.02.016
https://doi.org/10.1016/j.agee.2012.02.016
https://doi.org/10.1007/BF00051566
https://doi.org/10.1007/BF00051566
https://doi.org/10.2307/3236129
https://doi.org/10.2307/3236129
https://doi.org/10.1007/s11258-005-9084-1
https://doi.org/10.1007/s11104-012-1281-9
https://doi.org/10.1023/A:1023262724696
https://doi.org/10.1016/j.foreco.2007.12.013
https://doi.org/10.1016/j.foreco.2007.12.013
https://doi.org/10.1111/j.1526-100X.2007.00274.x
https://doi.org/10.1016/j.ecolecon.2005.06.001
https://doi.org/10.1016/j.rse.2015.12.002
https://doi.org/10.1016/j.rse.2015.12.002


     |  11People and NatureYANG et Al.

in heterogeneous forests. Ecological Indicators, 71, 123– 133. https://
doi.org/10.1016/j.ecoli nd.2016.06.037

Tiwari, B. K., Barik, S. K., & Tripathi, R. S. (1998). Biodiversity value, 
status, and strategies for conservation of sacred groves of 
Meghalaya. India. Ecosystem Health, 4(1), 20– 32. https://doi.
org/10.1046/j.1526- 0992.1998.00068.x

Turner, J. M. (2014). Rethinking American exceptionalism: Toward a trans-
national history of national parks, wilderness, and protected areas. 
Oxford Unviersity Press.

Turner, M. G., Romme, W. H., Gardner, R. H., & Hargrove, W. W. (1997). 
Effects of fire size and pattern on early succession in Yellowstone 
National Park. Ecological Monographs, 67(4), 411– 433. https://doi.
org/10.1890/0012- 9615(1997)067[0411:EOFSA P]2.0.CO;2

Varga, P., & Klinka, K. (2001). Structure of high- elevation, old- growth 
stands in west- central British Columbia. Canadian Journal of Forest 
Research, 31(12), 2098– 2106. https://doi.org/10.1139/x01- 148

Western, D. (2001). Human- modified ecosystems and future evolution. 
Proceedings of the National Academy of Sciences of the United States 
of America, 98(10), 5458– 5465. https://doi.org/10.1073/pnas.10109 
3598

Westphal, C., Tremer, N., von Oheimb, G., Hansen, J., von Gadow, K., & 
Härdtle, W. (2006). Is the reverse J- shaped diameter distribution uni-
versally applicable in European virgin beech forests? Forest Ecology 
and Management, 223(1– 3), 75– 83. https://doi.org/10.1016/j.
foreco.2005.10.057

Wirth, C., Gleixner, G., & Heimann, M. (2009). Old- growth forests: 
Function, fate and value –  An overview. In C. Wirth, G. Gleixner, & 
M. Heimann (Eds.), Old- growth forests (pp. 3– 10). Springer.

Yackulic, C. B., Bailey, L. L., Dugger, K. M., Davis, R. J., Franklin, A. B., 
Forsman, E. D., Ackers, S. H., Andrews, L. S., Diller, L. V., Gremel, S. 
A., Hamm, K. A., Herter, D. R., Higley, J. M., Horn, R. B., McCafferty, 
C., Reid, J. A., Rockweit, J. T., & Sovern, S. G. (2019). The past and 
future roles of competition and habitat in the range- wide occupancy 
dynamics of Northern Spotted Owls. Ecological Applications, 29(3), 
e01861. https://doi.org/10.1002/eap.1861

Yan, S., Hong, W., Hong, T., & Wu, C. (2006). Changes of species diversity 
in gap gradient of mid- subtropical broad- leaved forest in Wanmulin 
Forest. Chinese Journal of Applied Ecology, 17(5), 947– 950.

Yan, S., Hong, W., & Wu, C. (2002). A study on Weibull model for gap area 
in mid- subtropical evergreen broadleaved forest in Wanmulin. Acta 
Agriculturae Universitatis Jianxiensis, 24(6), 802– 805.

Yang, C. (2004). The current status of and suggestions for the future 
development of the Jian’ou Wanmulin Nature Reserve. Wuyi Science 
Journal, 20(1), 195– 198 (In Chinese).

Yang, Y. (1998). Studies on the sustainable management of Chinese fir (in 
Chinese). China Forestry Press.

Yang, Y., Wang, L., Yang, Z., Xu, C., Xie, J., Chen, G., Lin, C., Guo, J., Liu, 
X., Xiong, D., Lin, W., Chen, S., He, Z., Lin, K., Jiang, M., & Lin, T.- C. 
(2018). Large ecosystem service benefits of assisted natural regen-
eration. Journal of Geophysical Research: Biogeosciences, 123(2), 676– 
687. https://doi.org/10.1002/2017J G004267

Yang, Y., Xie, J., Sheng, H., Chen, G., Li, X., & Yang, Z. (2009). The impact 
of land use/cover change on storage and quality of soil organic car-
bon in midsubtropical mountainous area of southern China. Journal 
of Geographical Sciences, 19(1), 49– 57. https://doi.org/10.1007/s1144 
2- 009- 0049- 5

Yazzie, V. (2007). The tribal perspective of old growth in frequent- fire 
forests— Its history. Ecology and Society, 12(2), 21.

Yetti, H., Arifin, A., Mohd, N. M., Hazandy, A. H., Shamshuddin, J., Nik, M. 
M., Heriansyah, I., Ajang, L., & Khairulmazmi, A. (2011). Comparing 
the fertility of soils under Khaya ivorensis plantation and regenerated 
degraded secondary forests. American Journal of Applied Sciences, 
8(5), 472– 480. https://doi.org/10.3844/ajassp.2011.472.480

Yu, X. (2001). The ecological ethics ponderation on the forest with myr-
iad trees- Commemorating the forest with Myriad Trees in Jian’ou for 
600 years. Journal of Fujian Forestry of Science and Technology, 28(1), 
5– 7.

Yu, Z., Liu, S., Wang, J., Wei, X., Schuler, J., Sun, P., Harper, R., & 
Zegre, N. (2019). Natural forests exhibit higher carbon se-
questration and lower water consumption than planted for-
ests in China. Global Change Biology, 25(1), 68– 77. https://doi.
org/10.1111/gcb.14484

Yuan, Z., Gazol, A., Wang, X., Lin, F., Ye, J. I., Zhang, Z., Suo, Y. Y., Kuang, 
X. U., Wang, Y., Jia, S., & Hao, Z. (2016). Pattern and dynamics of bio-
mass stock in old growth forests: The role of habitat and tree size. Acta 
Oecologica, 75, 15– 23. https://doi.org/10.1016/j.actao.2016.06.007

Zenner, E. K. (2004). Does old- growth condition imply high live- tree 
structural complexity? Forest Ecology and Management, 195(1– 2), 
243– 258. https://doi.org/10.1016/j.foreco.2004.03.026

Zhang, Z., Swaisgood, R. R., Zhang, S., Nordstrom, L. A., Wang, H., Gu, 
X., Hu, J., & Wei, F. (2011). Old- growth forest is what giant pandas 
really need. Biology Letters, 7(3), 403– 406. https://doi.org/10.1098/
rsbl.2010.1081

Zheng, Q. (2013). A probe into the ecological cultures of the ancient 
forest in Wanmulin. Journal of Fujian Science and Technology, 40(3), 
143– 147.

Zheng, Q., Zhuo, M., Huang, H., & Zhang, H. (2019). Quest for Wanmulin 
[M]. Fujian Province Cartographic Publishing House.

Zhou, G., Liu, S., Li, Z., Zhang, D., Tang, X., Zhou, C., Yan, J., & 
Mo, J. (2006). Old- growth forests can accumulate carbon in 
soils. Science, 314(5804), 1417. https://doi.org/10.1126/scien 
ce.1130168

Zhu, J., Jiang, Z., Zheng, Q., & Jiang, W. (1997). A study on the species 
diversity in the forest community of Wanmulin Nature Reserve, 
Fujian Province. Journal of Nanjing Forestry University, 21(4), 11– 16.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Yang, Z.- J., Zheng, Q.- R., Zhuo, M.- X., 
Zeng, H.- D., Hogan, J. A., & Lin, T.- C. (2021). A culture of 
conservation: How an ancient forest plantation turned into 
an old-growth forest reserve –  The story of the Wamulin 
forest. People and Nature, 00, 1– 11. https://doi.org/10.1002/
pan3.10248

https://doi.org/10.1016/j.ecolind.2016.06.037
https://doi.org/10.1016/j.ecolind.2016.06.037
https://doi.org/10.1046/j.1526-0992.1998.00068.x
https://doi.org/10.1046/j.1526-0992.1998.00068.x
https://doi.org/10.1890/0012-9615(1997)067%5B0411:EOFSAP%5D2.0.CO;2
https://doi.org/10.1890/0012-9615(1997)067%5B0411:EOFSAP%5D2.0.CO;2
https://doi.org/10.1139/x01-148
https://doi.org/10.1073/pnas.101093598
https://doi.org/10.1073/pnas.101093598
https://doi.org/10.1016/j.foreco.2005.10.057
https://doi.org/10.1016/j.foreco.2005.10.057
https://doi.org/10.1002/eap.1861
https://doi.org/10.1002/2017JG004267
https://doi.org/10.1007/s11442-009-0049-5
https://doi.org/10.1007/s11442-009-0049-5
https://doi.org/10.3844/ajassp.2011.472.480
https://doi.org/10.1111/gcb.14484
https://doi.org/10.1111/gcb.14484
https://doi.org/10.1016/j.actao.2016.06.007
https://doi.org/10.1016/j.foreco.2004.03.026
https://doi.org/10.1098/rsbl.2010.1081
https://doi.org/10.1098/rsbl.2010.1081
https://doi.org/10.1126/science.1130168
https://doi.org/10.1126/science.1130168
https://doi.org/10.1002/pan3.10248
https://doi.org/10.1002/pan3.10248

