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REVIEW ARTICLE

Biodiversity conservation evaluation and planning on the western
slope of Cangshan Mountains
Zhi Ou’, Yan Qu

Landscape school, Southwest Forestry University, Kunming 650224, China. E-mail: bigbone@yeah.net

ABSTRACT

Taking the west slope of Cangshan Mountain in Yangbi County, Dali as the research site, on the basis of investi-
gating the local natural geographical conditions, topography and biodiversity status of Cangshan Mountain, the CAP
protection action planning method was adopted, and the priority protection objects were determined to be native forest
vegetation, rare and endangered flora and fauna, alpine vertical ecosystems, hard-leaf evergreen broad-leaved forests
and cold-tempered coniferous forests; The main threat factors were commercial collection, tourism development and
overgrazing. Biodiversity conservation on the western slope of Cangshan Mountain should take species as “point”, re-
gional boundary as “line”, ecosystem and landscape system as “plane”, so as to realize the overall planning structure
system combining “point—Iline—plane”, which can be divided into conservation core area, buffer zone and experi-
mental area. The results can provide a reference for biodiversity conservation on the western slope of Cangshan Moun-
tain.

Keywords: CAP Protection Action; Protected Object; Threat Factor; Overall Planning Layout; Cangshan Mountain

ARTICLE INFO 1. Introduction

Received: 5 January 2021 Yunnan is one of the world’s top ten biodiversity hotspots and the

Accepted: 27 February 2021 core region of the Eastern Himalayas, with the largest number of spe-
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cies and endemic groups in China. And northwest Yunnan is one of the
COPYRIGHT areas with the richest biodiversity in China and even in the world, and

is also a vulnerable area in Yunnan’s ecological environment!'™).
Copyright © 2021 Zhi Ou, et al.

EnPress Publisher LLC. This work is li- Cangshan mountain is located at the junction of Dali, Eryuan and

censed under the Creative Commons At- Yangbi, in northwest Yunnan province. It is an important part of Dali
tribution-NonCommercial 4.0 International . . .. .

License (CC BY-NC 4.0). national key scenic spot and a famous mountain in the middle of
https://creativecommons.org/licenses/by-nc/ Hengduan Mountain range. The western slope of Cangshan Mountain is
4.0/

located in Yangbi River, Yangbi County, and is an important part of
Cangshan Erhai National Nature Reserve and scenic spot. Vegetation
types are diverse and biodiversity is extremely rich and unique, which
is mainly a land ecosystem of forest, grass and irrigation
cade broad-leaved forest represented by rhododendron. Throughout the
Dali Cangshan-Erhai Nature Reserves and biodiversity in Yunnan
province, northwest Yunnan biodiversity conservation domain are in a
very important position, but due to the regional economic development
lag behind, fragile natural ecological system, to protect the biodiversity
in this area, it’s of great significance to implement the strategy of sus-
tainable development of Dali prefecture, Yunnan province.

Experts from the United Nations Development Programme (UNDP)
estimate that about 200 of the 2,300 species of wild plants on the

1



Cangshan Seed Plant List are no longer extant, and
a large number of plants are endangered or threat-
ened, with at least five species of plants lost each
year in recent years'’. Some studies have investi-
gated the current status of biodiversity in Cangshan
Mountain, and found that the area has the charac-
teristics of rich animal and plant species, diverse
vegetation types, ancient flora origin, complex geo-
graphical composition, and numerous endemic spe-
cies, which put forward unreasonable economic
activities, overtourism development, forest fire
hazards and serious biological invasions, which
constitute the main threat to biodiversity in the area,
and put corresponding
measures”®. Therefore, it is imperative to imple-
ment biodiversity conservation planning in the re-
gion, especially the determination of priority con-
servation objects and threat factors, and the overall
planning and layout.

To sum up, in order to scientifically and rea-
sonably protect the biodiversity of western slope of
Cangshan mountain, this paper covers the scope
of biodiversity conservation planning within the
western slope of Cangshan Mountain, Yangbi
County, Dali Bai Autonomous Prefecture, with a
protected area of 20,610 hm?. On the basis of fully
understanding and controlling the present situation
of biological diversity in Cangshan reserve, it is
necessary to determine the priority protection ob-
jects, protected areas and main threat factors, and to
put forward the reasonable layout structure system
and zoning of biodiversity protection planning, so
as to provide reference for further carrying out bio-
diversity protection in this area.

forward conservation

2. Research methods

There are two ways to prepare biodiversity
conservation planning: species-centered protection
planning approach; the former emphasizes the pro-
tection of endangered species itself, while the latter
emphasizes the overall protection of scenic land-
scape system and natural land, and tries to realize
the protection of biodiversity by protecting the
landscape diversity of scenic spots'’. Based on the
two methods, scholars combine the spatial hierar-
chy and spatial location and pattern of biodiversity,
and scientifically detail the spatial hierarchy rela-

tionship of biodiversity, and put forward the bio-
logical diversity protection approaches and
measures suitable for Fuzhou Gushan scenic spots'™.
Some scholars have also carried out relevant pro-
tection of ecological diversity in Qilian Mountain
from the perspective of landscape diversity, ecosys-
tem diversity and species diversity research®. Other
scholars have applied the principle of landscape
ecology to urban biodiversity protection, pointing
out that urban green space system structure and ur-
ban green space control planning are the main ways
to realize urban biodiversity!'".

This plan adopts the Conservation Action
Planning (CAP), which is a logical regional protec-
tion strategy developed by scientists of the Nature
Conservancy (TNC) and other international envi-
ronmental protection after long-term practice!''.
This method is widely used in the resource man-
agement of nature reserves and other types of pro-
tected areas. It is a protection planning method that
follows the project management process and helps
protect workers to focus on key protection objects
and key threat factors. CAP mainly includes 4 pro-
cesses: (1) determine priority protection objects ac-
cording to the importance; (2) threat factor analysis
of identified protection objects; (3) develop protec-
tion strategies for protection objects to improve
their living conditions and reduce threats; (4) In the
process of protection, a dynamic effect evaluation is
carried out, and on the basis of the evaluation, each
link of the whole process is adaptively adjusted. It’s
an adaptive management framework!'>'¥. CAP was
introduced into China by TNC around 2000. The
principles and methods of CAP were adopted in its
northwestern Yunnan project area (including Laojun
Mountain in Lijiang), and in cooperation with rele-
vant protected areas, the Conservation action plan
for more than 10 protected areas or national parks,
including Shangri-La Grand Canyon, Gaoligong
Mountain, Beijing Songshan Mountain, Shanghai
Chongming Dongtan Bird National Nature Reserve,
and the Rare and Endemic Fish Reserve in the up-
per reaches of the Yangtze River!>'®!. At the same
time, some scholars have used this method to pro-

718 Among them,

tect wetland parks and site parks!
some scholars use the analysis and evaluation of

threat factors to guide the planning of urban plant



diversity construction'"”’,

The specific methods of this study are divided
into two stages: early data collection (mainly in-
cluding literature review) and field investigation.
After sorting out the literature on the location of
western slope, biodiversity distribution, endangered
species habitat, and then conducting a field survey
of western mountain, the investigation group was
composed of 10 college students with biological
diversity protection experience (mainly biological
diversity protection, plant taxonomy, animal tax-
onomy, population ecology). After that, experts
were rated by 15 experts (including 10 survey
members, and 5 permanent work and management
personnel in the protected areas, the same be-
low) based on the information collected above and
the annual work experience in biodiversity protec-
tion. It is mainly to sort out the threat degree of
each protection object, filter out clear priority pro-
tection targets and main threat factors, so as to pro-
vide reference for the formulation of partition and
protection strategies for further protection planning.

3. Results and analysis

3.1 Nature of the reserve

Western slope of Cangshan Mountain is a rep-
resentative, typical and complete biological com-
munity and non-biological environment of central
Asia, and has a distinct vertical distribution band
spectrum (from the foothill to the top of the moun-
tain has three vertical climatic zones, including
subtropical, warm temperate and cold temperate).
At the same time, there are many various vegetation
types that transition from south Asian to alpine ice
desert belt?”. The special geographical location,
geological geomorphology and climatic conditions
make the western slope of Cangshan become the
intersection and transition zone of north and
south biology, and the distribution and differentia-
tion center of various organisms is one of the re-
gions with rich biodiversity. It can be used as
the basic law and environmental monitoring site of
natural processes in the north and south of the
country, as well as the base of natural resources,
genetic genes, and breeding of precious and rare
plants and animals. Therefore, according to the lo-

cation environment, natural environment and re-
source environment of the Cangshan Mountain
Slope Nature Reserve, combined with the needs of
the social environment, the nature of the nature is
determined as: to protect the diverse ecosystems
and rare animals and plants, and to maintain the
naturalness, biodiversity, typicality, integrity and
maintenance of ecological balance in the area for
the purpose of the purpose, set species protection,
water source protection, ecological protection, sci-
entific research, science education, eco-tourism and
other multi-functional integrated nature reserve.

3.2 Establishment of the object of protection

According to CAP’s approach, the preservation
of species representativeness and persistence is the
two main objectives of protected areas”'). Consid-
ering the importance and the process of being
threatened, the principle of protecting the integrity
and stability of the ecosystem in the region is to be
taken as the criterion for selection, and the selection
criteria are the severity of the degree of threat,
whether it is the habitat or growth site of rare and
endangered animals and plants, and the unique bio-
diversity landscape characteristics representing the
western slope of Cangshan Mountain. The object of
protection is established from three levels: species,
ecosystem and vegetation.

3.2.1 Native forest vegetation

Focus on the protection of native forest vege-
tation, including secondary forests, shrubs and sec-
ondary bare land, which are the stages of vegetation
succession and must be strictly protected. Accord-
ing to the survey, the natural vegetation below
2,500 m above sea level on the western slope has
suffered from different degrees of damage. The
semi-humid evergreen broad-leaved forest on the
western slope is also preserved in small areas, and
the large areas are distributed in Pinus yunnanensis
forests that are closely related to its succession.
Locally damaged areas, warm and warm shrublands
or savanna slopes.

Native forest vegetation is the most precious
natural heritage and gene bank of the Cangshan
west slope biodiversity reserve, which contains rich
germplasm resources and is also an indispensable



material foundation for gardens, forestry, agricul-
ture, etc. Effective protection of it is one of the im-
portant tasks of biodiversity conservation, and the
use of local protection is an effective conservation
measure, eliminating the bare land and barren
mountains in the protected area, and gradually re-
storing the vegetation with zonal native forest belt
structure, so that the forest ecosystem has entered a
virtuous circle, and the biological reproduction and
rest areas have been significantly improved. At the
same time, special attention is paid to the construc-
tion of shrubs and ground cover plants, and the
function of soil conservation and slope protection in
the protected area is strengthened to avoid and re-
duce soil erosion.

3.2.2 Alpine vertical ecosystem

Alpine vertical ecosystem refers to alpine
shrubland, alpine meadows, and alpine flowing
rocky beaches distributed at an altitude of more
than 4,000 m. It represents the unique biodiversity
landscape characteristics of the western slope of
Cangshan Mountain, and is the most unique area of
the western slope of Cangshan Mountain. The
western slope of Cangshan Mountain belongs to the
alpine mountainous area, and several peaks in the
main peak area are above 4,000 m above sea level,
which has the conditions of the limit height of the
altitude distribution of native forest tree species.
Therefore, the vertical differentiation of mountain
vegetation zones is obvious and relatively complete.
With the continuous increase of altitude, the conif-
erous forest gradually transitions from warm and
temperate coniferous forests in the horizontal zone
(Pinus yunnanensis, Pinus armandii, Yunnan
Keteleeria fortunei forest, etc.) to warm coniferous
forest (hemlock coniferous and broad-leaved mixed
forest) and cold temperate coniferous forest (Abies
forest), and the broad-leaved forest gradually transi-
tions from the semi-humid evergreen broad- leaved
forest in the horizontal zone (Castanopsis delavayi,
Castanopsis orthacantha, Lithocarpus dealbatus,
Cyclobalanopsis  glaucoides,  Cyclobalanopsis
delavayi forest, etc.) to the wet
green broad-leaved forest in the Zhongshan zone
(dominated by Lithocarpus variolosus) and the cold
warm hard-leaved evergreen broad-leaved forest in

the subalpine area (dominated by Quercus guyavi-
folia). Until the tree species disappears, native al-
pine rhododendron shrubs or alpine meadows ap-
pear.

3.2.3 Forest ecosystems

The destruction of ecosystem diversity will
lead to the loss of species diversity and genetic di-
versity within the system, causing many of these
organisms to lose their habitat and disappear, so
they are listed as protected objects. The main vege-
tation on the western slope of Cangshan was ini-
tially divided into 9 vegetation types, 13 vegetation
subtypes, and 21 biomes'*?. The vertical band spec-
trum of the western slope includes: semi-humid ev-
ergreen broad-leaved forest, Yunnan pine forest belt
(altitude 2,000-2,900 m), the main vegetation types
are Cyclobalanopsis delavayi forest, Pinus yun-
nanensis forest, Rhododendron shrubland, Arun-
dinella setosa grass, Fiddlehead grass, etc.; Tsuga
forest, montane moist evergreen broad-leaved forest
(altitude 2,950-3,350 m), the main vegetation types
are Rhododendron shrubland, Tsuga forest, Farge-
sia forest and Lithocarpus variolosus forest; Abies
forest belt (altitude 3,350-3,560 m), the main vege-
tation types are Abies, Quercus semecarpifolia for-
est, Rhododendron shrubland, Fargesia forest, etc.;
Rhododendron shrubland (altitude 3,560-3,700 m),
the main vegetation types are Rhododendron
taliense shrubland, Rhododendron haematodes
shrubland; Alpine meadow belt (altitude 3,700—
4,100 m), the main vegetation types are Kobresia
royleana meadows and Festuca meadows****.

Among the main vegetation types on the west-
ern slope of Cangshan Mountain, the hard-leaf ev-
ergreen broad-leaved forest in the subalpine zone
has become a germinating shrub due to human de-
struction, and is distributed on the sunny slopes
with poor standing conditions. The level of threat is
the most severe. Cold temperate coniferous forests
have a certain area distribution in the upper part of
the mountain. Due to the influence of geographical
location and topographic conditions, there is only
one species of Abies delavayi in the Abies and
Picea, and no positive tree species common after
such deforestation in northwest Yunnan—Larix
potaninii were found in the survey. Cold and tem-



perate coniferous forests are concentrated in the
main peak area of the eastern slope of Cangshan
Mountain, because the peak wind is strong and the
climate is harsh, which is replaced by Sabina re-
curva that are
wind-resistant, forming a small sparse forest. Abies
delavay after a long period of natural succession, at
present, is in a state of apical community, forming a
relatively stable forest type. Because it is located at
a high altitude, the proportion of forest stand in the
middle and over-mature forests is large, resulting in
serious disease and rot, which poses a certain threat
to the forest ecosystem. Other vegetation on the
western slope of Cangshan Mountain, such as the
semi-humid evergreen broad-leaved forest belt,

more drought-resistant and

moist  evergreen  broad-leaved  forest in
Zhongshan  belt, and
and broad-leaved forest of hemlock in the upper
part of Zhongshan Mountain, have a certain area
preserved on the west slope. Although there are also
different degrees of man-made damage, the degree
of threat and impact is relatively small compared to
the former two.

Therefore, due to the great degree of threat of
hard-leaved evergreen broad-leaved forests and
cold-temperate coniferous forests, it directly affects
the integrity of the forest ecosystem on the western
slopes of Cangshan Mountain, and it is listed as a

key protection object.

mixed coniferous

3.2.4 Rare and endangered protected plants

The flora of the
Cangshan belongs to the pan-Arctic alpine flora and

western  slope  of
the Flora of the Chinese Himalayas, and belongs to
one of the rich alpine floras in the world. The supe-
rior natural environment and special geographical
location have bred a rich plant population and a va-
riety of vegetation types, because it is a low-latitude
subtropical region of the high mountains, the natu-
ral environment is complex, the species density is
large, there are more rare and endangered plant spe-
cies.

Cangshan is included in the List of Rare and
Endangered Plants of China with 21 species”*,
and in the survey, it was found that there are 12
species on the western slope of Cangshan Moun-
tain, belonging to 11 families and 12 genera, ac-
counting for 0% of the total number of floras in
Cangshan 0.47%. The western slope of Cangshan
Mountain is listed in the List of National Key Pro-
tected Wild Plants (First Batch)**! with 1 species of
fern and 7 species of angiosperms, and 1 species of
national key protection and 7 species of sec-
ond-level key protected plants (Table 1). According
to the known plants list, there are 47 species of or-
chids on the western slopes of Cangshan, all of
which are protected species under the Convention
on International Trade in Endangered Species of
Wild Fauna and Flora (CITES)™.

Table 1. Wild plants under national key protection on the western slopes of Cangshan Mountain and their distribution

Species name Section

Distribution

Protection level

Taxus yunnanensis Yew family

Altitude 2,000-3,500 m, wet evergreen broad-leaved One

forest in Zhongshan, hemlock forest

Tricholoma matsutake White mushroom family ~ Evergreen broad-leaved forest above 2,500 m above Two
sea level

Toona ciliata Meliaceae West Slope Two

Craigia yunnanensis Linden family The altitude is around 2,200 m Two

Skapanthus oreophilus Lamiaceae Altitude 2,700-3,100 m, Yunnan pine forest Two

Tetracentron sinense Aquacarinaceae Altitude 2,700-2,900 m, wet evergreen broad-leaved Two
forest in Zhongshan

Neocheiropteris pal- Hydrogalaceae 2,000 m above sea level, semi-humid evergreen Two

matopedata broad-leaved forest

Fagopyrum dibotrys Polygonaceae The altitude is 2,200 m, in the forest clearing Two

Magnolia wilsonii Magnoliaceae 2,700 m above sea level, evergreen broad-leaved forest Two

Rare and endangered plants on the western
slope of Cangshan mountain are characterized by a
wide distribution, and in terms of vertical distribu-
tion, the survey found that there are rare and en-
dangered plants in the range from the foot of the
mountain to 4,000 m below 4,000 m. In terms of its

number, because the western slope of Cangshan is
listed as a national nature reserve, coupled with the
high mountainous terrain of the western slope itself;
Species above 3,000 m are well protected, and the
population number has a certain scale, but the spe-
cies with higher economic value in the left and right



low-altitude areas of the western slope of 2,000 m,
such as Dendrobium candidum, Toona ciliata, etc.
have decreased sharply due to human over-mining,
such as black knotweed has not been seen for many
years, and some species distributed at low altitudes
such as Leucomeris decora, collar spring wood
(Eupelea pleiosperum) et al. are also decreasing
year by year due to the serious destruction of habi-
tats and the difficulty of population renewal.

There are about 433 species of animals in the
West Slope Reserve, of which 285 are higher ani-
mals (82 species of mammals, 170 species of birds,

33 species of fish) and 148 species of lower animals.

There are 26 species of national first- and sec-
ond-level protected animals (5 species of first-class
protected animals and 21 second-level protected
animals), which belong to 16 families (Table 2).
Amphibians, reptiles and insects were not surveyed.
Due to the widespread indiscriminate hunting of
animals in the past, tigers, leopards, red deer and
other mammals that once inhabited the Cangshan
Mountains are to find, and
white-bellied golden pheasants, pangolins, and red
pandas have been hunted and killed in large quanti-
ties in the past, and now the number is also rare.

now difficult

Table 2. Cangshan national protected rare and endangered animal species

Species name Section name

Protection level

Panthera pardus Feloidea Pantherinae One
Neofelis nebulosa Feloidea Pantherinae One
Macaca assamensis  Cercopithecidae One
Budorcas taxicolor ~ Bovidae Caprinae One
Syrmaticus humiae  Phasianidae One
Ailurus fulgens Procyonidae Two
Felis temmincki Feloidea Felinae Two
Viverra zibetha Viverridae Two
Viverricula indica Viverridae Two
Felis chaus Feloidea Felinae Two
Macaca mulatta Cercopithecidae Two
Ursus thibetanus Ursidae Two
Naemorhedus goral Bovidae Caprinae Two

Species name Section name Protection level

Pseudois nayaur Bovidae Two

Capricornis sumat Bovidae Two

raensis

Cervus unicolor Cervoidea Two

Manis pentadactyla Lepidoptera Two

Ratufa bicolor Oriental giant Two
squirrel

Felis manul Feloidea Two

Psittacula himala- Parrotidae Two

yana

Chrysolophus am- Phasianidae Two

herstiae

Elanus caeruleus Accipitridae Two
Elaninae

Falco tinnunculus Falconidae Two

Psittacula alexandri Parrotidae Two

Glaucidium brodiei Strigidae Two

Schizothorax Cyprinidae Two

taliensis

3.3 Threat factor analysis

Based on the opinions of experts, protected
area staff and management units involved in this
planning field survey, the direct threat factors of
each conservation object are first determined one by
one in accordance with the specific methods of the
Conservation Action Planning Manual. The threat
factor rating is calculated based on the indicators of
the severity, scope of impact, irreversibility, etc.,
with reference to the rating criteria for direct threat

factors in the Protection Action Planning Manual''¥..

It is divided into very high (level 4) and high
(level 3), medium (level 2), low (level 1) 4 levels.
Based on field surveys and years of experience in
biodiversity conservation, 15 experts scored and
summarized (Table 3, Table 4). Through the analy-
sis of threat factors, a total of 10 threat factors were
proposed, of which collection,
over-tourism development, overgrazing, and log-
ging of construction timber were the most threaten-
ing.

commercial



Table 3. Protected objects key threat factors and levels of threat sorted table

Protect the object Overall order of Threat factor Degree of
threat levels compromise
Native forest vegetation 1 Overtourism development 4
Overgrazing leads to degradation of grasslands 3
Forest fires 2
Mining activities 3
Harvesting of building timber 2
Illegal mining 2
Farmers plant economic forests such as walnut forests 1
Alpine vertical ecosys- 3 Overtourism development 3
tems Overgrazing 2
Forest fires 1
Commercial collection of medicinal plants 3
Mining activities 1
Economic forest planting 1
Cold temperate coniferous 5 The building consumes a lot of coniferous trees such as fir 4
forests Commercial collection of fungi and medicinal plants 2
Sclerophyll ever- 4 Firewood harvesting 4
green broad-leaved forest Harvesting of building timber 2
Overgrazing 2
Forest fires 1
Commercial collection of non-timber forest products 1
Rare and endangered flora 2 Overtourism development 3
and fauna Overgrazing 2
Commercial collection of non-timber forest products 4
Illegal poaching 3
Biological invasions cause fragmentation or loss of habitat for 2
species
Farmers plant economic forests such as walnut forests 1
Forest fires 1
Table 4. Comprehensive analysis of threat factors of protected objects
Threat factor Native Alpine Cold tem- Sclerophyll ever- Rare and en- Worth  Threat
forest vertical perate co- green broadleaf dangered flora sorting
vegetation ecosystem niferous forest and fauna
forest
Overtourism devel- 4 3 - - 3 10 1
opment
Overgrazing 3 2 - 2 9 2
Forest fires 2 1 - 1 1 5 4
Mining activities 3 1 - - - 4 5
Harvesting of building 2 - 4 - 8 3
timber
Fuelwood collection - - 4 - 4 5
Illegal poaching and 2 - - - 3 5 4
poaching
Economic forest 1 1 - - 1 3 6
planting
Biological invasion - - - 2 2
Commercial collec- 3 2 1 4 10 1
tion

4. Functional zoning of biodiversity
conservation on the western slope of
Cangshan Mountain

According to the analysis of the protection ob-
jects and threat factors, with the goal of improving
the living conditions of the protected objects and
reducing the threat factors, the layout structure sys-
tem of the overall plan is proposed, and the biodi-
versity of the Cangshan Mountain West Slope Pro-

tected Area is divided into the core area, buffer zone,
experimental area and eco-tourism area of
Cangshan Biodiversity Conservation, with species
as the “point”, regional boundary as the “line”,
ecosystem and scenic system as the “surface”, and
the comprehensive protection planning system
combining “point-line-surface” is realized.
According to the main habitat types and eco-
system properties required by the biological species
on the western slope of Cangshan Mountain, it is
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divided into three major functional areas (Table 5),
and each functional area is divided into key protec-
tion areas and general control areas: Cangshan
Mountain is set up as a core protection area above
3,000 m, and human circulation is prohibited in the
area to protect species resources for the purpose of
protecting the environment of germplasm resources.
The core area is the most complete preservation of
the native ecosystem, the protected objects and their
native areas are concentrated, the rare and alpine
dark coniferous forests are concentrated in the dis-
tribution area of natural vegetation, and the core of
the protected glacier relics and species. The altitude
of 2,600-3,000 m is the Cangshan Buffer Reserve,
which is the outer periphery of the core area, in or-
der to protect, prevent and mitigate the external in-
fluence and interference on the core area. The buff-
er zone can carry out a small or small capacity of
tourism, popular science education, cultural activi-
ties, etc. The altitude of the eastern slope of
Cangshan Nature Reserve is 2,200-2,600 m, and
the altitude of the western slope is 2,000, 2,400—

2,600 m for the experimental area. The main forests
below 2,600 m in Cangshan Mountain are Pinus
armandii, Pinus yunnanensis, oak, Castanopsis
fargesii, Rhododendron delavayi, Populus davidi-
ana, Ericaceae, Camellia, Keteleeria evelyniana,
Cinnamomum  camphora, Schima  superba,
handonggua, Shanyangmesi, etc., and secondary oak
bushes, ferns and other ornamental plants are
mainly distributed in the area. In addition, in the
buffer zone and experimental area, eco-tourism can
be appropriately developed, which is mainly divid-
ed into Shimenguan Canyon Tour Area and West
Slope Large Garden Natural Landscape Tour Area.
The objects of protection are rare and endangered
species resources and ecological natural landscapes.

On the basis of zoning protection, at the same
time, the sustainable development of biodiversity
planning, scientific research monitoring planning,
infrastructure construction planning, ecotourism
planning and publicity and education planning are
implemented to curb threat factors and protect bio-
diversity systems.

Table 5. Biodiversity conservation zones on the western slope of Cangshan Mountain and the objects of conservation in each district

The partition type  Scope of protection Area/hm’ Conservation objects
Biodiversity con- Altitude 3,000 m—pole 12,205.97 Remains of modern oceanic warm glaciers and an-
servation core zone cient glaciers
Complete alpine vertical with natural landscape
Alpine meadow 3,700 ~ 4,100 m above sea level
Biodiversity con- Altitude 2,600-3,000 m 7,232.45 Complete alpine vertical with natural landscape
servation buffer Colorful alpine vegetation types
zone Cherish endangered animal resources
Biodiversity Con- The eastern slope is 2,200— 1,171.58 Rare and endangered species Resources

2,600 m above sea level, and
the western slope is Altitude
2,000 m, 2,400-2,600 m
12,205. 97

servation Experi-
mental Zone

Existing vegetation and natural landscapes

5. Conclusion

The application of the Conservation Action
Planning (CAP) method in the practice of biodiver-
sity conservation on the western slope of Cangshan
Mountain shows that the method provides a clear
idea and logical analysis framework for the plan-
ning of biodiversity conservation in natural pro-
tected areas. Through meticulous preliminary inves-
tigation and analysis, the priority protection targets
and primary threat factors are determined, which is
the basis for guiding zoning planning and formulat-
ing protection strategies. The formulation of zoning

scope and planning layout in the planning is the
core content of the planning implementation. The
results of this paper are yet to be done in step 4 of
the CAP, which is a later effectiveness evaluation
(including an assessment of the health status of spe-
cies and ecosystems; assess the effectiveness of ex-
isting protection responses and protection actions;
there is also an assessment of the extent to which
the threat factor has decreased, the scale of invest-
ment in the protection project and the methods used)
to examine and adjust the protection objectives,
protection priorities
through the feedback obtained, so as to determine
new research directions.

and protection strategies



Although CAP has been used to a certain ex-
tent in Nature Reserves in China, there are still
some specific problems in practice, such as the
preparation of conservation planning is mainly in-
volved by relevant experts from scientific research
institutions and universities, and the participation of
protected area staff is not enough, which often leads
to conservation planning often only staying in the
preparation stage and unable to implement it in
depth. Although the participation of the perennial
staff of the protected area has been increased in this
expert score, the participation of the staff of the re-
serve in the preparation of the conservation plan is
still insufficient. Therefore, in the preparation stage
of protection planning, more protected area staff
should be involved in the formulation of the plan,
so as to promote the real implementation of the
protection plan.
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ABSTRACT

Taking six typical forest communities in Taizhou Green Heart (i: Liquidambar formosana + Ulmus pumila + Celtis
sinensis; ii: Celtis sinensis + Pterocarya stenoptera + Pinus massoniana; iii: Sapindus mukorossi + Sapium sebiferum +
Cupressus funebris; iv: Liquidambar formosana + Acer buergerianum + Cupressus funebris); v: Celtis sinensis +
Ligustrum compactum + Pinus massoniana; vi: Machilus ichangensis + Sapindus mukorossi + Acer buergerianum) as
the research objects, 5 indicators: Shannon-Wiener (H), Patrick richness (R1), Margalef species richness (R2), Pielou
evenness (J) and ecological dominance (D) were used to analyze species diversity in forest communities. The results
showed that: (1) the community was rich in plant resources, with a total of 50 species belonging to 40 genus and 31
families, including 19 species in tree layer, 22 species in shrub layer and only 9 species in herb layer, few plant species;
(2) the species richness and diversity index of tree layer and shrub layer were significantly higher than that of herb lay-
er, but there were differences among different communities in the same layer, and no significant difference was reached;
(3) the species richness and community diversity of the six communities showed as follows: community VI > commu-
nity I > community II > community IV > community V > community III.

Keywords: Forest Community; Species Diversity; Ecological Landscape Forest; Taizhou Green Heart
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Forest community structure and species diversity are one of the
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sion and the formation mechanisms of the biological diversity, so as to
provide theoretical basis for biodiversity protection'®,

The urban forest in the Green Heart zone of Taizhou has huge
ecosystem service value and plays an important role in climate regula-
tion, environmental protection, water conservation, soil and water con-
servation, windbreak and sand fixation, sightseeing and recreation,
and beautification of the city, etc. It is an important part of the ecologi-
cal environment construction of Taizhou'"*. This research takes planted

forests around Jiufeng Mountain, Dayue mountain and Shizi Mountain,
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as investigation objects, investigating and analyzing
the community characteristics and plant diversity,
understanding the community structure and species
diversity status and further analyzing the stability of
community and ecological benefits, so as to pro-
vide basic information for the construction, plan-
ning and stand transformation of ecological land-
scape in the Green Heart zone, scientific basis for
the conservation and sustainable utilization of forest
vegetation species diversity as well as references
for the protection and development of Taizhou
Green Heart zone.

2. Overview of the study site

Taizhou is located in the central coastal area of
Zhejiang Province. It is a “combined coastal city
with green ring and heart shape”. Green Heart is
located in the center of urban area and is the core of
urban spatial structure. The total area is about 6,333
hm’, of which 3,466 hm” is hill. Mountains and hills
occupy nearly 50% of the land, and mainly com-
posed of Jiufeng Mountain, Dayue Mountain and
Shizi Mountain. The highest peak in the area is
Huangmao Shan of Jiufeng Mountain, with an alti-
tude of 529.2 m, and there are four peaks above 500
m in height, all of which concentrated in Jiufeng
Mountain in the west. The mountainous area with
low hills and gentle slopes in Green Heart is about
10.31 km®, in which the slope of 5°—15° are about
3.74 km® and that of 15°-25° are about 6.57 km”.
The study site is centered on Jiufeng Mountain, in-
cluding some sample sites of Danyue Mountain and
Shizi Mountain. The average annual temperature in
the sample area is 16.6—17.5 °C, and the average
annual precipitation is 1,480—1,530 mm, which be-
longs to the typical subtropical monsoon climate.
The soil is mainly yellow soil, red soil and so on.
The main vegetation types are subtropical ever-
broad-leaved forest and

green subtropical

Zhejiang-Fujian hill forest.

3. Research methods

3.1 Survey methods

From December 2013 to June 2014, a com-
prehensive survey of Jiufeng Mountain, Dayue
Mountain, Shizi Mountain and other mountains in

Green Heart of Taizhou was conducted. It’s found
that there were few original evergreen broad-leaved
forests and were mainly artificially cultivated land-
scape forests. Due to the influence of human activi-
ties, the species of understory shrubs and herba-
ceous plants are rare, and the forest community
structure is relatively simple. According to the spe-
cies and quantity of plants in the tree layer, the for-
est communities were divided into six typical
community types: Liquidambar formosana + Ulmus
pumila + Celtis sinensis (1); Celtis sinensis + Pter-
ocarya stenoptera + Pinus massoniana (ii); Sapin-
dus mukorossi + Sapium sebiferum + Cupressus
funebris (iii); Liquidambar formosana + Acer buer-
gerianum + Cupressus funebris (iv); Celtis sinensis
+ Ligustrum compactum + Pinus massoniana (V);
Machilus ichangensis + Sapindus mukorossi ~+
Acer buergerianum (vi). According to different
community types, sampling method was used to
investigate typical sample sites selected. Three tree
quadrats of 20 m x 20 m were set up in each com-
munity, within which five 4 m x 4 m shrub quadrats
and five 1 m x 1 m herbaceous quadrats were set, a
total of 18 tree quadrats and 90 shrub and herba-
ceous quadrats were set. Each tree’s name was rec-
orded, and their diameter at breast height (DBH),
tree height, crown width and other growth indexes
were measured. Investigate and record the name,
plant height, coverage, etc. of shrub and herb were
investigated and recorded. In the sample site inves-
tigation, trees with DBH >4 cm were selected to
measure the species diversity of the tree layer, while
trees with DBH <2 cm were excluded from the cal-
culation range of the diversity index of the tree lay-
er, and young trees and seedlings were recorded in
the shrub layer”'".

3.2 Data analysis
3.2.1 Species importance value

Significant value of trees (ivy.) = (relative
density (%) + relative significance (%) + relative
frequency (%))/3; significant value of shrub and
herb (iVenrub and nerv) = (relative density (%) + relative
coverage (%) + relative frequency (%))/3. In the
equation, relative density refers to the percentage of
individuals of a certain species in the sum of indi-
viduals of all species; relative significance refers to
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the percentage of the chest height area of a species
(1.3 m above the ground) in the total chest height
area of all species; relative frequency refers to the
percentage of the number of quadrats of a certain
species in the total number of quadrats; coverage
refers to the land area covered by the vertical pro-

jection of the above-ground part of plants'"'?.

3.2.2 Indicators of species diversity

In this study, several widely used measures
methods were used"'>"*!: (1) index of species diver-
sity (Shannon-Wiener index), H = -) PInP;; (2) Pat-
rick richness index, R, = S; (3) Margalef species
richness index, R, = (S - 1)/InN; (4) Pielou uni-
formity index, J = H/InS; (5) Ecological dominance
index, D =1— Y P?. In the equation, P; is the
percentage of the number of individuals of a certain
species in the community to the total number of
individuals of all species in the community, that is,
Pi = N; /N, N; is the number of the i species; N is
the total number of individuals in the community; S
is the number of species in the community.

3.2.3 Statistical analysis

For the calculated diversity indicators of dif-
ferent forest community types, the overall diversity
differences of different community types and diver-
sity differences at various vertical levels were
compared through statistical analysis. One-way
ANOVA and multiple comparison (Duncan) were
used for analysis. Excel and SPSS 13.0 software
were used for calculation.

4. Results and analysis

4.1 Species composition of forest communi-
ties

Species composition is one of the most basic
characteristics of plant communities, and is the ba-
sis of community composition!'”), affecting the bio-
diversity of forest communities. There were a total
of 50 species of vascular plants in 40 genera and 31
families, including 5 species of ferns belonging to 4
families and 4 genera, 3 species of gymno-
sperms belonging to 3 families and 3 genera and 42
species of angiosperms belonging to 33 genera and
25 families. The dominant families were Ulaceae,
Lauraceae, Fagaceae, Jugaceae and lIlexaceae.

There were 19 species in the tree layer plants, 22
species of shrub layer plants and only 9 species in
herbaceous layer. It shows that there are more
plants in tree layer and shrub layer, whose species
are more abundant.

4.2 Characteristics of dominant species in
community

Importance values can better reflect the posi-
tion and role of different plants in the community,
as well as the differences in the composition and
structure of different plant communities!'®'”. In the
investigation, it was found that the vertical layer of
plants was obvious, and the tree layer and shrub
layer were dominant, while the herb layer was weak.
In the community, the dominant tree species in the
tree layer were obvious, such as Celtis sinensis,
Ulmus parvifolia, Sapium sebiferum, Liquidambar
formosana, Pterocarya stenoptera, Sapindus
mukorossi and Cupressus funebris etc. Table 1
showed that the importance values of Liquidambar
formosana, Cupressus funebris and Pinus massoni-
ana were relatively high and played an important
role in the community, serving as the building spe-
cies and dominant species in the community; while
the importance value of Metasequoia glyptostro-
boides and Celtis julianae, etc. were smaller. Du
Ying and Chestnut are also occasionally seen in the
tree layer, which are not listed due to their small
importance value. The differences of dominant spe-
cies in shrub layer were not obvious (Table 2),
which mainly including young trees and seedlings
in tree regeneration layer, such as Celtis sinensis,
Acer buergerianum, Ulmus pumila. In addition,
shrubs with higher important values include com-
mon under-forest shrubs such as Castanea seguinii,
Rhus chinensis, and Loropetalum chinense, as well
as Trachelospermum jasminoides and Parthenocis-
sus tricuspidata. There are few plant species in the
herb layer, but the dominance is more obvious (Ta-
ble 3). In the sample sites with lower altitudes, the
main species are Pteris multifida and Mercurialis
leiocarpa, and their important values are 22.43 and
15.59, while in the quadrats with higher altitudes,
ferns such as Dicranopteris pedata and Dryopteri-
daceae are dominant.
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Table 1. Importance values of common plants in tree layer

%

No. Plant name Relative density Relative frequency Relative significance Importance value
1 Liquidambar formosana 9.09 10.1 13.62 10.94
2 Cupressus funebris 9.79 11.9 10.75 10.81
3 Pinus massoniana 7.69 9.8 13.40 10.30
4 Celtis sinensis 11.19 10.5 7.88 9.86
5 Pterocarya stenoptera 6.99 9.7 9.46 8.72
6 Acer buergerianum 9.12 10.2 5.92 8.41
7 Pinus thunbergii 6.99 8.5 7.39 7.63
8 Machilus ichangensis 5.59 8.4 7.41 7.13
9 Sapindus mukorossi 6.29 8.3 6.37 6.99
10 Sapium sebiferum 6.29 8.4 5.29 6.66
11 Ulmus pumila 5.59 6.4 4.87 5.65
12 Celtis julianae 4.90 5.2 4.84 4.98
13 Metasequoia glyptostroboides  2.80 4.1 3.27 3.39
Table 2. Importance values of plants in shrub layer %
No. Plant name Relative density Relative frequency Relative significance Importance value
1 Celltis sinensis 7.01 10.30 9.29 8.87
2 Acer buergerianum 7.69 8.65 8.36 8.23
3 Castanea seguinii 5.95 9.89 8.46 8.10
4 Rhus chinensis 10.82 7.06 5.88 7.92
5 Ulmus parvifolia 6.86 10.10 6.77 791
6 Trachelospermum jasminoides 5.13 8.41 8.44 7.33
7 Trachycarpus fortune 5.85 5.90 8.03 6.59
8 Loropetalum chinensis 6.41 6.80 522 6.14
9 Ligustrum compactum 6.50 5.20 5.59 5.76
10 Weigela florida 6.63 5.90 4.65 5.73
11 Lindera glauca 3.56 6.01 5.06 4.88
12 Parthenocissus tricuspidata 2.89 5.78 4.82 4.50
13 Elaeagnus pungens 3.24 6.31 3.91 4.49
14 Broussonetia papyrifera 2.56 5.32 4.47 4.12
15 Aralia chinensis 3.85 4.72 3.76 4.11
16 Quercus aliena 2.23 4.06 4.47 3.59
17 Aphananthe aspera 2.35 5.20 2.60 3.38
18  Ilex latifolia 1.94 4.16 2.59 2.90
19 Rosa multiflora 2.19 3.83 2.93 2.98
20  Osmanthus fragrans 1.28 2.48 1.41 1.72
21 Serissa japonica 0.97 1.37 0.47 0.94
Table 3. Importance values of plants in herbaceous layer %
No. Plant name Relative density Relative frequency Relative significance Importance value
1 Pteris multifida 20.11 35.12 12.07 22.43
2 Mercurialis leiocarpa 10.58 25.57 10.62 15.59
3 Dicranopteris dichotoma 8.47 18.39 15.52 14.12
4 Dryopteris decipiens 8.47 10.18 18.97 12.54
5 Ophiopogon bodinieri 8.56 8.64 8.34 8.51
6 Parathelypteris glanduligera 5.82 1.65 12.07 6.51
7 Cayratia japonica 4.41 3.48 6.90 4.93
8 Farfugium japonicum 542 2.88 5.63 4.64
9 Oxalis corniculata 2.23 1.83 3.90 2.65

4.3 Species diversity analysis

4.3.1 Comparison of overall diversity among
different levels

Species diversity represents the basic charac-
teristics of community organization level and func-
tion, and reflects the evenness of species number
distribution!""’. In order to better understand the di-
versity of forest communities in Green Heart of
Taizhou, Simpson ecological dominance index,
Margalef richness index, Shannon diversity index
and Pielou evenness index were used to describe the

species diversity of different communities. The re-
sults showed that (Table 4): the variation trends of
the five diversity indexes in the community were
consistent, and the overall degree of diversity was
shrub layer > tree layer > herb layer, which was
consistent with the results of Xu et al!"® on the
of the

ous broad-leaved forest community in Longwang

forest community diversity
Mountain. The shrub layer is rich in species and
quantity, so its species richness and diversity are

significantly higher than those in the tree layer and
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herb layer. The diversity index of the herb layer was
lower than that of the tree layer and the shrub layer.
This was because the canopy density of the com-
munity was relatively high and the understory light
was insufficient, forming a shady, closed and humid
niche. Therefore, the herb layer was sparse and had
few species, so the species richness and diversity of
the herb layer were significantly lower than that of
the tree layer and the shrub layer.

Table 4. Comparison of the difference significance of the overall
diversity index among different levels

Layers R, R, H D J

Tree layer 10.833b 3.062a 2.273b 0.887a 0.958a
Shrub layer 15.330a 3.511a 2.564a 0.904a 0.957a
Herb layer  7.167c 1.423¢  1.730c  0.796b  0.901b

*: Different letters in the same column are significant differ-
ence. Same as below.

The difference significance test and multiple
comparison were conducted for the overall diversity
of tree layer, shrub layer and herb layer (Table 4).
The results showed that the species richness index
(R)) and diversity index (H) were consistent among
different layers, and both were significantly differ-
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ent at different layers. Shrub layer and tree layer
were significantly higher than herb layer. However,
the differences of richness index (R,), dominance
index (D) and evenness index (J) of tree layer and
shrub layer were not significant. From the Pielou
evenness index, both tree layer and shrub layer
were significantly higher than that of herb layer,
indicating that the distribution of tree layer and
shrub layer was basically uniform in the community,
while the distribution of herb layer was not, but dis-
tributed in clusters and slices, which was deter-
mined by the life type of plant species in herb layer.

4.3.2 Analysis of species diversity difference
in different communities

This paper compared five diversity index of
six different communities, and the results were
shown form Figure 1 to Figure 5. As can be seen
from Figure 1 to Figure 3, the richness (R;, R,) and
Shannon-Wiener (H) index of tree layer and shrub
layer in community VI (Machilus ichangensi +
Sapindus mukorossi + Acer buergerianum) were
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higher, while the herbaceous layer was the lowest
among the six communities. This may be related to
the location of community. Community VI is locat-
ed on the edge of road with a low altitude and seri-
ous human trampling phenomenon, which greatly
reduces the species richness and diversity level of
herbaceous layer of community. On the contrary, R,
R, and H index of tree layer and shrub layer were
the lowest in community I (Sapindus mukorossi +
Sapium sebiferum + Cupressus funebris)), indicat-
ing that species richness and diversity of communi-
ty were low, while indexes of herb layer showed
little difference from other communities.

The species richness and community diversity
of the six communities showed as follows: commu-
nity VI > community I > community I > commu-
nity IV > community V > community III.

Pielou evenness index reflects the evenness of
species distribution in a community. Even distribu-
tion of species in a community means that the de-
gree of dominance is not concentrated or dominant
phenomenon is not obvious. In Figure 4 and Figure
5 there was little difference in ecological dominance
index and Pielou index among different communi-
ties. Only J index of shrub layer of community I
showed a large value, which was significantly
higher than that of other communities, indicating
that shrub layer of this community had obvious
population dominance and the community was in a
stable development stage.

5. Conclusions and discussion

5.1 Forest community and the present situa-
tion of biological diversity in Taizhou Green
Heart zone

Through the structure investigation of typical
forest community in in Taizhou Green Heart zone,
and the analysis of different species composition
and species diversity index, the results show that
there are have higher richness and diversity in tree
layer and shrub layer of forest communities, and
each index is significantly greater than the herb lay-
er. In the tree layer, the canopy width and DBH of
plants were larger, the species were less, the spacing
of plants was larger, and the canopy density was
higher. The shrub layer has the largest number of
plants, and most of the species are similar to the
tree layer. The plants are mainly grown under natu-
ral succession, without obvious dominance, but the
density is relatively large, which can make full use
of space, and has certain significance for the stabil-
ity of community. Due to the poor light conditions
under the forest, the number of herbaceous species
is small, and most of them are ferns or some herba-
ceous climbing plants that can tolerate the shade
and humidity. Due to the influence of altitude, geo-
graphical location and other factors, the phenome-
non of artificial trampling of understory herbaceous
layer is serious, which greatly reduces the species
richness and diversity of understory herbaceous
layer.

5.2 Influence of the present situation of forest
community biodiversity on the construction
of ecological landscape forest in Green Heart
zone

Ecological landscape forest is an afforestation
system and forest ecosystem mainly based on eco-
logical public welfare forest, which plays an im-
portant role in climate regulation, environmental
protection, water conservation, soil and water con-
servation, wind prevention and sand fixation, recre-
ation and beautification of the city. The construction
of ecological landscape forest is a new direction of
modern urban forestry development and has be-
come an important part of ecological environment
construction in China.

Therefore, it’s an urgent matter to build and
construct ecological landscape forest in the Green
Heart zone, and carry out protective development of
Green Heart so as to improve the air quality and
ecological environment of the main urban area in
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Taizhou, and create a good leisure and health care
space for the citizens. According to the survey, the
forest vegetation in Green Heart area of Taizhou,
centered on Jiufeng Mountain, is dominated by arti-
ficial forest, with less original evergreen broad-
leaved forest, simple structure and poor community
stability. Therefore, the effective protection of forest
resources and the improvement of community
structure in this area are of great significance to the
ecological function of Green Heart.

According to the current situation of the forest
vegetation of Green Heart mastered in this research,
the community VI with better biodiversity, namely
the Machilus ichangensis + Sapindus mukorossi +
Acer buergerianum) community should be used as
the typical community type, and under-forest shrubs
and shade-tolerant grasses such as Trachelosper-
mum jasminoides, Hedera helix, Reineckia carnea,
Fatsia japonica and ferns, etc. should be appropri-
ately replanted to further enrich the community
structure. Due to the lack of tree species in most
communities, it is suggested to replant tall trees
such as Schima superba, Lithocarpus, Cryptomeria,
Quercus acutissima, Phoebe chekiangensis, Phoebe
sheareri, Machilus thunbergii, Machilus leptophylla,
Quercus glauca Thunb, etc., deciduous trees such as
Metasequoia glyptostroboides, Taxodium ascendens,
etc. should also be planted, so as to enrich different
seasonal landscapes. In general, broadleaf forest
was the main ecological landscape, supplement-
ed by bamboo and coniferous forest. From a func-
ecological
should be the main type, which should be mainly
distributed on the top of the mountain with Jiufeng
Mountain as the main body. According to the grad-
ual decrease of altitude, the forest structure mode
with leisure health care mainly based on the leisure
and health care type should be arranged respective-
ly to create a good leisure environment for citizens.
In the surrounding area of the Green Heart, forest
land mainly protected by the Green Heart can be
arranged, and ecological shelterbelt can be built to
prevent the land around the Green Heart from being
encroached by the surrounding land. In a word, the
construction of Green Heart ecological landscape
forest should be combined with the structural char-
acteristics and habitat conditions of forest commu-

tional point of view, conservation

nity, take the principle of Green Heart protective
development as the principle, implement ecological
management measures and means such as “building,
replenishing, modifying, thinning and cultivating”
according to local conditions, optimize the alloca-
tion of community plants, and gradually improve
the forest community structure. From the perspec-
tive of ecosystem, we should create a stable and
healthy forest ecosystem with aesthetic value,
gradually improve the forest landscape value and
ecological function, and further bring into play the
ecological benefits of urban forest in Green Heart
zone.

Acknowledgement

Key Project of Taizhou Philosophy and Social
Science Planning Research (Ecological Protection
and Development of Taizhou Green Heart zone
13GHZ01).

Conflict of interest

No conflict of interest was reported by the au-
thor.

Reference

Jiang M, Deng H, Tang T, et al. On spatial pattern of
species richness in plant communities along riparian
zone in Xiangxi River watershed. Acta Ecologica
Sinica 2002; 2(5): 629-635.

Hu X, Yu M. Species diversity of evergreen broad-

leaved forest dominated by Cyclobalanopsis glauca

in the northern protection regions of Zhejiang

Province. Guihaia 2003; 23(5): 399-403.

Chen Y. Evaluation on stand species diversity

of broad-leaved trees in Nanping. Journal of Fujian

College of Forestry 2012; 32(2): 136-140.

Zang R, Liu S, Jiang Y. Principles of forest biodi-

versity conservation. Scientia Silvae Sinicae 1999;

35(4): 71-79.

LiD, LiY, Liang L, ef al. Analysis of forest com-

munity types and species diversity in Majunshan

Mount Forest Park. Journal of Southwest Forestry

University 2013; 33(5):74-77.

Gao X, Ma K, Chen L. Species diversity of some

deciduous broad-leaved forests in the

warm-temperate zone and its relations to community

stability. Acta Phytoecologica Sinica 2001; 25(3):

283-290.

7. PanL, Xiang Y, Yang J. Evaluation of forest eco-
system service value of urban forest in Taizhou
Green Heart. Journal of Chinese Urban Forestry
2014; 12(1): 16-18.

8. Xiang, Pan L. Ecological environment construc-

(08

b

e

o

17



10.

11.

12.

13.

tion of urban “Green Heart” in Taizhou. Journal of
Jiangsu Forestry Science and Technology 2013;
40(3): 31-33.

Pan L, Ji H, Fu Q, ef al. Investigation of natural
population and niche analysis for Adiantum reni-
forme var. sinense. Journal of Yangzhou University
Agriculture and Life Sciences) 2005; 26(4): 74-78.
Fan W, Wang X, Guo H, et al. Species diversity of
forest communities in Ziwuling Mountain of
Shaanxi province. Journal of Shaanxi Normal Uni-
versity Natural Science Edition) 2014; 42(3): 59-66.
Chen M. Chengshi lvdi shengtai (Chinese) [Urban
green space ecology]. Beijing: China Forestry Pub-
lishing House; 2011. p. 185-187.

Zhang J. Zhibei shuliang shengtaixue fangfa (Chi-
nese) [Quantitative ecological methods of vegeta-
tion]. Beijing: Science and Technology of China
Press; 1995.

MaK, Huang J, Yu S, et al. Beijing donglinshan diqu
zhiwu qunluo duoyangxing de yanjiu—fengfudu,
junyundu he wuzhong duoyangxing zhishu (Chinese)
[Study on community diversity in Dongling Moun-

14.

15.

16.

17.

18.

18

tain area of Beijing—Richness, evenness and spe-
cies diversity index]. Acta Ecologica Sinica 1995;
15(3): 268-277.

Jiang L, Liu Z. Structure characteristics of natu-

ral birch community and species diversity in Great
Xing’an Mountains. Forest Engineering 2014; 30(4):
12-17.

Qu Z, Wu Y, Wang H, et al. Shiwu shengtai xue
(Chinese) [Plant ecology]. Beijing: Higher Educa-
tion Press; 1983.

Ou Z, Li X, Su Z, et al. Tree species diversities of
two forest communities in Yuanbao Mountain.
Chinese Journal of Applied & Environmental Biol-
ogy 2003; (6): 563—-568.

Yue Y, Yu X, Niu L L, et al. Structural characteristics
of plant communities and species diversity in Wul-
ing Mountain, Beijing. Journal of Beijing Forestry
University 2008; 30(Suppl.2): 165-167.

Xu J, Wei X, Wang J, et al. Species diversity and the
community characteristics of deciduous broad-
leaved forest in Longwang Mountain. Journal of
Southwest Forestry University 2014; (3): 19-26.



Sustainable Forest (2021) Volume 4 Issue 1
doi:10.24294/sf.v4i1.1599

ORIGINAL RESEARCH ARTICLE

Analysis of the composition, structure and diversity of tree species in a
temperate forest in northwestern Mexico

Gabriel Graciano-Avila*, Oscar Alberto Aguirre Calderon, Eduardo Alanis-Rodriguez, José E. Lujan-Sotoju

Facultad de Ciencias Forestales, Universidad Autbnoma de Nuevo Ledn, Carretera Linares-Cd, Victoria km 145,
Apartado Postal 41. CP. 67700. Linares, Nuevo Le6n, México. E-mail: gabri.e.|@hotmail.com

ABSTRACT

The structure and diversity of tree species in a temperate forest in northwestern Mexico was characterized. Nine
sampling sites of 50 x 50 m (2,500 m?) were established, and a census of all tree species was carried out. Each individ-
ual was measured for total height and diameter at breast height. The importance value index (IVI) was obtained, calcu-
lated from the variable abundance, dominance and frequency. The diversity and richness indices were also calculated. A
total of 12 species, four genera and four families were recorded. The forest has a density of 575.11 individuals and
a basal area of 23.54/m The species of Pinus cooperi had the highest VI (79.05%), and the Shannon index of 1.74.
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1. Introduction

The Sierra Madre Occidental is a mountainous complex that ex-
tends from near the border with the United States to the north of Jalisco,
covering more than 1,500 km from north to south, representing 30% of
Mexico’s territory™. In this region, there are extensive areas covered by
conifer and oak forests, resulting in a flora rich in a diversity of pine,
oak and arbutus associations'. 52 pine species exist in the country, and
20 are found in the state of Durango®. The importance of this type of
vegetation is not only because of its high diversity, but also because
pine and oak species are the trees of greatest economic interest!.

Structural characterization is important to understand the func-
tioning of ecosystems, which can provide decision elements to contrib-
ute to the adequate management of forests®®. Structural indices and
measure variables are taken into account!). Vertical and horizontal
structure is considered a good forest management practice for biodiver-
sity conservation in temperate ecosystemst®. Structure, diversity and
density are the main characteristics of forest stands; diversity is a con-
cept that allows different interpretations, although in general, it is used
as a synonym for species diversity’®. On the other hand, tree structure is
a key element to evaluate forest stability™®, which can be modified
through the application of silvicultural treatments, changing the struc-
ture of forest stands and consequently the forest™®. In Mexico, several
studies have been conducted on the diversity of tree species in temper-
ate climates!***!. Therefore, the composition, structure and diversity of
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tree species in a temperate forest in northwestern
Mexico.

2. Materials and methods

The study was conducted in Victoria, located
in the city of New Pueblo, located in southwestern
Durango State. Geographically framed between
23°40°0” and 23°47°54”N, and 105°21'31” and
105°29°52"W (Figure 1). Orographically, the ejido
Victoria is located in the physiographic province of
the Sierra Madre Occidental. According to the
INEGI (1988)™ edaphological chart, the soils of
the study area are cambisol, regosol and lithosol
with coarse to medium texture. The vegetation con-
sists of pine-oak forests, with different productivity
conditions.

New town

Durango

~\ i 10 0 10 20 g5
.___:.\?\ *}r ———  Il0mElETS

Figure 1. Location of the study area.

The measure data for the study were taken in
nine permanent sample plots, quadrangular plots of
2,500 m? established in 2007. The database con-
sisted of 1,294 trees whose normal diameter and
total height were measured, and the species to
which each individual belongs was recorded. To
characterize the horizontal structure, abundance was
determined according to the number of trees, dom-
inance based on basal area, and frequency based on
presence at the sampling sites. The relativized vari-
ables were used to obtain the importance value in-
dex (IVI), which acquires percentage values on a
scale from zero to 3001, the formula is:

A.

i=l..m

100

Where: A; is the absolute abundance, AR; is the
relative abundance of species i with respect to the
total abundance, N; is the number of individuals of
species i, and E is the sampling area (ha).

Relative coverage was obtained with the for-
mula:

_ Ab D
‘= B(ha) © PR x100

2. D
i=l..m

Where: D; is the absolute cover, DR; is relative
cover of species i with respect to the cover, Ab is
the basal area of species i and E is the area (ha).

The relative frequency was obtained with the
formula:

B F;
: FR;, = ! %1
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00

Where: F; is the absolute frequency, FR; is the
relative frequency of species i with respect to the
sum of the frequencies, P; is the number of sites
where species i is present and NS is the total num-
ber of sampling sites.

The importance value index (IVI1) is defined
a3[16,17]:

IVI =AR; + DR; + FR;

To estimate species richness we used the Mar-
galef index (Dmg) and for alpha diversity the Shan-
non-Weaver index (H) using the formulas™®*“:

_(§-1)

™ (N B

s
H =-) pxin(ps), P
1=1

Where: S is the number of species present, N is
the total number of individuals, n; is the number of
individuals of species i and p; is the proportion of
individuals of species i with respect to the total
number of individuals. For the characterization of
the vertical structure of the species, the vertical dis-
tribution index of species (A) was used™. Where A
has values between zero and a maximum value
(Amax); When value A = 0 means that the stand is
constituted by a single species occurring in a single
stratum. Amax iS reached when all species occur in
the same proportion both in the stand and in the
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different strata®. For the estimation of vertical dis-
tribution of species, height zones were defined®":
zone I: 80 to 100% of the maximum height of the
area; zone Il: 50 to 80% of the maximum height,
and zone Il1: zero to 50% of the maximum height.
The index was estimated with the following
formula:

5 z
A= —Z ZP{_,- * In(pij) , Amaz = In(S* Z)
i=1 j=1
Where: S = number of species present; Z =
number of height strata; pi; = percentage of species
in each zone, and is estimated by the following
equation p;; = n;/N; where n;; = number of individ-
uals of the same species (i) in zone (j) and N = total

number of individuals. The value of A is
standardized as follows:
A
A =———— %100
rel EH(S*E}*

3. Results

A total of 12 tree species were recorded, dis-
tributed in four genera and four families (Table 1).
The most representative family was Pinaceae with
five species, followed by the families Fagaceae and
Ericaceae with three species each. These three fam-

ilies included three genera and 11 species, which
constitutes 91.7% of the vegetation recorded in the
nine sampling sites.

Table 1. Scientific name and family of tree species recorded in
the study area

Scientific name Family
Arbutus bicolor S. Gonzélez Ericaceae
Arbutus madrensis S. Gonzalez Ericaceae
Arbutus xalapensis Kunth Ericaceae
Juniperus deppeana Steud. Cupressaceae
Pinus ayacahuite Ehrenb. ex Schitdl. Pinaceae
Pinus cooperi C.E.Blanco Pinaceae
Pinus durangensis Martinez Pinaceae

Pinus leiophylla Schiede ex Schitdl. & Cham. Pinaceae

Pinus teocote Schied. ex Schitdl. & Cham. Pinaceae
Quercus crassifolia Bonpl. Fagaceae
Quercus rugosa Née Fagaceae
Quercus sideroxyla Bonpl. Fagaceae

The plant community density in the study area
was 575.11. The genus Pinus was the most abun-
dant with a density of 369.89 trees, representing
69.01% of the total, followed by the genus Quercus
with a density of 108 trees with 18.78% of the total
(Table 2). The species with the highest density were
Pinus cooperi (188.89 trees) with 32.84% of the
total, P. durangensis (143.56 trees) with 24.94% of
the total, Quercus sideroxyla (104.44 trees) with
18.16% of the total and Junipers deppeana (52.89
trees) with 9.2% of the total, which is equivalent to

Table 2. Abundance, dominance and frequency by genus of species recorded in the study area

Genre Abundance Dominance Frequency
Absolute Relative Absolute Relative Absolute Relative
(number) (%) (number/m? (%) - (%)

Pinus 396.89 69.01 16.71 70.98 100.00 30.00

Quercus 108.00 18.78 5.58 23.71 77.78 23.33

Juniperus 52.89 9.20 0.74 3.15 88.89 26.67

Arbutus 17.33 3.01 0.51 2.16 66.67 20.00

Total 575.11 100.00 23.54 100.00 333.33 100.00

Table 3. Estimated structural parameters for the species recorded in the study area
Genre Abundance Dominance Frequency VI
Absolute Relative Absolute Relative Absolute Relative
(number) (%) (number/m? (%) - (%)

Pinus cooperi 188.89 32.84 6.96 29.55 100.00 16.67 79.05
Pinus durangensis 143.56 24.96 7.76 32.97 77.78 12.96 70.89
Quercus sideroxyla 104.44 18.16 3.62 15.40 77.78 12.96 46.53
Juniperus deppeana 52.89 9.20 0.74 3.15 88.89 14.81 27.18
Pinus ayacahuite 32.00 5.56 1.05 4.44 77.78 12.96 22.98
Pinus teocote 27.11 4.71 0.85 3.60 66.67 11.11 19.41
Arbutus bicolor 14.22 2.47 0.32 1.38 44.44 7.41 11.25
Quercus crassifolia 3.11 0.54 1.95 8.29 11.11 1.85 10.68
Pinus leiophylla 5.33 0.93 0.10 0.42 22.22 3.70 5.04
Arbutus xalapensis 2.22 0.39 0.16 0.70 11.11 1.85 2.94
Arbutus madrensis 0.89 0.15 0.02 0.08 11.11 1.85 2.1
Quercus rugosa 0.44 0.08 0.00 0.01 11.11 1.85 1.95
Total 575.11 100.00 23.54 100.00 600.00 100.00

Notice: IVI = Importance value index. Species are ordered in descending order according to their IVI.
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85.16% of the total species. While the least abun-
dant species was Quercus rugosa (1 tree) with 0.08%
of the total species (Table 3).

There was a basal area dominance of 23.54/m%
The genus Pinus had the highest relative dominance
(16.71/m?) with 70.98% of the total, followed by
the genus Quercus which had a relative dominance
of 5.58/m? equivalent to 23.71% of the total (Table
2). The species with the largest basal area were P.
durangensis (7.76/m?) with 32.97%, P. cooperi
(6.96/m%) with 29.55%, Q. sideroxyla (3.63/m?)
with 15.40% and Q. crassifolia (1.95/m?) with
8.29%, which together account for 86.22% of the
total species.

The genus Pinus was present in all sampling
sites, followed by the genus Juniperus which was
found in eight of the nine sampling sites (Table 2).
At the species level, P. cooperi was found in all
nine sampling sites (100% absolute frequency) with
16.67% relative frequency, followed by J. deppeana
which was found in eight sampling sites with an
absolute frequency of 88%, representing 14.81%
relative frequency. The species Arbutus xalapensis,
A. madrensis, Q. rugosa and Q. crassifolia only
occurred in one sampling site (Table 3).

The importance value index indicates that P.
cooperi (79.05%), P. durangensis (70.89%), Q.
sideroxyla (46.53%) and J. deppeana (27.18%)
were the most outstanding species, having the
highest IVI values. The rarest species were A.
xalapensis, A. madrensis and Q. rugosa which had
values less than three percent.

The specific richness of the plant community
studied was 12 species, with a Margalef index of -
1.53. In relation to the species diversity value, the
Shannon index value was 1.74. By the vertical dis-
tribution index of the species, three height strata
were defined, high (31.04-38.80 m), medium
(19.40-31.03 m) and low (< 19-40 m). The high
stratum is composed of P. cooperi, P. durangensis
and P. teocote with 4.44 trees, equivalent to 0.77%
of the zone, and the medium stratum is composed of
P. ayacahuite, P. cooperi, P. durangensis, P. teocote,
Q. crassifolia and Q. sideroxyla with 87.56 trees
representing 15.22% of the zone. In the lower stra-
tum, all the species of the study area were recorded
with 483.11 trees, representing 84% of the area. The

most abundant species was P. cooperi with 172.89
trees followed by P. durangensis with 104.89 trees
and Q. sideroxyla with 100.44 trees (Table 4). The
A index value was 2.07 with an Ana value of 3.58
and A, of 57%, which indicates that the evaluated
area has average uniformity in height diversity. A
values close to 100% indicate that all species are
equally distributed in the three height strata.

Table 4. Pretzch vertical index values for the study area
Proportion (%)

High stratum (38.80-31.04) N N/m? Total In the area
Pinus cooperi 3.00 1.33 30.00 0.23
Pinus durangensis 6.00 2.67 60.00 0.46
Pinus teocote 1.00 0.44 10.00 0.08
Sum 10.00 4.44 100.000.77

Middle stratum (31.04-19.40)

Pinus ayacahuite 67.00 29.78 34.01 5.18
Pinus cooperi 33.00 14.67 16.75 2.55
Pinus durangensis 81.00 36.00 41.12 6.26
Pinus teocote 400 178 203 031
Quercus crassifolia 3.00 133 152 0.23
Quercus sideroxyla 9.00 4.00 457 0.70
Sum 197.00 87.56 100.0015.22
Low stratum (2.50-19.4)

Arbutus bicolor 32.00 14.22 2.94 247
Arbutus madrensis 200 0.89 0.18 0.15
Arbutus xalapensis 500 222 046 0.39
Juniperus deppeana 119.00 52.89 10.95 9.20
Pinus ayacahuite 5,00 222 046 0.39
Pinus cooperi 389.00 172.8935.79 30.06
Pinus durangensis 236.00 104.8921.71 18.24
Pinus leiophylla 12.00 533 1.10 0.93
Pinus teocote 56.00 24.89 5.15 433
Quercus crassifolia 400 178 0.37 031
Quercus sideroxyla 226.00 100.4420.79 17.47
Quercus rugosa 100 044 0.09 0.08
Sum 1087.00483.11100.0084.00
Total 1294.00575.11300.00100.00

4. Discussion

Due to its structure and composition, the study
area evaluated corresponds to a typical forest of the
Sierra Madre Occidental mountain massif®. The
same dominant families reported for the Sierra Ma-
dre Occidental of the state of Durango were found,
which are Pinaceae and Fagaceae!?”. The Pinaceae
family was the most abundant, recording five spe-
cies of the genus Pinus, which coincides with Gar-
cfa and Gonzalez!?®], who point out that the distribu-
tion of the Pinaceae family and the genus Pinus is
wide in all the mountain ranges of the country.
These results coincide with those recorded for the
state of Chihuahua, where species of the genus Pi-
nus are reported to be dominant®®?. While Lépez et
al.” found that the genus Pinus also has higher
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abundance in temperate forests. Twelve species
were recorded, a lower number than the 27 species
recorded by Linares et al. (1999). The species P.
cooperi was the most abundant, which is one of the
species reported as the most abundant in temperate
forests™>?®. The species with the greatest im-
portance for basal area occupying 86.22% were P.
durangensis, P. cooperi, Q. sideroxyla and Q. cras-
sifolia; these same species have been reported as
those with the greatest basal area in oak-pine forests
in the state of Durango with values greater than
65%. The two species with the highest im-
portance value index were P. cooperi and P. du-
rangensis with 26.35 and 23.63%, respectively; in
this regard P. durangensis has been reported as the
species with the highest ecological value (57.05%)
in temperate forests!®! report that the species P.
cooperi has the highest value of ecological im-
portance (19.92%); while Valenzuela and Grana-
dos®! report P. durangensis and P. cooperi as the
species with the highest value of ecological im-
portance with 33.44 and 10.0%, respectively. In this
regard, Margalef®®”! mentions that the Shannon in-
dex normally varies from 1 to 5, with values lower
than 2 being interpreted as low diversity, from 2 to
3.5 as medium diversity, and higher than 3.5 as high
diversity. Therefore, the forest community studied
has a low diversity (H’ = 1.74). However, this value
is higher than that recorded by Néavar-Chéidez and
Gonzélez-Elizondo™? for the temperate forests of
the state of Durango. The value of the Margalef in-
dex (Dmg = 1.53) is higher than those reported by
Hernandez-Salas et al.?Y, who recorded values of
Dmg = 1.04 and Dyg = 0.90 respectively. Which
means that the study site presents higher diversity
of tree species if compared to areas of the same re-
gion, however, this value is low if compared to
values reported for other ecosystems®?%. The A
index had values of 2.07 with An. value of 3.58
and Ar of 57%, indicating that the evaluated area
presents average uniformity, in height diversity.
Values of A close to 100% indicate that all species
are equally distributed in the three height strata.

This coincides with that reported by Camacho et
al.®o,

5. Conclusions

The temperate forest studied has a low specific
richness and diversity of tree species. The most
important families for their structural contribution
to this forest are Pinaceae and Fabaceae, with the
genera Pinus and Quercus being the most important.
The most important species are P. cooperi, P. du-
rangensis and Q. sideroxyla. For the vertical struc-
ture, the diversity of heights is medium, so the stage
of development is latizal.
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ABSTRACT

Knowledge of the state of fragmentation and transformation of a forested landscape is crucial for proper planning
and biodiversity conservation. Chile is one of the world’s biodiversity hotspots; within it is the Nahuelbuta mountain
range, which is considered an area of high biodiversity value and intense anthropic pressure. Despite this, there is no
precise information on the degree of transformation of its landscape and its conservation status. The objective of this
work was to evaluate the state of the landscape and the spatio-temporal changes of the native forests in this mountain
range. Using Landsat images from 1986 and 2011, thematic maps of land use were generated. A 33% loss of native for-
est in 25 years was observed, mainly associated to the substitution by forest plantations. Changes in the spatial patterns
of land cover and land use reveal a profound transformation of the landscape and advanced fragmentation of forests. We
discuss how these patterns of change threaten the persistence of several endemic species at high risk of extinction. If
these anthropogenic processes continue, these species could face an increased risk of extinction.
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1. Introduction

The state of transformation of a forested landscape is character-
ized by the degree of habitat destruction and modification, the rate of
deforestation, patterns of natural forest fragmentation and changes in
the matrix™?. In this sense, one can find little modified landscapes,
with low deforestation rates, and extensive and well-connected areas of
native forests®™, or highly fragmented and modified landscapes, where
forest cover occupies a reduced area of the landscape, with scattered,
isolated and non-connected habitat fragments, and a matrix composed
of anthropogenic uses®*. Knowledge of the state of transformation of a
landscape is a crucial antecedent for proper landscape planning, man-
agement and restoration, as it indicates the degree of integrity or func-
tionality of the landscape and the main attributes that need to be main-
tained or improved for the conservation of biodiversity and human
well-being®™. These antecedents are especially important in landscapes
with high diversity and endemism of flora and fauna species, but with
substantial losses of forested habitats!.

Fragmentation of natural forests is one of the main causes of bio-
diversity loss in the world®®. The main effects of fragmentation at the
landscape level are reduction of forest habitat size and quality, increase
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in edge and number of patches, and loss of connec-
tivity!®. The edge of a patch in the landscape is
defined as the transition zone between habitats, and
its perception varies depending on the observer,
organism or variable studied'®. Forest fragments
can have smooth or abrupt edges, depending on the
degree of contrast between habitats, which plays a
critical role in the ability of species to adapt and
move within disturbed habitats, the resilience of the
forest and the penetration of edge effects that origi-
nate a deterioration in habitat quality in regres-
sion®® The reduction in forest fragment size
generates changes in composition and structure at
the community level™® modifying population
dynamics and various ecological processes™*! that,
together with isolation and decreased functional
connectivity, have negative effects on the persis-
tence of species populations®®*®!. It has been found
that the continued fragmentation and loss of tropical
and temperate forests have affected forest richness
and structure, bird abundance and diversity, insect
community assemblages, and the persistence of
mammal populations, among others!*2172,
Hotspots are regions with global priority for
conservation due to their high degree of endemism
and strong anthropogenic impact; alarming figures
indicate that more than 85% of the original habitat
present in hotspots has been destroyed?!!. Currently,
35 hotspots have been defined, among which the
hotspot “Chilean winter rainfall-Valdivian forests”
is characterized by hosting a total of 3,893 native
vascular plant species, 50% of them endemic to the
hotspot itself and containing more than half of the
temperate forests of the southern hemisphere!?!,
One of the most unique, least protected and most
altered landscapes of the Chilean hotspot is that
present in the Nahuelbuta mountain range (“cordil-
lera”, hereafter)!?. This area is considered by some
scientists as an area of high conservation value and
world biodiversity reserve, due to its high levels of
species diversity and endemism, and physical char-
acteristics that favored the persistence of some spe-
cies, even during the last glaciation®?!, The high
species richness and endemism of this area is at-
tributed to the fact that the deciduous forests and
scrublands characteristic of the Mediterranean zone
of northern Chile converge with the evergreen Val-

divian vegetation of southern Chile, forming a
unique eco-tonal ecosystem and for having remnant
species from the Mesozoic of Gondwanic origin,
and Tertiary species of tropical origin®?.

Despite its high value for biodiversity conser-
vation, various anthropic processes, such as the re-
placement of native forest by plantations of exotic
species, forest fires, firewood extraction, intensive
agriculture and overexploitation of native species,
have been associated with the degradation and loss
of the natural forests of this “cordillera”?*?®; which
has affected different species of flora and fauna en-
demic to Chile and present in the “cordillera”,
which are threatened and at risk of extinction, such
as the trees, queule (Gomortega keule (Mol.) Bail-
lon) and pitao (Pitavia punctata (R. et P.) Mol.),
amphibians, Darwin’s frog (Rhinoderma darwini)
and Contulmo toad (Eupsohus contulmoensis),
among mammals, Darwin’s fox (Lycalopex fulvipes)
and the marsupial (Dromiciops gliroides)®?4,
among many others. Although there are punctual
studies of the transformation of Chile’s coastal
landscapes®, there are no spatio-temporal studies
on the state of transformation of the “cordillera”,
and in particular, of the changes in the spatial pat-
terns of its native forests. Because of this, there is
no basic information to plan conservation and res-
toration actions or strategies at a landscape scale.

The objective of this work is to evaluate the
state of the landscape and the spatio-temporal
changes of native forests in the “cordillera”, and
from these results, to discuss the implications that
such changes have on the persistence of several en-
dangered species of flora and fauna of the “cordil-
lera”, dependent on native forest habitats. It is pos-
sible to expect that due to the constant loss and
substitution of native forest by forest plantations of
exotic species and habilitation of areas for agricul-
ture, the “cordillera” is in an advanced state of
transformation and fragmentation of natural forests.

2. Materials and methods

The “cordillera” is located between the Biob D
River and the Imperial River, in the administrative
regions of Biob D and La Araucan®, respectively,
and extends for 200 km in a north-south direction,
reaching a maximum altitude of 1,530 m asl (Fig-
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ure 1). Precipitation is 80% concentrated in the au-
tumn and winter months, increasing in 2 gradients,
one latitudinal (north-south) and the other longitu-
dinal (west-east), with frequent snowfalls above
1,000 m asl in the winter months'?®!.

Since there is no study that precisely defines
the limits of the “cordillera”, in the present work,
limits were established based on geological, pedo-
logical, vegetational and altimetric criteria. The ge-
ological criterion considers the formation of the
“cordillera” in the upper Paleozoic, being much
older than the Andes, which dates from the end of
the Tertiary™). This delimitation excluded marine
sedimentary platform sequences and pyroclastic
deposits associated with collapse calderas!?"?!. The
pedology of the “cordillera” corresponds mostly to
ultisols of the Nahuelbuta Association series gener-
ated from metamorphic rocks, of clayey, silty-clay
loam texture, deep and generally of steep topogra-
phy™!. Redelimitation from vegetational formations
consisted of smoothing and closing the edges of the
product obtained from the previous redelimitations,
for which the classification of vegetation floors
proposed by Luebert and Pliscoff was used®®. The

73°W

altimetric limit was based on the elevation of 200 m
asl, due to its spatial congruence with the other cri-
teria analyzed.

To generate thematic maps of land use, Land-
sat satellite images from spring and summer 1986
(TM) and 2011 (ETM+) were used, with a cloud
cover of less than 10%. To facilitate their pro-
cessing and carry out quantitative comparison of
land use coverages, the images were projected at a
spatial resolution of 30 > 30 m/pixel and subse-
quently geometrically, atmospherically and topo-
graphically corrected®™". By means of the C-factor
methodology, shadows cast by site topography were
removed®?. To increase the accuracy of the classi-
fication, the vegetation indices NDVI, SR, SAVI
and LSWI were used®*%,

A supervised classification was performed for
each image using the maximum likelihood statisti-
cal method and training points, which represent the
patterns of land cover types. A total of 300 training
points were taken in different field bells for the
classification of the most recent images. While for
the 1986 images, land cover maps generated by
previous studies®®®*"! and local consultation of land
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Figure 1. Location of the Nahuelbuta mountain range between the Biob © River and the Imperial River in the administrative regions of

Biob © and La Araucan &, Chile.

27



Table 1. Landscape metrics used for the analysis of spatial patterns of native forests in the Nahuelbuta mountain range*®

Class Metrics Description Unit of measure Range of variation
Area, density  Patch area Avrea of each patch of native forest in the Hectares 0 and no limit
and border landscape
Larger patch index Percentage of the area of the largest native  Percentage 0<LPI<100
forest patch in relation to the total area of the
landscape
Patch density Number of native forest patches per 100 Numeric PD>0
hectares
Edge density Density of edge length of native forest Meters per hectare  ED > 0, no limit
patches in the landscape
Form Average perimeter-area  Relationship between perimeter and area None FOR > 0 and without
ratio limit
Core area Average core area Core area of the native forest, specified by Hectares CORE > 0 and no limit
the depth of the edge according to the
proximity of the patch to other land uses
Isolation Average distance to Proximity of native forest patches, based on Meters ENN > 0 and no limit
proximity nearest neighbor weighted average distance
Contrast Area-weighted mean Degree of contrast of native forest with re- Percentage 0<ECON <100
edge contrast spect to its density. The contrast represents
the magnitude of the difference between
native forest and other land uses
Contagion Aggregation index Proportional deviation of adjacencies in- Percentage -1_CLUMPY_1

interspersion

volving native forest class from that expected

for a spatially random distribution

use covers that showed no change of use in the last
20 years were used. The classification accuracy of
the images was calculated by means of confusion
matrices, from a range of between 60 and 90 vali-
dation points taken in the field and recent aerial
photographs, for each type of cover, of each satel-
lite image. A classification filter was applied to each
of the cover classes present in order to exclude
patches with less than 4 pixels.

The land cover or land use classes of the “cor-
dillera” landscape identified from each image were:
1) primary native forest (old-growth forest origi-
nating from natural succession); 2) secondary na-
tive forest (forest regeneration following disturb-
ance); 3) stunted forest; 4) arborescent scrub; 5)
shrub-land; 6) exotic forest plantations (commercial
plantations); 7) agricultural land (agricultural crops,
grasslands and livestock use areas); and 8) other
uses and cover (water bodies, urban, cloud and
shade).

The transition from native forest cover to other
land uses was analyzed using the Change Analysis
module of the Land Change Modeler extension of
the IDRISI software®. In the case of changes in
native forests, the following formula was used to

determine the annual deforestation rate:
P= é<ﬁ)—1 x 100
Ay

where A; and A, are the area of native forest at
time t; and ty, respectively, and P is the percentage
loss per year!*”,

The current state of the landscape was ana-
lyzed based on the landscape change models pro-
posed by Mcintyre and Hobbs and Echeverr i et
al.™?. Specifically, the following variables were
used: loss and fragmentation of native forests, de-
forestation rate, dominant landscape process, and
changes in the matrix during the period studied. On
the other hand, landscape transformation was
measured as percentage of remaining habitat in
terms of natural forests'.

For the analysis of spatial patterns of native
forest cover between 1986 and 2011, FRAGSTATS
software®! was used. The choice of the set of met-
rics to use was based on the review of several stud-
ies on landscape metrics that best expressed the
spatial configuration of real landscapes, and were
also representative of essential components of
landscape structure such as: patch quality, patch
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edge, patch context in the landscape, and patch
connectivity (Table 1)B#:44,

For the calculation of the contrast index, con-
trast weights were assigned between the edges of
native forest patches and the other cover types pre-
sent in the study area. The contrast weight of the
edges was determined based on variables of vegeta-
tion composition and structure, measured in 13
sampling plots of 20 <10 m. For the calculation of
the core area, perpendicular distances were used
from the edge to the center of the patch, which cor-
responded to the edge effect zone between the na-
tive forest and the other cover types. The distance
assigned was based on the work of Laurance et
al.™  Lcépez-Barrera® and Lindenmayer and
Fischer® considering that the degree of con-
trast between habitats (soft or abrupt edges) ex-
presses the magnitude and distance of primary and
secondary responses of the structure, composition
and processes of the habitat to edge effects.

3. Results

Image classification. The accuracy of the 1986
classification was 87%, with the exotic plantation
class being the least accurate, being confused with
primary native forest cover. Primary native forests
for 1986 had an accuracy of 88%, while secondary
and stunted native forests had an accuracy of 86 and
87%, respectively. For 2011, the classification ac-
curacy was estimated at 85%, with the arborescent
shrubland class being the least accurate (77%).
Plantation forests had 78% accuracy, while primary
native forests obtained 86%, secondary native for-
ests 85% and stunted forests 88%.

Loss of forest cover. The “cordillera” has an
area of approximately 620,000 ha, of which
206,130 ha #26.8 ha were native forests in 1986,
decreasing to 137,700 ha #19.3 ha in 2011 (Figure
2). In other words, in 25 years the forest cover de-
creased by 33.2% with a deforestation rate of 1.6%
per year. The net loss was more intense in primary
native forests than in secondary native forests,
while stunted forests showed no loss. In 1986, pri-
mary native forests occupied only 8% of the total
landscape (52,019 ha), reducing their area by half in
2011, with a deforestation rate of 2.6% per year
(Figure 2). In comparison, secondary native forests

presented a net loss of 43,000 ha, representing 28%
of the original area in 1986 (152,200 ha), with a
deforestation rate of 1.3% per year (Figure 2).

Regarding transitions from primary native for-
ests, 68% of the net loss was due to substitution to
plantations of exotic species and, to a lesser extent,
degradation to secondary native forests (11%) and
arborescent shrublands (12%). On the other hand,
95% of the changes in secondary native forest cover
corresponded to substitution by plantations of exot-
ic species. In this same study period (1986-2011),
plantations of exotic species increased by almost
150% from 90,750 ha in 1986 to 251,250 ha in
2011, with an afforestation rate of 4.2% per
year, being the predominant cover in 2011 (Figure
2).

Analysis of spatial patterns of native forest
cover. Considerable changes were observed in the
patch size distribution of forest cover during the
period 1986-2011 (Figure 3). In 1986, 61% of the
primary native forest area was in patches smaller
than 50 ha, 22% in patches of 50 to 500 ha and 17%
distributed in 7 patches larger than 500 ha (Figure
3). Subsequently, in 2011, of the 26,600 ha of ex-
isting primary native forest, 72% was distributed in
patches smaller than 50 ha, 18% in patches of 50 to
500 ha and only 10% was distributed in 3 patches
larger than 500 ha (Figure 3). In 2011, a single
large patch of primary native forest of 1,120 ha was
observed. Of the 25,420 ha of primary native forest
deforested, 49% occurred in patches of less than 50
ha in area.

In relation to the secondary native forest, ap-
proximately 50% was in patches of less than 50 ha
in area, with only one large fragment persisting
over time, representing 4.3% of the total area of the
landscape in 1986 and 4.5% in 2011 (Figure 3). In
the study period, the secondary native forest pre-
sented an approximate regeneration of 5,680 ha, of
which 82% occurred in patches of 2,000 to 5,000 ha.
However, of the 43,000 ha of secondary native for-
est deforested, 53% of the loss occurred in patches
of less than 50 ha in size.

From 1986 to 2011, there was an increase in
the complexity of the shape of primary and second-
ary native forest fragments (Table 2). The degree of
habitat contrast was greater in primary native forest
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range.

than in secondary forest, with a slight tendency to
decrease over time (Table 2). Stunted forests pre-
sented the lowest degree of contrast in the study pe-
riod (1986 = 38%, 2011 = 29%) (Table 2).

In 1986, the density of primary and secondary
native forest patches was 3.73 and 5.58, respectively
(Table 2). In 2011, this index decreased to 2.51
fragments for primary native forest and 4.62 frag-

ments for secondary native forest (Table 2). Similarly,
edge density decreased from 1986 to 2011 for all 3
forest types, with the greatest edge reduction occur-
ring in secondary native forest (Table 2).

An increase in the distance between primary and
secondary native forest patches was observed (Table
2). The aggregation index of primary native forest
decreased, while that of secondary native forest
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Figure 3. Temporal variation of patch size (ha) of primary (A), secondary (B) and stunted (C) native forests in the Nahuelbuta mountain

range.

increased (Table 2). However, there was no consid-
erable variation in the aggregation index of forest
fragments in the landscape. On the other hand, stunt-
ed forests did not show changes in the mean dis-
tance between fragments and in their aggregation
index (Table 2).

The core area of primary native forest had a 4%
loss, which is consistent with a 63% decrease in the
area of the largest patch for this forest type (Table 2).
In contrast, secondary native forest and stunted forest
increased by 20% and 12% in core area, respectively
(Table 2).

Table 2. Changes in landscape pattern indices in the Nahuelbuta mountain range at the class level between 1986 and 2011

Type of Class  Contrast Form Area, density and border Isolation Contagion  Core area
forest cover proximity interspersion
Metrics Area-weighted Average Patch Edge Larger Averagedis- Aggregation Average
mean edge con- perimeter-area  density density patch  tance to near- index core area
trast ratio index est neighbor
Primary 1986 44.72 776.46 3.73 30.14 0.49 133.99 0.63 0.79
native forest
2011 42.16 817.77 2,51 19.82 0.18 154.67 0.57 0.76
Secondary 1986 60.17 731.04 5.58 76.45 4.33 93.01 0.59 0.85
native forest
2011 56.70 785.56 4.62 55.54 4.52 105.09 0.62 1.06
Stunted for- 1986 38.20 654.97 0.04 0.65 0.10 113.14 0.79 4.09
est
2011 29.03 654.97 0.04 0.61 0.10 113.14 0.79 4.64

4. Discussion

Loss of forest cover. The present study revealed
a total loss of native forest of 33.2% at a deforesta-

tion rate of 1.6% per year between 1986 and 2011 in
a landscape of high conservation value, located in
a biodiversity hotspot. This loss was more intense in
primary native forests (49%) than in secondary native

31



forests (28%), and occurred mainly due to substitu-
tion to exotic forest plantations. A loss of native for-
est similar to that of the present study was also ob-
served in the Chilean hotspot, between the regions of
Biob D and La Araucan® in the period 1979-2000,
where the net forest loss was 28.2% at a deforestation
rate of 1.6% per year™. Of this percentage of
loss, 71.7% was due to forest substitution by exotic
forest plantations*!. On the other hand, in the Chil-
ean coastal landscape of the Maule region, between
1975 and 2000, a loss of 67% of native forests was
estimated, double that recorded in the present study,
at a deforestation rate of 4.5% per year, mainly as a
consequence of substitution by exotic forest planta-
tions®®l. This reflects the constant loss of native for-
est by substitution to exotic forest plantations and the
current absence of large extensions of native coastal
forests in Chilean hotspot landscapes.

Loss of forest habitat in biodiversity hotspots
has also been reported in other areas of the world in
recent decades. For example, in the hotspot of Limn
province in Costa Rica, deforestation in 1997 was
54,830 ha, equivalent to 8.4% of the forest cover ex-
isting in 19861, Higher percentages of deforestation
than estimated in the “mountain range” were ob-
served in the Eastern Arc mountain hotspot of Tanza-
nia, where natural evergreen forests and wooded sa-
vannas disappeared by 48% between 1975 and
200011 and in the Ecuador hotspot, located in the
provinces of Loja and Zamora Chinchipe, where for-
est cover loss was 46% between 1976 and 2008[*?!,

Landscape condition. The landscape exhibited a
deforestation rate of 2.6% per year for primary native
forest and 1.3% per year for secondary native forest,
with 22% of the forest cover persisting in 2011.
Likewise, there was a decrease in the density of
patches and edges of primary and secondary native
forest, an increase in the distance between patches,
and an increase in the matrix dominated by planta-
tions of exotic species. According to these results, the
“cordillera” corresponds to an advanced stage of
landscape transformation™?. In this landscape state,
the loss of forest fragments dominates over forest
partitioning and usually occurs subsequent to intense
forest fragmentation processest™?. Very different was
observed in India between 1975 and 2005, and in
the biodiversity hotspot in southern Ecuador®*®, be-

tween 1976 and 2008, where there was a reduction
and division of large forest patches, while there was
an increase in the number of patches, length and edge
density, a pattern characteristic of initial phases of
fragmentation[*”’.

If the trajectory of the studied landscape contin-
ues, and without planning and management measures
for the conservation, protection and restoration of
forest ecosystems, a considerable loss of forest cover
is expected in the future, with a decrease in the rate
of deforestation. Likewise, if the current rate of af-
forestation with exotic species remains constant at
the estimated rate (4.2% per year), it is possible to
expect a greater homogenization of the landscape
with one or two species of commercial interest, turn-
ing the “cordillera” into a relictual landscape, se-
verely deforested, with small patches of highly modi-
fied native forest, isolated and without connectivity,
surrounded by highly contrasting land usest?. In this
state, the slight increase in secondary native forests
and changes in trajectories would indicate regenera-
tion in abandoned agricultural areas, as has been re-
ported in the commune of Ancud, Los Lagos region,
Chilel,

4.1 Changes in the spatial pattern of forest
cover and implications for biodiversity con-
servation

Impacts of the decrease in the size of habitat
patches. The rapid process of deforestation in the
“cordillera” caused the loss of large fragments of na-
tive primary and secondary forest in just 25 years,
with few patches larger than 1,000 ha and 50% of the
forest area in patches smaller than 50 ha. In this sense,
in the coastal landscape of the Maule-Cobquecura
river in Chile (north of the “cordillera”), it was found
that during the period 1975-2000 in the first year of
study, 44% of the forest area was concentrated in a
large patch of between 20,000 and 100,000 ha. By
2000, 69% of the forests were in patches of less than
100 ha and only 3% of the forest area was in patches
larger than 1,000 hal®. This reduction in the size of
native forest patches in Chilean landscapes may af-
fect the availability of habitat for various species that
require large areas to persist'****!, In this sense, it
has been reported that carnivore species present in
the “cordillera”, such as the puma (Puma concolor)
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Table 3. Linkage between spatial patterns reported in the present study and ecological processes of threatened species in the Nahuelbuta mountain range

Spatial pattern of native forests in the

Ecological impacts reported by other studies for endangered species in the Nahuelbuta mountain range

Nahuelbuta mountain range report- Species Current category  Source Impacts References

ed by the present study

Loss of surface area. Reduction of the Lycalopex culpaeus Vulnerable RCE Loss of forest cover reduces habitat for native carnivore spe-  Moreira-Arce et
number of patches. Few patches with Lycalopex griseus Minor concern RCE cies that prefer large patches of mature forest. Increased levels — al.””

area greater than 1,000 ha. 50% of forest ~ Lycalopex fulvipes In danger RCE of spatial overlap, competition for prey and territory are ex-

area in patches < 50 ha. Decrease of the  Leopardus guigna Vulnerable RCE pected.

area of the largest patch of primary Puma concolor Near threatened RCE

native forest Galictis cuja Vulnerable CAZA

Conepatus chinga Rare CAZA

Campephilus magellanicus  In danger RCE The lack of patches of primary native forest with large areas of ~ Llabré&!®!
interior habitat in the landscape could affect the survival of the
species. To form family groups, it requires patches with an
area greater than 100 ha of mature forests of the genus
Nothofagus. Between 1986 and 2011, a 56.7% reduction of the
species’ habitat in Nahuelbuta was estimated.

Birds - - The composition of avifauna is significantly different between  FontU(rbel and
forest habitat types, which could be attributed to differencesin  Jiménez®?
composition and structure between habitats, as a result of
landscape fragmentation processes.

Scelorchilus rubecula Minor concern UICN The composition and structure of the understory is a key Moreno-

Scytalopus Minor concern UICN component of species habitat. Reduction in understory com- Garci

magellanicus plexity and diversity affects site availability for species. et al. ¥
L. culpaeus Vulnerable RCE The probability of site use by specialist carnivores increasesas ~ Moreira-Arce et
L. griseus Minor concern RCE structural as the structural diversity of the habitat diversity of ~ al.’¥
L. fulvipes In danger RCE the habitat increases. Therefore, changes in vegetation struc-
L. guigna Vulnerable RCE ture, as a result of fragmentation processes, decrease the
availability and use of habitats for the species.
High rate of contrast between primary Alsodes vanzolinii Endangered-rare RCE Their populations are associated with streams in small rem- Rabanal and
and secondary native forests. Increase in nant patches of native forest surrounded by forest plantations ~ Alarcén®™
the complexity of the shape of the of exotic species. This affects the movement of amphibians in
fragments. the landscape, which depend on connected habitats for the

development of their life cycle.

Telmatobufo Vulnerable-rare RCE Erosion processes related to harvesting and management of Soto-Azat et al.*®

bullocki forest plantations sediment water bodies associated with their
habitat and biophysical changes, which limits food resources
and eliminates adequate conditions for their reproduction.

Increased isolation between primary Pitavia punctata In danger RCE Degraded habitats, isolated and surrounded by plantations of ~ Venegas®”

and secondary native forest fragments

exotic species. Low genetic diversity, high degree of genetic
differentiation between localities and a high level of isolation,
which makes the species sensitive to fragmentation and in-
creases its risk of extinction.
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and Darwin’s fox, show preferences for mature na-
tive forest habitats and large patches, which would
concentrate their populations in a few patches in the
“cordillera”, increasing the levels of spatial over-
lap between carnivore species, including the feral
dog, and competition for prey and territory®™” (Ta-
ble 3). For their part, threatened bird species present
in the “cordillera” and associated with primary in-
land native forests, such as the black woodpecker
(Campephilus magellanicus), have experienced a
decline in their habitats, along with a decrease in
the size and distribution range of their popula-
tions®! (Table 3).

Different studies conducted in diverse ecosys-
tems show that fragmentation and deforestation al-
ter a set of variables related to forest structure;
likewise, fragment size is significantly related to
species composition and community  struc-
turelt213185901 gryctural differences in vegetation
have been associated with changes in bird composi-
tion between habitats in the “cordillera”™*** (Table
3), possibly responding to variables such as in-
creased irradiance and temperature!®. Likewise, it
has been shown that the probability of site use by
carnivores at risk of extinction, such as the guigna
(Leopardus guigna), Darwin’s fox and puma, in-
creases as the structural diversity of the habitat in-
creasest (Table 3).

Edge effects. In the present study, primary and
secondary native forests exhibited a high contrast
due to the interface between anthropogenic land
uses and secondary native vegetation. Previous
studies in Chile and southern Portugal report that
eucalyptus (Eucalyptus globulus Labill) plantations
present high contrast edges with the natural habitat
due to their monospecific composition and simple
structure®®® which can directly affect the move-
ment of organisms™™. In the “cordillera” popula-
tions of amphibians at risk of extinction, such as
Vanzolini’s spiny-breasted toad and Bullock’s toad
(Telmatobufo bullocki), have been found in small
remnants of native forest surrounded by plantations
of exotic species. These plantations affect the mo-
bility of amphibians and the development of their
life cycle®™*®! (Table 3). Likewise, erosion pro-
cesses related to harvesting and forest plantation
management generate bio- physical changes and

sedimentation of water bodies associated with their
habitat, eliminating suitable conditions for their re-
production® (Table 3).

Isolation effects between habitats. A discon-
tinuous spatial pattern of habitats, such as the one
described for the study area, can lead to a decrease
in functional connectivity between suitable sites for
species and to an alteration of dispersal capacity
depending on the conditions of the matrix that sep-
arates them™®*%. This in turn induces an increased
risk of local extinctions by making species more
vulnerable to stochastic processes, natural catastro-
phes, human threats and loss of genetic variabil-
ity®1%%4 In this sense, it has been shown that pop-
ulations of the tree species pitao (P. punctata) in the
“cordillera”, and of restricted distribution in the
coastal mountain range in Chile, present low genet-
ic variability within each locality, and a high degree
of genetic differentiation between localities due to
the effect of isolation between populations®” (Ta-
ble 3), compared to other tree species of
south-central Chile, such as queuleyelhualo (Loph-
ozonia glauca) Heenan and Smissen(®®!. Accord-
ingly, it can be inferred that P. punctata is in a ge-
netic bottleneck, even more so if one considers that
its area of occupancy is less than 1,000 ha and that
less than 1,000 mature individuals persist in the
wild,

The Nahuelbuta mountain range should be
considered a premium conservation landscape, as it
still concentrates high levels of biodiversity and
endemism, but at the same time an advanced state
of transformation and progressive fragmentation of
native forests. This premium condition within
the biodiversity hotspot justifies the urgency of
safeguarding the different species of flora and fauna
whose risk of extinction may increase due to the
loss and modification of their habitats. This condi-
tion is also based on their low degree of protection
(210.4%), with 10 areas of high conservation value
with an approximate surface area of 57,500 ha, with
Caramé&vida Creek being the largest conservation
area in the landscape (37,000 ha). The only two ar-
eas protected by the National System of State Pro-
tected Wildlife Areas are Nahuelbuta National Park
(6,832 ha) and Contulmo Natural Monument (82
ha), whose size is difficult to sustain the area’s
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high biodiversity!®" ],

We suggest the urgent implementation of
strategies for conservation planning in the Nahuel-
buta mountain range that involve: restoration of
degraded ecosystems, connectivity of forest frag-
ments in the landscape, conservation of threatened
species in the landscape, updating of priority sites
for biodiversity conservation, implementation of
new protected areas, and analysis of the ecological
impacts of habitat loss on species and communities
of flora and fauna.

Finally, it is suggested that future research
should address the causes of landscape transfor-
mation and the loss of native forest in the “cordille-
ra”, in order to be included in actions for biodiver-
sity conservation and territorial planning.
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ABSTRACT

Tropical dry forests are complex and fragile ecosystems with high anthropogenic intervention and restricted re-
productive cycles. They harbor unique richness, structural, physiological and phenological diversity. This research was
carried out in the upper Magdalena valley, in four forest fragments with different successional stages. In each fragment,
four permanent plots of 0.25 ha were established and the light habitat associated with species richness, relative abun-
dance and rarity was evaluated, as well as the forest dynamics that included mortality, recruitment and diameter growth
for a period of 5.25 years. In mature riparian forest, species richness was found to be higher than that reported in other
studies for similar areas in the Cauca Valley and the Atlantic coast. Values of species richness, heterogeneity and rarity
are higher than those found in drier areas of Tolima. Forest structure, diversity and dynamics were correlated with light
habitat, showing differences in canopy architecture and its role in the capture and absorption of radiation. The utiliza-
tion rate of photosynthetic effective radiation in the forest underlayer with high canopy density is low, which is related
to the low species richness, while the underlayer under light is more abundant and heterogeneous.

Keywords: Light Extinction Coefficient; Floristic Diversity; Structure; Plant Area Index; Mortality; Photosynthetically

Active Radiation, Recruitment
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tion is generated in a large number of species that have adapted to
drought under this strategy. However, another group of species remain
evergreen, for which the adaptive strategy follows effective and con-
trolled stomatal conductance!' . The diversity of tropical dry forests is
simpler than that of tropical rainforests and Andean forests. However,
its value lies in the great number of endemic species that can reach be-
tween 43% and 73%, which, together with its low growth rates, classify
it as a highly fragile ecosystem. Also typical of this ecosystem is the
physiological complexity of the species and the spatial distribution pat-
terns of the species and their populations' ", The structure and pattern
of diversity in tropical dry forests is contrary to that of rainforests,
which increase species richness with their proximity to the equator. The
highest species density in tropical dry forests is located more in the

northern than equatorial areas® ', The limiting factor in tropical dry
forests is the availability of water in the soil, which restricts nutrient

leaching processes. This has led to a worldwide change of land use in
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these ecosystems towards agriculture and livestock
production. To this end, agriculture and animal
husbandry production strategies based on irrigation
systems have been formulated, which has increased
food production, and greatly affected the flow of eco-
system services by destroying natural mulch and
replacing it with man-made landscapes!'' ",

Colombia’s tropical dry forests are located es-
pecially in two large regions that correspond to the
Caribbean plain and the inter-Andean valleys of the
Cauca and Magdalena rivers. In these areas, precip-
itation is less than 2,000 mm per year. However, the
distribution of precipitation determines the particu-
lar characteristics of the vegetation. The Caribbean
plain has a monomodal climate, while the in-
ter-Andean valleys of the Cauca and Magdalena
rivers have a bimodal climate, with the addition of
the shadow effect of the mountain ranges!"*"*!. Cur-
rent natural cover in the Upper Magdalena is locat-
ed in the north and south of the department of To-
lima, as well as in the north and south of the
department of Huila. The sub-region with the low-
est frequency of natural fragments of tropical dry
forest and the smallest size corresponds to the south
of Tolima-north of Huila, where natural cover does
not exceed 2%. Fragments larger than 200 ha in size
and with a higher degree of conservation are found
in the north of the department of Tolima, with cov-
er 7% greater of the original area”'®'". The results
of research on the structure and diversity of tropical
dry forests are scarce, and it is even more critical
for the values of their dynamics. Only today, peo-
ple begin to understand the functions of this kind of
forest, making it one of the most degraded ecosys-
tems, with a high level of vulnerability and with
gaps in knowledge that would allow true conserva-
tion, restoration and sustainable use of its ecosys-
tem services''™>"",

Therefore, the present study was conducted in
the tropical dry forest areas located in the north of
the department of Tolima, which are part of the
ecoregion of Alto Magdalena. The objective was to
determine the relationship between the light habitat
generated by the forest canopy (supply of photo-
synthetically active radiation in the growth envi-
ronment) and the structure, floristic diversity and
cover dynamics in terms of growth, mortality and

reforestation, four secondary forests with different
successional stages located on the eastern flank of
the foothills of the Central Cordillera are part of the
tropical dry forest complex of the geographic valley
of the Magdalena river.

2. Materials and methods

2.1 Study area

This research was carried out on four natural
fragments of tropical dry forest (bs-T) with different
successional stages located in the upper part of the
geographic
lands belonging to the Centro Universitario Re-

valley of the Magdalena River,
gional del Norte (Curn) of the University of Tolima
in the municipality of Armero-Guayabal in the
north of the department of Tolima. The selected
forests are part of the slope of the Magdalena River
and are located in the foothills of the eastern flank
of the Central Cordillera and the Alluvial plain. The
flat coordinates of the area are: 4°59°53.48” N
and 74°55°38.87”.

Regarding climatic characteristics, the study
area has an average annual temperature of 27 °C, an
average rainfall of 1,750 mm, and a relative humid-
ity of 71%. The altitude above sea level ranges from
475 to 580 m. The climatic assessment shows a bi-
modal behavior, with a first rainy period between
the months of March to May and a second stronger
period between September and November'*”),

2.2 Sampling

The assessed forest coverage corresponds to
forests in four different succession states. The first
is an early secondary forest (BST) that is 10 years
old, originated from anthropogenic fires and domi-
nated by the Curatella-Xilopia association. The
second forest type corresponds to a 20-year-old
secondary forest in recovery (BSR), generated by
the abandonment of extensive cattle ranching activ-
ities and dominated by Cordia alliodora (Ruiz &
Pav.) Oken. The third corresponds to a succession
in a state of advanced recovery of more than 40
years, which for the purposes of this study will be
called mature secondary forest (BSM), with a het-
erogeneous floristic composition. The fourth forest
type corresponds to a mature riparian forest (BRM)
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dominated by Anacardium and Ceiba whose recov-
ery time exceeds 60 years. In each of the forests,
four permanent monitoring units of 0.25 ha (50 x 50
m) were established, with subplots of 10 x 10 m, for
a total sampling area per cover type of 1 ha. This
sectioning of the sampling unit was due to the size
and shape limitations of the remaining fragments.
For all sampling units, all individuals with a
normal diameter greater than or equal to 5 cm were
recorded, marked, measured and collected. Meas-
urements of normal diameter were made with a di-
ametric tape to the nearest millimeter'>". The col-
lection of plant materials was carried out in
cooperation with the herbarium of Medellin botani-
cal garden and the dendrology Laboratory of the
University of Tolima. The first inventory was con-
ducted in June 2009 with subsequent annual moni-
toring until September 2014, for a time interval of
63 months (5.25 years). New individuals that ex-
ceeded 5 cm normal diameter were recorded as in-
coming or recruited and dead trees were recorded as

mortality status'*,

2.3 Structure and diversity

For the assessment of floristic diversity and
conventional structural parameters, the Stimate-S
9.1.0 program was used™!. Measures of species
abundance at the intra-community level (species
richness, relative heterogeneity and rarity) were
selected and measures of similarity and dissimilari-

ty at the inter-community level were used**>°.

2.4 Forest dynamics

The evaluation of the dynamics for the four
forest types included the calculation of mortality,
recruitment and diameter growth for the evaluation
period of 5.25 years. The mortality rate was deter-
mined from the model proposed by Castro et al.*”
and recruitment according to the models presented
in Melo and Vargas®”'. The mortality pattern con-
templated the types of death: broken trunk (TP),
fallen root (CR), missing individuals (DE) and cut
(COR)™. It’s the application of traditional deter-

ministic growth model™”’,

2.5 Light habitat

To evaluate the light habitat, which indicates
the amount of energy used by the forest canopy to

carry out the functional processes of assimilation
and productivity, direct measurement of the leaf
area index (LAI) was used with a LI-2200TC can-
opy analyzer. The different levels of light ab-
sorbed by the canopy of the forests under evaluation
were expressed as relative values of photosyntheti-
cally active radiation (PAR), which was measured
as the unabsorbed radiation on the forest floor sur-
face expressed as the photon flux density of photo-
synthetic photons (umol-m?-s™) between 400
and 700 nm of the light spectrum. For this purpose,
the LI-191SA-Line Quantum Sensor and
LI-190SA-Quantum Sensor and an LI 1400 data
collector (LI-COR Inc., Lincoln, NE. USA) are
used. Likewise, the light extinction coefficient (K)
was derived by applying Beer & Lambert’s law!*~".
This process was performed below the canopy
above the soil surface in the center of each 10 x 10
m subplot, and four cardinal readings were recorded.
Measurements were taken between 10 am and 2
pm.

3. Results

Table 1 shows the results for the response var-
iables by evaluation levels (structure, floristic di-
versity, dynamics and light habitat), for the four
types of secondary forest in the upper Magdalena
(BST: early secondary forest, BSR: recovering sec-
ondary forest, BSM: mature secondary forest, BRM:
mature riparian forest).

3.1 Structure

Regarding forest structure, the number of trees
(NA) in absolute values and basal area (G) in
m*-ha” and maximum stem diameter (dmax.) in cm
are shown. In general, the diametric structure of the
forests showed inverted J or L trends, which is typ-
ical of dynamic canopies. The stage of development
of each forest is manifested in the decrease of the
diametric range, so that in the early successional
coverages the range is short (27.5 cm) in compari-
son with the coverages of more advanced ages that
exceed 60 cm. For the BRM type, there is a bimodal
trend that corresponds to the presence of two popu-
lations of trees, the first with diametric ranges up to
35 cm and a second population whose diametric
range varies between 45 and 110 cm. The accumu-
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Table 1. Behavioral structure, diversity, dynamics and light
habitat in four types of tropical dry forest in the upper Magda-
lena

Evaluation Variables Forests

level BST BSR BSM BRM

Structure NA 1774 928 388 672
S 18 27 36 48
G 21.9 18.7 17.7 342
Dmax. 27.5 55 65 110
DMg 2.27 3.81 5.87 7.22
DMn 0.43 0.89 1.83 1.85
H 1.38 2.34 276 2.98
E 0.61 0.69 0.83 0.81
L/D 4.78 530 11.24 10.98

Diversity L/d 2.73 297 511 8.84
CH, 22.25 21.37 36.28 42.79
Ab,; 3 5 11 14
Ab, 2 4 7 5
U 2 3 5 5
Uab. 0 1 4 4
Alpha 4.45 9.21 17.67 18.21
T™C 2.37 1.37 0.63 0.45

Dynamics M% 5.78 345 231 1.87
R% 3.8 32 2.1 1.2
LAI 8.3 5.1 4.5 3.1

Light habitat K 0.75 0.63 0.53 0.49
RFA 16.3 182 222 25.7

BST: early secondary forest. BSR: recovering secondary forest.
BSM: mature secondary forest. BRM: mature riparian forest.
NA: number of trees. G: basal area in m*-ha™’. Dmax: maximum
stem diameter in cm. S: number of species. DMg: Margalef
species richness. DMn: Menhinick species density. H’: Shannon
diversity. E: Shannon’s evenness. L/D: Simpson’s heterogeneity.
L/d: Berger Parker dominance. CH;: species rarity. Ab;: species
with one individual. Ab,: species with two individuals. U: spe-
cies represented in a single plot. UAb: unique species in a plot.
Alpha: species diversity. LAI: leaf area index. K: light extinction
coefficient. PAR: photosynthetically active radiation. TMC:
mean growth rate. M%: annual mortality rate. R%: annual re-
cruitment rate.

1000
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300
200
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100

0
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lation of basal area reaches the highest value in
BRM. However, the effect of population size (1,774)
on G (21.99) for BST is clear. The trend of basal
area accumulation (G) for secondary forests is typ-
ical of a chrono-sequence. Therefore, with the pro-
gress of forest succession, the population size de-
creases and the individual reaches a larger size
(Figure 1a). The BRM manifests a smoother dis-
tribution indicating uniformity of populations in the
size range. In the accumulation of basal area (Fig-
ure 1b), the trends are differential and contrary as
the succession progresses, so that in the BST the
greatest accumulation occurs between the diameter
categories of 12.5 and 17.5 cm, while in advanced
successions (BSM)
of basal area is represented in the diameter catego-
ries greater than 65 cm, showing opposite patterns.

the greatest accumulation

3.2 Diversity

Regarding floristic diversity, values for Mar-
galef’s species richness index (DMg), Menhinick’s
species density (DMn), Shannon’s diversity (H),
Shannon’s evenness (E), Simpson’s reciprocal het-
erogeneity (1/D) were determined for the four forest
types, Berger Parker reciprocal dominance (1/d),
species rarity (CH,), species with only one indi-
vidual (Ab,), species with two individuals (Ab,),
species represented in only one plot (U), species
only in one plot and only one individual (UAb) and

b

Basal area (m*ha!)

75 125 17,5 22,5 275 325 37,5 425 475 55 65 715 90 110

Normal diameter (cm)

e e BSR -+ BRM —'- BSM

Figure 1. Trends in population distribution (NA) and basal area m*-ha™ (G) classified by size, for four secondary forest types in the
upper Magdalena. BST: early secondary forest. BSR: recovering secondary forest. BRM: mature riparian forest. BSM: mature sec-

ondary forest.

the log series parameter indicating species diversity
(Alpha). The BRM and BSM have the highest spe-

cies richness (S, DMg) and similar densities (DMn).
An increase in diversity (H’, E, 1/D, 1/d) with suc-
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cessional development is evident. In terms of spe-
cies rarity (CH,), the BSM and BRM present the
highest values. However, despite the homogeneity
(E) of the early successional covers (BST and BSR),
they contain rare species (Ab; and Ab,), which in-
creases their importance for diversity. According to
the results of the alpha index of the logarithmic se-
ries, which is considered the most biologically rep-
resentative measure of diversity, the BSM and BRM
have equivalent values (17.67 and 18.21) despite
their structural difference. Intercommunity com-
plementarity (Table 2) for the evaluated forests, is a
measure of biodiversity expressed from Sorensen’s
similarity index (SR), Jaccard’s similarity (JC),
percentage of dissimilarity (PD), percentage of re-
moteness (PR) and euclidean distance (DE). High
similarity values (SR, JC) were observed between
BST and BSR, BSR and BSM, showing a gradient
of species accumulation with successional ad-
vancement. There are large differences between the
diversity (PD, PR and DE) of BRM and the other
secondary forests both in shared species and in the
distribution of their abundances.

3.3 Forest dynamics

In the evaluation level corresponding to the
dynamic processes of the forest (Table 1), the val-
ues of the mean growth rate (TMC), annual mortal-
ity rate (M%) and annual recruitment rate (R%)
were determined. The results show an inverse rela-
tionship of TMC with successional advancement,
such that the maximum values (2.37 cm-year) are
achieved at BST. Likewise, the same trend is ob-
served for both M% and R%. The highest mortality
and recruitment rates (5.78 and 3.8) are found in
BST as a result of high competition for resources in
contrast to BRM (1.87 and 1.2), which shows a
more stable habitat.

3.4 Light habitat

The high leaf area index (LAI, 8.3 m’leaf ar-
ea/m” ground area) of the BST canopy allows the
optimization of energy, which generates high values
in growth rates and increases competition, mortality
and recruitment by freeing growth spaces. On the
contrary, in the BRM, which has only reached an
LAI of 3.1 (m® leaf area/m’ ground area), the func-

tional behavior is inverse, the mature trees generate
a canopy with low leaf area, there is less use of ra-
diation and the growth rate, mortality and recruit-
ment have lower values compared to the early suc-
cessions. The highest LAI in BST (8.3) and BSR
(5.1) leads to the lowest intensities in PAR (16 to 18
umoles photons. m®s') as a consequence of
self-shading, which obeys the planophilic architec-
ture that is defined as the arrangement of leaves
and branches inserted in angles fluctuating between
0° and 30° of those two communities, expressed by
K =0.75 and 0.63 respectively. For forests that are
in a more advanced successional stage (BRM and
BSM), which present LAI of 3.1 and 4.5, additional
to the K = 0.49 and 0.53, plagiophilous architecture
(arrangements of leaves and branches inserted at
fluctuating between 30° and 60°),
self-shading is lower, leading to higher PAR inten-
sities of 22 to 25 pmoles photons. m*-s” (Table 1).
Table 3 characterizes the light habitat and links
it to forest structure, diversity and dynamics based

angles

on a correlation matrix, for the parameters leaf area
index (LAI), light extinction coefficient (K), pho-
tosynthetically active radiation (PAR), log series
diversity index (Alpha), basal area in m”> ha” (G),
Margalef species richness (DMg), mean growth rate
(MT), annual mortality rate (M) and and annual
recruitment rate (R). High correlation values were
observed between LAI, which expresses the mag-
nitude of canopy cover and the role in radiation
capture and absorption, versus floristic diversity,
mean growth rates, mortality and recruitment. Neg-
ative values in the correlation with diversity indicate
that in forests with canopies that have large leaf area
(LAI) to capture the low availability of PAR. Species
richness is low. More illuminated understories allow
the establishment of more species per unit area and
Table 2. Intercommunity diversity values for four secondary

forest types in the Alto Magdalena
Comparison SR JC PD PR DE

BST-BSR 042 048 3726 4843 2267
BST-BRM 0.18 025 5937 7533 36.77
BST-BSM 033 037 4593 5257 2392
BSR-BRM 0.21 029 5147 63.71 30.73
BSR-BSM 053 059 2982 3739 19.32
BRM-BSM  0.23 027 5331 75.05 31.32

BST: early secondary forest. BSR: secondary forest in recovery.
BRM: mature riparian forest. BSM: mature secondary forest. SR:
Sorensen similarity. JC: Jaccard similarity. PD: dissimilarity
percentage. PR: percentage of remoteness. DE: Euclidean dis-
tance.
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Table 3. Correlation matrix between light habitat, structure, diversity and dynamics of tropical dry forests

LAI K RFA Alpha G DMg TC M% R%
LAI 0.9714 -0.9002 -0.8918 -0.4534 -0.8085 0.9696 0.9838 0.9121
100 100 100 100 100 100 100 100
0.0286 0.0998 0.1082 0.5466 0.1915 0.0304 0.0162 0.0879
K 0.9714 -0.9568 -0.9702 -0.4562 -0.9041 0.9955 0.9885 0.9664
100 100 100 100 100 100 100 100
0.0286 0.0432 0.0298 0.5438 0.0959 0.0045 0.0115 0.0336
RFA -0.9002 -0.9568 0.9242 0.6651 0.8197 -0.9262 -0.9034 -0.9994
100 100 100 100 100 100 100 100
0.0998 0.0432 0.0758 0.3349 0.1803 0.0738 0.0966 0.0006
Alpha -0.8918 -0.9702 0.9242 0.3307 0.9756 -0.9744 -0.951 -0.9349
100 100 100 100 100 100 100 100
0.1082 0.0298 0.0758 0.6693 0.0244 0.0256 0.049 0.0651
G -0.4534 -0.4562 0.6651 0.3307 0.1242 -0.3706 -0.3536 -0.6413
100 100 100 100 100 100 100 100
0.5466 0.5438 0.3349 0.6693 0.8758 0.6294 0.6464 0.3587
DMg  -0.8085 -0.9041 0.8197 0.9756 0.1242 -0.9261 -0.8999 -0.8353
100 100 100 100 100 100 100 100
0.1915 0.0959 0.1803 0.0244 0.8758 0.0739 0.1001 0.1647
TC 0.9696 0.9955 -0.9262 -0.9744 -0.3706 -0.9261 0.9959 0.939
100 100 100 100 100 100 100 100
0.0304 0.0045 0.0738 0.0256 0.6294 0.0739 0.0041 0.061
M% 0.9838 0.9885 -0.9034 -0.951 -0.3536 -0.8999 0.9959 0.9177
100 100 100 100 100 100 100 100
0.0162 0.0115 0.0966 0.049 0.6464 0.1001 0.0041 0.0823
R% 0.9121 0.9664 -0.9994 -0.9349 -0.6413 -0.8353 0.939 0.9177
100 100 100 100 100 100 100 100
0.0879 0.0336 0.0006 0.0651 0.3587 0.1647 0.061 0.0823

LAI: Leaf area index. K: light extinction coefficient. PAR: photosynthetically active radiation. Alpha: log series diversity index.
G: basal area in m*-ha™’. DMg: Margalef species richness. TC: mean growth rate. M%: annual mortality rate. R%: annual recruitment

rate.

there is more heterogeneity of growth niches. Like-
wise, a negative correlation was detected between
the LAI and the survival of the tree community.
Basal area has a low correlation with light habitat,
mainly due to the influence of the large trees of the
BRM that share the same habitat as smaller trees of
the secondary forests. Mortality correlates positively
with LAI and K, otherwise with RFA. Recruitment
has a similar trend.

4. Discussion

The evaluated forests in general show a
chrono-sequence that allows the increase of the
values of diversity and structural complexity of-
fered by the succession of the natural cover of the
tropical dry forest of the Upper Magdalena as ex-
pressed by Mendoza®" in preliminary studies in
fragments of tropical dry forest of the Caribbean
coast and Magdalena valley. The values of structur-
al parameters and species richness, heterogeneity
and species rarity (Table 1) for BST, BSR and BSM
are relatively higher than those found by Fernandez
et al.”" for the south of the department of Tolima,
an area with a drier climate (1,350 mm of mean

annual precipitation). This is in agreement with
Gentry[9’32]
ciated with the availability of moisture in the envi-

, who states that species richness is asso-

ronment. Regarding the BRM, the species richness
is the highest reported for this type of cover in
tropical dry forest areas, since studies by Linares &
Fandifio!'”, Cabrera & Galindo®*! and Etter!'® rec-
orded a lower density of species in similar study
areas in the Cauca Valley and the Atlantic coast.

In terms of intercommunity diversity (Table 2),
the successional complex of secondary forests
shows gradual changes in floristic composition,
which is associated with successional development
after the interruption of anthropic activity. This in-
crease in species in correlation with the recovery of
ecosystem services and forest functionality has been
studied by Kalascka et al.'” in Mesoamerican dry
forests.

There are great differences found in growth
(TC), mortality (M) and recruitment (R) rates for
the four tropical dry forest types shown in Table 1
compared to similar studies conducted in tropical
dry forests in Nicaragua®*!, which may be associat-
ed with both orography and moisture availability,
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which for the eastern flank of the central mountain
range are related to the mountain range shade effect
that increases the relative humidity value, generat-
ing a better growth environment.

The growth of the individual tree and of the
forest as a whole depends to a large extent on its
functionality, that is, on how it obtains the resources
offered by the environment and how it uses them.
The main factors are the light and water in the
soil®! which is expressed in the distribution and
quality of the canopy. The canopy directly influ-
ences the accumulation of biomass, whose differen-
tial distribution in its structural components varies

according to the competition relationships generat-
]

ed by neighboring trees located in its living space™®.

Regarding the values of the variables describing
light habitat and their correlation with forest dy-
namics (Table 3), for the four evaluated canopies
(BST, BSR, BSM, BRM), the direct effects of IAF,
K, and RFA on growth, mortality, and reforestation
are clear. Thus, the highest mortality and recruit-
ment rates are generated under canopies with high
LAI and maximum K values. That is, there is de-
pendence on self-shading due to the maximum leaf
area of the crown and the structure described by the
crown affect the capture of radiation and the con-
sequent productivity of the forest community,
which directly affects both the structure of plant
communities and their floristic diversity™”), similar
relationships between functionality and cover types
have been found by Sterck et al.°® Craine and
Dybzinski®®!, which supports the present results for
the tropical dry forests of the Upper Magdalena.

5. Conclusions

There is a direct relationship between the
availability of light resources and the dynamics of
the tropical dry forest. The highest growth rates of
BST are associated with habitats with high availa-
bility of PAR, which is absorbed by a canopy with
high LAI, resulting in high growth that generates an
increase in mortality rates. The freed spaces are oc-
cupied by new individuals waiting for the oppor-
tunity to grow. For more advanced successions such
as BSM, the canopy that characterizes the forest
structure has a lower LAI, which allows greater
availability of resources in the understory allowing

a greater diversity of habitats that are occupied by
various types of species, hence the greater hetero-
geneity and structural complexity. The consequence
is lower growth and greater stability between mor-
tality and recruitment, which owe their dynamics to
factors endogenous to the biotic community.
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ABSTRACT

In order to evaluate the temporal changes in tree diversity of forest vegetation in Xishuangbanna, Yunnan Province,
the study collected tree diversity data from four main forest vegetation in the region through a quadrat survey including
tropical rainforest (TRF), tropical coniferous forest (COF), tropical lower mountain evergreen broad-leaved forest
(TEBF), tropical seasonal moist forest (TSMF). We extracted the distribution of four forest vegetation in the region in
four periods of 1992, 2000, 2009, and 2016 in combination with remote sensing images, using simp son Shannon Wie-
ner and scaling species diversity indexes compare to the differences of tree evenness of four forest vegetation and use
the scaling ecological diversity index and grey correlation evaluation model to evaluate the temporal changes of forest
tree diversity in the region in four periods. The results show that: (1) The proportion of forest area has a trend of de-
creasing first and then increasing, which is shown by the reduction from 65.5% in 1992 to 53.42% in 2000, to 52.49%
in 2009, and then to 54.73% in 2016. However, the tropical rainforest shows a continuous decreasing trend. (2) There
are obvious differences in the contributions of the four kinds of forest vegetation to tree diversity. The order of evenness
is tropical rainforest > tropical mountain (low mountain) evergreen broad-leaved forest > warm coniferous forest >
tropical seasonal humid forest, and the order of richness is tropical rainforest > tropical mountain (low mountain) ever-
green broad-leaved forest > tropical seasonal humid forest > warm coniferous forest, The order of contribution to tree
diversity in tropical rainforest > tropical mountain (low mountain) evergreen broad-leaved forest > tropical seasonal
humid forest > warm tropical coniferous forest. (3) The tree diversity of tropical rainforests and tropical seasonal humid
forests showed a continuous decreasing trend. The tree diversity of forest vegetation in Xishuangbanna in four periods
was 1992 > 2009 > 2016 > 2000. The above results show that economic activities are an important factor affecting
the biodivesity of Xishuangbanna, and the protection of tropical rainforest is of great significance to maintain the bio-
diversity of the region.

Keywords: Xishuangbanna; Tree Diversity; Forest Vegetation; Remote Sensing; Scaling Ecological Diversity Index;
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sity can be divided into the frequency analysis method and re-
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uses an expert consultation method to set
weights by screening practical indicators, such as
plant species, animal species, ecosystem types, and
alien species, so as to compare the biodiversity of
different regions. This method is not only highly
subjective and lacks further scientific quantifica-
tion, but also the regional biodiversity evaluation
system and method are not unified, and the evalua-
tion results of different regions are not well compa-
rable’”!. Remote sensing technology has the charac-
teristics of multi-space-time and multi-spectrum,
which provides a new way for the monitoring and
evaluation of regional biodiversity’®). At present,
remote sensing data can be used to map species or
habitats, establish the relationship model between
surface species diversity and the remote sensing
spectrum, analyze the landscape index of the land
use map interpreted by remote sensing, and evaluate
and monitor regional biodiversity!**!. Although re-
mote sensing can provide information such as area,
structure, and species types for the evaluation of
regional biodiversity, the evaluation of regional bi-
odiversity also relies on geographic information
technology and mathematical models'®. Therefore,
the scaling ecological diversity index!"”! is proposed.
The scaling ecological diversity index is composed
of species’ evenness and area. It is a comprehensive
reflection of species evenness, species richness, and
area in the region. The larger the index, the higher
the ecological diversity™.

Xishuangbanna, located in the south of Yunnan
Province, is a hot biodiversity distribution area™.
On the land whose land area is only 0.2% of the
national area, there are nearly 20% of China’s
mammals and birds, as well as more than 5000
kinds of plants“o]. However, since 1976, natural
forests in Xishuangbanna have been decreasing,
while rubber forests, tea gardens, and agricultural
land have been increasing!*'* of which rubber
forests are the direct cause of the loss of biodiversi-
ty in the tropical rainforest in the region!'""*]. The
fragmentation of tropical rainforests caused by land
use change is more serious than that of other forest

vegetation'' ¥

, resulting in changes in the composi-
tion and structure of tropical rainforest communi-
ties!"! and the loss of tree species diversity!'®. Alt-

hough many scholars have proved the continuous

loss of biodiversity in Xishuangbanna by various
means, it is difficult to explain the differences be-
tween vegetation only by remote sensing!*'*.
Community survey!™' is difficult to reflect
the biodiversity of the whole region. At present,
there are few studies on the temporal changes
of biodiversity in Xishuangbanna.

Taking Xishuangbanna as the study area, based
on the quadrat survey of tree data of different forest
vegetation, combined with Landsat TM and oli im-
age interpretation of Xishuangbanna vegetation
spatial distribution data in 1992, 2000, 2009, and
2016, using the scaling ecological diversity index'®!,
calculate the changes of tree diversity of different
forest vegetation in four periods, The grey correla-
tion evaluation model was used to evaluate the cur-
rent situation and changes of forest vegetation arbor
diversity in this area, so as to provide deci-
sion-making basis for biodiversity protection in
Xishuangbanna.

2. Overview of the research site

Xishuangbanna (99°58°-102°00°E, 21°09’—
22°30°N) is located in the south of Yunnan Province,
connected with Pu’er City in the north and Myan-
mar and Laos in the South (Figure 1). The terrain is
high in the East and West, and the Lancang River
Valley in the middle is low above sea level. The
West and East belong to the rest of the Nu mountain
range and the Wuliang Mountain range. This area is
deeply affected by the Indian Ocean monsoon, be-
longing to the tropical monsoon climate, with an
annual average temperature of 18-21.7 °C; the sea-
sonal variation of precipitation is obvious, with ob-
vious dry and wet seasons, and the precipitation is
1,193-2,491 mm. Xishuangbanna has 32 typical
formations, belonging to 7 main vegetation'®, Un-
der the influence of climate and vegetation, the
tropical rain forest and seasonal rain forest at lower
altitudes in Xishuangbanna are distributed with
zonal latosol, while the monsoon evergreen broad-
leaved forest is distributed with lateritic soil, and
the limestone area is distributed with calcareous
soil.
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Figure 1. Locations of Xishuangbanna and sample plots.

3. Research methods

3.1 Sample plot setting and investigation
methods

In order to compare the tree diversity of dif-
ferent vegetation and calculate the scaling ecologi-
cal diversity index, according to the principles
and basis of forest vegetation classification in
Xishuangbanna!'®], the well-developed forests that
are less affected by human activities are selected in
Xishuangbanna, and four tropical rainforests, one
tropical seasonal humid forest, two tropical moun-
tain (low mountain) evergreen broad-leaved forests,
and An investigation sample plot of warm conifer-
ous forest with four different forest vegetation
(Figure 1), each sample plot has an area of 2,500
m®. Identify and record all tree individuals with
DBH >3 cm and height >3 m in the sample plot,
and measure the DBH, height, coverage, and other
information of tree individuals.

3.2 Vegetation distribution and area extrac-
tion

In order to obtain different vegetation areas in
four periods and calculate the scaling ecological
diversity index, this study uses Landsat TM and
OLI images with a spatial resolution of 30 m in
Xishuangbanna and Gdemv2 topographic data.
With the support of Envi5.3 software, perform flash
atmospheric correction on each image, select short
wave infrared, near-infrared, red band, and

green band data, and use Teillet module to perform
terrain correction on the image, so as to weaken the
impact of atmosphere and mountain shadow on
vegetation extraction; then, the image is visually
interpreted to extract broad-leaved forests, warm
coniferous forests, and other vegetation (includ-
ing bamboo forests, shrubs, grasses, cultivated and
aquatic vegetation); finally, Arcgis10.3 software is
used to superimpose the classified broad-leaved
forest with altitude, extract the broad-leaved for-
est below 1,000 m as the distribution area of Tropi-

tl'* extract the limestone mountain

[19

cal Rainfores
distribution area!'” and superimpose the broad-
leaved forest to obtain the distribution area of trop-
ical seasonal humid forest. The kappa accuracy of
2016, 2009, 2000 and 1992 is 0.95, 0.92, 0.88 and

0.85, respectively.

3.3 Diversity measurement method

In this paper, Simpson (HS), Shannon Wiener
(H), and scaling species diversity index (d’) are
used to calculate the tree diversity of tropical rain-
forest, tropical seasonal moist forest, tropical
mountain evergreen broad-leaved forest, and warm
coniferous forest, and scaling ecological diversity
index (d) is used to compare the changes of tree

diversity of different forest vegetation in
Xishuangbanna™®. The calculation formula is as
follows:

" (1)
H=-— Pi l')’lPl
2
(2)
m 2
D'=1In PF)
2
3)
1\ 2
In <Zi:1 PF)
b= Ine
“4)

Where, P; is the proportion of the i-th tree in-
dividual to all tree individuals in the sample plot; &
= (e +A)", e =2.71828, a represents the area of the
survey object (hm?).
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3.4 Evaluation of forest tree diversity in
Xishuangbanna

After calculating the scaling ecological diver-
sity index of different vegetation in four periods, in
order to compare the changes of biodiversity in
Xishuangbanna in four periods, this study introduc-
es the grey correlation evaluation model into the
evaluation and comparison of tree diversity in
Xishuangbanna between different periods. The grey
correlation evaluation model infers the correlation
of various indicators by reflecting the similari-
ty between curves”’. Its advantage is that it can
infer the correlation with a small number of indica-
tors with different dimensions, which is widely used
in various fields. The steps of grey correlation de-

gree are as follows?',

First, set the reference sequence,

Xo = {x0(1),20(2), "+, %0 (M)}
and the compared sequence,

Xi = {x; (1), x;(2), -+, x;(n)}
where X, takes the maximum value of scaling eco-
logical diversity of each vegetation in four periods
as the optimal state, and X; represents the scaling
ecological diversity index of each vegetation in the i
year. Secondly, the scaling ecological diversity in-
dex of each vegetation is dimensionless by using
the averaging method, and the expression is:

) = 22

i

Z=li%@)

k=1

Where:

S

k represents different forest vegetation; then calcu-
late the grey correlation index of ecological diver-
sity of each vegetation, and the expression is:

min, min, |x; (k) — x/(k)| + £ max, max, |x; (k) —x/(k)|
Yoi (k) =

|x; (k) = x/ (k)| + £ max, max |x; (k) —x/(k)|

¢ = 0.5. Finally, the grey correlation evaluation in-
dex of tree diversity in Xishuangbanna in each pe-
riod is calculated, and the expression is:

Yoi = ) @ ()yoi(l)
k=i

where w(k) represents the weight obtained from
the scaling ecological diversity index of 4 planta-

tions, and the calculation formula is as follows:

.\(A,

w(k) =
X,
=

(%)
4. Results and analysis

4.1 Changes in forest vegetation area

According to the vegetation distribution in the
four periods of remote sensing image interpretation
(Figure 2), from 1992 to 2016, the forest area of
Xishuangbanna generally showed a trend of decline
first and then increase. The area of tropical rainfor-
est decreased from 22.77% in 1992 to 15.1% in
2016;
green broad-leaved forest, it decreased from 41.6%
in 1992 to 33.61% in 2000 and 33.35% in 2008, and
increased to 38.4% in 2016; the distribution area of

tropical seasonal moist forest and warm tropical

as the largest tropical mountain ever-

coniferous forest in Xishuangbanna is small, both
fluctuating below 1.2%; however, the area of other
vegetation increased from 34.5% in 1992 to 45.27%
in 2016.

It can also be seen from Figure 2 that tropical
rain forests are mainly distributed in the lower alti-
tude areas in the middle and east of Xishuangbanna,
tropical seasonal moist forests are distributed in the
middle and East, and tropical mountain monsoon
evergreen broad-leaved forests are distributed in
Xishuangbanna, other vegetation is mainly distrib-
uted in the gentle terrain areas, and warm conifer-
ous forests are distributed in the north of Pu’er City.
From the comparison of time and space, the vegeta-
tion in Xishuangbanna has changed dramatically,
especially the low-altitude tropical rainforest vege-
tation in Jinghong City and Mengla County has
changed into other vegetation; the evergreen broad-
leaved forest in tropical mountainous areas in the
Midwest, northwest, and northeast of Xishuang-
banna has been transformed into other vegetation;
the low altitude tropical seasonal moist forest in the
middle of Mengla County has been transformed
into other vegetation.
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Figure 2. Map of main forest vegetation types in Xishuangbanna in 1992, 2000, 2009 and 2016.

4.2 Comparison of tree diversity of forest
vegetation in the sample plot

From the number of arbor species in each
sample area (Table 1), the average number of spe-
cies in the tropical rainforest is 55, which is the
vegetation with the largest number of arbor species;
the second is 35 species of evergreen broad-leaved
forests in tropical mountainous areas, higher than
29 species of tropical seasonal humid forests and 27
species of warm coniferous forests. In terms of the
number of arbor plants, the number of trees in the
tropical seasonal humid forest is 252, higher than

Table 1. Tree diversity indices of main forest vegetation types
in Xishuangbanna

Diversity index TRF TSMF TEBF COF
Area of each plot (mz) 2,500 2,500 2,500 2,500
Plot number 4 1 2 1

Average species number55 + 11.34 29 35 27
Average plant number 220+ 12.4 252 151 185

HS 095+0.01 046 085 0.53
H 345+028 135 270 1.54
D 372+ 024 239 3.14 247

Note: Value = x + s ; TRF. Tropical rainforest; TSMF. Tropical
seasonal moist forest; TEBF. Tropical lower montane ever-
green broad-leaved forest; COF. Tropical coniferous forest. The
same is below.

that in tropical rainforest, 220, Simao Pine forest is
185, and the lowest number of trees in tropical
mountain evergreen broad-leaved forest is 151. The

evenness of the three species reflects that the even-
ness of different forest vegetation in Xishuangbanna
is ranked as tropical rainforest > tropical mountain
evergreen broad-leaved forest > warm coniferous
forest > tropical seasonal humid forest.

4.3 changes in tree diversity of forest vegeta-
tion in the whole region

Based on the survey data of each vegetation
sample plot and the vegetation data interpreted by
remote sensing images, the changes in tree scaling
ecological diversity of each vegetation in different
periods in Xishuangbanna are calculated (Table 2).

Table 2 Tree Scaling diversity index change and weight [@(k)]
of main forest vegetation types from 1992 to 2016

Vegetation Scaling diversity index Q (k)
1992 2000 2008 2016

TRF 4831 47.53 4741 46.78 036

TSMF 2390 2347 2284 2281 0.17

TEBF 40.86 4026  40.24  40.66  0.30

COF 22.87  21.64 2284 2273  0.17

It can be seen from Table 2 that the scaling
ecological diversity index of tropical rainforest is
above 46, which is the most important vegetation to
maintain the forest tree diversity in Xishuangbanna.
The second is tropical mountain evergreen broad-
leaved forest and tropical seasonal moist forest,
with the scaling ecological diversity index of 40—41
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and 22-24, respectively. The scaling ecological di-
versity index of warm tropical coniferous forest
with Pinus Simao as the dominant species is lower
than 23. The contribution of tree diversity of
Xishuangbanna vegetation to tree diversity is in the
order of tropical rainforest > tropical mountain ev-
ergreen broad-leaved forest > tropical seasonal hu-
mid forest > warm coniferous forest.
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Figure 3. Change in the grey correlational index of tree diversity
of main forest vegetation types in Xishuangbanna.

The grey correlation evaluation model was
used to calculate the interannual changes of scaling
ecological diversity of four forest vegetation trees
in Xishuangbanna in four periods. From the chang-
ing trend of the grey correlation index (Figure 3), it
is found that the tree diversity of tropical rainforest
and tropical seasonal humid forest has a continuous
decreasing trend during the study period, while the
tree diversity of tropical
green broad-leaved forest shows a decreasing trend
first and then increasing trend, and the warm conif-
erous forest shows an upward and downward fluc-
tuation trend. The grey correlation evaluation in-
dexes of forest tree diversity in Xishuangbanna in
1992, 2000, 2009, and 2016 were 1, 0.58, 0.63, and
0.62, respectively, so the order of forest tree diver-
sity in Xishuangbanna in the four periods was 1992 >
2009 > 2016 > 2000.

mountainous ever-

5. Discussion

5.1 Cause analysis of tree diversity change

Economic activities are the main reason for the
loss of biodiversity in Xishuangbanna. The results
of this study show that the tree diversity of forest
vegetation in Xishuangbanna has been losing con-

tinuously from 1992 to 2016, and the planting of
economic crops such as rubber forests and tea gar-
dens is the main reason for the loss of biodiversi-
ty[
increasing demand for rubber in production and life,

'>11 Since the reform and opening up, with the

a larger area of tropical rainforest has been de-
stroyed to form rubber forests. Moreover, since
1992, the altitude of rubber forests has reached
1400 m'"), and some low-altitude evergreen broad-
leaved forests in tropical mountains have also been
destroyed to form rubber forests. Since the ever-
green broad-leaved forest in the tropical mountains
with higher altitudes in Xishuangbanna is not suita-
ble for the planting of rubber forests, since 1990,
the evergreen broad-leaved forest in the tropical
mountains has been destroyed and formed tea gar-

dens'?

. Xishuangbanna implemented the natural
forest protection project™ and the conversion of
farmland to Forests Project” in 1998 and 2002,
respectively. From 2000 to 2009, the biodiversity
loss of tropical rain forests and tropical mountain
evergreen broad-leaved forests in Xishuangbanna
was not as severe as before, while the warm conif-
erous forests increased. However, after 2009, due to
the impact of economic activities, the continuous
rise of rubber prices led to the destruction of a large
area of tropical rainforest in Xishuangbanna and the
formation of rubber forests!'*], which was contrary
to the goal of tropical rainforest area restoration and
development in the natural conservation project®’).

5.2 Significance of tropical rainforest in
maintaining regional biodiversity

Tropical rainforest is the most important vege-
tation to maintain the forest tree diversity in
Xishuangbanna. This study shows that the contribu-
tion of tropical rainforest to forest tree diversity in
Xishuangbanna has always been the first in four
periods. Because the area of tropical rainforest is
second only to the evergreen broad-leaved forest in
tropical mountains, and it is the second largest for-
est vegetation in Xishuangbanna. At the same time,
in the same area quadrat, the evenness and richness
of trees in the tropical rainforest are much higher
than that of other forest vegetation, and the abun-
dance is also maintained at a high level, so the loss
caused by tropical rainforest per unit area is higher
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281 In addition,

as an important indicator of ecosystem services, the

than that of other forest vegetation

value of biodiversity maintenance (biological regu-
lation and genetic support) created by tropical rain-
forests per hectare per year is $41, while that of
other forests is $4*".. Therefore, from the perspec-
tive of biodiversity value assessment, the loss of
tropical rainforests has a more serious impact on the
maintenance function of regional biodiversity.

The loss of rare species in forests will lead to
the loss of forest biodiversity!””), especially in trop-
ical rain forests and tropical mountain ever-
green broad-leaved forests. In the warm and hot
coniferous forest and tropical seasonal humid forest
with Simao Pine and closed flower trees as the
dominant species, the number of other tree species
does not account for a high proportion of the num-
ber of species in the whole community, so the re-
duction of the number of other tree species does not
significantly reduce the evenness of this vegetation.
However, in the tropical rainforest where the domi-
nant species are not significant, the proportion of
rare species in the number of community species is
high, and the reduction of rare species will affect
the loss of biodiversity of the whole community'*®!.
Although Fagaceac and Lauraceae trees are the
dominant species in the evergreen broad-leaved
forest in the tropical mountains, rare species also
account for a high proportion. In conclusion, the
loss of rare species in the forest has a greater impact
on the tropical rainforest and tropical mountain ev-
ergreen broad-leaved forest.

5.3 Applicability analysis of scaling ecologi-
cal diversity index

Scaling ecological diversity index combined
with remote sensing technology can be applied to
regional biodiversity assessment. Scaling, Simpson
and Shannon Wiener indexes can measure commu-
nity evenness. As the number of species increases
with the increase of area, the scaling ecological di-
versity index also uses area index to measure spe-
cies richness in the study area®. In addition, the
combination of ground survey and remote sensing
technology can also extract ecosystem types and
monitor the integrity of vegetation. The traditional
regional biodiversity research and the scaling eco-

logical diversity index in this study combined with
remote sensing technology coincide with the indi-
cators with higher weight in species richness, eco-
system type and vegetation integrity'*~"), indicating
that the scaling ecological diversity measurement
indicators combined with remote sensing technolo-
gy can be applied to the evaluation of regional bio-
diversity. However, different areas and different
sampling standards will lead to no contrast in the
calculation results of diversity. In order to make the
calculation results of diversity among different veg-
etation comparative, it is necessary to unify the
sampling standards of different vegetation sample
plots in community investigation.

The scaling ecological diversity index also has
problems in regional biodiversity assessment. Alt-
hough scholars have concluded that the scaling
ecological diversity index is not affected by the res-
olution within the spatial scale range of 30 m to 150
m resolution®"] at the same time, the species-area
relationship can be applied to the scale transfor-
mation of biodiversity™>. However, species diver-
sity is retrieved from the community scale to the
regional scale. The difficulty of scale conversion is
affected by the sampling effect and habitat hetero-

B2 The difficulty of scale conversion also

geneity
increases with the increase of the area of the study
area. Therefore, in the study area with a large area
or high heterogeneity, the reliability of scaling eco-
logical diversity index needs further research. In
addition, how to apply the index to the comparison
of different vegetation in different regions also
needs more in-depth research. The grey correlation
evaluation model has some problems, such as the
lack of order-preserving effect in dimensionless
processing, and the dissatisfaction with the stand-
ardization of correlation degree®™. In future work,
it is also necessary to develop or use the corre-
sponding mathematical model to improve the eval-
uation system of forest vegetation arbor diversity in
the study area.
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ABSTRACT

A topic of current interest in forestry science concerns the regeneration of degraded forests and areas. Within this
topic, an important aspect refers to the time that different forests take to recover their original levels of diversity and
other characteristics that are key to resume their functioning as ecosystems. The present work focuses on the premon-
tane rainforests of the central Peruvian rainforest, in the Chanchamayo valley, Junin, between 1,000 and 1,500 masl. A
total of 19 Gentry Transects of 2 x 500 m, including all woody plants >2.5 cm diameter at breast height were estab-
lished in areas of mature forests, and forests of different ages after clear-cutting without burning. Five forest ages were
considered, 5-10, 20, 30, 40 and >50 years. The alpha-diversity and composition of the tree flora under each of these
conditions was compared and analyzed. It was observed that, from 40 years of age, Fisher’s alpha-diversity index be-
comes quite similar to that characterizing mature forests; from 30 years of age, the taxonomic composition by species
reached a similarity of 69—-73%, like those occurring in mature forests. The characteristic botanical families, genera and
species at each of the ages were compared, specifying that as the age of the forest increases, there are fewer shared spe-
cies with a high number of individuals. Early forests, up to 20 years of age, are characterized by the presence of Pipe-
raceae; after 30 years of age, they are characterized by the Moraceae family.

Keywords: Premontane Forests; Secondary Forests; Forest Dynamics; Tree diversity; Gentry Transects
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lowing a better understanding of flora composition, taxa distribution

In the Department of Junin, most of the floristic studies have been
carried out in the Chanchamayo Province!*”, but despite these efforts,
this is still one of the Amazonian departments with the lowest levels
of botanical collections and knowledge!'”. In addition, in Chanchamayo
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and surrounding areas, more than 80% of the terri-
tory has been deforested''", a scenario generated by
the conversion of protected land use and forest use
to agriculture or cattle ranching.

Following RAINFOR methodologies!'”, it
has been possible to generate relevant information
on the composition of the different forest types ex-
isting in the Chanchamayo valley, through the in-
stallation of Permanent Monitoring Plots that in-
clude the marking of trees with more than 10 cm
diameter at breast height (DBH)™***"*), These stud-
ies have allowed us to better understand the floristic
structure and composition of montane and premon-
tane forests as a function of their successional stage.

To date, studies conducted in the pre-montane
rainforests of the Chanchamayo valley reveal that
pioneer forests established from a burn are charac-
terized by presenting in their initial stage woody
species such as Vernonanthura patens (Kunth) H.
Rob. Rob. (Asteraceae) and Acalypha spp. (Eu-
phorbiaceae) among the most important; after 25
years, the composition tends to be dominated by
species such as Piper aduncum L. and Allophylus
foribundus (Poepp.) Radlk. (Sapindaceae)!'”. On
the other hand, the late secondary forests present
species such as Trophis caucana (Pittier) C.C. Berg
(Moraceae), Cupania cinerea Poepp. (Sapindaceae),
Inga edulis Mart. (Fabaceae) and Mauria hetero-
phylla Kunth (Anacardiaceae)". In primary forests,
the most representative species with DBH <40 cm
are Batocarpus costaricensis Standl. & L.O. Wil-
liams (Moraceae), Inga cinnamomea Spruce ex
Benth. (Fabaceae) and Trophis caucana (Pittier)
C.C. Berg (Moraceae), and with DBH >40 cm,
Clarisia racemosa Ruiz & Pav. (Moraceae) and
Pseudolmedia laevis (Ruiz & Pav.) J.F. Macbr.
(Moraceae)!"”.

Currently, in the Chanchamayo valley, most of
the remaining primary forests, or those where an-
thropic intervention has been minimal, are located
in areas with steep slopes and, therefore, difficult to
access; while secondary forests, from areas previ-
ously dedicated to coffee and citrus cultivation,
present a great variety of ages and cover a large part
of the valley. Although the aforementioned studies
are allowing us to understand the composition and
structure of these forests, there are still many gaps

in knowledge to be studied. Proof of this is that, in
the last 30 years, other works with a taxonomic fo-
cus have generated the discovery of new endemic
tree species for the central rainforest' "
very few studies have focused on knowing the di-
versity of woody plants smaller than 10 cm
DBH™"?!! and even fewer, those that have analyzed
the times of forest recomposition generated from

anthropogenic disturbances!'*!,

| Likewise,

There is a clear need for further research to
provide more information on the stages of floristic
recovery and tree diversity associated with different
forest ages. Therefore, in this research the following
objectives were proposed: (i) to document the flo-
ristic composition and tree diversity at different
forest ages, (ii) to analyze the floristic similari-
ties between the different forest ages, and (iii) to
determine the recovery time of the premontane
rainforests in the study area.

2. Materials and Methods
2.1 Scope of study

The study area is the premontane forest, be-
tween 1,000—1,500 masl, in the Chanchamayo val-
ley, district of San Ramon, Junin, Peru; there are
tropical rainforest areas of different ages where the
sample units were established. The study area and
the ecological classification by Holdridge life zones
are shown in Figure 1. The central sampling area is
located in the Instituto Regional de Desarrollo
(IRD), Fundo La Génova, of the Universidad
Nacional Agraria La Molina, which has areas of
intact forest in its innermost parts, and a mosaic of
forests of different ages in the outermost parts, to-
wards the Chanchamayo River. It covers an area of
300 hm’, of which approximately 40% is cov-
ered by premontane tropical rainforest and the
rest by tropical crops, mainly citrus and pineapple.

2.2 Survey of sample units in forests of dif-
ferent ages.

The sample units used are the so-called Gentry
Transects (TG), consisting of a 2 x 500 m evalua-
tion grid along which all plants >2.5 cm DBH were
recorded and collected. The TG were randomly es-
tablished in humid forest areas of different ages
within the Fundo Santa Rosa and the IRD Fundo La
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Figure 1. Stratification of the study area based on the Holdridge ecological classification system by life zones.

Table 1. Location of 0.1 ha Gentry Transects established at different approximate forest ages

Approximate ages Transects Coordinates Altitude Location
Zone East South (masl)
<10 years T1 18L 461463 8776420 1,150 Santa Rosa
T2 18 L 461529 8776525 1,150 Santa Rosa
T3 I18L 461419 8776802 1,150 Santa Rosa
T4 I18L 461479 8776781 1,150 Santa Rosa
20 years T5 18 L 460753 8773466 1,190 IRD La Génova
T6 I18L 460870 8773519 1,170 IRD La Génova
T7 I18L 460986 8773493 1,130 IRD La Génova
30 years T8 18L 460284 8773083 1,280 IRD La Génova
T9 18L 460367 8773166 1,240 IRD La Génova
T10 I18L 460492 8773232 1,230 IRD La Génova
40 years T11 18L 460437 8773458 1,260 IRD La Génova
T12 18L 460465 8773384 1,230 IRD La Génova
T13 I18L 460613 8773484 1,290 IRD La Génova
>50 years T14 I18L 460823 8772416 1,116 IRD La Génova
T15 I18L 460841 8772586 1,152 IRD La Génova
T16 18 L 460881 8772617 1,136 IRD La Génova

Génova UNALM. The main source of information
on the age of the forest areas studied was the refer-
ence of workers of the farms, several of whom have
lived in the interior of the farm since their child-
hood. Mature forests were considered to be those
areas that have not suffered human intervention in
the last 50 years; and their state of maturity was
also reflected in their flora assemblage. For forest
areas of different ages along the plant succession,
only those resulting from anthropogenic interven-
tion without burning were considered (plant succes-
sion in forests generated from burning can be con-
sulted in Echia et al.'*!). All plants included were

collected, properly preserved and conditioned to be
deposited in the Herbarium and identified by tax-
onomists. At least three TGs were collected for each
approximate age of the forests in the field, for a to-
tal of 16 TGs. The codes of the collected TG, with
indication of their position and corresponding ages,
are shown in Table 1. The botanical specimens col-
lected were deposited in the Herbarium of the Fac-
ulty of Forestry Sciences of the UNALM (collec-
tion of woody plants of the MOL Herbarium),
where they were botanically determined by C.
Reynel and R. Fernandez-Hilario.
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Table 2. Diametric and altimetric classes established for the
analysis of Alpha Diversity in the Gentry Transects

Classes Intervals (cm)

Diametric 1 2.5-4.99
2 5-9.99
3 10-14.99
4 15-19.99
5 20-24.99
6 25-29.99
7 30-34.99
8 35-39.99
9 >40

Altimetric 1 1-4.99
2 5-9.99
3 10-14.99
4 15-19.99
5 20-24.99
6 25-29.99
7 >3()

2.3 Analysis performed

2.3.1 Alpha diversity

Diameter classes of 5 cm were established to
analyze the number of species (alpha diversity) rec-
orded in each class. Likewise, for the altitudinal
classes, 5 m classes were established (Table 2). The
transects were analyzed as a whole for each of the
ages studied.

2.3.2 Recomposition of alpha diversity (Da)
in forests of different ages

In the comparison of alpha diversity (number
of species per unit area) between sample units of
different ages, the absolute values of diversity in
each case were taken into account, as well as the
values obtained with Fisher’s Alpha index, which
corrects for the differences caused by different
numbers of individuals in each Gentry Transect'*.
In tree diversity studies, this index shows a high
stability with respect to sample size, since it de-
pends on the number of individuals sampled®***.
Likewise, this index takes into account the positive
effect that abundance has on diversity, allowing it to
estimate the diversity of large geographic areas us-
ing samples from small areas and to compare sam-

*21 Fisher’s alpha index was calculated

pling units
using Formula 1.
S=aln[l+ N/a]
Where:
a = Fisher’s alpha index;
S = number of species in the sample;
N = number of individuals in the sample.

Fisher’s alpha index was calculated with the

PAST program, version 1.91%¢,

2.3.3 Comparison of floristic composition in
forests of different ages

The comparison was made by means of a sim-
ilarity analysis using the Dice Index”” and a cluster
analysis. For both cases, the PAST program version
1.91 was used™.

3. Results
3.1 Alpha diversity recomposition (Da)

Regarding the recomposition of the Da in for-
ests of different ages (Table 3), it can be seen that
the values of this parameter are very modest be-
tween the ages of <10 years, becoming considerably
higher from the age range 20 years onwards. When
the number of individuals recorded using Fisher’s
alpha diversity index is taken into consideration, it
is also observed that from 40 years onwards there is
a substantial recovery of the diversity of tree spe-
cies present.

Observation of the data from the TGs collected
shows that, in all cases, the first three diameter
classes, 2.5-14.99 cm in diameter, register the
highest abundances (Table 4). The values found
suggest that, at the level of species and individuals,
there is a great difference between pioneer forests
(less than 10 years old) and forests older than 20
years. Also, in Figure 2 it can be seen (except for
the forest <10 years old) that the curves reflect an
“inverted J” distribution where the largest number
of individuals are found in the lower diameter clas-
ses. This indicates a clear tendency towards forest
replenishment. With respect to the results obtained
for the altitudinal classes (Table 5), we can see
that both the greatest number of species and indi-
viduals are found in the second class (5-9.99 m),
and although we would expect a “normal curve”
trend in the altitudinal classes (Figure 3), this tends
to the left, with the greatest number of individuals
grouped in the first three classes.

Regarding the composition by families at dif-
ferent ages (Table 6), some interesting trends
can be observed. It is only after the age of 40 that
the Piperaceae family ceases to be a markedly
abundant component in the forest. Similarly, after20
years of age, the Moraceae family begins to present
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Number of individuals

a greater number of individuals, until it becomes the
most important in mature forests (>50 years). With
respect to diversity, in all forest ages the Fabaceae
and Lauraceae families, in a fairly stable manner,
present the greatest number of species, although the
species are not necessarily the same at all ages. We
also observed that in mature forests (>50 years),
additional families appear that had not been rec-
orded at previous ages
tagynaceae), and Annonaceae emerges as one of the
most diverse families.

(Connaraceae, Nyc-

3.2 Fisher’s alpha index

Although the highest number of individuals
and species is recorded at the oldest forest ages (40
and >50 years), these do not necessarily represent
the highest Fisher’s alpha values. The maximum
value is recorded for 40 years old forests. It is im-
portant to highlight that forests <10 years old pre-
sent a high Fisher’s alpha variability (5.78—14.66)
and at least two of the corresponding transects show
the lowest diversity of the entire evaluation (Table
3).

Table 3. Values of species, families and individuals in the different forest ages evaluated. Fisher’s alpha is the average value found for

the transects of each age

Approximate ages Transects Species Families Individuals Fisher’s Alpha
<10 years T1 11 48 19 33 188 5.78 10.2
T2 16 29 14.66
T3 18 62 8.51
T4 22 64 11.85
20 years T5 58 95 32 491 1378 17.1 17.9
T6 55 471 16.14
T7 63 416 20.64
30 years T8 56 87 28 601 1841 15.1 15.4
T9 55 600 14.74
T10 60 640 16.21
40 years T11 80 108 33 683 1897 23.51 18.7
T12 63 578 18
T13 56 636 14.8
>50 years T14 63 97 33 709 2002 16.7 18.4
T15 75 684 21.48
T16 61 609 16.88

Table 4. Number of species and individuals (in parentheses) by
diameter class in the evaluated forest ages

Table 5. Number of species and individuals (in parentheses) by
altitudinal class in the evaluated forest ages

Diameter class<10 years2(0 years30 years40 years>50 years

1 24 (45) 63 (520) 68 (793) 82 (905) 71 (906)
2 31(82) 68 (434)59 (576) 71 (518) 59 (497)
3 14 (32) 39 (178) 46 (204) 48 (182) 39 (252)
4 9(15)  34(92) 27(90) 33(94) 42(151)
5 33) 19 (47) 21(60) 30(74) 26 (61)
6 4 (4) 12 (36) 15(40) 17 (51) 25 (47)
7 2(2) 10 (21) 16(34) 12(25) 20 (33)
8 2Q) 41 4(6) 7(13) 14(20)
9 3(3) 5(29) 11(38) 15(35) 10(35)
1,000
ang <10 years
500 20 years
30 years

700

—8— 40 years
600

o >50 years
500
400
300

200

100

Diameter classes

Figure 2. Diameter classes in the five forest ages evaluated.

Number of individuals

E00

GO0

400

200

Height <10 years20 years30 years 40 years >50 years
class
1 16 (32) 50(225)51(329) 55(292) 46 (264)
2 35(114) 77 (849)72 (1 040)85(1075)71 (1 017)
3 13(25) 37(107)51(198) 48 (203) 39(232)
4 7(11) 29 (114) 33 (124) 47 (158) 37 (189)
5 4 (5) 13(49) 13(29) 25(61) 33(103)
6 1(1) 5(26) 15(60) 23(66) 30(82)
7 0(0) 1(8) 12 (61) 13 (42) 29 (115)
1,200
<10 years
1,000 20 years
30 years

=840 years

—8— =50 years

Diameter classes

Figure 3. Altimetric classes in the five forest classes evaluated.
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Table 6. The ten most diverse and abundant families for each forest age evaluated

N° <10 years Family Esp.  Family Ind. 20 years Family Esp.  Family Ind.
1 Fabaceae 9 Fabaceae 31 Fabaceae 12 Piperaceae 303
2 Lauraceae 5 Lauraceae 25 Lauraceae 9 Urticaceae 230
3 Euphorbiaceae 4 Piperaceae 25 Melastomataceae 8 Moraceae 167
4 Solanaceae 4 Juglandaceae 24 Rubiaceae 7 Fabaceae 106
5 Malvaceae 3 Euphorbiaceae 20 Urticaceae 7 Euphorbiaceae 84
6 Piperaceae 3 Malvaceae 12 Euphorbiaceae 6 Melastomataceae 78
7 Urticaceae 3 Urticaceae 11 Moraceae 5 Arecaceae 69
8 Anacardiaceae 2 Rutaceae 8 Piperaceae 5 Rubiaceae 64
9 Melastomataceae 2 Myrtaceae 6 Malvaceae 4 Lauraceae 53
10 Moraceae 2 Anacardiaceae 5 Anacardiaceae 3 Malvaceae 53
Ne 30 years Family Esp.  Family Ind. 40 years Family Esp.  Family Ind.
1 Fabaceae 11 Moraceae 360 Lauraceae 14 Moraceae 236
2 Lauraceae 10 Urticaceae 282 Fabaceae 11 Urticaceae 222
3 Urticaceae 9 Piperaceae 281 Piperaceae 9 Lauraceae 161
4 Moraceae 6 Fabaceae 275 Melastomataceae 8 Arecaceae 158
5 Malvaceae 5 Meliaceae 115 Urticaceae 8 Meliaceae 149
6 Melastomataceae 4 Lauraceae 106 Moraceae 7 Fabaceae 121
7 Meliaceae 4 Malvaceae 84 Malvaceae 5 Piperaceae 120
8 Myrtaceae 4 Myrtaceae 64 Arecaceae 4 Ochnaceae 101
9 Rutaceae 4 Arecaceae 55 Meliaceae 4 Rubiaceae 89
10 Arecaceae 3 Solanaceae 31 Rubiaceae 4 Myrtaceae 65
N° >50 years Family Esp.  Family Ind.

1 Lauraceae 12 Moraceae 633

2 Fabaceae 9 Lauraceae 316

3 Moraceae 8 Meliaceae 170

4 Piperaceae 8 Nyctaginaceae 135

5 Melastomataceae 7 Rubiaceae 87

6 Urticaceae 6 Fabaceae 76

7 Malvaceae 4 Urticaceae 64

8 Annonaceae 3 Connaraceae 63

9 Arecaceae 3 Piperaceae 60

10 Euphorbiaceae 3 Myrtaceae 58

(Esp. = Number of species; Ind. = Number of individuals).

3.3 Re-composition of the species assemblage
(floristic composition)

The similarity analysis (Dice index; Table 7)
reveals that the floristic composition of early ages
(<10 years) is not very compatible with that of for-
ests older than 20 years, with a similarity of less
than 24%. The similarity of the species assemblages
is noticeable in forests from 20 years and older, and
very noticeable in forests 30 years and older, at
which age 69-74% of the forest species are the
same as at older ages. Forests between 30 and 40
years of age are quite similar to each other in that
sense; and forests older than 50 years have a slight-
ly different species assemblage.

The clustering analysis (Figure 4) shows that
the <10 years old forest forms a solitary group, with

only 20% similarity with the rest of the ages. on the
other hand, the 30, 40 and >50 years old forests
present a similarity of approximately 70%. Like-
wise, the two ages with the highest similarity
(about 70%) are the 30 and 40-year-old forests. This
suggests that, in the first stage, when the forest is a
pioneer, there are very few species shared with ma-
ture forests, and only after 20 years of age do the
species that characterize mature forests begin to
proliferate.

Along the diagonal (from left to right and from
top to bottom) is the number of species by forest
age. Below the diagonal is the number of species in
common among forest ages, and above is the Dice
index. The minimum and maximum values recorded
are highlighted in orange and green, respectively.

Table 7. Similarity between age groups according to the Dice Index.

Approximate ages <10 years 20 years 30 years 40 years >50 years
<10 years 48 0.238 0.222 0.192 0.152

20 years 17 95 0.659 0.640 0.594

30 years 15 60 87 0.738 0.685

40 years 15 65 72 108 0.693

>50 years 11 57 63 71 97
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Figure 4. Dendrogram of similarity using the Dice Index for the
forest ages evaluated.

Finally, we observed that few of the species
shared between different ages show high abundance
(Table 8). Most of the shared species present few
individuals, the extreme case being the species in
common between forests <10 years old and >50
years old, where only one presents more than 10

individuals at both ages. As the age of the forests
increases, there are fewer shared species with a high
number of individuals. Seven species with more
than 50 individuals are shared in forests of 40 years
and >50 years. From 20 years on, the species Tro-
phis caucana is an abundant component in common
with mature forests (>50 years).

4. Discussion

The premontane rainforests of the Amazon are
one of the natural formations with the greatest an-
thropogenic impact and alteration in Peruvian terri-
tory. Productivity in montane forests is lower than
in lowlands, consequently, recovery rates are rela-
tively slower, in an environment marked by hetero-
geneity, where local factors such as landslides are
common, and where species with divergent evolu-
tionary histories interact”™. An influential factor in
the recomposition of tropical Andean forests is the

edge effect of the surrounding vegetation®*),

Table 8. Species in common between mature forest (>50 years) and the other forest ages evaluated and based on a minimum number of

individuals recorded

Approximate age of >50 years Species in common

forest In With >10 individuals  With >20 individuals = With >30 individuals = With >50 individuals
total at both ages at both ages at both ages at both ages

<10 years 11 1 - - -

20 years 57 10 2 1 (Trophis caucana)

30 years 63 20 10 5 3 (Myrcia splendens;
Guarea guidonia;
Trophis caucana)

40 years 71 23 13 8 7 (Prunus debilis;

Ruagea glabra;
Myrcia splendens;
Ocotea cernua;
Clarisia racemosa;
Guarea guidonia;
Trophis caucana)

It has been postulated that a disturbed area embed-
ded in a surrounding forest matrix with an intact
structure and composition has significantly better
chances of recovery than one surrounded by highly

B9 To understand the recovery

degraded forests
process of these forests, it is important to clarify the
time it takes for them to recompose, from the point
of view of their diversity and also of the species
assemblages that characterize them. Based on such
information it would be possible, for example, to

find technical alternatives to shorten these times.

The data obtained show that, for secondary
forests that have not been subjected to burning, the
early stages of vegetation, also known as pioneers
(up to 10 years of age), are very different in species
abundance and diversity compared to the corre-
sponding mature forests, containing considerably
less diversity. In contrast to lowland Amazon forests,
where at 20 years there is a recovery of 80% of
species richness”®', the most important moments in
the recomposition of these forests are shown above
all from 30 years of age, time in which a similarity
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close to 70% with mature forests is reached. An
open question for future research is what properties
are achieved at these ages that allow the rapid re-
covery of diversity and species assemblage charac-
teristic of mature forest formations. The rate of re-
covery could be limited by soil fertility and soil
typel®”; in this sense, speculatively, it could be as-
sumed that important properties related to soil fer-
tility and carrying capacity, as well as the increase
of biotic interveners such as seed dispersers, and the
microclimate produced in the forest, could show
substantial changes from these times onwards.

On the other hand, in the case of the premon-
tane rainforest studied, the presence of some taxa
could be interpreted as an indicator of the age and
state of recovery of the forest; Piperaceae is a fami-
ly characteristically present at early ages, remaining
abundant until 3040 years old, represented main-
ly by the species Piper aduncum; Moraceae, repre-
sented by the species Trophis caucana, is perceived
as a family indicator of the mature condition of the
forest in the studied forest. This coincides with the
observations of Gentry & OrtizP*!. If we compare
these data with those obtained in forests regenerat-
ing after burning!"*, we observe that in the latter the
recovery is apparently slower. Considering the age
range between 25-30 years, in the latter 57% of the
diversity is recovered in that period, vs. 69-74% in
forests that have not been subjected to burning, an-
alyzed in the present study.

5. Conclusions

The floristic composition at different ages in
the premontane moist forests studied is recogniza-
ble; additionally, the presence and abundance of
some taxa can be interpreted as an indicator of the
age and state of recovery of the forest; for example,
early secondary forests, up to 20 years old, are
characterized by the abundance of the Piperaceae
family, with Piper aduncum as the most abundant
species, while mature forests, after 30 years of age,
are characterized by the Moraceae family, with the
species Trophis caucana.

From the point of view of their diversity and
flora assemblage, early forests, less than 20 years
old, are significantly less diverse and differentiated
in their floristic composition with forests older than

30 years (less than 24% similarity); after this age,
species diversity increases significantly.

In the humid premontane forests of the study
area, the most important moments in the recompo-
sition of diversity and species assemblage occur
after 20 years of age, and especially after 30 years
of age, at which time a similarity of nearly 70% is
reached with the composition of the flora of mature
forests.
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ABSTRACT

[Objective] To understand the relationship between species diversity and tree growth in natural secondary forests
in Northeast China, to determine the reasonable size of species diversity, and to carry out appropriate nurturing harvest-
ing and artificial replanting, so as to provide a scientific and theoretical basis for secondary forest management and
management. [Methods] A total of 123 sample plots were set up in the Xiaoxinganling (XXAL), Zhangguangcailing
(ZGCL), Laojialing (LYL), Changbai Mountain (CBS), Hadaling (HDL) and Longgang Mountain (LGS) areas in
Northeast China, they were used to investigate the species composition, importance value, diversity and tree growth in
each area. [Results] A total of 48 species belonging to 17 families and 31 genera were investigated in all the sample
plots, among which the sample plots in Longgang Mountain contained the largest number of families, genera and spe-
cies, followed by Hada Ling, Changbai Mountain, Laoyaling, Zhangguangcai Mountain and Xiaoxinganling. The
a-diversity index of species in the sample sites was the largest in Changbai Mountain and the smallest in
Xiaoxinganling, and the difference between them was significant (P < 0.05), while the richness index was the largest in
Longgang Mountain and the smallest in Xiaoxinganling. The difference between them was significant (P < 0.05), while
the greater the difference in latitude between the regions, the more obvious the difference in B-diversity index of species
in the sample sites, and the fewer species shared between the two regions. The higher the rate of community succession,
the higher the average diameter at breast height and the average tree height in each region were CBS > LYL > LGS >
ZGCL > HDL > XXAL. The largest breast tree species in each region was Mongolian oak in Changbai Mountain with a
diameter at breast height of 64.8 cm, and the smallest breast tree species in each region was Tyrannus sylvestris in
Longgang Mountain with a diameter at breast height of 4.0 cm. The highest tree species in each region was Lirioden-
dron sylvestris in Longgang Mountain with a height of 28.9 m, and the smallest species is yellow pineapple with a
height of 1.3 m in Longgang Mountain. [Conclusion] Within a certain range, species diversity has a facilitating effect
on the average diameter at breast height and average tree height of species within a stand. Therefore, during the man-
agement of secondary forests, appropriate nurturing harvesting and artificial replanting should be adopted to ensure
reasonable species diversity in the stands and provide optimal space for the growth of natural secondary forests.
Keywords: Natural Secondary Forest; Species Composition; Importance Value; Species Diversity; Tree Height; Diame-
ter at Breast Height
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in natural secondary forests on a large regional
scale in Northeast China.

The study of the relationship between species
diversity and tree growth is a fundamental issue in
ecology'”!, and the relationship between the two is
one of the more studied issues in ecology, including
the relationship between species diversity and di-
ameter at breast height, tree height, biomass and
productivity®®. Studying the interrelationships is
essential for understanding the mechanisms of
global species diversity™”.

Species diversity research is currently focused
on the relationships between species diversity
and biomass and productivity!'®"?! the effects of
environmental factors on species diversity at dif-
ferent altitudes and latitudes''*"
thropogenic disturbances on species diversity and
functional diversity!'®'”), and the spatial pattern dis-
tribution of species diversity!"®. Related studies
have been relatively systematic and extensive.
However, there are relatively few studies on the

relationship between species diversity and tree
[19]

| the effects of an-

growth in forest ecosystems
focus on small-scale and homogeneous habitats,
which ignore the influence of large-scale and spatial
heterogeneity on the relationship between species
diversity and tree growth. Meanwhile, the ecosys-
tems in forest stands are affected by many factors,
and it is impossible to limit all experimental factors
at the same time, resulting in the current conclu-
sions on the relationship between species diversity
and tree growth in forest stands. The relation-
ship between species diversity and tree growth in

. And they mainly

forest stands is not uniformly concluded™. There-
fore, it is important to focus on the relationship be-
tween species diversity and tree growth in a large
region of Northeast China.

There are three main spatial scales of diversity
indices: a diversity, B diversity, and y diversity®!).
Each spatial scale has different environments and
different measured data. A diversity is currently the
most studied biodiversity™'***. A diversity is
mainly concerned with the number of species in a
local homogeneous habitat, and is therefore also
referred to as intra-habitat diversity. B diversity is
mainly the variation along environmental gradients,
the similarity of species composition between dif-

ferent habitat communities or the turnover rate of
species along environmental gradients and is also It
is also known as interhabitat diversity, and this
study is one of the current research hotspots'*2*. T
diversity describes the diversity at regional or con-
tinental scales, and refers to the number of species
at regional or continental scales, and is also known
as regional diversity, and because it is relatively
difficult to study under continental scale regions,
current studies are conducted at small scales, so y
diversity studies are relatively rare.

In this study, in order to investigate the rela-
tionship between species diversity and tree growth
in natural secondary forests in northeast China, we
applied a-diversity and B-diversity to analyze the
species composition, structural characteristics, and
latitudinal gradient, which can provide scien-
tific basic information for natural secondary forest
management and management in northeast China.
At the same time, by determining a reasonable size
of species’ diversity and conducting appropriate
nurture harvesting, we can improve the growth
conditions of the forest through appropriate felling
and harvesting or artificial replanting.

2. Overview of the study area

The northeastern region has a temperate con-
tinental monsoon climate from south to north.

It has four distinct seasons and a relatively
high latitude, with cold and long winters and warm
and short summers, and is mainly a humid and
semi-humid region. The vegetation types in the
three northeastern provinces belong to the Changbai
Mountain flora, and the main tree species are Liri-
odendron juglans mandshurica, Fraxinus mands-
hurica, Phellodendron amurense, Quercus mongol-
ica, Tilia mongolica, Tilia mandshurica, Fraxinus
rhynchophylla, Ulmus pumila, Ulmus laciniata,
Tilia mandshurica, Ulmus rhynchophylla, Ulmus
pumila, Ulmus laciniata, Tilia mandshurica.
Amurensis, Tilia mandshurica, Fraxinus rhyncho-
phylla, Ulmus pumila, Ulmus laciniata, Carpinus
cordata, Acer mono, Acer pseudosieboldi pseudo-
sieboldianum, Syringa reticulata, Prunus padus,
Rhamnus davurica, Betula platyphylla, Betula cos-
tata, Betula davurica, Populus Populus davidiana,

Populus ussuriensis, Albizia kalkora, Maackia
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amurensis, Acer mandshuricum, Acer triflorum, Al-
nus sibirica, Pinus koraiensis, Pinus sibirica, Pinus
sibirica, Pinus sibirica, Pinus koraiensis. Pinus
koraiensis, sand pine Abies holophylla, camphor
pine Pinus sylvestris, bristlecone pine Abies neph-
rolepis, and larch Larix gmelinii.

This research studied a comprehensive survey
of natural secondary forest tree species in the areas
of Xiaoxinganling (I), Zhangguangcailing (1),
Laojialing (III), Changbai Mountain (IV), Hadaling
(V) and Longgang Mountain (VI) (123°58°137—
130°24°10”E, 40°52°257—46°48’50”N) from 2017
to 2019 according to the distribution of mountain
systems and latitudes (Figure 1).
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Figure 1. Plot distribution.

3. Experimental methods

3.1 Sample plot setting

In the six areas, sample points were evenly
distributed in each area according to the geographic
grid, and sample plots were set up by the sample
circle method at the sample points already laid out.
That is at a distance of more than 20 m from the
forest edge, a circular sample plot was established
with a point as the center and 17.85 m as the radius
without crossing rivers, roads or logging lines. All
trees with diameter at breast height of about 5 cm
and above within the sample circle were surveyed
and registered respectively. The main survey con-

tents included species name, diameter at breast
height, tree height, crown width (S—N, W-E), angle
and distance from the center of the circle, etc. The
longitude, latitude, elevation, slope, slope direction,
slope position, soil depth and humus layer depth of
each sample plot were also recorded.

3.2 Species diversity measurement
3.2.1 Importance value (IV)
(1
Where, RD; is the relative density of species i,
RF; is the relative frequency of species i, and RP
is the relative significance of species i.

3.2.2 Species diversity

Species diversity is an important measure of
the functional complexity and stability of commu-
nities and mainly includes a diversity index, £ di-
versity index and y diversity index®'. A diversity
index (Shannon-Wiener diversity index H’, Simp-
son diversity index D and Pielou evenness index
Jsw), P diversity index (Serensen B diversity index
Bs and Cody diversity index Pc) and species rich-
ness (Margalef richness index R) were evaluated

together.
H =—i}fln.”,
i=]
)
D=1-Y P’
3)
Jw=(— y gmej/ms
4)
Ps=1-2c/(a+b)
)
Pe=[g(H)+I(H)]/2
(6)
R=(S-1)/InN
(7

Where: P; = N/N, P; is the relative importance
values of species, N is the sum of the importance
values of each species in the sample site where spe-
cies i is located. NV; is the importance value of the i
species. S is the total number of species in the sam-
ple site. a and b are the number of all species in the
two communities, ¢ is the number of species
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shared between communities. g(H) is the number of
species increasing along the habitat gradient H. /[(H)
is the number of species lost along the habitat gra-
dient H, i.e., the number of species present in the
previous gradient but absent in the next gradient. N
is the total number of individuals in the sample plot.

3.3 Data analysis

Experimental data and table creation were or-
ganized using Excel 2007 software, while data were
analyzed and compared using SPSS 19.0 software
and plotted using sigmaplot 12.0 software.

4. Results and analysis

4.1 Species composition and diversity

The species composition of natural secondary
forests in different areas was investigated (Table 2),
and 48 species belonging to 17 families and 31
genera were investigated in all sample sites, in-
cluding 19 species belonging to 13 families and 17
genera in the Xiaoxinganling area. The importance
18.34%, 16.72%, 8.37%
and 7.95%, and the total importance values were

values were 22.88%,

more than half, which were the dominant species.
Thirty species were investigated in the sample site
of Zhang Guangcai Ridge, belonging to 13 families
and 19 genera, and 13 species with importance val-
ues >2. The top five species were Maple, Elm, Lir-
iodendron, Ash and Red Pine, with importance val-
ues of 29.98%, 11.07%, 10.70%, 4.49% and 4.38%,
respectively, which were more than half of the total
importance values and were the dominant species.
There were 28 species belonging to 14 families and

20 genera, and 14 species with importance value >2.

Red pine, linden, larch, lupine and elm ranked in
the top five with importance value of 23.16%,
15.52%, 7.66%, 6.31% and 6.22% respectively, and

the total importance value was more than half,
which were the dominant species. The sample site
in Changbai Mountain area surveyed 28 spe-
cies belonging to 15 families and 22 genera, 14
species with species importance value >2. Tyrannus
sylvestris, Acer sylvestris, Elm, Acacia sylvestris
and Linden ranking in the top five with importance
values of 22.81%, 11.70%, 8.69%, 8.05% and 6.73%
respectively, with a total importance value of more
than 50%, which are the dominant tree species.
There were 29 species belonging to 15 families and
22 genera in the Haddaling area, and 14 species
with importance value >2. The top five species were
Maple, Elm, Mongolian oak, Quercus alba and Lir-
iodendron, with importance values of 37.16%,
9.56%, 8.10%, 5.12% and 4.28% respectively, and
more than half of them were dominant. There are 39
species in the Longgang Mountain sample ar-
ea, belonging to 15 families and 27 genera, with 13
species with importance value >2. The top five spe-
cies in importance value are Maple, Elm, Mongoli-
an oak, Quercus alba and Liriodendron, with im-
portance value size of 27.04%, 9.21%, 7.73%, 6.46%
and 4.39%, respectively, and more than half of the
total importance value is dominant. Overall, the
dominant species in each region were mainly elm,
colored maple and water willow.

The a-diversity (Shannon-Wiener diversity
index H’, Simpson diversity index D and Pielou
evenness index Jsw) and richness (Margalef rich-
ness index R) of species in natural secondary forest
sample plots in different regions were determined
(Table 3).

The Shannon-Wiener index (H’) was the larg-
est in Changbai Mountain and the smallest in
Xiaoxinganling. The difference between them was
significant (P < 0.05). The Shannon-Wiener index

Table 1. Basic situation of plots

Variables XXAL ZGCL LYL CBS HDL LGS
Number of sample 16 22 20 22 21 22
Number of family 13 13 14 15 15 15
Number of genus 17 19 20 22 22 27
Number of species 19 30 28 28 29 39
Stand density/(plan-hm?) 619 590 551 605 582 610
Latitude/(°) 46°16°15"—  43°2°10"- 42°48°56"—  41°19°36”- 41°57°117- 41°02°10"—
46°48°50” 46°03°03” 45°59°41” 43°32°29” 43°08°01” 42°56°51”
Altitude/m 308-401 230-495 312-577 437-834 397-723 257-815
Soil depth/cm 15.6-47.0 7.5-56.0 11.5-46.8 5.2-32.0 7.6-31.3 15.6-34.2
Humus thickness/cm 8-16 4-35 5-14 7-23 6-21 8-18
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Table 2. Tree species of important values >2 in different areas

XXAL ZGCL LYL CBS HDL LGS
Im-
portant
Im- Im- Im- Im- Im- ;;luse o
. portant . portant . portant . portant . portant . ° P
Species Species Species Species Species Species cies
value value value value value Im-
1% /% 1% 1% 1%
portant
value
1%
. P. S. Reticu-
U. Pumila 22.88 A. Mono 29.98 . . 2316 22.81 A. Mono 37.16 A. Mono 27.04
Koraiensis lata
P. . . 1834 U Pumila 11.07 Zawwre/w/s15.52 A.mono 11.70  Upumila  9.56 U.pumila 9.21
Koraiensis
F.Mands- 00, J.Mands- 1656 | Grclinii 7.66 U, Pumila  8.69 & MO g 10 Mongolica  7.73
hurica hurica ica
S. Reticu- g 3 EMands- 45 g Reficulata631 A Kalkora 8.05 - Mands g 0 g randshurica  6.46
lata hurica hurica
JMands- ;g5 P a0 pymila 622 L AMUEN- oop JMandss o0 phgoum 439
hurica Koraiensis sis hurica
A.Holo- 460 g Reticulatad. 14 J-Mands g T Mands- g g0y pciniata 3,84 J. Mandshurica 435
phylla hurica hurica
L Gmeli- 366 p-amurense 3.76 L Mands g5 K Mands g g Limel g g0 sy 422
nii hurica hurica Amurensis
T. Amuren- .. ..
P.Padus 3.09 sis 3.38 A. Mono 4.55 U. Laciniata 4.27 L. Gmelinii 3.08 F. Rhynchophylla3.94
P 295 A-Mands 5,0 FMands- o pigoumsn A Mands o, oo A Mandshuri- ) o)
Amurense huricum hurica huricum cum
A. Mono  2.57 %aMong"" 2.94  P.Amurense 2.65 P Amurense 2.90  P.Amurense 237  P.Amurense  2.88
T 2. U. Laciniata 2.64  P.Padus 250  A.Sibirica 2.69 P.Padus 233 ’» Pseudo- 2.85
Amurensis sieboldianum
R-Davu- 5 T.Mands- ) g A Mands- ) ,c A-Mands- ) o b gjoqic 203 C. Cordata 2.64
rica hurica huricum huricum
-C. Cor- -C. Cor Fp A. Hol- 0. Mongol- F. Rhyn- L
data 2.64 data C. Cor data 2.27 ophylla 2.12 ica 2.09 chophylla 2.03 L. Gmelinii 2.23
. - .- 208 o903 PUSWE b Gguriensis  -Total
Koraiensis ensis
Total 9530 '9;'3;)“&‘1 85.50 -Total 89.46 - 88.90 - 86.18 - 80.89

(H’) of species in Laozi Mountain, Longgang
Mountain, Zhangguangcai Mountain and Hada
Mountain was located between that of Changbai
Mountain and Xiaoxinganling, and it was not sig-
nificantly different from species in Changbai
Mountain but was significantly different from spe-
cies in Xiaoxinganling (P < 0.05). Simpson’s di-
versity index (D) was the largest in Changbai-
Mountain and the smallest in Xiaoxinganling, and
the difference between them was significant (P <
0.05), followed by Laoyanling, Longgang Mountain,
Zhangguangcai Mountain and Hada Mountain, and
the species diversity index in Longgang Mountain
and Zhangguangcai Mountain area was in the mid-
dle region, and it was not significantly different
from other areas. The Pielou evenness index (Jsw)
was the largest in Changbai Mountain, followed by
Laozi Mountain, Longgang Mountain, Zhang-

guangcai Mountain and Hada Mountain, and the
smallest in Xiaoxingan Mountain, and there was no
significant difference between the regions. The
Margalef richness index (R) was the largest in
the
Xiaoxinganling, and the difference between them
was highly significant (P < 0.05), and the species
diversity was not significantly different between the

Longgang Mountain and smallest in

rest of the regions, but all of them were significant-
ly different from Longgang Mountain
Xiaoxinganling (P < 0.05).

Table 4 statistical analyzed the species
p-diversity (Serensen diversity and Cody diversity)

and

within natural secondary forest sample plots in dif-
ferent regions. It revealed that there were mainly
latitudinal differences between regions. S¢rensen
diversity indices range from 0.1724 to 0.2681 in the
range from high latitude areas in the
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Table 3. a diversity of species in different areas

Index XXAL ZGCL LYL CBS HDL LGS
Shannon-Wiener (H) 2.3197 +0.08° 26413+ 0.06° 2.6817+0.08 2.6950+0.07° 2.5026+0.05° 2.6657 £ 0.06
Simpson (D) 0.7378 £ 0.04° 0.7766 + 0.03® 0.8048 £0.01* 0.8373£0.03* 0.7432£0.03> 0.7822 £ 0.02®
Pielou (Jiy) 0.8457 +0.02° 0.8728 +0.01°  0.8957 +0.03* 0.9021+0.01* 0.8638 +0.03* 0.8753 + 0.03°
Margalef (R) 2.8002 + 0.06° 3.8289 £ 0.05° 3.9458 £0.07° 4.0698 +0.04° 42750+ 0.05° 5.1511 +0.03*

tDifferent lowercase letters in the same row indicate significant differences in species diversity in different areas (P<0.05).

Xiaoxinganling to low latitude areas in the Long-
gang Mountains. Serensen diversity indices ranging
from 0.1724 to 0.2681 between species in the
Xiaoxinganling. On the contrary, the Serensen di-
versity index was the smallest between Laozi Ridge
and Zhangguangcai Ridge, and the most species
were shared between the two areas. In addition, the
Cody diversity index increased with decreasing lat-
itude gradient, and the lower the latitude, the greater
the Cody diversity, indicating the higher the com-
munity succession rate.

4.2 Species community characteristics

Table 5 analyzed species diameter at breast
height and tree height in the natural secondary for-
est sample plots of different regions. We found that
the average diameter at breast height of species in
Changbaishan region was the largest with 17.1 cm,
followed by Laoyan Ridge, Longgang Mountain
Zhangguangcai Ridge and Hada Ridge. The average
diameter at breast height in Xiaoxingan Ridge was

Table 4. f diversity of species in different areas

the smallest with 15.0 cm, and the largest species
at breast height in each region was Mongolian oak
in Changbaishan region with a diameter at breast
height of 64.8 cm. The species with the smallest
diameter at breast height was Mongolian oak in the
Longgang Mountains with a diameter at breast
height of 4.0 cm. In terms of tree height, the largest
average tree height was in Changbai Mountain with
a mean height of 15.5 m, followed by Laojialing,
Longgang Mountain, Zhangguangcai Mountain, and
Hada Mountain, and the smallest average tree
height was in Xiaoxinganling with 11.1 m. The
largest tree height species in each region was Lirio-
dendron hirsutum in Longgang Mountain with a
height value of 28.9 m, and the smallest tree height
species was yellow pineapple in Longgang Moun-
tain with a height value of 1.3.

Table 6 analyzed the diameter at breast height
and height of the top 5 tree species in different re-
gions. It was found that elm was distributed in large

Table 5. DBH and tree height of tree species in different areas

Area XXAL ZGCL LYL CBS HDL LGS . . Mean
XXAL -XXAL 0.1853 0.1936 0.2156 0.2384 0.2681 Area Mean Min  Max  Mean Min  \p,,
ZGCL 6.0 -ZGCL 0.1724 0.2414 0.2358 0.2634 XXAL 15.0 4.8 63.6 11.1 1.8 26.8
LYL 6.0 7.5 -0.2453 0.2453 0.2498 0.2583 ZGCL 16.8 43 62.2 14.3 2.2 27.8
CBS 7.0 8.0 7.5 -7.5 0.1963 0.2318 LYL 17.0 5.0 63.7 15.4 2.6 27.7
HDL 7.5 8.0 8.5 7.0 -0.2059 0.2059 CBS 17.1 4.6 64.8 15.5 2.4 27.1
LGS 7.5 8.5 8.5 7.5 8.0 - HDL 164 5.0 61.4 13.0 22 28.1
+The upper right corner is the Sprensenfdiversity index, and the LGS 169 4.0 628 148 13 28.9
lower left corner is the Codyfdiversity index.
Table 6. DBH and tree height of the top 5 important values trees species in different areas
XXAL ZGCL LYL
Species Mean Mgan Species Mean Mgan Species Mean Mgan
DBH/cm  Height/m DBH/cm Height/m DBH/cm Height/m
U. Pumila 13.28 10.15 A. Mono 15.10 11.09 P. Koraiensis 19.11 12.38
P. Koraiensis 10.73 7.78 U. Pumila 14.18 11.08 T. Amurensis 14.51 10.80
F. Mandshurica 16.76 15.44 J. Mandshurica 12.35 10.78 L. Gmelinii 20.33 17.25
S. Reticulata 6.31 5.59 F. Mandshurica 16.45 14.64 S. Reticulata 7.89 6.41
J. Mandshurica 10.46 9.56 P. Koraiensis 10.81 7.28 U. Pumila 13.29 9.98
CBS HDL LGS
Species Mean Mgan Species Mean Mgan Species Mean Mgan
DBH/cm  Height/m DBH/cm Height/m DBH/cm Height/m
S. Reticulata 8.93 6.63 A. Mono 11.77 10.65 A. Mono 11.59 9.73
A. Mono 12.41 8.39 U. Pumila 11.89 9.05 U. Pumila 14.24 11.28
U. Pumila 11.79 7.53 Q. Mongolica 25.33 17.85 Q. Mongolica 18.18 13.5
A. Kalkora 12.83 9.14 F. Mandshurica 19.65 18.58 F. Mandshurica 18.90 15.97
T. Amurensis 13.94 10.81 J. Mandshurica 14.89 12.61 A. Triflorum 14.34 12.11
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Table 7. Relationship between species diversity (x) and mean DBH (y) in each region

Area Shannon-Wiener (H’) Simpson (D) Pielou (Jsw) Margalef (R)

y=-29.0352 +38.7745x y =-31.1462 + 68.5300x y=-542821+111.1314x  y=-2.9016+16.0765x
XXAL ~7.9027x? —42.3019x2 ~62.6278x7 ~2.0805x2

R*=0.9753 R% =0.5443 R? =0.8924 R%=0.9705

y =—64.580+86.2756x y=-89.3564+146.8567x  y=-88.6529+158.3649x  y=—78.5631+115.6425x
ZGCL ~16.5986x> -90.6528x> ~88.6498x7 ~14.2389x2

R? =0.9625 R?=0.8523 R?=0.9152 R? =0.8946

y =25.8964 + 59.8748x y=116.3528+258.6492x—  y=96.5849+186.5467x  y=6.3916+18.6942x
LYL ~10.6919x2 159.6658x> ~104.8743x7 ~2.5951x2

R?=0.8735 R?=0.8527 R? =0.9028 R?=0.7437

y =108.5679 +235.2854x 3y =98.6431+198.6428x y=48.6792+123.8216x  y=35.4689+72.5691x
CBS —40.5664x2 ~122.6856x> -65.8127x2 -8.8627x2

R%=09134 R?=0.7394 R? =0.8582 R?=0.9226

¥ =56.4628 —105.6482x y=62.8564+98.4567x—  y=59.6243+110.6943x  y=28.6913+68.9643x
HDL +27.8022x2 60.7759x2 ~62.1886x2 ~8.4106x>

R? =0.8546 R? =0.7945 R?=0.9213 R?=0.8533

y =82.3492+162.5492x y=105.8694+186.5943x—  y=137.4961+187.3694x  y=92.4682+173.3346x
LGS -30.1017x> 115.4698x7 ~105.2679x2 ~21.1382x2

R%=0.8992 R? =0.9053 R?=0.9017 R? =0.8941

numbers in all regions and was the main tree spe-
cies, and the average diameter at breast height and
height of elm, color wood maple, water willow and
hoodia were basically the same in all regions with
no significant differences. While red pine showed
some differences in each region, with larger values
of diameter at breast height and height of red pine
Ridge, and
Xiaoxinganling and the average diameter at breast
height and the average height of red pine in each
region are small, and the red pine is in the stage of
natural regeneration.

in Laozi smaller values in

4.3 Relationship between species diversity
and diameter at breast height and tree
height

4.3.1 Relationship between species diversity
and diameter at breast height and tree
height in a single area

Tables 7 and 8 compared the species diversity
with mean diameter at breast height and mean
height of tree species in the sample plots of indi-
vidual areas. It showed that the relationship be-
tween a diversity and richness of each species and
mean diameter at breast height of tree species in the
remaining areas showed a single-peaked curve ex-
cept for the Shannon-Wiener diversity index in the
Haddaling area, i.e., with increasing a diversity and
richness, the mean diameter at breast height of tree

species in the sample plots. In addition, the R* val-
ues of a diversity and richness were above 0.70 in
all regions except for the smaller R* value of Simp-
son’s diversity index in the Xiaoxinganling region,
which was a good fit. In general, the alpha diversity
of species within the sample plots in each area had a
positive effect on the growth of tree species
at breast height within the stand.

Table 8 showed that the relationship between
o diversity and richness of species and the average
tree height of tree species in all regions showed a
single-peaked curve except for the Shannon-Wiener
diversity index in Xiaoxinganling and Hadaling.
The average height of tree species in the sample site
showed a trend of first increasing and then decreas-
ing with the increasing a diversity and richness, and
there was a maximum value at a specific value. The
R? values of o diversity and richness in each area
were above 0.69, which was a good fit.

4.3.2 Relationship between species diversity
and diameter at breast height and tree
height in all areas

Figure 2 and 3 found the trends of species di-
versity in relation to the mean diameter at breast
height and mean tree height of tree species within
the sample plots in all areas. The mean diameter
at breast height of tree species within the sample
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Table 8. Relationship between species diversity (x) and average tree height (y) in each region

Area Shannon-Wiener (H”) Simpson (D) Pielou (Jsw) Margalef (R)

3 =48.6972-91.2576x 3 =111.6943+289.6143x  y=195.2618+364.8954x  y=26.5916+68.5317x
XXAL +17.2564x> ~176.5946x> ~200.5461x2 ~8.1564x2

R% =0.8943 R%=09191 R% =0.8463 R% =0.8229

3 =-69.3162+123.1218x y=-88.9134+176.8259x  y=-134.2256+302.2561x y=-55.9127+87.3189x
ZGCL -23.8128x2 ~107.8216x2 —166.0745x> ~10.3954x2

R%Z=09152 R%=0.8391 R%=0.7539 R%=0.6939

3 =105.2141+203.2581x y=216.5943+346.1678x  y=456.3258+756.3215x  y=62.8916+99.3387x
LYL -38.5529x2 —211.0825x2 —415.2364x> —11.8207x%

R%=0.9088 R%2=08716 R%=0.9341 R% =0.7988

3 =168.8829 +259.3349x 3 =208.9437+425.6179x  y=391.2546+660.2518x  y =69.8520+125.3394x
CBS —48.5961x2 ~259.2456x2 —362.7756x> ~14.9213x2

RZ=0.8164 R% =0.7966 R% =0.9022 R% =0.9006

3 =-125.9438 - 208.5691x y=—188.2679+312.1649x y=-221.3566+450.4169x y =—81.2953+144.7749x
HDL +39.6489x2 ~189.4628x> —247.9648x2 ~17.2569x>

R% =0.9561 R%=0.9316 R% =0.8989 R%=0.8564

3 =99.6482 +196.5219x y=113.3125+166.3314x— y=-334.8567+524.4893x y=72.1438+119.6874x
LGS ~37.1259x2 101.4215x2 —288.1802x2 —14.2485x2

R% = 08886

R% =0.8006

R%=0.7781

R%=0.8317

plots all showed an overall trend of increasing and
then decreasing with increasing species diversity
and species richness. It is that the mean diameter
at breast height of tree species within the sample
plots showed a single-peaked curve in relation to a
diversity index and species richness. It is that the
average diameter at breast height of tree species in
the stand increased and then decreased with the in-
crease of a diversity index and species richness
within a certain range. The average diameter
at breast height of tree species showed a quadratic
relationship with oa-diversity index and species
richness with R* of 0.9894, 0.7808, 0.9973 and
0.8454 respectively, which were well fitted. The
average diameter at breast height of tree species
reached the maximum value at 2.7985, 0.8137,
0.8917 and 4.5587 for the Shannon-Wiener diversi-
ty index, Simpson diversity index, Pielou evenness
index and Margalef richness index, respectively,
through the fitting calculation. Overall, the species
diversity has a positive effect on the diameter
at breast height of tree species in the stand within a
certain range.

As shown in Figure 3, the mean tree height of
tree species increased with the increase of species
diversity and species richness, and then decreased,
i.e., the mean tree height of tree species in the sam-
ple area showed a single-peaked curve relationship
with a diversity index and species richness. The R*

was 0.9867, 0.9261, 0.9770 and 0.646, respectively,
which were all good fits. From the fitting calcula-
tions, it can be seen that, except for the Shan-
non-Wiener diversity index, the Simpson diversity
index, the Pielou evenness index and the Margalef
richness index can reach the maximum value for the
average tree height of tree species at 0.8206, 0.9023
and 4.5830, respectively. As a whole, within a cer-
tain range, species diversity has a contributing ef-
fect on tree height of tree species within the stand,
and the Shannon-Wiener diversity index has the
highest degree of influence on it.

5. Conclusion and discussion

Species composition and population structure
affect the growth of trees to some extent'”! In this
study, through the survey of species composition in
natural secondary forest sample plots in different
regions, it was found that 48 species belonging to
17 families and 31 genera investigated in all sample
plots. Among them, Longgang Mountain contained
the largest number of families, genera, and species,
followed by Hada Ling, Changbai Mountain, Laozi
Ling, Zhang Guangcai Ling, and Xiao Xing’an
Ling, and the overall number of species decreased
with latitude. The overall number of species de-
creases with the increasing latitude, which is similar
to the results of studies on American forest commu-
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] (27

nities® and subtropical plant communities
Overall, elm, stained maple, and buffalo willow
were the dominant species in each region, and stud-

ies have shown that the number of dominant species
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to some extent’®®. and the differences in dominant
species among regions in this study were small and

therefore neglected.
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In this study, a-diversity index and S-diversity
Il were used for analysis aiming to under-
stand the community species composition and tree
growth between local homogeneous habitats and
different habitats in the forest stand. It was found
that the species a-diversity in natural secondary
forest samples in different regions was the largest in
Changbai
Xiaoxinganling. While the richness was the largest
in Longgang Mountain and the
Xiaoxinganling. A result indicates that species
richness gradually decreases with increasing lati-
tude, and the higher the latitude, the smaller the
number of species. The diversity index is influ-
enced by latitude, as well as species composition,
community structure, dominant tree species and
environmental conditions'®”!. The Sqrensen diversi-
ty index ranged from 0.1724 to 0.2681. The largest
Serensen diversity index was found between the
Xiaoxinganling and Longgang Mountain areas, and
it indicated that the two areas had the fewest species
in common, while the smallest Sprensen diversity
index was found between the Laojialing and
Zhangguangcai Ridge areas. On the contrary, the
Serensen diversity index between Laozi Ridge and
Zhangguangcai Ridge was the smallest, and the
number of species shared between them was the
largest. Therefore, it can be found that the greater
the difference in latitude between regions, the more
obvious the difference in diversity indices between
them. In addition, the Cody diversity index in-
creased with decreasing latitudinal gradient, and the
lower the latitude, the greater the Cody diversity,
and it indicated a higher rate of community succes-
sion*?,

By analyzing the diameter at breast height and
tree height of tree species in natural secondary for-
est sample plots in different regions, we found that
the average diameter at breast height and average
tree height in each region shown CBS > LYL >
LGS > ZGCL > HDL > XXL. The largest tree spe-
cies at diameter at breast height in each region was
Mongolian oak in Changbaishan region, and the
smallest diameter at breast height was Tyrannus
sylvestris in Longgang Mountain. The species with
the largest height in each region was Liriodendron
spp, the smallest tree height is yellow pineapple in

index!

Mountain and the smallest in

smallest in

Longgang Mountain area. This indicates that the
species grows better in Changbai Mountain area,
and the other areas are relatively inferior, and the
larger the latitude, the smaller the average diameter
at breast height and the average height of trees.

In this study, the relationship between species
diversity and mean diameter at breast height and
mean height of tree species was found to increase
and then decrease with species diversity and species
richness in both cases. It is that the mean diameter
at breast height and mean height of tree species in
the sample area showed a single-peaked curve rela-
tionship with a-diversity index and species richness,
and the fitting effect was good in both cases. The
mean diameter at breast height and the mean height
of tree species in the sample site showed a sin-
gle-peaked curve relationship with the a diversity
index and species richness, and the fit was good
with large R* values. Therefore, it can be seen that
within a certain range, species diversity has a cer-
tain promotion effect on the diameter at breast
height and height of tree species in a stand, but it
should not be too high. This is consistent with the
results of Zhang et al.®”
garding the relationship between species diversity
and tree diameter at breast height, tree height
and biomass. But there are also different findings,
for example, Montserrat et al.** and Thompson et
al ™ found a negative relationship between species

diversity and tree growth, while Kahmen et al.*]
34]

and Symstad et al.®" re-

and Grace et al.** showed no relationship between
the two. The main reason for the inconsistent results
is that the current studies focus only on the rela-
tionship between species diversity and tree growth,
thus ignore the possible effects of regional envi-
ronmental conditions, climatic conditions, species
composition, soil fertility, and intra- or interspecific
relationships.

In summary, the species survey and analysis of
the natural secondary forest sample plots in differ-
ent regions revealed that all the sample plots con-
tained 48 species belonging to 17 families and 31
genera. Among them, Longgang Mountain con-
tained the largest number of families, genera and
species, followed by Hada Ling, Changbai Moun-
tain, Laozi Mountain, Zhangguangcai Mountain and
Xiaoxing’an Mountain; the a-diversity index of
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species in the sample plots was the largest in
Changbai Mountain and the smallest in Xiaoxing’an
Mountain.  The the
tude between regions, the more obvious the differ-
ence in species f-diversity index and the higher the
of The
ship between mean diameter at breast height and
mean tree height in each region is CBS > LYL >
LGS > ZGCL > HDL > XXL; within a certain range,
species diversity has a significant effect on the
mean diameter at breast height and mean tree height
of species in a stand. Within a certain range, species
diversity has a positive effect on the mean diameter
at breast height and mean height of species within a
stand. The present study explored the relation-
ship between species diversity and tree growth in a
stand under large-scale conditions based on previ-
ous studies, which is representative in terms of ge-
ographical space.

greater difference in

rate community succession.
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ABSTRACT

Taking the 13 years pure artificial forest Phoebe chekiangensis and heterogeneous mixed forests in Tiantong
mountain, Zhejiang Province as the research object, the characteristics of stand development, tree competition differen-
tiation, tree height/breast diameter ratio and dominant wood growth were compared and analyzed from the perspective
of ecology. The results show that compared with pure forests, the growth advantages of heterogeneous mixed-age for-
ests were significant. Average breast diameter growth of stand increased 1.8%; the growth of single plant wood accu-
mulation increased 7.4%. The relationship between tree height and diameter showed that the high growth of Phoebe
chekiangensis individuals in the heterogeneous mixed forest was significantly promoted, and the high growth of the tree
was 8.4% higher than that of pure forest. 1-5 grade wood scale sizes Phoebe chekiangensis in heterogeneous mixed
forests and pure forests are ranked grade 3 (43.7%) > grade 2 (26.5%) > grade 4 (15.7%) > grade 1 (12.9%) > grade 5
(1.2%); grade 3 (34.7%) > level 2 (25.6%) > level 4 (20.0%) > level 1 (18.2%) > level 5 (1.2%); the straight-diameter
structure shows a normal distribution, and the degree of differentiation of pure forests is greater than that of heteroge-
neous forests. The dominant trees of Phoebe chekiangensis pure forest and heterogeneous forest accounted for 18.2%
and 12.9% of the total number of plants respectively, providing a reserve of 51.1% and 35.4% respectively, reflecting
the contribution of dominant trees caused by the self-thinning effect.

Keywords: Phoebe Chekiangensis; Artificial Pure Forest; Heterogeneous Mixed Forests; Stand Structure
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COPYRIGHT has been studied for nearly a hundred years, in different periods, it has

changed with the purpose of forest management, and has gradually de-
Copyright © 2021 Liangyan Wang, et al.
EnPress Publisher LLC. This work is li-
censed under the Creative Commons At- goal of attaching equal importance to multiple benefits. In order to
tribution-NonCommercial 4.0 International
License (CC BY-NC 4.0).
https://creativecommons.org/licenses/by-nc/ productivity of plantation forests, German forester Gayer put forward
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veloped from the past benefits of timber production and economy to the
overcome the problems of single structure, inefficient function and low

the management theory of “near-naturalization of planted forests”, ad-
vocated the use of indigenous tree species, and advocated that the es-
tablishment, cultivation and logging methods of forest stands should be
as close as possible to “potential natural vegetation”, and its business
objectives were: mixed forests—heterogencous forests—multi-layer
forests. The core of the cultivation process is the “single tree target tree”
management system, which is an effective method for the management
and cultivation of plantations. Phoebe chekiangensis is a precious tim-
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ber tree species endemic to China, with a small nat-
ural distribution area limited to Zhejiang, Fujian,
Jiangxi and southern Anhui. Due to its good materi-
al, medium growth rate, stress resistance, and strong

] it was introduced to the

germination ability!'”’
Yinzhou Tiantong Forest Farm after 2002, becom-
ing one of the most important afforestation tree
species recovered after the cleaning of the damaged
Masson pine forest. This paper compares and ana-
lyzes the productivity, diameter structure and
growth characteristics of pure and mixed forests
from the perspective of ecology, discusses the
structural differences between the two, and provides
a reference for the cultivation of plantations and
sustainable forest management of precious timber

species.

2. Overview of the test area

The test site is located in Tiantong Forest Farm
(29°48°N, 121°47’E) in Yinzhou District, Ningbo
City, which belongs to the Subtropical humid mon-
soon climate. The average annual temperature is
16.2 °C; the annual accumulated temperature
>10 °C is 5166.2 °C, the temperature index of Kira
is 135 °C; the frost-free period is 237.8 d; the aver-
age annual precipitation is 1,375 mm, the evapora-
tion is 1,320.1 mm, the relative humidity is 82%,
the annual sunshine time is 2,057.9 h, and the sun-
shine rate is 47%. The natural vegetation of the
survey area is the subtropical evergreen broad-
leaved forest, and the dominant tree species in the
hillside standing type are Schima superba, Cas-
tanopsis fargesii and Castanopsis carlesii) et al.;
the dominant species in the gully stand type are
Choerospondias axillaris, Liquidambar formosana,
and Machilus leptophylla, Machilus thunbergii, etc.,
the composition of tree species is complex and the
degree of diversity is high.

3. Research methods

The 13-year-old Phoebe chekiangensis pure
forest and the heterogeneous mixed forest (I Acid II
Phoebe, i.e. the main forest layer is Choerospondias
axillaris and Liquidambar formosana, and the re-
newal layer is Phoebe chekiangensis) was selected
as the research object. Phoebe chekiangensis pure
forest was originally a citrus reticulata forest, which

was harvested in the winter of 2002 and reclaimed
with a specification of length 0.5 m x width 0.5 m %
depth 0.35 m, 2 years old grade I and II seedlings
(playing small mud balls) were used in March 2003
for afforestation; the initial planting density is
3,500/hm™, the heterogeneous mixed forest was
originally a mixed forest of Pinus massoniana and
Choerospondias axillaris, and all the pine trees died
due to the damage of pine wood nematode disease.
After the sick wood is cleared, the near-mature
mother trees of Choerospondias axillaris and Lig-
uidambar formosana on the forest land are retained.
In the spring of 2003, the land was prepared and
afforested with the above methods, and the initial
planting density was 3,150/hm™. The locations of
the two test sites are similar, the standing conditions
are all valleys, and the terrain is relatively con-
sistent. The status of the site is shown in Table 1.

Table 1. Growth of stand in the sample plot

Project Sample plot

P, P,
Stand type Pure forest Mixed forest of different ages
Area/hm’ 0.433 0.2
Age/a 13 40/13"
Altitude/m 110 120
Slope position ~ Low Low
Slope direction SE SW
Gradient 10-15 10-16
Mother rock Igneous rock  Igneous rock
Soil type Red earth Red earth
Soil thickness ~ 90-120 90-120

The plots is set as 0.433/hm™ and 0.2 hm™ in
the pure stand heterogeneous forest respectively.
Each tree was surveyed in December 2013 to inves-
tigate plant names, quantities, breast diameter,
crown and its renewal and health condition, and to
calculate individual tree volume and stand accumu-
lation volume. The single plant volume is calculated
with the formula of Zhejiang Forestry Survey and
Design Institute: V = G (H + 3)f, where V is the ac-
cumulation of a single plant, G is the area of the
DBH, H is the height of the tree, and f is calculat-
ed by the figured number of 0.38. Accumulation =
average wood volume per plant X number of
stand-reserved plants.

Stand grading method uses each wood gauge
data, the formula r = d/D is adopted for the calcula-
tion, where: d is the DBH of the forest (cm) and D
is the average breast diameter of the forest stand
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(cm). It is divided into 5 levels based on the size of
the r value”, grade 1 wood: r > 1.336; grade 2
wood: 1.026 < r<<1.336; grade 3 wood: 0.712 <r

< 1.026; grade 4 wood: 0.383 <r < 0.712, grade
Swood: r < 0.383.

Table 2. The growth comparison between pure forest and mixed forest of different ages

Stand Tree species Age/a Average Height Density Breast height sectional Volume
type ABH/cm /m area
Quantity/(a Proportion Quantity Proportion Quantity Proportion
tree/hm’) /% /(m*/hm?) /% /(m*/hm?) /%
Pure Phoebe che- 13 5.7+2. 3.80 3,460 100.0 8.83 100.0 22.87 100.0
forest kiangensis 04
mixed  Choerospondias 45 26 1350 125 3.8 6.64 33.6 41.61 44.4
forest of axillaris
different Liquidambar 45 25 13.00 100 3.0 4.91 24.9 29.85 31.9
ages formosana
Phoebe che- 13 5.8+ 4.12 3,100 93.2 8.19 41.5 22.16 23.7
kiangensis 1.74
Total 3,325 100.0 19.74 100.0 93.62 100.0

4. Results and analysis

4.1 Comparison of the growth of Different
Stands in Phoebe chekiangensis

From Table 1 and Table 2, it can be seen that
the standing conditions of Phoebe chekiangensis’s
heterogeneous mixed forest and pure forest plot are
about the same, but the growth of Phoebe che-
kiangensis in heterogeneous forest is significant.
The average annual growth rates of Phoebe che-
kiangensis’s DBH and tree height in the heteroge-
neous forest were 0.45 cm and 0.32 m respectively,
which were higher than 1.8% and 8.4% in pure for-
ests respectively, and the high growth pole of
Phoebe chekiangensis in the heterogeneous forest is
significantly higher than pure forest (P > 0.01).
The breast height sectional area of Phoebe che-
kiangensis in the heterogeneous forest is 8.19
m’/hm™, which is slightly smaller than pure forest,
mainly due to density. Judging from the amount of
stand stock, the heterogeneous forest is as high as
93.62 m’/hm™, which is 3 times higher than that of
pure forests, of which Phoebe chekiangensis is
22.16 m’/hm>, and the growth effect of Phoebe
chekiangensis in heterogeneous forests is remarka-
ble.

4.2 Differences in the height/DBH ratio of
Phoebe chekiangensis in different stands.

The correlation of growth relationships that are
prevalent between individuals in the forest indicates
that different organs in the individual or the same
organ with different directions increase in a certain

geometric way. Changes in environmental condi-
tions can make this geometric growth change to
accommodate the changed growing environment'™,
The frequency distribution of the tree height/breast
diameter ratio of individuals in different stands is
shown in Figure 1. In pure forests, the tree
height/breast diameter ratio of Phoebe chekiangen-
sis is distributed at 0.35-1.25, presenting a normal
distribution, where the majority have the ratio of
0.5-0.95, accounting for 84.4%. The tree
height/breast diameter ratio of Phoebe chekiangen-
sis in the heterogeneous forest is also distributed at
0.35-1.25, where majority have the ratio of 0.5-1.1,
accounting for 89.5%. The tree height/breast diam-
eter ratio of Phoebe chekiangensis in heterogeneous
forests that greater than 0.8 accounts for 31.1%,
while pure forests account for only 20.7%, and the
difference between them was significant through
the analysis of variance (P < 0.01). It can be seen
that the heterogeneous mixed forest has a signifi-
cant promoting effect on Phoebe chekiangensis in
the growth of the trunk in the vertical direction (tree
height), which is conducive to the robust growth of
young trees of nanmu, and the development of indi-
vidual trees are well-balanced, which alleviates in-
traspecific differentiation.

4.3 Differences in the structure of the diam-
eter class in Phoebe chekiangensis of different
stands

The diameter structure can correctly reflect the
competitive relationship between stand growth and
forest trees. With the growth of forest trees, the for-
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est stands gradually closed, and the competition
within and between tree species became fierce, and
the forest began to differentiate to form hierarchical
trees. The competitive state of stand is related to its
distribution of diameter class and number of
plants”®’. The distribution of diameter class reflects
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Figure 1. Frequency distribution of individual tree

height/breast diameter ratio and chest diameter grade in differ-
ent forest stands.
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Figure 2. Frequency distribution of tree grading in different
forest stands of Phoebe chekiangensis.

the existence and degree of differentiation. The
wider the distribution range, the greater the possi-
bility of the existence of the bipolar level, the high-

35 1

O Pure forest

30 - %] Mixed forest with
different ages

25 4
®
T A0
g
& 15
" 104

er the probability of differentiation; the distribution
of trees of different diameter levels reflects the in-
tensity of differentiation, and the greater the number
of plants at the polar level, the greater the intensity
of differentiation. As can be seen from Figure 2, the
proportion of grade 1-5 wood in heterogeneous
mixed forests, from largest to smallest, is grade 3
(43.7%) > grade 2 (26.5%) > grade 4 (15.7%) >
grade 1 (12.9%) > grade 5 (1.2%), and the propor-
tion of grade 1-5 wood in the pure forest from
largest to smallest were grade 3 (34.7%) > grade 2
(25.6%) > grade 4 (20.0%) > grade 1 (18.2%) >
grade 5 (1.2%). The distribution trend of the two
about the
same, but the proportion is significantly different,
and the proportions of grade 1 and grade 5 of het-
erogeneous mixed forests are significantly lower
than those of pure forests; the proportion of grade
2—4 is about 85.9%, 5.6% higher than that of pure
forest, indicating that the heterogeneous mixed for-
est is relatively balanced. At the same time, the
proportion of grade 1 and grade 5 trees in hetero-
geneous mixed forests is 14.1%, which is 5.6% less
than that of pure forests, indicating that the forest
differentiation degree of pure forests is stronger,
and the competition of trees is fierce, resulting in
natural sparseness earlier than that of heterogeneous
forests.

vertical wood diameter grades is

From Figure 3, it can be seen that the diameter
structure distribution of Phoebe chekiangensis pure
forest and heterogeneous forest is monomodal, and
the diameter level distribution is continuous, indi-
cating the lack of seedlings and young trees in the
plantation.

[l

<3 3-4 45 56 6~7 7T~8 8~9 0~1010~11 =11

Diameter class/cm

Figure 3. Diameter class distribution of the Phoebe chekiangensis of different stands.
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4.4 The growth of dominant wood of Phoebe
chekiangensis in different stands

Whether a large number of advantageous tar-
get wood can be cultivated and evenly distributed is
a prerequisite for obtaining forest stand with high
quality and high yield, and it is also a prerequisite
for the cultivation of large-diameter timber. From
Table 3, it can be seen that the numbers of domi-
nant trees of Phoebe chekiangensis plantation pure

forest and heterogeneous mixed forest are 630 and
401 respectively, accounting for 18.2% and 12.9%
of the total number of plants, i.e. providing 51.1%
and 35.4% of the forest stand accumulation, indi-
cating that the main part that can provide harvest of
forest management materials is completed by a
small number of dominant trees. This provides val-
uable information for the cultivation of high-quality
large-diameter materials in the future.

Table 3. Analysis of the effect of the number and diameter of dominant trees in Phoebe chekiangensis pure forest and mixed-age

forest on the accumulation and growth of stand

Type Total Average Aver- Growing Dominant trees that D >8
number of diame- age stock/(m*/h Number of Propor- Average Range/Height/m Vol- Proportion/%
plants/(pl ter/cm  height/ m?) plants/(plant/ tion/% diame- cm ume/(m*
ant/hm™) m hm?) ter/cm /hm’?)

Pure forest 3,460 5.79 3.80 24.87 630 18.2 9.16 813 5.06+0.5112.72 51.1

Mixed 3,100 5.80 412 22.16 401 12.9 8.86 813 534+0.817.84 354

forest of

different

ages

5. Conclusions and discussions

Comparative analysis of stand growth and
structure of artificial pure forests and heterogeneous
mixed forests of Phoebe chekiangensis showed that
compared with pure forests, the growth advantages
of heterogeneous mixed forests were significant.
The average thoracic diameter growth of the stand
increased 1.8%, and the growth of single plant
wood accumulation increased 7.4%. The analysis
results of the relationship between tree height
and breast diameter relationship analysis showed
that the high growth of individuals in Phoebe che-
kiangensis was significantly promoted in the heter-
ogeneous forest, and the high growth of trees was
8.4% higher than that of pure forests. The propor-
tion of grade 1-5 wood in Phoebe chekiangensis of
different ages ordered from the largest to the small-
est are grade 3 (43.7%), > grade 2 (26.5%), > grade
4 (15.7%), > grade 1 (12.9%) > grade 5 (1.2%), and
proportion of grade 1-5 wood in pure forest from
the largest to the smallest are grade 3 (34.7%) >
grade 2 (25.6%) > grade 4 (20.0%) > grade 1(18.
2%) > grade 5 (1.2%); heterogeneous mixed forests
have a small degree of differentiation and maintain
high growth rates.

In this study, the height and breast diameter
growth of Phoebe chekiangensis in the heterogene-
ous mixed forest was better than that in the pure

forest, which was caused by the relatively low den-
sity of heterogeneous forests and the weak competi-
tion between tree species. Generally speaking, there
is a density restriction effect among individuals in
the forest stand, and the competition between indi-
viduals for space resources, material resources and
light resources occurs due to the increase in density,
resulting in limited resources that can only be allo-
cated to those individuals with strong competitive-
ness. In this process, it is inevitable to eliminate
some trees with weak competitiveness, and also put
some trees in a unfavorable position, which will
lead to a decline in the overall level of competi-
tiveness, and ultimately make the growth of all in-
dividuals in the forest stand poor. On the contrary,
at the same level of resource availability, if the
number of competing individuals is small, the re-
source allocation is sufficient, which can ensure
high growth of all individuals in the low-density
stand. This phenomenon can be further demon-
strated in the ratio of tree height and breast diameter
of individuals in different stands in this study. The
analysis of the tree high breast diameter ratio rela-
tionship showed that the tree height growth of
Phoebe chekiangensis in the heterogeneous forest
was significantly promoted, and the tree height
growth was 8.4% higher than that of pure forest,
which fully showed that the heterogeneous mixed
forest was conducive to the growth of nanmu, the
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development of individuals are well-balanced, and
the intraspecific differentiation was moderated,
providing a favorable growth environment for the
stand. In the study, 18.2% and 12.9% of dominant
(grade 1) woods were produced in the 13-year-old
Phoebe chekiangensis forest, accounting for 51.1%
and 35.4% of the accumulation respectively, indi-
cating that the self-thinning effect of the forest
stand developed according to a positive allometric
growth relationship, that is, along with the process
of self-thinning, the development process of the
stand will inevitably be accompanied by the elimi-
nation of most individuals with weak competitive-
ness, and the total accumulation of forest stands
must be contributed by a small number of competi-
tive individual dominant trees. Therefore, in the
current breeding process, the cultivation of the
dominant target trees should be strengthened, which
is of great significance for forest land productivity
and forest renewal. Since Phoebe chekiangensis is a
long-term cultivar, and the observation time of this
study is limited, it is necessary to conduct long-term
follow-up observation of its growth characteristics
and the self-thinning effect of forest stands.

In view of the growth of two kinds of Phoebe
chekiangensis forest stand in Tiantong Mountain, in
order to promote the diameter and high growth of
the dry timber stage as soon as possible, give play
to the precious timber tree species as the main eco-
logical benefits, and take into account other func-
tional benefits, the traditional forestry cultivation
mode should be changed and the near-natural man-
agement and cultivation should be adopted. In pure
forests, due to the competitive differentiation of the
stand, it can be tended once in the near future, re-
moving the forest, and
ing broad-leaved young trees such as Liquidambar
formosana, Cinnamomum camphora and red Phoe-
be. Among the dominant (grade 1) trees, healthy,
vigorous, dry and smooth young trees were selected
as target trees, and numbered with sign, and the in-
terfering trees within 4 m of them were thinned or
transplanted to promote the rapid growth and even
distribution of the target trees. For the mother trees
that have borne fruits, it is necessary to strengthen
the upper layer of light and the cleaning and care of
woodland, promoting natural regeneration, and

shrubs in the

promoting the formation of single-layer forests as
soon as possible. Biomass bamboo charcoal can be
applied to plots with thin woodland and poor
growth of Phoebe to improve the soil. In heteroge-
neous mixed forests, due to the low initial planting
density and low degree of forest stand differentia-
tion, it is also necessary to carry out the tending of
removing the indocalamus and shrub vines once,
and retain the top broadleaf saplings like Cho-
erospondias axillaris, Machilus leptophylla, and red
Phoebe, thereby increasing the hybridization and
hierarchy of forest stands, improving the structure
of forest stands, and realizing the transformation
plantation
green broad-leaved forests.

from forest stand to  zonal
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