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| ABSTRACT: |

Nestled in Northeast China, the Mao'ershan Experimental Forest stands as a unique testament to high biodiversity and
important ecological value. Analyzing the changes in the composition of families and genera from 1984 to 2014 holds not only
great ecological significance but also potential economic and social benefits. This paper aims to combine historical data with
botanical surveys, organize the seed plant lists of 1984 and 2014, and conduct comparative analyses. Our goal is to explore the
evolutionary patterns of its seed plant components, providing essential data for the conservation of biodiversity in this distinct
ecosystem. The main results are as follows:

The main results are as follows:

1. In 1984, there were a total of 89 families and 359 genera of seed plants in the Mao'ershan Experimental Forest, and in 2014,
there were a total of 89 families and 325 genera of seed plants.

2.. During the 30 years, the number and composition of seed plant families in Mao'ershan Experimental Forest did not change.
During 2.30 years, the number of seed plant genera and the composition of zonation components in the Hat Mountain
Experimental Forest Field changed significantly, with a total decrease of 34 genera, and the genera of the North Temperate
Zone and Pan-Tropical Zone distributions also showed a significant downward trend. The number of genera of other
distribution types also decreased to different degrees.
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INTRODUCTION

Flora is a general term for all plant species in a certain
period, a certain region or a taxon, a vegetation, etc [1l. It is
the result of the long-term development and evolution of
plants under the combined effect of many factors such as
nature and history [2. The study of flora is of great
significance in exploring the evolutionary history of the
earth, protecting the earth's ecosystem, promoting the
construction of a global ecological civilization,
strengthening the management of natural resources, and

Many scientists have hotly discussed the origin and
evolution of this flora.

Located in the eastern part of Northeastern China, the
experimental forest of Mao'er Mountain is an integral part
of the natural ecosystem. However, the number of
previous studies on the flora of Mao'er Mountain is
relatively small, and the scale of the studies is small, often
focusing only on a certain environment, a certain forest
type, or a certain taxon. This limitation makes our

maintaining environmental security.

The East Asian flora, in which Northeast China is located,
has one of the highest species diversity in the Northern
Hemisphere Bl. The existence of ice age refugia has
preserved many ancient populations in the East Asian
flora, and major geologic events such as the uplift of the
Tibetan Plateau have resulted in a large number of radially
evolved young taxa here [4. Therefore, the flora of this
region is clearly transitional, ancient, and complex [51.

comprehensive understanding of the flora of Mao'er
Mountain still have certain deficiencies.

In order to fill this research gap, this paper, based on
synthesizing existing information and supplementing it
with field surveys, conducts a comprehensive and in-depth
study of the flora of Mao'er Mountain. We reorganized the
seed plant lists of 1984 and 2014 and compared and
analyzed the composition of the vegetation zone. The
study of the changes in the flora in this area over the past
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30 years not only provides basic data for the in-depth
study of the flora but also serves as a crucial reference for
the establishment and evaluation of the protected area.
This research is of paramount importance for biodiversity
conservation and the maintenance of the ecological
environment.

1. MATERIALS AND METHODS
1.1 OVERVIEW OF THE STUDY AREA

Mao'ershan Experimental Forestry is located in
Zhangguangcailing northwest of the Xiaoxing'anling
mountain range branch, 108km from Harbin City,
administratively belongs to the management of Shangzhi
City. East next to Shangzhi Xiaojiu Forestry, northwest
next to Acheng County, north next to Bin County, northeast
next to Shangzhi Heilonggong Forestry, Wujimi Township,
and south next to Binsui Railway. The geographic location
is 127°30'~127°34" east longitude, 45°20'~45°25" north
latitude. The total area is 26507 km2, 30km in length from
north to south and 20km in width from east to west, with
an average elevation of 300m, a maximum elevation of
805m, and a minimum elevation of 260m. The terrain is
high from south to north, with a general slope of 10°~15°,
and the individual sections reach about 45°.

The region is affected by the Eurasian monsoon, which is a
continental monsoon climate, with an average annual
temperature of 2.80 °C, an average temperature of January
-19.17 °C, an average temperature in July 21 °C, = 10 °C of
the annual temperature of 2495.74 °C, average
precipitation of 737.12 mm, precipitation is concentrated
in July, August, accounting for 54% of the total annual
precipitation, evaporation of 1093.3 mm, the annual
number of hours of sunshine The average precipitation is
737.12mm, precipitation is concentrated in July and
August, accounting for 54% of the total annual
precipitation, evaporation is 1093.3mm, the annual
sunshine hours is 2471.3h, and the frost-free period is
120-140d.

1.2 RESEARCH METHODOLOGY
1.2.1 FIELD SURVEY

A combination of sample plot survey and sample line
survey was used to investigate the plant species in the
study area in detail.

Firstly, the ArcGIS9.2 software was used to divide the
Mao'er Mountain Experimental Forest Field into
1km?*1km? grids, 15 grids were randomly selected to set
up survey sample plots with an area of 1km2, and 5
sample squares of 30mx30m were set up at the corners
and centers of the sample plots respectively to record in
detail the scientific names of all the plants appearing in the
sample squares, and to take photographs and collect
specimens.

Secondly, a sample line of 500m long and 20m wide was
set up in the transition zone of different vegetation types,
and the scientific names of all plants appearing in the
sample line were recorded, photos were taken and
specimens were collected.

1.2.2. SCIENTIFIC NAME CHECKING

For the 1984 Mao'er Mountain Forestry Seed Plant List,
which was obtained based on historical data, we
repeatedly verified and revised the list based on the
contents of books and materials such as Flora of China,
Flora of China, and Northeast Plants Retrieval Table, as
well as the contents of the Chinese Natural Herbarium and
the websites of The Plant List and The International Plant
Names Index. We have repeatedly verified and revised the
contents of books and materials such as the Natural
Herbarium of China, The Plant List, The International Plant
Names Index, etc., and finally compiled and obtained the
1984 Seed Plant List of Mao'er Mountain.

The specimens with doubts in the field survey were
further identified accurately, and the data obtained from
the field survey were organized to compile a more
comprehensive and reliable list of wild plants in 2014 in
the Experimental Forest of Huaire Mountain.

1.2.3 DATA ANALYSIS

Based on the 1984 and 2014 plant lists obtained in 1.2.2,
the family and genus compositions, as well as the
proportions of each type of distribution area, were
counted to study the changes in the composition of the
seed plant flora in the Liangshui Experimental Forest in
Hualeshan and to explore the possible causes of the
changes.

2. RESULTS

2.1 COMPARISON OF THE
COMPOSITION OF THE FAMILY

As can be seen from the table (Table 1), the number of
seed plant families and the composition of the zonal
components in the Mao'er Mountain Experimental Forest
Farm did not change during the 30-year period, which
indicates that the structure of the family level in this
locality is relatively stable. There are 89 families of seed
plants in the study area, which can be categorized into
seven vegetation range types and four range subtypes
according to Wu Zhengyi's distribution area type system of
seed plant families in the world [6l,

REGIONAL

Among them, the number of world widely distributed
families was the largest, with 42 families, accounting for
47.19% of the total number of families. In addition to the
world's widely distributed families, the pantropical
distribution type had the highest proportion of families,
with a total of 22 families in the pantropical distribution
type and the tropical Asia-tropical Africa-tropical America
distribution subtype, which accounted for nearly 50% of
the total number of families (in addition to the world
widely distributed), significantly higher than the rest of the
distribution type. This is significantly higher than the rest
of the distribution types. Secondly, the number of families
in the north-temperate distribution type was also
relatively high, with 8, 11, and 1 families each in the
north-temperate distribution type, the north-temperate
and south-temperate interrupted distribution subtype, and
the Eurasian and south-surface sister interrupted
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distribution type, with the proportions of 17.02%, 23.40%,
and 2.13%, respectively.

Compared with the above two distribution types, the
number of families in the other types was much less, and
the East Asian and North American intermittent
distribution types had two families, with a proportion of

4.26%. The East Asian (tropical and subtropical) and
tropical South American intermittent distribution, the
Eurasian and South African distribution, and the East
Asian distribution family all contain only one family, with a
ratio of 2.13%.

TABLE 1: ANALYSIS OF THE CHANGES IN THE ZONAL COMPOSITION OF THE 30-YEAR FAMILY OF
MAO'ERSHAN EXPERIMENTAL FORESTS

1984s 2014s
Types and subtypes
Families Percentage Families Percentage
1. Cosmopolitan 42 47.19 42 47.19
2. Pantropic 20 42.55 20 42.55
2-2.Torp.Asia-Torp.A fr.- Torp.A mer. (S. Amer.) 2 4.26 2 4.26
3. Trop & Subtr E.Asia & (S.) Trop.Amer. disjuncted 1 2.13 1 2.13
8. N.Temp. 8 17.02 8 17.02
8-4.N.Temp.& S.Temp.disjuncted 11 23.40 11 23.40
8-5. Eurasia & Temp.S Amer disjuncted 1 2.13 1 2.13
9. E.Asia & N.Amer.disjuncted 2 4.26 2 4.26
10-3. Eurasia & S.Afr. 1 2.13 1 2.13
14. E.Asia 1 2.13 1 2.13
Total 89 89

2.2 COMPARISON OF THE ZONAL COMPOSITION
OF GENERA

As can be seen from Table 2, the zonal composition of seed
plant genera in Mao'er Mountain has changed significantly.

According to the way of dividing the distribution area
types of seed plant genera in China in Wu Zhengyi's
"Distribution Area Types of Seed Plant Genera in China"
[7], in 1984, there were a total of 359 genera of seed plants
in the Mao'er Mountain, which could be categorized into
14 vegetation distribution area types and ten vegetation
distribution area subtypes.

Among them, 54 genera were distributed worldwide,
accounting for 15.04% of the total number of genera.

In addition to the world's widely distributed genera, there
are 109 genera distributed in the North Temperate Zone,
accounting for 35.74% of the total number of genera; 28
genera distributed in the Pan-Tropical Zone, accounting
for 9.18% of the total number of genera; 41 genera
distributed in the North Temperate Zone and the South
Temperate Zone, accounting for 13.44% of the total
number of genera; 22 genera distributed in East Asia and
North America, accounting for 7.21% of the total number
of genera; 39 genera distributed in the Temperate Zone of
the Old World, accounting for 12.79% of the total number
of genera; and ten genera distributed in the East Asian
Temperate Zone, accounting for 12.79% of the total
number of genera. Distribution of 10 genera, accounting

for 3.28% of the total number of genera; temperate Asian
distribution of 13 genera, accounting for 4.26% of the total
number of genera; and two genera endemic to China,
accounting for 0.66% of the total number of genera.

However, by 2014, the number of seed plant genera, as
well as the zonal composition of Hat Mountain, had
changed. Three hundred twenty-five genera were recorded
in the Hat Mountain Experimental Forest in the 2014 plant
list, and these genera could be categorized into 14 range
types and nine range subtypes.

Compared to 1984, the number of worldwide genera
decreased slightly to 52, or 16.00% of the total number of
genera. The number of genera in the north temperate zone
also decreased, with 103 genera, accounting for 37.73% of
the total number of genera. Meanwhile, the number of
genera with pantropical distribution also decreased to 26,
accounting for 9.52% of the total number of genera.

Among other distribution types, the number of genera
with intermittent distribution in the north and south
temperate zones decreased to 35, accounting for 12.82%
of the total number of genera; the number of genera with
intermittent distribution in East Asia and North America
remained unchanged at 22, accounting for 8.06% of the
total number of genera; the number of genera with
distribution in the temperate zones of the Old World
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decreased to 34, accounting for 12.45% of the total
number of genera; the number of genera with distribution
in East Asia decreased slightly to 9, accounting for 3.30%
of the total number of genera; and the number of genera
with distribution in temperate Asia decreased slightly to 9,
accounting for 9.30% of the total number of genera. The
number of genera distributed in East Asia decreased
slightly to 9, accounting for 3.30% of the total number of
genera; the number of genera distributed in temperate
Asia also decreased to 8, accounting for 2.93% of the total
number of genera; and the number of genera endemic to
China remained unchanged at 2, accounting for 0.73% of
the total number of genera.

From the above data, we can clearly see that the regional
composition of seed plant genera in Hat Mountain
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underwent significant changes between 1984 and 2014.
Among them, the number of genera in the types of world
distribution, pan-tropical distribution, old world tropical
distribution, north temperate distribution, north
temperate and south temperate intermittent distribution,
old world temperate distribution, Mediterranean zone,
west and east Asian intermittent distribution, temperate
Asian distribution, Mediterranean zone to west to central
Asian distribution, east Asian distribution, and
Chinese-Japanese distribution have all decreased.
Particularly noteworthy is that the genus with a
Mediterranean zone to Central Asia and Mexico to
southern United States intermittent distribution
(Gypsophila) has completely disappeared from the 2014
record.

TABLE 2: ANALYSIS OF CHANGES IN THE ZONAL COMPOSITION OF GENERA IN THE HUALISHAN
EXPERIMENTAL FOREST FOR 30 YEARS

1984s 2014s
Types and subtypes Genera Percentage Genera Percentage
1. Cosmopolitan 54 15.04 52 16.00
2. Pantropic 28 9.18 26 9.52
3. Trop.Asia&Trop.Amer..disjuncted 1 0.33 1 0.37
4. 0ld World Tropics 5 1.64 3 1.10
6. Trop.Asia to Trop.Africa 5 1.64 5 1.83
7. Trop.Asia 1 0.33 1 0.37
8. North Temperate 109 35.74 103 37.73
8-1. North Temperata 1 0.33 1 0.37
8-2. Arctic-alpine 1 0.33 1 0.37
8-4. N.Temp.& S.Temp. disjuncted. 41 13.44 35 12.82
8-5. Eurasia&Temp.S.Amer.disjuncted 2 0.66 2 0.73
9. E.Asia&N.Amer. disjuncted 22 7.21 22 8.06
10. OldWorld Temperate 39 12.79 34 12.45
10-1. Mediterranea.W.Asia (orC.Asia)&E.Asia disjuncted. 4 1.31 2 0.73
10-3. Eurasia&Temp.S.Amer.disjuncted. 5 1.64 5 1.83
11. Temp.Asia 13 4.26 8 2.93
12. Mediterranea,W.Asia to C.Asia 2 0.66 1 0.37
12-2. Mediterranea. toC.Asia&Mexico to S.USA. disjuncted 1 0.33 0 0.00
12-3. Mediter-ranea.toTemp.-Trop.Asia,Australasia&S.Amer.disjuncted. 1 0.33 1 0.37
13. C.Asia 1 0.33 1 0.37
14. E.Asia 10 3.28 9 3.30
14. (sh).Sino-Himalaya(SH) 2 0.66 2 0.73
14. (sj).Sino-Japan(S]) 9 2.95 8 2.93
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15. Endemic to China

2 0.66 2 0.73

Total

359 325

3. RESULTS AND DISCUSSION

Flora is the result of the long-term evolution of multiple
factors in nature. During the 30-year period from 1984 to
2014, a series of changes occurred in the composition of
the flora in the Mao'er Mountain Experimental Forestry,
which not only reflected the dynamic evolution of
biodiversity but also provided us with an opportunity to
deeply explore the reasons behind it.

Although the changes in the number of families and the
types of distribution areas of the families in the Mao'er
Mountain Experimental Forest Field were not significant,
the number of genera showed an obvious decreasing
trend. According to statistics, a total of 34 genera were
reduced, and the percentage of the reduced genera
reached nearly 10%. The change of this data shows the
serious threat to the biodiversity of the Hat Mountain
Experimental Forest.

Among the reduced genera, the two distribution types,
North Temperate Distribution and North Temperate and
South Temperate Intermittent Distribution had the most
reduction, with a reduction of 6 genera each. The decrease
in the number of genera in these two distribution types
may be related to natural factors such as climate change
and competition between species. In addition, Gypsophila,
which is the only species in the Mediterranean to Central
Asia and Mexico to the southern United States intermittent
distributions, has disappeared from the region, which
further proves that the loss of biodiversity in the Mao'er
Mountain Experimental Forest is not coincidental.

Anthropogenic factors have played an important role in
the loss of biodiversity in the Huaire Mountain
Experimental Forest. As a teaching and scientific research
base, the Mao'er Mountain Experimental Forestry Farm is
visited by a large number of students and researchers
every year for internships and visits. To a certain extent,
these activities increase the interference with plant
protection work, making some rare plants face greater
pressure for survival. At the same time, actions such as the
construction of facilities required for teaching may also
negatively affect the biodiversity of the region.

In addition, as a national scenic area in China, the Mao'er
Mountain area where the Experimental Forestry Site of
Mao'er Mountain is located has attracted more and more
tourists in recent years with the rapid development of the
tourism industry. However, some of the tourists lack
environmental protection awareness and arbitrarily

damage the natural environment by picking and trampling
plants, exacerbating the loss of biodiversity.

To address the problem of biodiversity loss in the
Experimental Forestry Farm of Mao'er Mountain, a series
of protection measures need to be taken. First, strengthen
the construction of nature reserves and formulate strict
protection policies and management measures to ensure
the stability and sustainable development of biodiversity.
Second, sustainable production methods should be
promoted to reduce damage and pollution to the natural
environment. At the same time, environmental education
should be strengthened to enhance public awareness and
attention to biodiversity conservation.

In addition, international cooperation and exchanges are
equally important in biodiversity conservation. We need to
strengthen cooperation with international organizations to
jointly address the challenges of global biodiversity
conservation. By sharing experiences, exchanging
technologies, and strengthening policy support, we can
promote the sustainable development of global
biodiversity.
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