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account for 10% of the total number of existing species 
(IUCN, 1980; Davis, 1986). In order to protect rare and 
threatened plants, our country promulgated the first list of 
state conservation plants and rare state trees (State Environ-
mental Protection Administration of China and Botany Insti-
tute of the Chinese Academy of Science, 1987). Although this 
list is very important and has scientific value, it remains very 
global as it encompasses the whole country. Because different 
organisms have different area-scales, the evaluation results 
partially rely on the time and space-scale. For some areas, 
perceived threats and protection measures are different and as 
of now, there are no evaluation criteria that can be used as a 
standard for biogeocenose (He, 2004).

The uniqueness and the position of endangered plants are 
the bases for evaluating their protective sequence (Xu, 1987; 
Li, 2002). To protect plant diversity, it is essential to establish 
quantitative priorities for their conservation (Li, 1997). The 
Makehe Forest is the biggest virgin forest region in Qinghai 
Province in China and hosts many rare medicinal plants, such 
as Astragalus membranaceus, Notopterygium incisum, Rheum 
palmatum and Bupleurum smithii (Li and Li, 2002) and 
many ornamental plants, such as Pedicularis, Delphinium, 
Gentiana, Trollius and Primula (Wu and Mei, 2001). Because 
of destructive human activities, the number of plant species 
has declined. Protecting the species in the Makehe Forest is 
important both for ecological safety and for maintaining the 
biodiversity of the Sanjiangyuan Nature Reserve.

2 Study area

The Makehe Forest region is located at the headstream of 
the Dadu River in the upper reaches of the Yangtze River. It 
is one of the biggest virgin forests in Qinghai Province. On its 
eastern and northern borders are Aba and Rangtang counties 
of Sichuan Province. Jiuzhi County in Qinghai lies to the 
northeast and Duokehe Forest to the southwest. The Makehe 
Forest is situated between 32°15p–32°30pN and 99°53p–
100°31pE. It is 49  km long from east to west and 21  km wide 
from north to south.

Abstract After investigating and studying the vegetation, 
we have established that Makehe Forest, in Sanjiangyuan 
Nature Reserve, Qinghai Province, is host to a total of 364 
different species, representing 173 “genera” in 55 different 
vegetative families. We propose five quantifiable indices 
for evaluating the level of threat to these plants: 1) the distri-
bution frequency of the “line transect”; 2) the distribution 
frequency of sample plots; 3) the distribution density inside 
sample plots; 4) the existing abundance in the forest region; 
and 5) plant fidelity. The results show that there are two 
endangered species, six vulnerable species, 12 nearly threat-
ened species and 344 safe species. The study tried to evaluate 
the urgency for conserving these plants, according to coeffi-
cients of closeness to disappearance, of genetic loss and of 
usefulness. Results also showed that the number of species 
of primary concern is two; of secondary concern, nine; of the 
third level, 23; and of least concern, 330 species.

Keywords endangered plants, Makehe Forest, quantitative 
assessment, priorities of conservation

1 Introduction

The World Conservation Union estimates that 25,000–30,000 
fascicular species are currently endangered worldwide, which 
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The climate belongs to the Qinghai-Tibetan altiplano. The 
annual rainfall recorded in this region ranges from 652.4 to 
764.4  mm, of which 70% occurs from June to September. 
“Fog forests” often appear in the rainy season. The coefficient 
of wetness is 1.7–2.5, feasible for the growth of Picea, Abies 
and other tree species.

The total area of this forest region is 101,602  hm2. The 
forest area itself comprises 23,385  hm2, an area of 963  hm2 is 
covered with smaller trees, and the shrub area is 30,096  hm2. 
The forested area accounts for 52.6% of the total area.

3 Assessment methodology

3.1 Selection principles of the assessment

Research is critical to the correct assessment of the level of 
risk encountered by endangered species. Among the research 
tools in the protection of biodiversity is the “coefficient of 
scarcity”, which expresses the degree of danger facing a plant. 
The criteria of assessment, commonly used in the various 
areas of China at both provincial and regional levels are as 
follows: the value of the community; the establishment of 
mature living communities; the number of individuals of each 
species; the capacity to reproduce; the number of juvenile 
plants; the condition of groups of young species; the use of 
medicinal plants; the level of depletion; the level of security 
of the natural environment; the present situation of the protec-
tion administration; and the removal of the protection (Xu 
and Tao, 1987; Xue, 1991; Wei, 1993). 

All these standards of evaluation are reasonable but fail to 
be useful in practice. Although the degree of accuracy may be 
high, their complexity makes them hard to apply, and eventu-
ally prove to be useless. The objective of our assessment is to 
find rare plants among the wide variety of more prolific plants 
in order to adopt a basic protection plan to take care of endan-
gered species in a different way. Our purpose is not necessar-
ily to gain greater accuracy in the coefficient, although, if the 
results of our assessment unintentionally had reached this 
point, it would have been satisfactory. In our procedures for 
investigating the degree of danger of rare species in the 
Makehe Forest in Sanjiangyuan Nature Reserve, we were 
mainly guided by the principles set below in the selection of 
evaluation criteria.

3.1.1 Scientific principle

To objectively select the standard, this one should reflect the 
degree of danger of the plants, so we should use quantitative 
indicators.

The degree of scarcity of a plant is a criterion limited 
in scope; a plant can be rare in a given domain and not in 
another. Or, a plant can be scarce in a vast area, but easily 
growing in a given restricted portion of this vast area.

Therefore, to investigate the situation of scarcity of plants 
in a forest, we should not consider the situation of scarcity of 

plants outside this forest. We must also pay attention to the 
level of time and space available for our investigation and 
give priority to measures, which coincide with the natural 
growing range of plants and not to administrative boundaries. 
The real zones show how the natural environment looks like 
under a similar climate and elevation. Thus, the often used 
administrative zones are not really accurate since they do not 
correspond to these natural elements. They can reflect the 
situation of some of the plant species, but not the changes, nor 
the size of the areas occurring outside this administrative 
zone.

3.1.2 Easily applied principle

If we want to assess the speed at which the scarcity of a plant 
develops and have access to only a few years of information, 
we may need to abandon this line of assessment, if the chang-
es within a community of species are a very important crite-
rion. The results of the assessment can only reflect the present 
situation of scarcity, not future scarcity. This is a problem that 
requires attention. The level of security for natural reproduc-
tion is complicated. It involves experiments on sprouts, the 
ability to resist insect pests, natural disasters, frost and so on; 
it is difficult to measure and not appropriate as a standard of 
evaluation. The criteria on the strength of the depletion are 
difficult to apply as well; on the one hand, the enumeration of 
medical plants that are collected, the size of reproduction of 
insects, as well as collecting statistics on the depletion of one 
plant and not that of other plants is difficult; on the other 
hand, to investigate which quantities are being collected, 
for example as food, belongs to an enumeration of the past. 
Different plants rarely have a unique criterion.

3.1.3 Principle without repetition

To reflect the level of scarcity of some plants in one place, we 
must use a norm. The level of security of the environment and 
the present protection accorded by the authorities are not only 
difficult but they also have a repetitive character. Because 
protection by the Forestry Bureau is becoming better, we 
assume that the level of destruction is decreasing and the 
safety of the natural environment is improving.

3.2 Indicator of level of threat

Threatened species often have the following characteristics: 
limited distribution; serious fragmentation of habitat; small 
population; special habitat; high plant fidelity; inferior posi-
tion in the competition for growth; and rapid population 
disappearance. Given these characteristics and the three prin-
ciples briefly described above, i.e. the scientific principle, the 
easily applied principle and the principle without repetition, 
we apply the following indicators to evaluate the level of 
threat of the vegetation of Makehe Forest in Sanjiangyuan 
Nature Reserve: frequency of line transects; frequency of 
sample plots; density inside sample plots; abundance in a 
forest region; and plant fidelity (see Fig.  1).
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3.2.1 Frequency of line transect

Given the landform map of a forest region and assuming 
similar growing conditions, such as the same direction and 
openings, we decide how many line transects should be used 
to complete an investigation of the vegetation in a forest 
region. The frequency of a line transect is the ratio of the 
number of line transects through a community of a particular 
species and the total number of line transects.

3.2.2 Frequency of sample plots

According to the vegetation map of the forest, we establish 
sample plots in different vegetation types, at different eleva-
tions, and stations along a slope and in various slope direc-
tions. These sample plots can represent the characteristics 
of plant populations and their structure. The frequency of 
sample plots is the ratio of the number of the sample plots of 
a particular species and the total number of sample plots.

3.2.3 Density inside sample plots 

Density of plant distributions is the density in the sample 
plots in which some species grow. Because of different 
volumes, tree plants and herbage have different scoring crite-
ria. In a way, density of plant distributions can reflect the 
extent of fragmentation of plant habitats. The density of plant 
distributions without fragmentation is high; in contrast, 
densities of seriously fragmented communities are low.

3.2.4 Plant abundance in a forest region

Based on the sample plots investigated, we can calculate the 
density of each plant species. According to the area of the 
community of every plant, we can estimate the abundance of 
every plant in a forest region.

3.2.5 Plant fidelity

Plant fidelity is used to express the limitation imposed on the 
presence of a plant in some community. The scoring of plant 

fidelity is calculated by the frequency of the growth of some 
plant in different communities. Communities are partitioned 
by the predominant species of different layers. Communities 
are similar if the structure and the predominant species of 
their layers are uniform.

3.3 Partition of level of threat

The partition of threatened species by the IUCN originally 
included six degrees: disappeared, threatened, easily threat-
ened, rare, undecided, unknown over six decades during the 
20th century. In 1994, the IUCN amended the system of the 
partition. The eight degrees now include: disappeared, wildly 
disappeared, exceedingly threatened, easily threatened, lowly 
threatened, insufficient data, non-evaluated. The partition in 
the China Animal and Plant Red Data Book differs from 
that of the IUCN. The first volume of the China Red Book of 
Plant adopted three degrees: threatened, rare, and vulnerable 
(Jiang, 1999; Fu, 1992; SSC and IUCN, 2001).

The partitions by the IUCN and China are aimed, respec-
tively, at the world and a country. For small areas, such as a 
forest and for the sake of simplicity and application feasibil-
ity, the partition is constrained to four classes: threatened, 
vulnerable, nearly threatened, and safe species.

3.4 Calculation of threat index

This threat index is used to indicate the level of threat some 
species of flora are exposed to under circumstances of non-
interference. We give marks according to five evaluation 
classes or indices. The highest mark is 25 and the lowest mark 
is 0. The assessment indices are as follows.

1) Frequency of line transect
25  points, the highest, only occurred in one sample plot; 

20  points in 2, 15  points in 3 or 4, 10  points in 5 or 6, 5  points 
in over 6 plots.

2) Frequency of sample plots
The highest is accorded 25  points, which occurred only 

in one sample plot; 20  points in 2 or 3, 15  points in 4–10, 

Fig.  1 Graphic display of evaluating the situation of threatened plants in a forest region
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10  points in 11–20, 5  points in 21–29 and 0 in more than 
30  plots.

3) Density of distribution
Plant density is obtained from sample plots. 
The criteria are as Table 1.

3.5.1 Threat coefficient 

This coefficient is calculated as described for the method in 
section 2.4.

3.5.2 Genetic loss coefficient

1) Status of species 
In the outline of protection of the world’s natural resources 

it is pointed out that families and genera are more important 
in the protection of biodiversity. The threat level encountered 
by an entire family and genus can be reflected by the number 
of species left in this family. At the same time, a species is 
more isolated in the classification and the probability of the 
same gene existing in other living plants is decreased, which 
will further accelerate genetic losses. The isolated state of 
classification is expressed by the number of species in their 
families and genera. Species of single families (only one 
genus and one species), score 25  points; species of small 
families (including 2–3 species in a family), score 20  points; 
species of a single genus (only one species in a genus), score 
15  points; species of small genera (including 2–3 species in 
a genus), score 10  points; species of more genera (including 
more than 4 in a genus), score 5  points.

2) Endemism
Endemism is used to express the fact that some species 

only exists in one area and not in another. If a species disap-
pears from this one area, it will disappear from the world. 
From a study of fossils, it was concluded that endemical 
species can easily disappear, so the existence of endemism is 
critical in the protection of nature. Different points are given 
by the degree of endemism. Endemic species in Sanjiangyuan 
are accorded 25  points; on the Qinghai-Tibet altiplano, 
20  points; endemic species in China, 15  points; no endemism, 
0  points.

3) Relic of glacial epoch
Scoring is evaluated by the geologic age of plant survival. 

Some age-old species survived in the ice age of tertiary epoch 
and the potential value of inheritance is great. For plants of 
the ice age, score 15  points; for plants of other ages, score 
0  points.

The genetic loss and threat coefficients are calculated 
similarly as expression (1).

3.5.3 Coefficient of usefulness

1) Medicinal value
The use of official plants is different among the various 

pharmacopoeias. The authority of Pharmacopoeia of the 
People’s Republic of China is paramount and the New 
Medicinal Materials of China and Medicinal Materials of 
Tibet rank second place. For the often used official plants 
collected by Pharmacopoeia of the People’s Republic of 
China, score 25  points; the often used official plants collected 
by the New Medicinal Materials of China, score 20  points; 
the often used official plants collected by the Medicinal 

Table  1 Evaluation criteria of plant density

Score Density of tree plants  Density of herbage 
 /(individual · hm–2) /(individual · m–2)

25 1–100 1
20 101–200 2
15 201–500 3–5
10 501–1,000 6–10
5 >1,000 >10

4) Plant abundance in a forest region
The criteria are as Table 2.

Table  2 Evaluation criteria of plant abundance

Score Tree plant (individual) Herbage (individual)

25 1–10 1–100
20 11–50 101–200
15 51–100 201–1,000
10 101–1,000 1,001–10,000
5 >1,000 >10,000

5) Plant fidelity
A certain plant is scored according to its frequency in a 

plant community; a score of 25  points occurred only once, 
20  points in 2, 15  points in 3, 10  points in 4–5 and 5  points in 
more than 5 communities.

Calculation of the threat index: Cthreatened (as follows):

 C m Mi
i

n

i
i

n

threatened =
= =1 1
∑ ∑/  (1)

where mi is the actual score of all indices, Mi is the highest 
score of all indices, and n is the number of factors.

The class criteria for the threat index of different 
plants are: threatened species Cthreatened>0.95, vulnerable 
species 0.90<Cthreatenedh0.95, almost threatened species 
0.85<Cthreatenedh0.90, and safe species Cthreatenedh0.85.

3.5 Evaluation of preferential protective classification of 
plants

The urgent protection value is used to rank the protective 
classification of plants. This value is calculated by consider-
ing the threat coefficient, the genetic loss coefficient and 
several usefulness coefficients. Eleven quantitative indices 
are used. Given the different degrees of the 11 quantitative 
indices, different points are given. The highest score is 
25  points and the lowest score is 0.



183

Materials of Tibet, score 15  points; seldom used official plants 
collected by Pharmacopoeia of the People’s Republic of 
China, the New Medicinal Materials of China or the Medici-
nal Materials of Tibet, score 10  points; ordinary folk medici-
nal materials, score 5  points and other plants, 0  points.

2) Ecological value
Ecological value is scaled by the essence of plants in the 

community. Major species in the community, 25  points; con-
junct major species in the community, 20  points; preponder-
ant species besides the major species, 15  points; concomitant 
species, 10  points; other species, 5  points.

3) Value of other uses
The usefulness of species elsewhere includes its value 

primarily in planting, as ornamentals, as timber, grazing and 
as a source of raw material. Important plants in terms of 
usefulness score 25  points; ordinary plants for similar use, 
20  points; plants as industrial material, edible plants or for 
apiary purposes, 15  points; other plants, 10  points.

The calculation of the coefficient of usefulness is the same 
as expression (1).

3.5.4 Calculation of preferential conservation value and 
grouping

According to a definite weight ratio, a preferential conserva-
tion value is calculated from the threat coefficient, the 
genetic loss coefficient and the coefficient of usefulness. 
This weight ratio is decided by the importance of these coef-
ficients. If the principal aim of species protection is to help 
species survive, then the genetic value of species should be 
protected. Therefore, the threat coefficient should carry the 
most weight, followed by the genetic loss coefficient, and 
the coefficient of usefulness comes last. After reading many 
papers and making inquiries from some experts, the weights 
were decided as follows: the threat coefficient, 60%; the 
genetic loss coefficient, 25%; and the coefficient of 
usefulness, 15% (Yan, 1997).

After determination of the weights, the preferential con-
servation index, Vpreferential (value of priority of protection) of 
the threatened species is measured as follows:

 Vpreferential = 60% Cthreatened+25% Cgenetic+15% Cvalue (2)

According to Vpreferential, the preferential classes are divided 
as follows: of first concern Vpreferentiali0.70; of second concern 
0.60hVpreferential<0.70; of third concern 0.55hVpreferential<0.6; 
and, of least concern Vpreferential<0.55.

4 Conclusions and analysis

4.1 Level of threat

Based on the value of C, we can establish the level of threat 
of the 364 species in the Makehe Forest Region (Table  3).

From Table  3, we see that there are two threatened species 
in the Makehe Forest Region, which account for 0.55% of the 
total plant species in this area. Meconopsis punicea, a very 
threatened species, only exists in the shrub layer of Salix 
oritrepha. Abies brachytyla has been listed at the third level 
of concern for Chinese rare and threatened species. Not more 
than ten rare plants exist in the Makehe Forest Region. There 
are six vulnerable species in Makehe, which account for 
1.65% of the total number of plant species. These species are 
endangered because of their high value in use, which make 
them subject to over-harvesting. There are 12 nearly threat-
ened species in Makehe, which account for 3.3% of the 
number of species. There are 344 safe species, which account 
for 94.5%. We must prohibit the destruction by humans of 
the threatened and vulnerable species. If their populations 
continue to decrease, we should take measures for artificial 
propagation, protect these species by growing them in other 
areas, resume the protection of the existing population and 
improve the structure of the population. As well, it is also a 
good measure to optimize the existing environment and the 
function of the ecosystem. 

4.2 Protective classification

Based on the Vpreferential, we established a protective classifica-
tion of the 364 species in the Makehe Forest Region 
(Table  4).

From Table  4, we see that there are two species of primary 
concern, which account for 0.55% of the total number of plant 
species in this area. The number of these two species is low, 
but their value is high. Species such as Meconopsis punicea 
has been listed as an often used official plant in China 
Pharmacopoeia. Abies brachytyla is not only a good timber 
species, but also an ornamental tree and a main species in the 
community. There are nine species of secondary concern, 
which account for 2.47%: Astragalus membranaceus, Rheum 
ovatum, Rhodiola algida tangutica and Ephedra sinica are 

Table  3 Evaluation status of threatened plants in Makehe Forest 
Region

Level of threat Number of  Representative plant species
 species

Threatened species  2 Meconopsis punicea, Abies brachytyla
Cthreatenedi0.8 
Vulnerable species  6 Astragalus membranaceus, Herminium 
Cthreatenedi0.7  monorchis, Rheum ovatum, 
  Sinopodophyllum hexandrum, 
  Astragalus mahoschanicu, Astragalus 
  handelii
Nearly threatened  12 Rhodiola algida tangutica, Circaeaster
 species   agrestis, Astragalus licentianus, 
Cthreatenedi0.6  Ephedra sinica, Abies ernestii
Safe species 
Cthreatened<0.6 344 Fragaria orientalis, Carex crebra, 
  Bromus mairei, Ribes himalense, 
  Potentilla fruticosa, Sibiraea laevigata
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important official plants; Rhodiola algida tangutica exists 
only on the Qinghai-Tibetan altiplano. There are 23 species of 
three groups of concern, which account for 6.3% and 330 
species of least concern, which account for 90.7%.

For the species of primary concern in Makehe, we should 
protect them to our utmost ability, forbid their destruction, 
inspect the change of population and take measures to foster 
artificial propagation. For the species of secondary concern, 
we need not take any special measures to protect them. If 
we make use of them, we should obtain them from artificial 
propagation. The species of the third concern are only lightly 
used. Generally speaking, we need not pay too much attention 
to the species of the least concern.

5 Conclusions

1) From our evaluation, it is seen that the level of threat of 
the Makehe forest vegetation is as follows: two threatened 
species, six vulnerable species, 12 nearly threatened species 
and 344 safe species. Given the protective classification of 
the vegetation of Makehe, the number of species of primary 
concern is two; of secondary concern, nine; of the third level 
of concern, 23; and of least concern, 330 species.

2) Threatened plants, whatever the reason, natural or 
human, share similarities of limited and narrow distributions 
and decreasing plant populations (Reveal, 1981). Forests are 
the main environment of threatened plants and the loss of 
eco-systems is the main external cause threatening plants 

(Xie and Chen, 1999). To protect the forests of the Makehe 
Forest Region is extremely important for the protection of the 
two threatened species. Human activity is the primary cause 
leading to the rapid decrease in species. Some species are of 
great medicinal value, but disturbance by humans threatens 
them. Some species are perfect food for cattle and sheep, but 
again, over-grazing is a threat. Therefore, it is imperative for 
the protection of the threatened species in the Makehe Forest 
Region to reinforce management and protection and put a 
stop to the collection of herbs and grazing in the region.
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