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Abstract: The plant species with extremely small populations (PSESP) is a kind of wild
plant population that is on the verge of extinction. It is important to reasonably predict the
suitable distribution area of the PSESP for its protection. However, the lack of suitable
prediction models, low quality of distribution data and high sensitivity of simulation
process can limit the application of species distribution models in the protection of PSESP.
It is suggested that a small model niche factor model set should be constructed and
optimized according to the different distribution characteristics of PSESP. In order to
improve the quality of distribution data, the method of combining real species with virtual
species is used to conduct field iterative stratified sampling. Based on the distribution data
of iterative stratified sampling lifting and the optimized small model niche factor model,
the key factors in the simulation process are optimized to reasonably predict the suitable
distribution area of PSESP. Based on the distribution of nature reserves and the potential
distribution of PSESP, field investigation and verification, the appropriate in situ or ex situ
protection strategies for PSESP can be proposed.

1. Introduction

Plant species with extremely small population (PSESP) is a kind of wild plant species that is
endangered, and has important ecological, conservation and economic values. Its distribution area is
narrow or intermittent, and its population is degraded and its number continues to decrease under
the stress of external factors for a long time. The smallest surviving population whose population
and individual number are lower than the stable survival limit is one of the species with extremely
high extinction riskl, The PSESP have the following characteristics: (1) extremely small and
extremely endangered wild population; (2) unique habitat requirements and narrow ecological
amplitude; (3) unclear potential gene value with high gene loss and biodiversity reduction if
extinction. In view of the fact that PSESP are one of the most easily lost biological resources,
protecting them is the most important thing for biodiversity protectionf?,

Due to the decline of the viability of wild plants, habitat destruction and over-utilization of
resources caused by human activities, etc., plant species with extremely small population are more
likely to be endangered™-2l. With the rapid development of biomathematical models, computational
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science, big-data technology and biogeography, species distribution modelings (SDMs) can be used
to quickly simulate and predict the dynamic changes of the suitable distribution areas of biological
populations, which is of great significance to formulate in-situ or ex-situ protection policies for
PSESPEI. Species distribution model mainly quantifies the internal relationship between species
(appearance data and missing data) and environment (environmental information characteristics of
sites) through a specific mathematical model, evaluates the environmental niche of species, and
finally predicts the suitable distribution area of species in the form of occurrence probability.

2. Existing Problems in Predicting the Potential Distribution of PSESP

There are three main problems limiting the prediction of the suitable distribution area of small
population plants: 1) Lack of suitable prediction model of PSESP. In order to meet the requirements
of certain accuracy and stability of the model, the basic condition of species modeling is that the
number of rasterized sites should be more than 10 times of the predicted variables used for
modeling®4l. However, it is difficult for thePSESP to meet the basic conditions of modeling, and
there is a paradox of minimal population modeling. The main results are as follows: @ The
distribution points are extremely limited, and some of them are even less than 500 strains. 2@ Some
species are clustered, and few spots appear after grid35-61.2) The data quality of the distribution of
PSESP is low. The PSESP are scattered in inaccessible places, and there is sampling deviation,
which leads to low representativeness of distribution datal®7l. In addition, the survey of distribution
data involves the identification of plants, the accuracy of GPS and the professional knowledge of
collectors. However, most of the obtained distribution data have a long time span and involve a
large number of investigators, which leads to the low quality of distribution data. In order to expand
the distributed data and improve the data quality, it is necessary to conduct targeted supplementary
investigation under the guidance of a specific model. 3) The prediction results are highly sensitive
to the key variables selected in the simulation process. There are many programs in the process of
model simulation, which affects the stability of the results. The distribution points are mostly
concentrated in a relatively narrow area, with high spatial autocorrelation. The prediction results of
suitable distribution areas of species are highly sensitive to the key variables (spatial resolution,
spatial autocorrelation, missing data selection, threshold criteria, etc.) selected in the simulation
processt’-9l.

There are three problems in the simulation of the suitable distribution area of PSESP, which will
lead to inaccurate simulation results and limit the application of species distribution model in the
protection of PSESP. If the commonly used species distribution model is used indiscriminately in
PSESP, it may be will lead to wrong prediction conclusions®>0-111, Therefore, how to accurately
predict the suitable distribution area of PSESP according to the distribution characteristics of
PSESP is a scientific problem to be solved urgently.

3. The Solution Method of Predicting the Potential Distribution of PSESP
3.1. A Small Model Set

Small model set is a set of species distribution models that only need a few simulation variables,
which can solve the problem of too many simulation variables and insufficient distribution data.
Generally speaking, the number of sample occurrence points should be at least 10 times larger than
the prediction variables used for modeling, and the more data points, the more accurate it ist3*10,
However, for the PSESP, extremely low occurrence data and high sampling deviation will limit the
application of species distribution model, leading to "paradox of PSESP"E7]. By greatly reducing
the number of predictors in the species distribution model, the small model set can avoid the
problem that the traditional species distribution model needs a large number of species occurrence
points (grid sites) because of the large number of predictors®l. The basic idea of small model set is
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to simulate species distribution based on small and simple models. By establishing a series of
competing models, instead of the traditional single model, the traditional model is overcome by the
limitation of the number of predicted variables, thus providing an ecologically and statistically
correct model. The advantage of small model set lies in its high performance and small sample size,
which can better meet the data characteristics of PSESP.

3.2. The Niche Factor Model

Niche factor model is a method based on the comparison between the environmental niche of
species and the environmental characteristics of the whole study area. It is mainly based on the
emergence data (without missing data) and background geographic information system to build a
model for prediction!*2, Different from the traditional forecasting methods of species distribution
models, the niche factor model mainly converts the original eco-geographical variables into new
continuous axes through principal component analysis (PCA) to obtain the correlation factors
between the centroid of the observed species and the centroid of the background grid in the study
area, and calculates the habitat suitability of each grid through the niche factor model. The biggest
advantage of the ecological factor model is that there is no need for missing data in the whole
process of the model operation, and the requirements for the quantity and accuracy of data
appearing are also low[*?, Most traditional species distribution models need data and missing data.
Some models don't need missing data even in the construction stage, but they also need missing
data in the evaluation stage. For PSESP, the location and quantity of missing data have great
influence on the model.

3.3. Virtual Species

Virtual species is the construction of virtual species, the establishment of virtual and real species
databases, and the expansion of species occurrence databases and missing databases. A virtual
artificial species based on real or virtual geographic information system is a simplified and abstract
species. Virtual species have the advantages of easy data acquisition, controllable data quality and
avoiding over-simulation. Virtual species is an indispensable and important tool in large-scale
research, which is conducive to solving scientific problems that cannot be solved by real data. The
distribution of virtual species can be adjusted and set artificially by adjusting the composition
algorithm according to the research needs, so its actual distribution (data appearing/missing) is
completely known, which overcomes the shortage of unknown data points or sampling deviation of
real speciesl’.

Iterative sampling can effectively increase the quality of distributed data or the
representativeness of sampling. By constructing virtual species, the sample data can be sampled
hierarchically to increase the number of distributed datal®!. Based on the prediction results of small
model-niche factor model set, stratified sampling (field investigation, verification and stratified
simulation) can improve the accuracy of the data of known distribution points and expand the
distribution point databases (existing databases and missing databases). Through the small model-
niche factor model set simulation, the sample data (real data and virtual data) are sampled by field
iterative stratified simulation, which can effectively improve the quality of distributed data or the
representativeness of sampling.

3.4. Optimizing the Simulation Process

The main uncertainties in the simulation process of the suitable distribution area of small
population plants include: O the choice of spatial resolution; 2 avoiding spatial autocorrelation; 3
selection of missing data; @ selection of threshold standards, etc. In each step of ecological
simulation, a variety of algorithms can be used. The accuracy of the algorithm plays a decisive role
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in the stability and prediction ability of the model!®®l. The algorithm and working principle of the
model are different with different research objectst®%. The proposal of virtual species and the
optimization of simulation process are conducive to monitoring the data of PSESP acquired in real
environment, avoiding the influence of unknown distribution area of real species, reducing the
influence of random sampling, and improving the accuracy and stability of the model.

4. Conclusions

Therefore, in order to study the suitable distribution area of the PSESP, the approximate
distribution range of PSESP can be obtained through field investigation, aerial photography by
unmanned aerial vehicles and analysis of satellite images. Based on the virtual species with similar
distribution to the real minimal population plants constructed in the real habitat, under the guidance
of the constructed and optimized small model-niche factor model set, the field investigation is
supplemented. Through iterative stratified sampling, the number of distributed data is increased and
the representativeness of sampling is improved. By optimizing the simulation process, optimizing
the selection of key variables (spatial resolution, spatial autocorrelation, missing data and threshold
standards, etc.) of the model, the prediction accuracy and stability of the species distribution model
are improved. The optimized simulation process is adopted to predict the suitable distribution area
of the PSESP, and the appropriate in-situ or ex-situ protection measures for the PSESP are put
forward in combination with the distribution of the existing protected areas.
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