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Plant functional traits are fundamental to the understanding of plant adaptations and
distributions. Recently, scientists proposed a trait-based species selection theory to
support the selection of suitable plant species to restore the degraded ecosystems,
to prevent the invasive exotic species and to manage the sustainable ecosystems.
Based on this theory, in a previous study, we developed a species screening model
and successfully applied it to a project where plant species were selected for restoring a
tropical coral island. However, during this process we learned that a software platform is
necessary to automate the selection process because it can flexible to assist users.
Here, we developed a generalized software platform called the “Restoration Plant
Species Selection (RPSS) Platform.” This flexible software is designed to assist users in
selecting plant species for particular purposes (e.g., restore the degraded ecosystems
and others). It is written in R language and integrated with external R packages, including
the packages that computing similarity indexes, providing graphic outputs, and offering
web functions. The software has a web-based graphical user interface that allows users
to execute required functions via checkboxes and buttons. The platform has cross-
platform functionality, which means that it can run on all common operating systems
(e.g., Windows, Linux, macOS, and others). We also illustrate a successful case study
in which the software platform was used to select suitable plant species for restoration
purpose. The objective of this paper is to introduce the newly developed software
platform RPSS and to provide useful guidances on using it for various applications.
At this step, we also realized that the software platform should be constantly updated
(e.g., add new features) in the future. Based on the existing successful application and
the possible updates, we believe that our RPSS software platform will have broader
applications in the future.

Keywords: vegetation restoration, plant functional traits, maximum entropy model, restoration plant species
selection platform, R language
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INTRODUCTION

Climate change and human activities (e.g., ore mining and
agricultural use) have caused the land ecosystem degraded
worldwide (Chapin et al., 2000). These degraded ecosystems
are known to seriously affect human economic and social
life (Laughlin and Laughlin, 2013; Laughlin, 2014). As such,
ecological restoration has rapidly developed to solve the urgent
and complex degraded problems (Brown and Amacher, 1999;
Cardinale et al, 2012). Among all, identifying the suitable
species that can successfully restore the degraded ecosystems is
the primary challenge in restoration science (Fry et al., 2013).
However, this step requires a comprehensive understanding
of the ecological restoration theory, including information on
species interactions, successional processes, and resource-use
patterns. Because these processes differ greatly across different
ecosystems, it remains an enormous challenge. As this type of
information is typically lacking, the selection of candidate species
for restoration purposes are typically chosen using traditional
trial-and-error method. Nevertheless, the trial-and-error method
based largely on expert knowledge of the ecosystem (Rosenthal,
2003), and such information requires the involvement of a
restoration practitioner who has a wealth of practical experience
which is based on years of training (Padilla et al, 2009;
Ostertag et al., 2015).

Plant functional traits (including morphological, physiological
and phenological characteristics that are linked to plant life
history strategies) are fundamental to understanding plant
adaptations and distributions. In theory, plant functional traits
can be useful for selecting suitable species to restore degraded
ecosystems by computing the similarity index between the target
species (e.g., species have been proved to have high survival rates
in the degraded ecosystems) and the potential species (e.g., all
possible suitable species) (Zhang et al., 2018; Wang et al., 2020).
Several studies have successfully used functional traits to select
suitable plant species for restoring degraded ecosystems (Bochet
and Garcia-Fayos, 2015; Ostertag et al., 2015; Guimarées et al,,
2018; Werden et al., 2018; Rayome et al., 2019; Wang et al., 2020).
However, each of these studies used different screening methods
or different sets of functional traits to select species. A generalized
framework and a software platform which can assist this selection
process is necessary to people which are new to this field.

Recently, Laughlin (2014) proposed a quantitative trait-based
species selection process for selecting suitable species to restore
degraded ecosystems. In a previous study (Wang et al., 2020), we
developed a species screening model based on this quantitative
trait-based theory (Shipley et al., 2006). Also, we successfully
applied this model to select best fit plant species for restoring
a tropical coral island which is part of Hainan Island, China
(Wang et al., 2020). However, along this way we realized that a
software platform which can help automate this modeling process
is necessary as it will save time for beginners.

In this study, we introduced a newly developed, web-based
species selection software platform and named it as “Restoration
Plant Species Selection (RPSS) Platform.” The platform aims
to select suitable plant species for restoration purpose based

on plant functional traits. It was developed using the high-
level R programming language' which is popular for statistical
computing and graphics. It is a web-based application that can
run on a wide variety of operating systems, like Windows, Linux,
and macOS and it can work based on various general browsers
(e.g., IE, Chrome, Firefox, and others). The software platform
makes use of several external R packages that perform various
functions, including computing similarity rankings and drawing
multiple graphic functions. For users, there are only two sets of
information needed to run the software: (1) the trait values of the
target species (species which proved to meet the specific goals)
and (2) the trait values of the potential species (species to be
chosen from). In addition, the RPSS platform also has a graphic
user interface that helps users execute each of the functions.

TRAIT-BASED PLANT SPECIES
SELECTION PROCESS

In this section, we will introduce the abiotic filtering theory which
is the key selection theory for our software platform, and the trait-
based plant species selection process in details.

Abiotic Filtering Theory

Abiotic filtering theory claims that for adapting well to the
limiting abiotic environment (e.g., light and soil nutrient), all
species have to develop similar traits to optimize fitness and
performance (Laughlin, 2014). If we have found at least one or
two species that can adapt well to the specific environment in
the degraded ecosystem, many species that are appropriate for
restoring the degraded ecosystem can easily be selected, as long
as we compare the similarities in functional traits among them.

The Trait-Based Plant Species Selection Process
Step 1. Determine the Target Species

The target species are needed as a prerequisite in this process.
Generally, the target species are species that have met certain
standards of durability in ecosystems. For restoration purposes,
the target species are which we already know have high survival
rates in the degraded ecosystems. However, in some cases, the
restoration is initiated from bare soil conditions which means
that the target species are not easily found based on poor
background knowledge. We therefore use the traditional trial-
and-error method to determine them (Wang et al., 2020).

Step 2. Prepare the Pool of Potential Species

Potential species pool consists all the possible plant species
which may be suitable for our specific purposes. For restoration
purposes, the potential species pool should include both historical
native species and non-native species that have the potential
to restore the degraded ecosystems. The non-native species are
which found in regions that have similar environments with
the study site (Ostertag et al., 2015). However, in some cases,
native species or non-native species are not easily found. For

Uhttps://www.r-project.org/
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example, the study site may be located on a highly degraded
island on which almost no native plants can be found. In such
situations, only non-native species will be considered for the
potential species pool.

Step 3. Select the Appropriate Functional Traits That
Can Capture the Key Characteristics of the Particular
Purpose

The selected functional traits should capture the key
characteristics of the degraded ecosystems environmental
conditions. For example, leaf turgor loss point should be
measured to reflect plant resistance to the drought stress, if
drought stress is a key characteristic for the degraded ecosystem.
Additionally, the appropriate traits should be well measurable for
laboratories. If there is not any information on the characteristics
already, the users may try to measure all possible functional traits
(e.g., commonly measured morphological and physiological
traits). We focused on different species that expressed similar
trait values that were relevant to our objectives.

Step 4. Collect and Prepare Functional Trait Dataset
All trait information was obtained from field observations and
laboratory measurements. Many previous studies have addressed
how to collect and measure the functional traits. For the
detailed information of how to prepare the functional trait
dataset, please refer to some previous studies (Zhang et al,
2019; Wang et al,, 2020) and Supplementary Tables 2,3 in the
Supplementary Materials.

Step 5. Use Functional Traits to Select the Best Fit
Species

In our software platform, the maximum entropy (Maxent) model
(Shipley et al., 2006) was used to screen plant species that
are most functionally similar to the target species. The model
outputs relative abundances to screen suitable species from the
potential species pool. We defined relative abundance as the
index of similarity between the target species and the potential
species. The larger the value of similarity index, the more
ecologically similar the two species are, and vice versa. Using
this index, we assumed that the most similar species to the
target species was also the most suitable species for restoring the
degraded ecosystems.

Step 6. Monitor Seedling Survival of the Selected
Plant Species

At the final step, the survival rates of the selected species should
be monitored to check (1) if they have the high survival rates
than the unselected species; and (2) if they have the comparable
survival rates to the target species. If both requirements are met,
that means our species screening process is succeed.

OVERVIEW OF THE PLANT SPECIES
SELECTION PLATFORM

In this study, we developed a web-based software platform named
“Restoration Plant Species Selection (RPSS) Platform” to aid in

the trait-based plant species selection process. The RPSS platform
is written in R language, and the main page of the platform is
shown in Figure 1. The user only needs to prepare trait values
for the target and potential species in text format (see data
examples in Supplementary Tables 2,3) when using the software
platform. The software outputs both text and figure results of
similarity rankings for each potential plant species, ranked from
highest to lowest. The returned similarity index can indicate the
similarity rank of each candidate plant species to target species.
To establish the whole functions of the platform, we make use
of numerous external R packages to perform various functions.
For example, the FactoMineR package® is used to perform the
PCA analysis, the FD package® (Laliberté and Legendre, 2010;
Laliberté and Shipley, 2010; Legendre, 2010) is used to compute
the similarity rankings based on the Maxent model (Shipley
et al., 2006), the ggplot2 package® is used for graphic outputs,
and the shiny package® helps accomplish the web functions.
The software is open source. Anyone who needs the software
can contact the corresponding author to acquire the whole
software platform.

AN ILLUSTRATION OF USING THE
“RESTORATION PLANT SPECIES
SELECTION (RPSS)” PLATFORM TO
SOLVE A RESTORATION PROBLEM

Problem Description

In this section, we illustrate how to use our RPSS software
platform successfully selects suitable plant species to restore a
degraded ecosystem. Our study site is located in a tropical coral
island which is part of Hainan Island, China. Because of multiple
harsh environmental characteristics (e.g., high temperatures,
strong light, drought, no soil, and other harsh conditions) (Zhang
et al, 2019; Wang et al,, 2020), it is difficult for plants to
establish and grow in this area. For human habitation and
economic development, restoration of the vegetation on this
island is important and urgent. Plantations of some species
are considered a quick way to vegetate the island and make
the island suitable for the development of plant communities
native to the region (Wolfe et al, 2015; Wang et al.,, 2020).
The objective of this section is to use our newly developed
software platform to select suitable plant species that could be
used to restore the degraded ecosystem of this area. Specifically,
this island can be comparable to primary succession, as it
is only made of rock and sand and does not have any
soil for plants to colonize. If finally, the species selected by
our software platform can indeed be suitable for restoring
this extremely degraded island, we believe that our software
can be widely used for restoring multiple different types of
degraded ecosystems.

Zhttps://cran.r-project.org/web/packages/FactoMineR/index.html
3http://cran.r-project.org/web/packages/FD
*https://cran.r-project.org/web/packages/ggplot2/index.html
“https://cran.r-project.org/web/packages/shiny
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FIGURE 1 | The Graphic User Interface of the RPSS Platform.

Study Site

Our study site is located in a tropical coral island which lays to
the southern of Hainan Island (lying between 108°37'—111°03’
E and 18°10’—20°10' N), China. The study site has an area of
approximately 1 km? and the mean altitude is about 5 meters
(Wang et al., 2020).

The coral island our study site located has a tropical monsoon
oceanic climate with a mean annual temperature of 28°C. The
average annual precipitation on the island is about 2,800 mm,
and most precipitation occurs between April and September.
The adverse environments in this study site are characterized by
high temperatures, intense light, drought and high salinity and
alkalinity soil, in which it is difficult for plants to colonize and
grow (Zhang et al., 2019). For human habitation and economic
development, developing successful restoration management
strategies for this area is exceedingly important.

Selecting Target and Potential Species

As described earlier, the trait-based species screening process
requires target species as a baseline. However, our restoration
is initiated from bare soil condition which no native plants can
be found. Only the traditional trial-and-error method can be
used to acquire the target species. So, we have identified 20
species on a nearby island with similar environmental conditions
to the study site. These species were cultivated (watering and

fertilizing) in Wenchang City, Hainan Island for 1-3 months
and then transplanted to the study site. Three years later (from
the year 2014 to 2017), target species were defined as those with
survival rates >90% based on trial-and-error method. Ultimately,
three species Scaevola sericea, Ipomoea pes-caprae, and Cynodon
dactylon‘Yangjiang’ were selected as target species for trees, vines,
and herbs (Li et al., 2016; Luo et al., 2018; Wang et al., 2020).

In order to prepare the potential species pool for restoring
the degraded coral island, we reviewed literatures and studied
surveys of plants in four tropical regions which the climatic
and environmental conditions are similar to our study site in
global. The four regions are the South China Sea Islands, the
South Pacific Islands/Hawaii, the Indian Ocean Islands, and the
Caribbean Sea Islands. At last, 66 species were selected to form
the potential species pool. These species included a wide range
of plant groups containing trees, shrubs, herbs, vines, legumes,
semi-mangrove plants, and some medicinal and edible plants.
The list of the 66 candidate species is shown in Supplementary
Table 1 (Wang et al., 2020). The seedlings of these potential
species were cultivated mainly including watering and fertilizing
in Wenchang City, Hainan Island.

Species’ Functional Traits
We want to find out key traits that can assist plant species adapt
well to the specific environments of the degraded ecosystem.
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Thus, the traits will help to select suitable species to restore
this place well. Based on our previous studies (Luo et al., 2018;
Wang et al., 2020), we identified 28 traits that associated with the
harsh environmental conditions on the tropical coral island. The
selected functional traits are relate to drought resistance, resource
allocation, antioxidant and photosynthetic capacity: specific leaf
area (g/cm?), leaf water conductance (mmol m-2 s-1 MPa-1), leaf
dry matter content (%), stomatal conductance (mmol m~2s71),
stomatal density (numbers mm™~2), upper epidermic thickness
(im), palisade tissue (jum); spongy tissue (jum), lower epidermic
thickness (jum), maximum photosynthetic rate (mol m=2 s~1),
stomatal conductance (mmol m~2 s~1), instantaneous water
use efficiency (umol mol™1), transpiration rate (mol m-2s71)
and others. The 28 selected key traits are listed in Table 1.
Because we don’t have enough fresh herb leaf samples, some
leaf related traits were not able to measure for herb species.
As a result, we only measured 19 traits for herbs, but 28
traits for wood species. The omitted nine leaf structure-related
traits are leaf/palisade/spongy tissue thickness, palisade tissue
width, upper epidermis thickness, guard cell length, stomatal
density, and stomatal area index. For three target species, only
Cynodon dactylon‘Yangjiang’ had measured 19 traits while others
all had 28 traits. Among all 66 potential species, 6 species had
only 19 traits, others had 28 traits. For the selected target and
potential species, traits on mature and healthy leaves of ten
individuals for each species in a growing season were measured.

The measurement methods and trait dataset can be available in
the supporting files.

Results of the Plant Species Selection
Process

We input the trait values of target and potential species into
the RPSS platform, the input file format can be found in
Supplementary Tables 2,3. The software returned the final
screening results in both text and graphic formats. In this
case study, we used the Windows operating system and
Google Chrome browser to accomplish the whole analysis
process. The example graphic results are shown in Figures 2-4.
For the target species Scaevola sericea, four plant species
(Artocarpus heterophyllus, Pluchea indica, Hibiscus tiliaceus,
and Ficus microcarpa) were selected as the potential species.
For target species Ipomoea pes-caprae, six plant species
(Ipomoea tuba, Pluchea indica, Pandanus tectorius, Hibiscus
tiliaceus, Medicago sativa, and Sesuvium portulacastrum) were
screened to be more similar to the target species. For target
species Cynodon dactylonYangjiang, four plant species (Spinifex
littoreus, Lepturus repens, Miscanthus sinensis, and Cerbera
manghas) were outperformed than others. After removing
duplicate species, we selected a total of 12 species for vegetation
restoration in this study.

Finally, we monitored seedling survival for all species in order
to test (1) whether the selected species had the comparable

TABLE 1 | Descriptions of the selected plant traits and abbreviations used in this study.

Leaf trait category Trait Abbreviation Unit Ecological relevance
Structural traits Leaf/Palisade/Spongy tissue thickness LT/PT/ST wm Radiation and drought tolerance
Leaf palisade/spongy tissue thickness ratio PST / Radiation and drought tolerance
Palisade tissue width PW wm Radiation and drought tolerance
Upper epidermis thickness UE wm Radiation and drought tolerance
Leaf dry mater content LDMC mgg’ Nutrient acquisition and retention of resources
Specific leaf area SLA cm? g’ Resource capture and environment adaptability
Leaf area LA cm? Water retention and drought tolerance
Guard cell length SL wm Water retention and drought tolerance
Stomatal density SD n mm? Water retention and drought tolerance
Stomatal area index SPI % Photosynthesis and evaporation intensity
Biochemical traits Total antioxidant capacity AOC Ug™! Antioxidant capacity
Superoxide dismutase activity SOD Ug!’ Antioxidant capacity
Peroxidase activity POD Ug! Antioxidant capacity
Catalase activity CAT Ug! Antioxidant capacity
Total phenolics content TP mgg~’ Antioxidant capacity
Water soluble protein CPR mgg~! Osmotic adjustment and nutrient retention
Malondialdehyde content MDA nmol g~ Lipid peroxidation degree
Proline content PRO ng g Osmotic adjustment
Chlorophyll a/ Chlorophyll b/ Total CHLa/ CHLb/ CHLt mgg~! Light capture and photosynthetic capacity
chlorophyll content
Hydraulic traits Leaf hydraulic conductance Kleaf mmol s~ m~2 MPa~" Water retention and acquisition capacity
Gas exchange traits Maximum photosynthetic rate Amax pmol m=2 s~1 Photosynthetic capacity
Stomatal conductivity Js molm=2s~! Stomatal adjustment and water retention
Instantaneous water use efficiency WUEI wmol mol~! Leaf carbon and water utilization capacity
Transpiration rate E mmol m=2 s~ Leaf water utilization
Sources and physiological functions are also shown.
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FIGURE 2 | Species selection results for the target species Scaevola sericea. The similarity index used in this study are relative abundances which output from the
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FIGURE 3 | Similar to figure 2, but the species selection results for the target species jpomoea pes-caprae.
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FIGURE 4 | Similar to figure 2, but the species selection results for the target species Cynodon dactylon‘Yangjiang.’
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survival rates with the target species; and (2) whether the selected
species had higher survival rates than the unselected species.
We cultivated 1,000 seedlings for each species in a nursery
in Wenchang city, Hainan Island, China. In July 2017, we
transplanted seedlings from our nursery to the tropical island.
Each plant was planted on the same substrate type, and each row
was divided into three repeat planting areas. The planting density
was maintained at 80-100 plants per hectare. We recorded each
plants annual growth rates. After 2 years’ follow-up, we recorded
the final survival rate for each species using the following
formula:

currently remaining seedings

survival rate = x 100%

original seedlings

In final results, comparably high survival rates were found among
the three target species and the twelve selected species (about 86
to 94%). However, the survival rates of the non-selected species
were significantly lower than the target species in all cases (see
Supplementary Figure 1). The results showed that the species
selected by our software platform had significantly better survival
rates than the non-selected species. This means that the software
platform successfully performed the species selection for the
purpose of restoration in our study site.

CONCLUSION

In this study, we introduce a newly developed web-based species
screening software platform - the RPSS platform. It uses a trait-
based framework to select suitable plant species for particular
purposes (e.g., restore the degraded ecosystem and others). The
software is implemented in the high-level R language and uses
some external R packages (e.g., FD package, ggplot2 package,
and shiny package) to realize the model calculations, the picture
productions, and the web functions. The GUI equipped in the
software allows an easy execution of purposed analyses. Because
it is a web-based platform, it can run across different operating
systems including Windows, Linux, and macOS. Compare with
other similar work (e.g., Restoring Ecosystem Services Tool,
REST, Rayome et al., 2019), our software is a web-based platform
which don’t need to install any programs on the local computer.
In addition, our RPSS platform not only equipped with a web-
based GUI to facilitate execution of various functions, it can
also run as a script program in R language batch mode. Thus,
users can clearly see which commands are executed, so as to
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