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Abstract: Identifying indicator taxa is a solution to the problem of a lack of diverse data. However, the
variation between studies on richness correlations (RCs) among taxa from different climate regions
makes the application value of indicator taxa questionable. Few studies have compared the RCs
among climatic regions in a single study, leaving the variation in RCs and the underlying ecological
drivers among climatic regions unknown. In this study, data were compiled on vascular plants,
vertebrates (including mammals, birds, reptiles, and amphibians), and environmental factors across
219 nature reserves located in subtropical and temperate regions of China to examine RCs among
taxonomic groups and underlying ecological mechanisms. Results showed that the climatic region
could affect between-taxon correlations in species richness and that the effectiveness of vascular
plants as suitable indicator taxa for vertebrates varied with the climatic region and target taxa. Energy
(temperature and evapotranspiration) and habitat heterogeneity (area and elevation range) were
ecological drivers of RCs among taxonomic groups in the subtropical and temperate regions. The
differences in the effect of abiotic factors on RCs among taxonomic groups caused the difference in RCs
between subtropical and temperate regions. Our findings provide new evidence for understanding
the variation of RCs and the underlying mechanisms and highlight the positive role of climatic
variables and habitat heterogeneity in determining RCs between vascular plants and vertebrates.

Keywords: climatic regions; ecological mechanisms; indicator taxa; nature reserves; vascular plants

1. Introduction

In the current crisis of biodiversity loss, protecting biodiversity [1,2] is essential.
However, the distribution data of vulnerable taxa are still insufficient to set policies on that
protection. Effectively correlating taxonomic groups in species-rich areas for predicting the
diversity of unknown taxa of conservation interest contributes to a solution to the problem
of the insufficient data [3–8].

When a well-known taxon has a strong correlation with other taxonomic groups, that
taxon could be recommended as an indicator taxon whose diversity is a proxy to predict
the diversity of other taxa [8]. Numerous studies have verified the validity of indicator
taxa by analysing the richness correlations (RCs) among taxonomic groups. Still, they
have not found consistent conclusions to find the desired perfect indicator taxon [2,9–13].
Some studies have recommended a few taxonomic groups as good indicator groups, such
as vascular plants [14,15]. Other studies have doubted the potential application value
of indicator taxa because of the variation of RCs among taxonomic groups [16,17]. That
variation might have been caused by differences in research conditions such as research
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scale, habitat type, and climatic regions [18,19]. Although some empirical studies have
confirmed the effect of scale and habitat type on RCs among taxonomic groups [20–24],
only a few studies have compared RCs between tropical and temperate regions. Further,
they did not focus on the drivers [18,19]. Thus, exploring RCs across different climatic
regions will help conservation ecologists objectively assess the potential application value
of indicator taxa in biological conservation.

Almost all taxonomic groups’ species richness and climatic conditions are markedly
different between subtropical and temperate regions [25–27]. Subtropical regions usually
have better hydrothermal conditions and more opportunities for biological interactions
than temperate regions [26]. Common environmental factors driving the spatial patterns of
taxon richness and biological interactions could promote correlations between taxonomic
groups and species richness [28–31].

Therefore, there could be significant differences between tropical/subtropical regions
and temperate regions in their strength of positive RCs among taxonomic groups. Two
meta-analyses have reported the differences in the RCs among taxonomic groups between
tropical and temperate regions. However, they had no consistent conclusions about which
regions had higher RCs among taxonomic groups. For example, a meta-analysis of more
than 100 articles by Wolters et al. [18] found that significant positive RCs among taxo-
nomic groups in tropical regions were notably higher than those in temperate regions.
Westgate et al. [19] found via a meta-analysis of 74 articles that RCs among taxonomic
groups increased with the increase in latitude. It is still unclear whether there is a difference
in RCs between taxonomic groups in subtropical and temperate regions of China, and if
there is a difference, which ecological driver causes it.

Richness correlations between taxa have been hypothesized to be promoted mainly
by shared environmental factors that drive the richness patterns of taxonomic groups [30].
Those patterns could be determined by energy, habitat heterogeneity, geographic factors,
soil properties (e.g., soil pH, water content, nutrients), productivity, and climatic stabil-
ity [32–38]. However, only energy (temperature, precipitation, and evapotranspiration),
geographic factors (latitude), and habitat heterogeneity (area and elevation range) have
been examined in previous studies as the ecological mechanisms promoting RCs [29,39].
Whether other environmental factors promoted RCs and which ecological driver promoted
RCs among taxonomic groups in different climatic regions remain unknown.

Our study collected species data of vascular plants and vertebrates and environmental
data across 219 nature reserves in China to explore the following two questions: (1) Is there
a significant difference in RCs between vascular plants and vertebrates between subtropical
and temperate regions? (2) How do ecological mechanisms drive RC differences between
vascular plants and vertebrates between subtropical and temperate regions?

2. Materials and Methods
2.1. Study Area

Data were collected from 219 nature reserves in China (Figure 1, Supplementary Mate-
rial Tables S1 and S2); their latitude and longitude ranged from 82.97◦ E to 133.36◦ E and
21.78◦ N to 51.83◦ N, respectively. The climatic region of each nature reserve was divided
according to accumulated temperature (the daily mean temperature was ≥10 ◦C) [40,41].
Accumulated temperature data were collected from the China Meteorological Background
Dataset of the Data Center for Resources and Environmental Sciences (https://www.resdc.
cn/data.aspx?DATAID=253, accessed on 20 March 2021). Among them, 102 nature reserves
were in subtropical regions (4500 ≤ accumulated temperature < 8000), and 117 nature
reserves were in temperate regions (accumulated temperature < 4500).

https://www.resdc.cn/data.aspx?DATAID=253
https://www.resdc.cn/data.aspx?DATAID=253
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Figure 1. Distribution map of studied nature reserves of China. The blue dots represent subtropical 
nature reserves, and the black dots represent temperate nature reserves. 

2.2. Data Sources 
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range, were obtained mainly from the following three types of officially published books 
and literature: 
1. Monographs on national nature reserves [42]; 
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3. Scientific research reports on the nature reserves. 

Moreover, besides the data above representing geographic factors and habitat heter-
ogeneity, 27 environmental factors representing energy, climate stability, productivity, 
and soil properties were also collected to explore ecological mechanisms that promote RC 
differences between subtropical and temperate regions. Specifically, 19 extensively stud-
ied bioclimatic factors from 1970 to 2000 were downloaded from WorldClim 
(https://worldclim.org, accessed on 11 July 2020). Annual potential evapotranspiration 
(PET) was derived from the MODIS Global Evapotranspiration Project 
(https://www.ntsg.umt.edu, accessed on 15 September 2020). The normalized difference 
vegetation index (NDVI) was derived from the Gimms NDVI 3g dataset and processed 
through the ‘raster’, ‘gimms’, and ‘rgdal’ packages in R (accessed on 11 September 2020). 
Soil property factors such as topsoil pH, topsoil organic carbon, soil cation exchange ca-
pacity, total soil nitrogen, field capacity (FC), and soil carbon density were derived from 
the re-gridded Harmonized World Soil Database v1.2 (http://daac.ornl.gov/cgi-
bin/dsviewer.pl?ds_id=1247, accessed on 15 September 2020) and global Gridded Surfaces 
of Selected Soil Characteristics (https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=565, ac-
cessed on 15 September 2020). In this study, ArcGIS 10.5 (https://www.esri.com/, accessed 
on 15 May 2022) was used to extract environmental values based on the midpoint of the 
latitude and longitude of each nature reserve. 

Figure 1. Distribution map of studied nature reserves of China. The blue dots represent subtropical
nature reserves, and the black dots represent temperate nature reserves.

2.2. Data Sources

The species richness of vascular plants and vertebrates in each nature reserve, and
some environmental factors such as latitude and longitude range, area, and elevation
range, were obtained mainly from the following three types of officially published books
and literature:

1. Monographs on national nature reserves [42];
2. Monographs on nature reserves of various provinces [43–45]; and
3. Scientific research reports on the nature reserves.

Moreover, besides the data above representing geographic factors and habitat hetero-
geneity, 27 environmental factors representing energy, climate stability, productivity, and
soil properties were also collected to explore ecological mechanisms that promote RC differ-
ences between subtropical and temperate regions. Specifically, 19 extensively studied biocli-
matic factors from 1970 to 2000 were downloaded from WorldClim (https://worldclim.org,
accessed on 11 July 2020). Annual potential evapotranspiration (PET) was derived from
the MODIS Global Evapotranspiration Project (https://www.ntsg.umt.edu, accessed on
15 September 2020). The normalized difference vegetation index (NDVI) was derived
from the Gimms NDVI 3g dataset and processed through the ‘raster’, ‘gimms’, and
‘rgdal’ packages in R (accessed on 11 September 2020). Soil property factors such as
topsoil pH, topsoil organic carbon, soil cation exchange capacity, total soil nitrogen,
field capacity (FC), and soil carbon density were derived from the re-gridded Harmo-

https://worldclim.org
https://www.ntsg.umt.edu
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nized World Soil Database v1.2 (http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1247,
accessed on 15 September 2020) and global Gridded Surfaces of Selected Soil Characteristics
(https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=565, accessed on 15 September 2020).
In this study, ArcGIS 10.5 (https://www.esri.com/, accessed on 20 December 2020) was
used to extract environmental values based on the midpoint of the latitude and longitude
of each nature reserve.

2.3. Spearman Rank Correlation Analysis

Spearman correlation analysis was used to quantify RCs between the species richness
of vascular plants and vertebrates from 50 randomly selected nature reserves in each of the
two climatic regions. This was conducted to compare the RCs between vascular plants and
vertebrates in subtropical and temperate regions. The above steps were repeated 999 times
to exclude the effects of a few outliers on the estimate of the population correlations. As
the data did not satisfy the normal distribution, the Wilcoxon rank test was used to test
whether there was a difference in RCs between subtropical and temperate regions.

2.4. Collinearity Pre-Processing and Variables Standardization

Before modelling the relationship between environmental variables and species richness of
each taxonomic group in different climatic regions, we used the method of Dormann et al. [46].
Therefore, any two factors with strong collinearity were identified via Pearson correlation
analysis and processed by eliminating one and retaining another to exclude the effect of
collinearity on the estimation of model parameters. If a pairwise correlation exceeded 0.7,
we considered it as strong collinear. Finally, 15 environmental factors from 6 ecological
hypotheses were retained (Table 1) and were standardized. The reserve area was log-
transformed, and then all environmental factors were standardized by (x − xmean)/xsd.

Table 1. The 15 selected environmental variables.

Hypothesis Variables

Geographic factors Longitude
Latitude

Habitat heterogeneity Area
Elevation range

Energy hypothesis

Max temperature of the warmest month (Bio5)
Min temperature of the coldest month (Bio6)
Precipitation of the driest month (Bio14)
Annual potential evapotranspiration (PET)

Productivity hypothesis Normalized difference vegetation index (NDVI)

Climatic stability Isothermality (Bio3)
Precipitation seasonality (Bio15)

Soil properties

Topsoil PH
Field capacity (FC)
Topsoil organic carbon
Total nitrogen density

2.5. Model Selection

A generalized linear model with negative binomial distribution was used to model the
relation between species richness of each taxon and the 15 environmental factors in each
climatic region by the MASS package’s ‘glm.nb’ function. This was conducted to test which
ecological driver promoted RCs among taxonomic groups in different climatic regions and
caused the difference in RCs between climatic regions. The multimodel inference was used
to select the best-fitting models and obtain the averaged model to manifest the richness
pattern of each taxon in different climatic regions. The multimodel inference is a method
that can effectively quantify the effects of multiple factors on evolutionary or ecological

http://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1247
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=565
https://www.esri.com/
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response processes [47]. That method considers the uncertainty of parameter estimation
and model selection and objectively deals with variables [48]. The operation steps were
as follows: Per the modified Akaike information criterion (AICc, ∆AICc < 2), a series of
best-fitting models were selected by the ‘dredge’ function of the MuMIn package. The
‘model.avg’ function of the MuMIn package was then used to calculate the averaged model
to predict the species richness of each taxonomic group in different climatic regions based
on the AICc weights of the obtained best-fitting models. The averaged models for species
richness of vascular plants and vertebrates in subtropical and temperate regions are shown
in Appendix A Figures A1 and A2. The standardized coefficients and 95% confidence
intervals of shared environmental factors that significantly influenced the species richness
of taxonomic groups were extracted from the averaged models to represent the effect of
ecological hypotheses on RCs. All statistical analyses were performed in R 4.0.4 software
(https://r-project.org/, accessed on 20 December 2020).

3. Results
3.1. Richness Correlations between Vascular Plants and Vertebrates in Subtropical and
Temperate Regions

The RCs between vascular plants and vertebrates in both subtropical and temperate
regions were significant positive (ρ > 0, p > 0.05, Table 2), except for RCs between vascular
plants and birds in temperate regions (p < 0.05), and RCs between vascular plants and
reptiles in subtropical regions (p < 0.05). Furthermore, the RCs were significantly different
between subtropical and temperate regions (p < 0.001, Figure 2). Specifically, RCs were
weaker in subtropical regions than in temperate regions (p < 0.001) for vascular plants and
mammals (subtropical regions: ρmedian = 0.51; temperate regions: ρmedian = 0.53), vascular
plants and reptiles (subtropical regions: ρmedian = 0.31; temperate regions: ρmedian = 0.63),
and vascular plants and amphibians (subtropical regions: ρmedian = 0.41; temperate regions:
ρmedian = 0.54). However, RCs between vascular plants and birds were stronger (p < 0.001)
in subtropical regions (ρmedian = 0.58) than in temperate regions (ρmedian = 0.13)

Table 2. Richness correlation between vascular plants and vertebrates in different climatic regions. ρ
represents Spearman correlation coefficient, and P represents the significance.

Taxa Climatic Regions ρmean (±ρsd) Pmean (±Psd)

Vascular plants–mammals Subtropical regions 0.51 (±0.084) 1.95 × 10−3 (±0.008)
Vascular plants–mammals Temperate regions 0.52 (±0.089) 2.24 × 10−3 (±0.011)

Vascular plants–birds Subtropical regions 0.58 (±0.075) 2.13 × 10−4 (±0.001)
Vascular plants–birds Temperate regions 0.12 (±0.110) 0.428 (±0.293)

Vascular plants–reptiles Subtropical regions 0.30 (±0.086) 0.068 (±0.100)
Vascular plants–reptiles Temperate regions 0.63 (±0.073) 4.86 × 10−5 (±0.001)

Vascular plants–amphibians Subtropical regions 0.40 (±0.089) 0.02 (±0.004)
Vascular plants–amphibians Temperate regions 0.54 (±0.081) 8.55 × 10−4 (±0.004)

3.2. Common Environmental Factors Contributing to Richness Patterns of Vascular Plants
and Vertebrates

The effects of the common environmental factors on vascular plants and mammals in
subtropical and temperate regions were as follows:

• Subtropical regions (Figure 3a): Area for vascular plants (β = 0.11, p < 0.001) and
mammals (β = 0.14, p < 0.001), and PET for vascular plants (β = −0.1, p < 0.001) and
mammals (β = −0.13, p < 0.001).

• Temperate regions (Figure 3b): Elevation ranges for vascular plants (β = 0.25, p < 0.001)
and mammals (β = 0.11, p < 0.001), longitude for vascular plants (β = 0.23, p < 0.001)
and mammals (β = 0.16, p < 0.001), and FC for vascular plants (β = −0.11, p < 0.001)
and mammals (β = −0.07, p < 0.001).

https://r-project.org/
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Figure 2. Richness correlations between vascular plants and vertebrates in different climate regions:
(a) Vascular plants and mammals. (b) Vascular plants and birds. (c) Vascular plants and reptiles.
(d) Vascular plants and amphibians. Spearman correlation analysis was used to compute the RCs
between vascular plants and vertebrates. The Wilcoxon rank test was used to test the difference in
RCs between the two climatic regions. Different letter markings in different climatic regions mean a
significant difference in RCs between the different climatic regions (p < 0.001).

For vascular plants and birds in the subtropical and temperate regions, the effects of
the common environmental factors were as follows:

• Subtropical regions (Figure 3a): Area for vascular plants (β = 0.11, p < 0.001) and
birds (β = 0.08, p < 0.001), and PET for vascular plants (β = −0.1, p < 0.001) and birds
(β = −0.09, p < 0.001).

• Temperate regions (Figure 3b): Elevation range for vascular plants (β = 0.25, p < 0.001)
and birds (β = 0.23, p < 0.001), and longitude for vascular plants (β = 0.23, p < 0.001)
and birds (β = 0.23, p < 0.001).

For vascular plants and reptiles in the subtropical and temperate regions, the effects of
the common environmental factors were as follows:

• Subtropical regions (Figure 3a): PET for vascular plants (β = −0.1, p < 0.001) and
reptiles (β = −0.12, p < 0.001).

• Temperate regions (Figure 3b): Bio6 for vascular plants (β = 0.42, p < 0.001) and reptiles
(β = 0.32, p < 0.001), elevation range for vascular plants (β = 0.25, p < 0.001) and reptiles
(β = 0.18, p <0.01), longitude for vascular plants (β = 0.23, p < 0.001) and reptiles
(β = 0.25, p < 0.001), and FC for vascular plants (β = −0.11, p < 0.001) and reptiles
(β = −0.15, p < 0.01).

For vascular plants and amphibians in the subtropical and temperate regions, the
effects of the common environmental factors were as follows:
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• Subtropical regions (Figure 3a): Area for vascular plants (β = 0.11, p < 0.001) and
amphibians (β = 0.08, p < 0.001), and PET for vascular plants (β = −0.1, p < 0.001) and
amphibians (β = −0.12, p < 0.001).

• Temperate regions (Figure 3b): Bio6 for vascular plants (β = 0.42, p < 0.001) and
amphibians (β = 0.40, p < 0.05), elevation range for vascular plants (β = 0.25, p < 0.001)
and amphibians (β = 0.15, p < 0.05), longitude for vascular plants (β = 0.23, p < 0.001)
and amphibians (β = 0.49, p < 0.001), and FC for vascular plants (β = −0.11, p < 0.001)
and amphibians (β = −0.10, p < 0.05).
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4. Discussion
4.1. Difference between Climatic Regions in the Effectiveness of Vascular Plants as Indicator Taxa

Strong positive RCs among taxonomic groups are vital to select indicator taxa [8,28,30,49].
The RC is considered strong when the between-taxon correlation coefficient exceeds 0.5 [50].
Our results were consistent with previous studies and supported significant positive RCs
between vascular plants and vertebrates in most cases [23,24,51,52], indicating that vascular
plants have application value to be indicator taxa for vertebrates. Note that the effectiveness
of vascular plants as indicator taxa for vertebrates varied with climatic regions and taxo-
nomic groups (Figure 2). However, there are a few outliers in the correlation populations.
Indeed, the effects of these outliers on the correlation population estimation were small
since we used 999 repeated random samples to estimate the overall correlation parameters.

The strength of vascular plants as predictors of species richness of reptiles and am-
phibians was greater in temperate regions than in subtropical regions (Figure 2c,d). In
contrast, the strength of vascular plants as predictors of species richness of birds was
weaker in temperate regions than in subtropical regions (Figure 2b). Furthermore, the RCs
of subtropical and temperate regions were larger than 0.5 (i.e., the effectiveness of vascular
plants as indicator taxa for mammals in subtropical regions was similar to that in temperate
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regions). However, they were significantly different (Figure 2a). Our results echo those
of previous studies that had no consistent conclusions about the effectiveness of vascular
plants as an effective indicator taxon when the predictions varied with taxa [5,9,14,15,49,53].
However, vascular plants were considered indicator taxa because they were easy to survey,
widely distributed, and stable in taxonomy [15,54]. For example, at China’s regional and
local scales, there are significant strong RCs between vascular plants and a few taxonomic
groups (vertebrates, insects), and vascular plants have been considered potential indicator
taxa [23,24,39,51]. Brunbjerg et al. [15] also confirmed that vascular plants are suitable indi-
cator taxa for many taxonomic groups in Denmark (e.g., bryophytes, lichens, macro-fungi).
However a review of the effectiveness of vascular plants as indicator taxa for bryophytes
in 27 papers found that vascular plants are not suitable indicator taxa for bryophytes.
Therefore, vascular plants might be suitable indicator taxa for some taxonomic groups in
given regions. From our results, vascular plants were suitable indicator taxa for reptiles
and amphibians in temperate regions and birds in subtropical regions. However vascular
plants are certainly not the perfect indicator taxa for predicting the species richness of all
other taxonomic groups in all regions [11,55].

4.2. Ecological Mechanisms Promoting RCs between Vascular Plants and Vertebrates in
Subtropical and Temperate Regions

Richness correlations among taxonomic groups are closely related to the effects of
shared environmental factors on the species richness of the taxa [28,56]. Toranza and
Arim [29] confirmed three common environmental factors (latitude, potential evapotran-
spiration, and temperature) significantly contributed to RCs between mammals and birds
in the Brazilian savanna. The RC between aquatic plants and fishes in 214 catchments of
China is related to some key mechanisms, such as the energy hypothesis and area/habitat
heterogeneity [39]. Our results were in accord with the above literature providing ev-
idence that the consistent response of species richness of taxonomic groups to shared
environmental factors such as potential annual evapotranspiration, temperature, area,
and elevation range promoted RCs between vascular plants and vertebrates (Figure 3).
Our results also provided evidence of the significant effects of longitude and FC on RCs
among taxonomic groups in temperate regions. In previous studies, NDVI and latitude
were considered common environmental factors that drive the richness pattern of vascular
plants and vertebrates [25]. Unfortunately, our findings were not supported because only
the significant effect of NDVI and latitude on the species richness of vertebrates were found
(Figures A1 and A2).

Interestingly, the shared environmental factors contributing to RCs varied with target
taxa and climatic regions. However that is not surprising because of the habitat hetero-
geneity among climatic regions [26] and different habitat tolerance ranges not only in
different climatic regions [57] but also in the different taxonomic groups [58]. In temperate
regions with low annual mean temperatures, RCs between vascular plants and ectotherms
(reptiles and amphibians) were affected not only by habitat heterogeneity, longitude, and
FC but also by the minimum temperature of the coldest month. However, RCs between
vascular plants and endotherms (mammals and birds) were promoted by longitude, habitat
heterogeneity, and FC. The difference might be caused by the thermal tolerance range
between endotherms and ectotherms [58]. Compared with endotherms, species richness of
ectotherms was more sensitive to the external environment and was limited by the frost
tolerance hypothesis because they keep body temperature balanced via the external envi-
ronment [59]. In subtropical regions with high annual mean temperatures and abundant
precipitation, the energy hypothesis (annual potential evapotranspiration) and habitat
heterogeneity (area) notably contributed to RCs between vascular plants and vertebrates
(Figure 3). Energy factors and habitat heterogeneity were common ecological drivers of
RCs between vascular plants and vertebrates in subtropical and temperate regions [11,31]
rather than climatic stability, the productivity hypothesis, and soil properties. That might
be correlated with the dominant and unique effects of energy and habitat heterogeneity on
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the richness patterns of multiple taxonomic groups at the regional or local scale via direct
effects on the rate of genetic evolution [60–63].

4.3. Differences in Richness Correlations in Subtropical and Temperate Regions Caused by
Abiotic Factors

There was a significant difference in RCs between vascular plants and vertebrates
in subtropical and temperate regions (p < 0.001, Figure 2). The variation trend of RCs
between vascular plants and birds from subtropical regions to temperate regions was
consistent with the conclusion from Wolters et al. [18]. That confirmed that the RCs among
taxonomic groups in subtropical regions were stronger than those in temperate regions
(p < 0.001, Figure 2b). The above differences might be related to the effect of abiotic
factors on species richness of multiple taxonomic groups: energy generally plays more an
important role in driving richness patterns of taxonomic groups than longitude [61,63–65].
Further, RCs between vascular plants were promoted by area and PET (energy factor) in
subtropical regions, whereas they were promoted by elevation range and longitude in
temperate regions.

Biological factors might also contribute to the difference in RCs among taxonomic
groups between subtropical and temperate regions. However, the effect of biological
factors on the RC was weaker than the effect of abiotic factors [30]. Organisms have
more opportunities to communicate with other organisms in subtropical regions than in
temperate regions [26]. Further, taxonomic groups in different tropical levels could promote
RCs among taxonomic groups via biological relations such as symbiosis, parasitism, and
competition [18]. Contrary to the conclusion of Wolters et al. [18], but similar to the results
of Westgate et al. [19], RCs between vascular plants and other taxonomic groups (mammals,
reptiles, and amphibians) in subtropical regions were found to be weaker than those in
temperate regions (p < 0.001, Figure 2a,c,d). That might have resulted from the different
effects of abiotic factors on the species richness of multiple taxonomic groups in different
climatic regions. The consistent response of species richness of vascular plants and other
vertebrates (mammals, reptiles, amphibians) to common variables in temperate regions
was stronger than that in subtropical regions (Figure 3). Therefore, the differences in RCs
among taxonomic groups between climatic regions were probably caused by abiotic factors.

5. Conclusions

Richness correlations among taxonomic groups in various climatic regions were ex-
plored using data on flora and fauna across 219 nature reserves in China. It was found
that the climatic region was one factor causing variation of RCs across climatic regions.
Our findings still supported the potential application value of vascular plants as a suitable
indicator taxon, although there are limitations to the application range of vascular plants
as good indicator taxa across climatic regions. Furthermore, it was discovered that abi-
otic factors (e.g., annual potential evapotranspiration, the maximum temperature of the
warmest month, minimum temperature of coldest month, longitude, elevation range, and
FC) caused RCs and differences between the two climatic regions studied. That highlights
that energy factors and habitat heterogeneity were the main drivers of RCs between vas-
cular plants and vertebrates in the two climatic regions. However, to comprehensively
understand the effect of climatic regions on the variation of RCs, we would like to collect
data on more taxonomic groups in the future to analyse RCs in more climatic regions.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/d14060499/s1; Table S1: Species richness of five taxonomic groups and
environmental variables in subtropical nature reserves; Table S2: Species richness of five taxonomic
groups and environmental variables in temperate nature reserves.
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