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ABSTRACT
Pedicularis longiflora Rudolph and its variant (P. longiflora var. tubiformis (Klotzsch)
Tsoong) are alpine plants and traditional Chinese medicines with important
medicinal value, and future climate changes may have an adverse impact on their
geographic distribution. The maximum entropy (MAXENT) model has the
outstanding ability to predict the potential distribution region of species under
climate change. Therefore, given the importance of the parameter settings of feature
classes (FCs) and the regularization multiplier (RM) of the MAXENT model and the
importance of add indicators to evaluate model performance, we used ENMeval to
improve the MAXENT niche model and conducted an in-depth study on the
potential distributions of these two alpine medicinal plants. We adjusted the
parameters of FC and RM in the MAXENT model, evaluated the adjusted MAXENT
model using six indicators, determined the most important ecogeographical factors
(EGFs) that affect the potential distributions of these plants, and compared their
current potential distributions between the adjusted model and the default model.
The adjusted model performed better; thus, we used the improved MAXENT model
to predict their future potential distributions. The model predicted that P. longiflora
Rudolph and its variant (P. longiflora var. tubiformis (Klotzsch) Tsoong) would move
northward and showed a decrease in extent under future climate scenarios. This
result is important to predict their potential distribution regions under changing
climate scenarios to develop effective long-term resource conservation and
management plans for these species.

Subjects Biogeography, Ecology, Climate Change Biology, Spatial and Geographic Information
Science
Keywords Pedicularis longiflora Rudolph, Pedicularis longiflora var. tubiformis (Klotzsch) Tsoong,
MAXENT, Niche model, Potential distribution, Alpine medicinal plant

INTRODUCTION
Pedicularis longiflora Rudolph and its variant (P. longiflora var. tubiformis (Klotzsch)
Tsoong) belong to the series Longiflorae of the genus Pedicularis within the
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Orobanchaceae family (Olmstead et al., 2001; The Angiosperm Phylogeny Group, 2003).
P. longiflora Rudolph is widely distributed in Gansu, Qinghai, Sichuan, the Tibet
Autonomous Region and Yunnan in China, in alpine meadows and along streams, springs
and seeps at altitudes of 2,100–5,300 m above sea level (http://www.iplant.cn/frps). It is
used as a traditional medicine by Amchis in the Tibet Autonomous Region (China) to
heal hepatic and pancreatic diseases (Angmo, Adhikari & Rawat, 2012). Moreover, its
phytochemicals have antioxidant and antidiabetic functions (Yatoo et al., 2016, 2017).
P. longiflora var. tubiformis (Klotzsch) Tsoong is widely distributed in the Tibet
Autonomous Region, Yunnan, Sichuan, Qinghai and Gansu in China (Chen et al., 2013;
Zhang et al., 2014), in alpine meadows and along streams, springs and seeps at altitudes of
2,700–5,300 m above sea level (http://www.iplant.cn/frps). The entire plant is an important
traditional Tibetan medicine (Chinese name: Banchunmaxianhao (BCM)) (Yang, 1991;
Chen et al., 2013). According to records on Qinghai economic plants, this plant has a good
therapeutic effect on edema, hepatitis, spermatorrhea, cholecystitis and other diseases
(Guo, 1987; Lan et al., 2018). Compared with P. longiflora Rudolph, the flowers of its
variant (P. longiflora var. tubiformis (Klotzsch) Tsoong) are generally smaller, and there
are two brown–red spots on the lower lip near the throat. In recent decades, global climate
change (IPCC, 2014) has had a negative impact on the suitable habitat and even the
survival of some species, especially the most precious natural medicinal resources
(Shrestha, 2012; Yan et al., 2017). P. longiflora Rudolph and its variant (P. longiflora var.
tubiformis (Klotzsch) Tsoong) are alpine plants and traditional Chinese medicines with
important medicinal value, and future climate changes may have an adverse impact on
their geographic distribution. Therefore, it is important to predict their potential
distribution regions under changing climate scenarios to develop effective long-term
resource conservation and management plans for these species.

Ecological niche models (ENMs, also referred to as species distribution models, SDMs
(Elith & Leathwick, 2009; Miller, 2010)) have become an effective tool to predict the
potential distribution and suitable habitat of target species (Akhter et al., 2017) and can be
used in biogeography (Chen, Yang & Sun, 2011), conservation biology (Brambilla et al.,
2013; Bernardes et al., 2013), landscape ecology (Amici et al., 2015), plant ecology (Gelviz-
Gelvez et al., 2015) and restoration ecology (Fernández & Morales, 2016; Morales,
Fernández & Baca-González, 2017). The maximum entropy (MAXENT) model is not only
one of the most popular and widely used methods in ENMs (Merow, Smith & Silander,
2013) but also one of the best-performing techniques for dealing with presence-only data
(Mateo et al., 2010; Sevestre & Benn, 2015). Although the current default settings in
MAXENT are based on extensive empirical tuning research (Phillips & Dudík, 2008),
recent studies have shown that they can result in poor model performance (Shcheglovitova
& Anderson, 2013; Radosavljevic & Anderson, 2014). In addition, because artificial
spatial autocorrelation between training and test data partitions (for example, sampling
bias) can exaggerate the metrics used to evaluate model performance (Veloz, 2009;Wenger
& Olden, 2012; Radosavljevic & Anderson, 2014), it may be necessary to add indicators to
evaluate model performance.
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For the above reasons, we selected the R package (ENMeval) to improve the predictive
ability of ENMs; ENMeval facilitates the construction and evaluation of ENMs by
improving the MAXENT model (Muscarella et al., 2014). In this study, we applied the
improved MAXENT niche model to P. longiflora Rudolph and its variant (P. longiflora
var. tubiformis (Klotzsch) Tsoong) with the goals of (a) comparing their potential
distributions of the adjusted model and the default model under current climate scenarios,
(b) determining the most important ecogeographical factors (EGFs) that affect the
potential distributions of these plants, and (c) using the improved MAXENT model to
predict their potential distributions under future climate scenarios.

MATERIALS AND METHODS
Study region and species data collection
P. longiflora Rudolph is distributed mainly in China, and a small population is distributed
in Mongolia, Russia, Nepal, Pakistan and India. Its variant (P. longiflora var. tubiformis
(Klotzsch) Tsoong) is also distributed mainly in China, and a small population is
distributed in Nepal and India. Our study region was China. After consulting the literature
and collecting, comparing and analyzing data, we ultimately chose to use occurrence data
downloaded from the Global Biodiversity Information Facility data portal (https://www.
gbif.org/) (Xu et al., 2013). To improve the accuracy of prediction, we processed the
occurrence data as follows: first, only points with accurate geographic location information
were selected; second, duplicate points were deleted; finally, overdense points were deleted,
and only one point was retained for each grid (1�1 km) (Zhang et al., 2020; von Takach
et al., 2020). After the above steps, 103 P. longiflora Rudolph and 43 P. longiflora var.
tubiformis (Klotzsch) Tsoong occurrence records were used for modeling and analysis
(Deb et al., 2017) (Fig. 1).

EGFs selection
To construct models for P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch)
Tsoong, we first considered a series of 22 EGFs related to their distributions (Table S1).
These EGFs included 19 bioclimatic factors and three topographical factors. The
bioclimatic data were downloaded from the Global Climate Data (WorldClim) datasets
(http://www.worldclim.org) (Hijmans et al., 2005), and the topographical data were
acquired from the Topobathy Dataset of the U.S. Geological Survey (USGS) (https://
topotools.cr.usgs.gov/). All EGFs were resampled to a resolution of 30 arc s (ca. 1 km2).
To minimize collinearity among the EGFs, we calculated the Pearson correlation
coefficient and chose only the EGFs for which |r| ≤ 0.70 (r is the correlation coefficient)
(Bosso et al., 2016; Delgado-Jaramillo et al., 2020). Although both P. longiflora Rudolph
and P. longiflora var. tubiformis (Klotzsch) Tsoong belong to the series Longiflorae in
the Pedicularis genus, their numbers of sample points and distributions are different,
indicating the existence of habitat heterogeneity. Therefore, the eight EGFs (Tables 1 and
2) that were selected to construct models through EGF selection were not exactly the same.
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Model tuning
Our parameter tuning to the MAXENT model was achieved mainly by applying the
ENMeval software package to adjust the parameters of FC and RM. We referred to recent
studies on parameter adjustment for species, including adjusting regularization parameters
and setting feature types (i.e., linear, quadratic, product, threshold, and hinge) (Anderson
& Gonzalez, 2011; Dilts et al., 2019). After using the Checkerboard 2 method to divide
the occurrence data, we constructed the models with RM values ranging from 1 to 5
(in increments of one) and with six different FC combinations (H, L, LQ, LQH, LQHP,

Figure 1 Species distribution occurrence records of Pedicularis longiflora Rudolph and Pedicularis
longiflora var. tubiformis (Klotzsch) Tsoong in China and the Tibet Autonomous Region.

Full-size DOI: 10.7717/peerj.13337/fig-1

Table 1 Ecogeographical factors (EGFs) applied to predict the potential distribution of Pedicularis
longiflora Rudolph.

Type Ecogeographical factors (EGFs) Units

Topo-graphical Aspect �

Slope �

Bio-climatic Annual Mean Temperature �C

Mean Diurnal Range (Mean of monthly (max temp−min temp)) �C

Temperature Seasonality (standard deviation *100) C of V

Annual Precipitation mm

Precipitation Seasonality (Coefficient of Variation) C of V

Precipitation of Coldest Quarter mm
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LQHPT; where H = hinge, L = linear, Q = quadratic, P = product, and T = threshold) (Dilts
et al., 2019). This approach resulted in 60 individual model runs.

Model evaluation
Our evaluation of the improved MAXENT model was achieved mainly by using multiple
indicators provided by ENMeval. The specific indicators are as follows: (a) the area
under the curve (AUCTEST) of the receiver operating characteristic curve based on the
test data is calculated. This indicator can measure the model’s ability to distinguish
the hidden occurrence location conditions from the background sample conditions; (b) the
difference between the training and test AUC (AUCDIFF) is calculated. This indicator can
quantify overfitting, and the value of overfitting is expected to be very high (Warren &
Seifert, 2011); (c) two omission rates are calculated. These omission rates are compared
with their theoretically expected omission rates to quantify the model overfitting: the ratio
of the test localities to MAXENT’s output value lower than that corresponding to (i) the
training locality with the lowest value (i.e., the minimum training presence, MTP = 0%
training omission) or (ii) a 10% omission rate for the training localities (= 10% training
omission) (Pearson et al., 2007); (d) the mean and variance of each of the above four
indicators are calculated (corrected for the non-independence of the k iterations,
(Shcheglovitova & Anderson, 2013)); and (e) the sample size correction Akaike information
criterion (AICc) value, ΔAICc and AICc weights of each complete model are calculated,
providing information about the relative quality of the model for the given data
(Burnham & Anderson, 2004; Warren & Seifert, 2011). Because AICc is calculated using
the complete dataset, it is not affected by the method selected for data partitioning.

Model application
We used CCSM4 global climate model downloaded from Global Climate Data
(WorldClim) datasets (http://www.worldclim.org) (Hijmans et al., 2005) and the improved
MAXENT model to predict and analyze future potential distributions of P. longiflora
Rudolph and P. longiflora var. tubiformis (Klotzsch) Tsoong. We applied CCSM4 to two
time series, namely, 2050 (average for 2041–2060) and 2070 (average for 2061–2080), with
three representative concentration pathways (RCPs), namely, RCP2.6, RCP6.0 and

Table 2 Ecogeographical factors (EGFs) applied to predict the potential distribution of Pedicularis
longiflora var. tubiformis (Klotzsch) Tsoong.

Type Ecogeographical factors (EGFs) Units

Topo-graphical Aspect �

Slope �

Bio-climatic Annual Mean Temperature �C

Mean Diurnal Range (Mean of monthly (max temp−min temp)) �C

Isothermality (Mean Diurnal Range/Temperature Annual Range) (*100) –

Annual Precipitation mm

Precipitation Seasonality (Coefficient of Variation) C of V

Precipitation of Coldest Quarter mm
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RCP8.5. We used MaxEnt version 3.4.0 (http://biodiversityinformatics.amnh.org/open_
source/maxent/) (Phillips et al., 2017) to compute the possible suitable habitats of these
plants with suitability ranging from 0 (lowest suitability) to 1 (highest suitability).
We contrasted the area changes and the centroid shifts in their potential distribution
regions between the current and every future climate scenario. According to expert
experience and relevant literature, habitats were classified into four categories based on
suitability: “high suitability” (0.6–1), “moderate suitability” (0.4–0.6), “low suitability”
(0.2–0.4) and “unsuitable” (0–0.2) (Zhang et al., 2018).

RESULTS
Model performance and comparison
We ran and compared the MAXENT models after and before adjusting the RM and FC
parameters—namely, the adjusted model and the default model, respectively—on
P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch) Tsoong and obtained
the following results: (a) the adjusted model performed better. We calculated and
compared AICc, AUCDIFF, ORMTP and OR10 of the adjusted model and the default model.
According to the AIC, when RM = 4 and the FCs were L, Q, H, P and T, the AICc values of
P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch) Tsoong were the
minimum values (Figs. 2 and 3); therefore, we chose this combination of parameters
for the adjusted optimization model to predict their future potential distributions.
The parameters of the default model were set as follows: RM = 1, FC = L, Q, H, P and T.
Although we did not find a general trend for the FCs, the RM values of the models
selected by AICc were higher than the default value of 1.0. Since higher regularization
“smooths” the response curve by imposing higher penalties on the addition of parameters,
it indicated that the default setting model tended to lead to more complex models
compared to the models selected by AICc. In addition, the model selected by AICc also
had lower AUCDIFF, ORMTP and OR10 values than the default model, indicating that the
model selected by AICc potentially had less overfitting. (b) The forecast effect of the
adjusted model was better. For P. longiflora Rudolph and P. longiflora var. tubiformis
(Klotzsch) Tsoong, the predictive map from the default model showed that there were
large differences in the values of several adjacent pixels within the suitable regions that
were not at the edges, that is, there were more isolated pixels inside the regions. However,
this predictive map was not consistent with the actual known plant distribution.
In contrast, the tuned model did not display this pattern as the values of adjacent pixels in
the suitable regions were more continuous.

The most important EGFs
Among the eight EGFs used for modeling, in both the adjusted model and the default
model, the most important EGFs that affected the potential distributions of P. longiflora
Rudolph were temperature seasonality, annual mean temperature, mean diurnal range and
annual precipitation. The contributions of the four important EGFs of the adjusted
model were temperature seasonality (49.20%), annual mean temperature (36.00%), mean
diurnal range (7.30%) and annual precipitation (5.70%), with a total contribution of
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98.20%. The contributions of the same 4 EGFs in the default model were temperature
seasonality (46.40%), annual mean temperature (34.60%), mean diurnal range (10.70%)
and annual precipitation (4.30%), with a total contribution of 96.00%. These climatic
factors demonstrated that P. longiflora Rudolph is a temperature-sensitive and
precipitation-sensitive plant species and that climate is its dominant control. For the
topographic conditions, 2 EGFs had low contributions. The contributions of aspect
(1.40%) and slope (0.40%) accounted for only 2.80% of the total contribution in the
adjusted model, and the contributions of aspect (1.70%) and slope (1.00%) accounted for
only 2.70% of the total contribution in the default model. These results showed that
topographic conditions had very limited influences on the spatial distribution of
P. longiflora Rudolph. The jackknife test showed that temperature seasonality was the most

Figure 2 Evaluation indicators for Pedicularis longiflora Rudolph resulting from models constructed across a range of feature class (FC)
combinations and regularization multiplier (RM) values. (FC) combinations (H, L, LQ, LQH, LQHP, LQHPT; where H = hinge, L = linear,
Q = quadratic, P = product, and T = threshold) and (RM) values ranging from 1 to 5 (incremental one). (A) AUCTRAIN; (B) AUCTEST; (C) AUCDIFF;
(D) ORMTP; (E) OR10; (F) AICC. Full-size DOI: 10.7717/peerj.13337/fig-2
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useful environmental factor in both the adjusted model and the default model. According
to the response curve of the leading environmental variables (Fig. 4), the most suitable
habitat conditions for P. longiflora Rudolph were as follows: in the adjusted model,
temperature seasonality was 3,701–8,546; annual mean temperature was −22 to 137 �C;
mean diurnal range was 97–167 �C, and annual precipitation was 218–1,567 mm; in the
default model, temperature seasonality was 4,263–8,990; annual mean temperature was
−23 to 137 �C; mean diurnal range was 95–167 �C, and annual precipitation was
238–1,088 mm. P. longiflora Rudolph is thus suitable for distribution in cold and humid
climates and has low temperature tolerance.

Among the eight EGFs used for modeling, in the adjusted model, the most important
EGFs that affected the potential distribution of P. longiflora var. tubiformis (Klotzsch)

Figure 3 Evaluation indicators for Pedicularis longiflora var. tubiformis (Klotzsch) Tsoong resulting from models constructed across a range
of feature class (FC) combinations and regularization multiplier (RM) values. (FC) combinations (H, L, LQ, LQH, LQHP, LQHPT; where
H = hinge, L = linear, Q = quadratic, P = product, and T = threshold) and (RM) values ranging from 1 to 5 (incremental 1). (A) AUCTRAIN;
(B) AUCTEST; (C) AUCDIFF; (D) ORMTP; (E) OR10; (F) AICC. Full-size DOI: 10.7717/peerj.13337/fig-3
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Figure 4 Response curves of four environmental variables in the current potential distribution model for Pedicularis longiflora Rudolph.
Temperature seasonality; Annual mean temperature (�C); Mean diurnal range (�C); Annual precipitation (mm). X-axis – Values of predictive
variables; Y-axis – Logistic probability of presence/suitability. Full-size DOI: 10.7717/peerj.13337/fig-4
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Tsoong were isothermality, annual precipitation, annual mean temperature and mean
diurnal range. The contributions of the four important EGFs were isothermality (61.50%),
annual precipitation (21.20%), annual mean temperature (8.90%) and mean diurnal range
(7.00%), with a total contribution of 98.60%. However, in the default model, the most
important EGFs that affected the potential distribution of P. longiflora var. tubiformis
(Klotzsch) Tsoong were isothermality, annual precipitation, precipitation seasonality and
precipitation in the coldest quarter. The contributions of the four important EGFs were
isothermality (55.90%), annual precipitation (14.60%), precipitation seasonality (10.10%)
and precipitation in the coldest quarter (8.70%), with a total contribution of 95.20%.
Similar to P. longiflora Rudolph, these climatic factors demonstrated that P. longiflora var.
tubiformis (Klotzsch) Tsoong is also a precipitation-sensitive and temperature-sensitive
plant species and that climate is its dominant niche factor. For the topographic conditions,
two EGFs had low contributions. Slope and aspect had no contributions in the adjusted
model, and the contributions of slope (2.30%) and aspect (0.50%) accounted for only
2.80% of the total contribution in the default model. These results showed that topographic
conditions also had very limited influences on the spatial distribution of P. longiflora var.
tubiformis (Klotzsch) Tsoong. The jackknife test showed that isothermality was the
most useful environmental factor in both the adjusted model and the default model.
According to the response curve of the leading environmental variables (Fig. 5), the most
suitable habitat conditions for P. longiflora var. tubiformis (Klotzsch) Tsoong were as
follows: in the adjusted model, isothermality was 38–53, annual precipitation was
327–1,645 mm, annual mean temperature was −82 to 222 �C, and mean diurnal range was
109–166 �C; in the default model, isothermality was 38–50, annual precipitation was
276–1,453 mm, precipitation seasonality was 65–116, and precipitation in the coldest
quarter was 6–63 mm. Similar to P. longiflora Rudolph, P. longiflora var. tubiformis
(Klotzsch) Tsoong is also suitable for distribution in humid and cold climates and has low
temperature tolerance.

Predictions of current potential distribution
The current potential distribution map for P. longiflora Rudolph in China is shown in
Fig. 6. Our study showed that in the adjusted model, its high suitability area was 33.31 ha
and was distributed mainly in western Sichuan and southern and eastern Tibet; the
moderate suitability area was 44.86 ha and was distributed mainly in southwestern Gansu,
eastern Qinghai, and southern and eastern Tibet; and the low suitability area was 61.21 ha
and was distributed mainly in southwestern Gansu, eastern Qinghai and middle Tibet.
In the default model, the high suitability area was 16.51 ha, the medium suitability area was
33.73 ha, and the low suitability area was 45.51 ha, and its main distribution regions were
similar to those in the adjusted model. The area of the suitable regions predicted by the
default model was smaller than that predicted by the adjusted model.

The current potential distribution map for P. longiflora var. tubiformis (Klotzsch)
Tsoong in China is shown in Fig. 6. Our study showed that its high suitability area was
42.06 ha and was distributed mainly in southwestern Gansu, southeastern Qinghai,
western Sichuan, eastern Tibet and northwestern Yunnan; the moderate suitability area
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Figure 5 Response curves of six environmental variables in the current potential distribution model for Pedicularis longiflora var. tubiformis
(Klotzsch) Tsoong. Isothermality (%); Annual precipitation (mm); Annual mean temperature (�C); Precipitation seasonality; Mean diurnal range
(�C); Precipitation of coldest quarter (mm). X-axis – Values of predictive variables; Y-axis – Logistic probability of presence/suitability.

Full-size DOI: 10.7717/peerj.13337/fig-5
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Figure 6 Models with the AICc-chosen setting (A), (B), (E), (F) and the default setting (C), (D), (G), (H) predicting current potential
distributions (A), (C), (E), (G) and four categories suitability habitats (B), (D), (F), (H). (A)–(D) Pedicularis longiflora Rudolph; (E)–(H)
Pedicularis longiflora var. tubiformis (Klotzsch) Tsoong. Full-size DOI: 10.7717/peerj.13337/fig-6
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was 53.23 ha and was distributed mainly in southwestern Gansu, southeastern Qinghai,
eastern Tibet and western Yunnan; and the low suitability area was 74.17 ha and was
distributed mainly in southwestern Gansu, southeastern Qinghai, eastern and southern
Tibet and eastern Yunnan. In the default model, the high suitability area was 16.90 ha, the
medium suitability area was 30.02 ha, the low suitability area was 37.10 ha, and its
main distribution regions were similar to those of the adjusted model. The area of the
suitable regions for P. longiflora var. tubiformis (Klotzsch) Tsoong predicted by the default
model was also smaller than that predicted by the adjusted model.

Predictions of the future potential distribution
For P. longiflora Rudolph, our study showed that compared with the current climate
scenario, in the high suitability regions, the areas of future potential distribution regions
were reduced. The lost suitable habitats were distributed mainly at the edges of the two
large suitable regions; the newly added suitable habitats were located mainly in the middle
of suitable regions, and the stable suitable habitats were also distributed mainly in the
middle of suitable regions.

In the RCP2.6 scenarios, the model prediction showed that 20.30% of the highly suitable
area would be lost in 2050 and that 19.33% would be lost in 2070. In the RCP6.0 scenarios,
the model prediction showed that 21.64% of the highly suitable area would be lost in
2050 and that 20.84% would be lost in 2070. In the RCP8.5 scenarios, the model prediction
showed that 21.14% of the highly suitable area would be lost in 2050 and that 20.94%
would be lost in 2070 (Fig. 7). In general, the highly suitable area of the future potential
distribution regions would be decreased by 4.08% in 2050 and 3.68% in 2070 under the
RCP2.6 scenarios, by 6.77% in 2050 and 5.57% in 2070 under the RCP6.0 scenarios, and by
4.08% in 2050 and 1.51% in 2070 under the RCP8.5 scenarios.

For P. longiflora var. tubiformis (Klotzsch) Tsoong, our study showed that compared
with the current climate scenario, in the high suitability regions, the highly suitable areas of
future potential distribution regions were reduced. The lost suitable habitats were
distributed mainly at the edges of suitable regions; the newly added suitable habitats were
also mainly located at the edges of suitable regions, and the stable suitable habitats were
distributed mainly in the middle of suitable regions.

In the RCP2.6 scenarios, the model prediction showed that 18.64% of the highly suitable
area would be lost in 2050 and that 17.68% would be lost in 2070. In the RCP6.0 scenarios,
the model prediction showed 18.42% of the highly suitable area would be lost in 2050
and that 16.98% would be lost in 2070. In the RCP8.5 scenarios, the model prediction
showed that 19.69% of the highly suitable area would be lost in 2050 and that 20.81%
would be lost in 2070 (Fig. 8). In general, the highly suitable area of the future potential
distribution regions would be decreased by 0.62% in 2050 and 1.16% in 2070 under the
RCP2.6 scenarios, by 3.46% in 2050 and 1.31% in 2070 under the RCP6.0 scenarios, and by
6.88% in 2050 and 5.49% in 2070 under the RCP8.5 scenarios.

In summary, the changes in the habitat areas of P. longiflora Rudolph and P. longiflora
var. tubiformis (Klotzsch) Tsoong were slightly different under different scenarios and
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during different time periods. Although the highly suitable habitats of these two plant
species decreased under the future climate scenarios, the total highly suitable habitat area
was still very small.

Figure 7 Changes in the potential distribution of Pedicularis longiflora Rudolph under climate change scenarios. (A) RCP2.6-2050;
(B) RCP2.6-2070; (C) RCP6.0-2050; (D) RCP6.0-2070; (E) RCP8.5-2050; (F) RCP8.5-2070. Full-size DOI: 10.7717/peerj.13337/fig-7
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Figure 8 Changes in the potential distribution of Pedicularis longiflora var. tubiformis (Klotzsch) Tsoong under climate change scenarios.
(A) RCP2.6-2050; (B) RCP2.6-2070; (C) RCP6.0-2050; (D) RCP6.0-2070; (E) RCP8.5-2050; (F) RCP8.5-2070.

Full-size DOI: 10.7717/peerj.13337/fig-8
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The change trend in high suitable habitat centroids
The centroids of the highly suitable region of P. longiflora Rudolph and P. longiflora var.
tubiformis (Klotzsch) Tsoong are shown in Fig. 9. The centroid of P. longiflora Rudolph
was located at 97°17′58″E and 30°03′12″N in Tibet under the current climate scenario.
In the RCP2.6 scenarios, the centroid in 2050 was located at 97°22′03″E and 30°20′24″N,
and the centroid in 2070 was located at 97°11′52″E and 30°20′23″N. The centroid
shifted first to the northeast and then to the west in the RCP2.6 scenarios. In the RCP6.0
scenarios, the centroid in 2050 was located at 97°27′00″E and 30°23′02″N, and the
centroid in 2070 was located at 97°10′34″E and 30°18′38″N. The centroid shifted first to
the northeast and then to the southwest in the RCP6.0 scenarios. In the RCP8.5 scenarios,
the centroid in 2050 was located at 97°09′07″E and 30°21′05″N, and the centroid in

Figure 9 The current potential distributions (binary maps) (A), (C) and distributional shifts in highly suitable area centroids under climate
change (B), (D). (A) and (B) Pedicularis longiflora Rudolph; (C) and (D) Pedicularis longiflora var. tubiformis (Klotzsch) Tsoong.

Full-size DOI: 10.7717/peerj.13337/fig-9
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2070 was located at 97°03′51″E and 30°24′12″N. The centroid shifted first to the northwest
and then to the northwest in the RCP8.5 scenarios. In summary, the centroid of the
highly suitable region for P. longiflora Rudolph was predicted to move northward (high
latitude) from the present to the future.

The centroid of the highly suitable region for P. longiflora var. tubiformis (Klotzsch)
Tsoong was located at 100°18′50″E and 29°35′52″N in Sichuan under the current climate
scenario. In the RCP2.6 scenarios, the centroid in 2050 was located at 100°26′15″E and
29°59′56″N, and the centroid in 2070 was located at 100°23′42″E and 29°56′05″N. The
centroid shifted first to the northeast and then to the southwest in the RCP2.6 scenarios.
In the RCP6.0 scenarios, the centroid in 2050 was located at 100°10′17″E and 30°00′51″N,
and the centroid in 2070 was located at 99°57′55″E and 29°54′00″N. The centroid
shifted first to the northwest and then to the southwest in the RCP6.0 scenarios. In the
RCP8.5 scenarios, the centroid in 2050 was located at 100°03′00″E and 30°06′05″N, and
the centroid in 2070 was located at 100°00′21″E and 30°03′03″N. The centroid shifted first
to the northwest and then to the southwest in the RCP8.5 scenarios. In summary, the
centroid of the highly suitable region of P. longiflora var. tubiformis (Klotzsch) Tsoong was
predicted to move northward (high latitude) from the present to the future.

DISCUSSION
The MAXENT model quantifies statistical relationships between predictor variables at
locations where a species has been observed vs background locations in the study region.
These relationships are constrained by various transformations of the original predictor
variables (FCs) – allowing more FCs enables more flexible and complex fitting to the
observed data. However, greater flexibility can increase the tendency of the model to
overfit (Peterson et al., 2011). By default, the MAXENT model determines which FCs are
allowed based on the number of occurrence positions in the dataset. Regardless of which
FCs are allowed to be used in the model run, the MAXENT model provides protection
against overfitting through regularization (Merow, Smith & Silander, 2013). The user can
specify which FCs are allowed and adjust the regularization level through a single RM
(default value = 1.0). However, few users set these parameters in practice, probably because
doing so is laborious and time-consuming. Therefore, most empirical studies rely on the
default settings of a given algorithm/package and potentially biased evaluation methods
(Phillips & Dudík, 2008). In view of the above reasons, we suggest that the impact of the
parameter settings of regularization and FCs on model structure and performance should
be evaluated.

In this study, we used the information criterion method when comparing the adjusted
model with the default model. Existing studies have shown that the most commonly used
model quality indicator (AUCTEST) depends on the ability to predict the distribution of
independent occurrences in the training area. This indicator is useful and intuitive, but it
may lead to a level of confidence in the underlying model that may be unjustified (Godsoe,
2009). The average performance of the information criterion (AICc) (Akaike, 1973) is
slightly greater than that of AUCTEST and AUCDIFF in larger datasets, but the difference is
much greater when fewer data points are available, suggesting that the model selection
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approach based on the information criterion may be particularly useful when sample sizes
are small. In addition, the amount of variation in the performance of the information
criterion methods is much smaller than that in the AUC-based methods, which indicates
that AICc selects the worst model from each analysis less frequently than the AUC-based
method (Warren & Seifert, 2011). In view of the above reasons, we recommend using
MAXENT’s AICc as an alternative heuristic method for the more commonly used AUC
training and AUC testing.

The results of the MAXENT model showed that annual mean temperature, mean
diurnal range, temperature seasonality, annual precipitation and annual mean
temperature, mean diurnal range, isothermality, and annual precipitation were important
factors affecting the potential distributions of P. longiflora Rudolph and P. longiflora var.
tubiformis (Klotzsch) Tsoong and that these four important factors were climate
factors. Three of them were temperature factors, indicating that temperature had a greater
impact on the potential distribution of P. longiflora Rudolph and its variant. This result
was consistent with previous studies (Ding, 2007). Similar to studies on the distribution of
other plants on the Qinghai-Tibet Plateau (Cao et al., 2021; Han et al., 2021), we also
found that temperature and precipitation factors are important factors affecting the
potential distributions of P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch)
Tsoong. In the alpine meadow grassland ecosystem, precipitation is an important factor
affecting plant growth (Bai, Hu & Zhao, 2021), precipitation mainly affects surface
temperature through the feedback mechanism of soil moisture, air temperature is a
direct factor that affects surface temperature, and surface temperature affects alpine the
growth and development of alpine meadow plants (Zhou et al., 2015; Zhang et al., 2021)
and then affects the distribution of plants. These climatic conditions restrict P. longiflora
Rudolph and its variant to the high-altitude regions of the Himalayas and Hengduan
Mountains. However, the Himalayas and Asian highlands, especially the “Third Pole”, are
highly vulnerable to climate change and are the regions with the greatest sensitivity to and
the most representative of global warming (Wei et al., 2021). Therefore, the impact of
global warming on the potential distribution of P. longiflora Rudolph and its variant
(P. longiflora var. tubiformis (Klotzsch) Tsoong) should not be underestimated.

This study showed that the potential distribution regions of P. longiflora Rudolph and
P. longiflora var. tubiformis (Klotzsch) Tsoong would be reduced under different climate
change scenarios (RCPs 2.6, 6.0 and 8.5) for 2050 and 2070. This finding was consistent
with many studies on the impact of climate change on changes in the geographic
distribution of several medicinal and threatened plant species distinguished by range
contraction (Kumar, Singh & Sharma, 2019; Nagahama & Bonino, 2020; Rajpoot et al.,
2020; Kumar, Rawat & Joshi, 2021). Existing studies have conducted climate change
analysis with CCSM4, and the results have shown that despite the considerable
uncertainties in these scenarios, the simulated climatic conditions in 2050 and 2070
indicated that the entire Qinghai-Tibet Plateau will experience significant warming in the
coming decades. Considering the trend in future precipitation, it can be predicted that the
Qinghai-Tibet Plateau will become warmer and drier in the future (Wei et al., 2021).
However, the growth of P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch)
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Tsoong required a cold and humid environment (Ding, 2007). Therefore, a warm and dry
climate would aggravate the deterioration of the habitat and increase the survival risk. This
will be a massive threat to P. longiflora Rudolph and its variants in the coming decades.
Many studies have shown that global warming is a considerable challenge for alpine
species. It is one of the main reasons for species redistribution, suitable habitat loss and
species extinction (Ahmadi et al., 2019; Wang et al., 2019). To adapt to a warming
environment, there is an interesting consensus that species ranges are always moving
very high or higher (Hughes, 2011; Diez et al., 2020). Therefore, high-altitude mountain
areas have always been a refuge for species sensitive to global warming (Harley &
Paine, 2009; Diez et al., 2020). Although the strategy for adapting to global warming is to
move to higher altitudes, if the altitude is very limited, the species’ immigration space will
be very narrow. In future climate change scenarios, this will be a major challenge for
species that prefer cold climates. Topographic relief also limits the ability of many
alpine species to move to higher altitudes as temperatures increase (Hughes, 2011).
The abovementioned reasons may be the main reasons that the suitable habitat area of
P. longiflora Rudolph and its variants were predicted to shrink under future climate
scenarios.

Along with climate change, increasing and irrational harvesting is attributed to
escalating market demand for herbal medicine, and a lack of knowledge about sustainable
harvesting leads to habitat degradation. Both the distribution of species and suitable
habitat area would face a high risk of habitat loss in response to global climate change
(Gajurel et al., 2014; Ranjitkar et al., 2016) and increasing biotic interactions among
plant species at higher elevations (Liang et al., 2016; Kunwar et al., 2021). Hence,
forecasting the climatic space of medicinal plants through a species distribution model can
be crucial for habitat conservation and sustainable management of species in the future
(Porfirio et al., 2014; Rana et al., 2020). The existing research indicates that many alpine
medicinal plants are threatened by climate change and human factors (Applequist et al.,
2019; Kumar, Singh & Sharma, 2019; Rana et al., 2020), and our research showed that
climate change would adversely affect their sustainable use. Their habitats, the mountain
areas of Southwest China, the Qinghai-Tibet Plateau, and the Himalayas, are likely to
experience unpredictable alterations with climate change. These alterations would lead to
the potential loss or shortages of local medicinal plant resources (Kumar, Singh & Sharma,
2019; Rana et al., 2020). In addition, overharvesting and intensive exploitation have
also caused the species distribution and suitable habitat area of some other alpine
medicinal plants to shrink (Wei et al., 2021). To solve these problems and address the
challenges of climate change, a sustainable management plan should be developed for
P. longiflora Rudolph and P. longiflora var. tubiformis (Klotzsch) Tsoong and also for other
alpine medicinal species. Commercial cultivation is an effective strategy to address the
disparity between the supply and demand of medicinal plants (Cheng et al., 2019; Wang
et al., 2020). Our habitat suitability assessment method provided valuable information for
developing planting plans, and the model determined where medicinal plants might be
planted. With the above foundation, we wish to make the following suggestions: The first is
to conduct surveys, collection and diversity evaluation of wild medicinal plant resources,
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which will help protect and domesticate species; the second is to strengthen the protection
of the Qinghai-Tibet Plateau and the Himalayan-Hengduan Mountains. The ecological
environment of these places was originally fragile and helped raise awareness of local
medicinal plant protection and prevent unsustainable land use and excessive logging.
The third suggestion is to build a commercial planting model. It is best to build a medicinal
plant cultivation model that integrates mountain ecology, economic benefits and social
benefits (Cheng et al., 2019; Shen, Yu & Wang, 2021). For example, an integrated
management system of mixed cultivation for medicinal plants was proposed by Rana et al.
(2020). Currently, only a few published articles have presented a systematic and
comprehensive evaluation of mixed cultivation for medicinal plants in China (Chu et al.,
2016; Moreira et al., 2018; Wu et al., 2019). Therefore, we need to further improve our
understanding of the interactions between crops and medicinal plants and of how mixed
cultivation determines the quality of herbs to achieve a balance between ecological,
economic, and social gains in mountain areas.

CONCLUSIONS
P. longiflora Rudolph and its variant (P. longiflora var. tubiformis (Klotzsch) Tsoong) are
alpine plants and traditional Chinese medicines with important medicinal value, and
future climate changes may have an adverse impact on their geographic distribution.
Therefore, we used ENMeval to improve the MAXENT niche model and conducted an
in-depth study on the potential distributions of P. longiflora Rudolph and P. longiflora var.
tubiformis (Klotzsch) Tsoong. We adjusted the parameters of FC and RM in the
MAXENT model, evaluated the adjusted MAXENT model using six indicators,
determined the most important EGFs that affect the potential distributions of these plants,
and compared their current potential distributions between the adjusted model and the
default model. The adjusted model performed better; thus, we used the improved
MAXENT model to predict the future potential distributions of these plants. P. longiflora
Rudolph and its variant (P. longiflora var. tubiformis (Klotzsch) Tsoong) were predicted
to move northward and showed a decreasing trend under future climate scenarios. This
result is important for predicting their potential distribution regions under changing
climate scenarios to develop effective long-term resource conservation and management
plans for these species.

ACKNOWLEDGEMENTS
We thank Dr. Dexiong Teng (Institute of Applied Ecology, Chinese Academy of Sciences)
for the providing technical guidance in MAXENT modeling. We also thank Dr. Binbin Lu
(Wuhan University) for providing technical guidance regarding paper submission.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Grassland Biological Disaster Remote Sensing Monitoring
Project of Xinjiang, China (2021) and the Tianshan Cedar Project of Xinjiang, China

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 20/26

http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


(No. 2020XS04). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Grassland Biological Disaster Remote Sensing Monitoring Project of Xinjiang, China.
Tianshan Cedar Project of Xinjiang, China: 2020XS04.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Ru Bao conceived and designed the experiments, performed the experiments, analyzed
the data, prepared figures and/or tables, authored or reviewed drafts of the paper, and
approved the final draft.

� Xiaolong Li performed the experiments, prepared figures and/or tables, authored or
reviewed drafts of the paper, and approved the final draft.

� Jianghua Zheng conceived and designed the experiments, authored or reviewed drafts of
the paper, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The raw data are available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.13337#supplemental-information.

REFERENCES
Ahmadi M, Hemami M-R, Kaboli M, Malekian M, Zimmermann NE. 2019. Extinction risks of a

Mediterranean neo-endemism complex of mountain vipers triggered by climate change.
Scientific Reports 9(1):6332 DOI 10.1038/s41598-019-42792-9.

Akaike H. 1973. Information theory and an extension of the maximum likelihood principle.
In: Parzen E, Tanabe K, Kitagawa G, eds. Selected Papers of Hirotugu Akaike. Springer Series in
Statistics. New York: Springer, 1033–1055.

Akhter S, McDonald MA, van Breugel P, Sohel S, Kjær ED, Mariott R. 2017.Habitat distribution
modelling to identify areas of high conservation value under climate change for Mangifera
sylvatica Roxb. of Bangladesh. Land Use Policy 60(3):223–232
DOI 10.1016/j.landusepol.2016.10.027.

Amici V, Eggers B, Geri F, Battisti C. 2015. Habitat suitability and landscape structure: a
maximum entropy approach in a Mediterranean area. Landscape Research 40(2):208–225
DOI 10.1080/01426397.2013.774329.

Anderson RP, Gonzalez I. 2011. Species-specific tuning increases robustness to sampling bias in
models of species distributions: an implementation with Maxent. Ecological Modelling
222(15):2796–2811 DOI 10.1016/j.ecolmodel.2011.04.011.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 21/26

http://dx.doi.org/10.7717/peerj.13337#supplemental-information
http://dx.doi.org/10.7717/peerj.13337#supplemental-information
http://dx.doi.org/10.7717/peerj.13337#supplemental-information
http://dx.doi.org/10.1038/s41598-019-42792-9
http://dx.doi.org/10.1016/j.landusepol.2016.10.027
http://dx.doi.org/10.1080/01426397.2013.774329
http://dx.doi.org/10.1016/j.ecolmodel.2011.04.011
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


Angmo K, Adhikari BS, Rawat GS. 2012. Changing aspects of traditional healthcare system in
Western Ladakh, India. Journal of Ethnopharmacology 143(2):621–630
DOI 10.1016/j.jep.2012.07.017.

Applequist W, Brinckmann JA, Cunningham A, Hart R, Heinrich M, Katerere D, Andel T.
2019. Scientists’ warning on climate change and medicinal plants. Planta Medica 86:3406
DOI 10.1055/a-1041-3406.

Bai W, Hu F, Zhao Y. 2021. Effect of precipitation on vegetation coverage and aboveground
biomass in Alpine Meadow Grassland. Journal of Animal Science and Veterinary Medicine
40:62–64.

Bernardes M, Rödder D, Nguyen TT, Pham CT, Nguyen TQ, Ziegler T. 2013. Habitat
characterization and potential distribution of Tylototriton vietnamensis in northern Vietnam.
Journal of Natural History 47(17–18):1161–1175 DOI 10.1080/00222933.2012.743611.

Bosso L, Mucedda M, Fichera G, Kiefer A, Russo D. 2016. A gap analysis for threatened bat
populations on Sardinia. Hystrix 27(2):212–214 DOI 10.4404/hystrix-27.2-11788.

Brambilla M, Bassi E, Bergero V, Fabio C, Chemollo M, Falco R, Longoni V, Saporetti F,
Viganò E, Vitulano S. 2013. Modelling distribution and potential overlap between Boreal Owl
Aegolius funereus and Black Woodpecker Dryocopus martius: implications for management and
monitoring plans. Bird Conservation International 23(4):502–511
DOI 10.1017/S0959270913000117.

Burnham KP, Anderson DR. 2004. Multimodel inference: understanding AIC and BIC in model
selection. Sociological Methods & Research 33(2):261–304 DOI 10.1177/0049124104268644.

Cao Q, Gao Q, Guo W, Zhang Y, Wang Z, Ma X, Zhang F, Chen S. 2021. Impacts of human
activities and environmental factors on potential distribution of Swertia przewalskii Pissjauk., an
endemic plant in Qing-Tibetan Plateau, using MaxEnt. Plant Science Journal 39:22–31
DOI 10.11913/PSJ.2095-0837.2021.10022.

Chen J, Yang Y, Sun H. 2011. Advances in the studies of responses of alpine plants to global
warming. Chinese Journal of Applied Environmental Biology 17(3):435–446
DOI 10.3724/SP.J.1145.2011.00435.

Chen C, Zhao X-H, Yue H-L, Li Y-L, Chen T. 2013. Separation of phenylpropanoid glycosides
from a Chinese herb by HSCCC. Journal of Chromatographic Science 52(5):395–399
DOI 10.1093/chromsci/bmt048.

Cheng J, Dang P-P, Zhao Z, Yuan L-C, Zhou Z-H, Wolf D, Luo Y-B. 2019. An assessment of the
Chinese medicinal Dendrobium industry: supply, demand and sustainability. Journal of
Ethnopharmacology 229(1):81–88 DOI 10.1016/j.jep.2018.09.001.

Chu B, Zhang J, Li Z, Zhao Y, Zuo Z,Wang Y, Li W. 2016. Evaluation and quantitative analysis of
different growth periods of herb-arbor intercropping systems using HPLC and UV-vis methods
coupled with chemometrics. Journal of Natural Medicines 70(4):803–810
DOI 10.1007/s11418-016-1009-x.

Deb JC, Phinn S, Butt N, Mcalpine C. 2017. The impact of climate change on the distribution of
two threatened Dipterocarp trees. Ecology and Evolution 7(7):2238–2248
DOI 10.1002/ece3.2846.

Delgado-Jaramillo M, Aguiar LMS, Machado RB, Bernard E. 2020. Assessing the distribution of
a species-rich group in a continental-sized megadiverse country: bats in Brazil. Diversity and
Distributions 26(5):632–643 DOI 10.1111/ddi.13043.

Diez J, Kauserud H, Andrew C, Heegaard E, Krisai-Greilhuber I, Senn-Irlet B, Høiland K,
Egli S, Büntgen U. 2020. Altitudinal upwards shifts in fungal fruiting in the Alps. Proceedings of
the Royal Society B: Biological Sciences 287(1919):20192348 DOI 10.1098/rspb.2019.2348.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 22/26

http://dx.doi.org/10.1016/j.jep.2012.07.017
http://dx.doi.org/10.1055/a-1041-3406
http://dx.doi.org/10.1080/00222933.2012.743611
http://dx.doi.org/10.4404/hystrix-27.2-11788
http://dx.doi.org/10.1017/S0959270913000117
http://dx.doi.org/10.1177/0049124104268644
http://dx.doi.org/10.11913/PSJ.2095-0837.2021.10022
http://dx.doi.org/10.3724/SP.J.1145.2011.00435
http://dx.doi.org/10.1093/chromsci/bmt048
http://dx.doi.org/10.1016/j.jep.2018.09.001
http://dx.doi.org/10.1007/s11418-016-1009-x
http://dx.doi.org/10.1002/ece3.2846
http://dx.doi.org/10.1111/ddi.13043
http://dx.doi.org/10.1098/rspb.2019.2348
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


Dilts TE, Steele MO, Engler JD, Pelton EM, Jepsen SJ, McKnight SJ, Taylor AR, Fallon CE,
Black SH, Cruz EE, Craver DR, Forister ML. 2019. Host plants and climate structure habitat
associations of the Western Monarch Butterfly. Frontiers in Ecology and Evolution 7:188
DOI 10.3389/fevo.2019.00188.

Ding X. 2007. Population genetic variation and biogeography of Pedicularis longiflora Rudolph.
Master of Botany Thesis, Institute of Botany, Chinese Academy of Sciences, Beijing, China.

Elith J, Leathwick JR. 2009. Species distribution models: ecological explanation and prediction
across space and time. Annual Review of Ecology, Evolution, and Systematics 40(1):677–697
DOI 10.1146/annurev.ecolsys.110308.120159.

Fernández IC, Morales NS. 2016. A spatial multicriteria decision analysis for selecting priority
sites for plant species restoration: a case study from the Chilean biodiversity hotspot. Restoration
Ecology 24(5):599–608 DOI 10.1111/rec.12354.

Gajurel J, Werth S, Shrestha K, Scheidegger C. 2014. Species distribution modeling of Taxus
wallichiana (Himalayan Yew) in Nepal Himalaya. Asian Journal of Conservation Biology
3:127–134.

Gelviz-Gelvez SM, Pavón NP, Illoldi-Rangel P, Ballesteros-Barrera C. 2015. Ecological niche
modeling under climate change to select shrubs for ecological restoration in Central Mexico.
Ecological Engineering 74:302–309 DOI 10.1016/j.ecoleng.2014.09.082.

GodsoeW. 2009. I can’t define the niche but I know it when I see it: a formal link between statistical
theory and the ecological niche. Oikos 119(1):53–60 DOI 10.1111/j.1600-0706.2009.17630.x.

Guo BZ. 1987. Economic flora of Qinghai. Xining: Qinghai People’s Press.

Han M, Bai S, Sun S, Yan J, Zhang C, Zhang C, Zhang J, You M, Li D, Yan X. 2021. Simulation
of Elymus sibiricus L. distribution in Tibetan Plateau based on MaxEnt model. Acta Agrestia
Sinica 29:374–382 DOI 10.11733/j.issn.1007-0435.2021.02.020.

Harley C, Paine R. 2009. Contingencies and compounded rare perturbations dictate sudden
distributional shifts during periods of gradual climate change. Proceedings of the National
Academy of Sciences of the United States of America 106(27):11172–11176
DOI 10.1073/pnas.0904946106.

Hijmans RJ, Cameron SE, Parra JL, Jones PG, Jarvis A. 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25:1965–1978
DOI 10.1002/(ISSN)1097-0088.

Hughes L. 2011. Climate change and Australia: key vulnerable regions. Regional Environmental
Change 11(S1):189–195 DOI 10.1007/s10113-010-0158-9.

IPCC. 2014. Climate Change: Synthesis Report. Contribution of Working Groups I, II and III to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Geneva: IPCC.

Kumar D, Rawat S, Joshi R. 2021. Predicting the current and future suitable habitat distribution of
the medicinal tree Oroxylum indicum (L.) Kurz in India. Journal of Applied Research on
Medicinal and Aromatic Plants 23(3):100309 DOI 10.1016/j.jarmap.2021.100309.

Kumar D, Singh M, Sharma S. 2019. Fate of important medicinal plants in the eastern Himalaya
in changing climate scenarios: a case of Panax pseudoginseng wall. Applied Ecology and
Environmental Research 17(6):13493–13511 DOI 10.15666/aeer/1706_1349313511.

Kunwar RM, Rimal B, Sharma HP, Poudel RC, Pyakurel D, Tiwari A, Magar ST, Karki G,
Bhandari GS, Pandey P, Bussmann RW. 2021. Distribution and habitat modeling of
Dactylorhiza hatagirea (D. Don) Soo, Paris polyphylla Sm. and Taxus species in Nepal
Himalaya. Journal of Applied Research on Medicinal and Aromatic Plants 20(6):100274
DOI 10.1016/j.jarmap.2020.100274.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 23/26

http://dx.doi.org/10.3389/fevo.2019.00188
http://dx.doi.org/10.1146/annurev.ecolsys.110308.120159
http://dx.doi.org/10.1111/rec.12354
http://dx.doi.org/10.1016/j.ecoleng.2014.09.082
http://dx.doi.org/10.1111/j.1600-0706.2009.17630.x
http://dx.doi.org/10.11733/j.issn.1007-0435.2021.02.020
http://dx.doi.org/10.1073/pnas.0904946106
http://dx.doi.org/10.1002/(ISSN)1097-0088
http://dx.doi.org/10.1007/s10113-010-0158-9
http://dx.doi.org/10.1016/j.jarmap.2021.100309
http://dx.doi.org/10.15666/aeer/1706_1349313511
http://dx.doi.org/10.1016/j.jarmap.2020.100274
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


Lan Y, Chi X, Zhou G, Zhao X-H. 2018. Antioxidants from Pedicularis longiflora var. tubiformis
(Klotzsch) P. C. Tsoong. Records of Natural Products 12(4):332–339
DOI 10.25135/rnp.35.17.08.142.

Liang E, Wang Y, Piao S, Lu X, Camarero J, Zhu H, Zhu L, Ellison A, Ciais P, Penuelas J. 2016.
Species interactions slow warming-induced upward shifts of treelines on the Tibetan Plateau.
Proceedings of The National Academy of Sciences 113(16):4380–4385
DOI 10.1073/pnas.1520582113.

Mateo RG, Croat TB, Felicísimo ÁM, Muñoz J. 2010. Profile or group discriminative techniques?
Generating reliable species distribution models using pseudo-absences and target-group
absences from natural history collections. Diversity and Distributions 16(1):84–94
DOI 10.1111/j.1472-4642.2009.00617.x.

Merow C, Smith MJ, Silander JA Jr. 2013. A practical guide to MaxEnt for modeling species’
distributions: what it does, and why inputs and settings matter. Ecography 36(10):1058–1069
DOI 10.1111/j.1600-0587.2013.07872.x.

Miller J. 2010. Species distribution modeling. Geography Compass 4(6):490–509
DOI 10.1111/j.1749-8198.2010.00351.x.

Morales NS, Fernández IC, Baca-González V. 2017.MaxEnt’s parameter configuration and small
samples: are we paying attention to recommendations? A systematic review. PeerJ 5(2):e3093
DOI 10.7717/peerj.3093.

Moreira SLS, Pires CV, Marcatti GE, Santos RHS, Imbuzeiro HMA, Fernandes RBA. 2018.
Intercropping of coffee with the palm tree, macauba, can mitigate climate change effects.
Agricultural and Forest Meteorology 256–257(222):379–390
DOI 10.1016/j.agrformet.2018.03.026.

Muscarella R, Galante PJ, Soley-Guardia M, Boria RA, Kass JM, Uriarte M, Anderson RP. 2014.
ENMeval: an R package for conducting spatially independent evaluations and estimating
optimal model complexity for Maxent ecological niche models. Methods in Ecology and
Evolution 5(11):1198–1205 DOI 10.1111/2041-210X.12261.

Nagahama N, Bonino MF. 2020. Modeling the potential distribution of Valeriana carnosa Sm. in
Argentinean Patagonia: a proposal for conservation and in situ cultivation considering climate
change projections. Journal of Applied Research on Medicinal and Aromatic Plants 16(5):100240
DOI 10.1016/j.jarmap.2020.100240.

Olmstead R, dePamphilis C, Wolfe A, Young N, Elisons W, Reeves P. 2001.Disintegration of the
Scrophulariaceae. American Journal of Botany 88(2):348–361 DOI 10.2307/2657024.

Pearson RG, Raxworthy CJ, Nakamura M, Townsend Peterson A. 2007. Predicting species
distributions from small numbers of occurrence records: a test case using cryptic geckos in
Madagascar. Journal of Biogeography 34(1):102–117 DOI 10.1111/j.1365-2699.2006.01594.x.

Peterson AT, Soberón J, Pearson RG, Anderson RP, Martínez-Meyer E, Nakamura M,
Araújo MB. 2011. Ecological Niches and Geographic Distributions (MPB-49). Princeton:
Princeton University Press.

Phillips SJ, Anderson RP, Dudík M, Schapire RE, Blair ME. 2017. Opening the black box: an
open-source release of Maxent. Ecography 40(7):887–893 DOI 10.1111/ecog.03049.

Phillips SJ, Dudík M. 2008. Modeling of species distributions with Maxent: new extensions and a
comprehensive evaluation. Ecography 31(2):161–175 DOI 10.1111/j.0906-7590.2008.5203.x.

Porfirio L, Harris R, Lefroy E, Hugh S, Gould S, Lee G, Bindoff N, Mackey B. 2014. Improving
the use of species distribution models in conservation planning and management under climate
change. PLOS ONE 9(11):e113749 DOI 10.1371/journal.pone.0113749.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 24/26

http://dx.doi.org/10.25135/rnp.35.17.08.142
http://dx.doi.org/10.1073/pnas.1520582113
http://dx.doi.org/10.1111/j.1472-4642.2009.00617.x
http://dx.doi.org/10.1111/j.1600-0587.2013.07872.x
http://dx.doi.org/10.1111/j.1749-8198.2010.00351.x
http://dx.doi.org/10.7717/peerj.3093
http://dx.doi.org/10.1016/j.agrformet.2018.03.026
http://dx.doi.org/10.1111/2041-210X.12261
http://dx.doi.org/10.1016/j.jarmap.2020.100240
http://dx.doi.org/10.2307/2657024
http://dx.doi.org/10.1111/j.1365-2699.2006.01594.x
http://dx.doi.org/10.1111/ecog.03049
http://dx.doi.org/10.1111/j.0906-7590.2008.5203.x
http://dx.doi.org/10.1371/journal.pone.0113749
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


Radosavljevic A, Anderson RP. 2014. Making better Maxent models of species distributions:
complexity, overfitting and evaluation. Journal of Biogeography 41(4):629–643
DOI 10.1111/jbi.12227.

Rajpoot R, Adhikari D, Verma S, Saikia P, Kumar A, Grant KR, Dayanandan A, Kumar A,
Khare PK, Khan ML. 2020. Climate models predict a divergent future for the medicinal tree
Boswellia serrata Roxb. in India. Global Ecology and Conservation 23(3):e01040
DOI 10.1016/j.gecco.2020.e01040.

Rana SK, Rana HK, Ranjitkar S, Ghimire SK, Gurmachhan CM, O’Neill AR, Sun H. 2020.
Climate-change threats to distribution, habitats, sustainability and conservation of highly traded
medicinal and aromatic plants in Nepal. Ecological Indicators 115(6):106435
DOI 10.1016/j.ecolind.2020.106435.

Ranjitkar S, Sujakhu N, Yang L, Wang Q, Mingcheng W, He J, Mortimer P, Xu J, Kindt R,
Zomer R. 2016. Climate modelling for agroforestry species selection in Yunnan Province,
China. Environmental Modelling and Software 75:263–272 DOI 10.1016/j.envsoft.2015.10.027.

Sevestre H, Benn D. 2015. Climatic and geometric controls on the global distribution of surge-type
glaciers: implications for a unifying model of surging. Journal of Glaciology 61(228):646–662
DOI 10.3189/2015JoG14J136.

Shcheglovitova M, Anderson RP. 2013. Estimating optimal complexity for ecological niche
models: a jackknife approach for species with small sample sizes. Ecological Modelling
269(2):9–17 DOI 10.1016/j.ecolmodel.2013.08.011.

Shen T, Yu H, Wang Y-Z. 2021. Assessing the impacts of climate change and habitat suitability on
the distribution and quality of medicinal plant using multiple information integration: take
Gentiana rigescens as an example. Ecological Indicators 123:107376
DOI 10.1016/j.ecolind.2021.107376.

Shrestha UB. 2012. Asian medicine: a fungus in decline. Nature 482(7383):35
DOI 10.1038/482035b.

The Angiosperm Phylogeny Group. 2003. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants: APG II. Botanical Journal of the
Linnean Society 141(4):399–436 DOI 10.1046/j.1095-8339.2003.t01-1-00158.x.

von Takach B, Scheele BC, Moore H, Murphy BP, Banks SC. 2020. Patterns of niche contraction
identify vital refuge areas for declining mammals. Diversity and Distributions 26(11):1467–1482
DOI 10.1111/ddi.13145.

Veloz SD. 2009. Spatially autocorrelated sampling falsely inflates measures of accuracy for
presence-only niche models. Journal of Biogeography 36(12):2290–2299
DOI 10.1111/j.1365-2699.2009.02174.x.

Wang WJ, Thompson IIIFR, He HS, Fraser JS, Dijak WD, Jones-Farrand T. 2019. Climate
change and tree harvest interact to affect future tree species distribution changes. Journal of
Ecology 107(4):1901–1917 DOI 10.1111/1365-2745.13144.

Wang W, Xu J, Fang H, Li Z, Li M. 2020. Advances and challenges in medicinal plant breeding.
Plant Science 298:110573 DOI 10.1016/j.plantsci.2020.110573.

Warren D, Seifert S. 2011. Ecological niche modeling in Maxent: the importance of model
complexity and the performance of model selection criteria. Ecological Applications - ECOL
APPL 21(2):335–342 DOI 10.1890/10-1171.1.

Wei Y, Zhang L, Wang J, Wang W, Niyati N, Guo Y, Wang X. 2021. Chinese caterpillar fungus
(Ophiocordyceps sinensis) in China: current distribution, trading, and futures under climate
change and overexploitation. Science of The Total Environment 755(1):142548
DOI 10.1016/j.scitotenv.2020.142548.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 25/26

http://dx.doi.org/10.1111/jbi.12227
http://dx.doi.org/10.1016/j.gecco.2020.e01040
http://dx.doi.org/10.1016/j.ecolind.2020.106435
http://dx.doi.org/10.1016/j.envsoft.2015.10.027
http://dx.doi.org/10.3189/2015JoG14J136
http://dx.doi.org/10.1016/j.ecolmodel.2013.08.011
http://dx.doi.org/10.1016/j.ecolind.2021.107376
http://dx.doi.org/10.1038/482035b
http://dx.doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x
http://dx.doi.org/10.1111/ddi.13145
http://dx.doi.org/10.1111/j.1365-2699.2009.02174.x
http://dx.doi.org/10.1111/1365-2745.13144
http://dx.doi.org/10.1016/j.plantsci.2020.110573
http://dx.doi.org/10.1890/10-1171.1
http://dx.doi.org/10.1016/j.scitotenv.2020.142548
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/


Wenger SJ, Olden JD. 2012. Assessing transferability of ecological models: an underappreciated
aspect of statistical validation. Methods in Ecology and Evolution 3(2):260–267
DOI 10.1111/j.2041-210X.2011.00170.x.

Wu J, Zeng H, Chen C, Liu W. 2019. Can intercropping with the Chinese medicinal herbs change
the water use of the aged rubber trees? Agricultural Water Management 226(5):105803
DOI 10.1016/j.agwat.2019.105803.

Xu Z, Feng Z, Yang J, Zheng J, Zhang F. 2013. Nowhere to invade: Rumex crispus and Typha
latifolia projected to disappear under future climate scenarios. PLOS ONE 8(7):e70728
DOI 10.1371/journal.pone.0070728.

Yan Y, Li Y, Wang W-J, He J-S, Yang R-H, Wu H-J, Wang X-L, Jiao L, Tang Z, Yao Y-J. 2017.
Range shifts in response to climate change of Ophiocordyceps sinensis, a fungus endemic to the
Tibetan Plateau. Biological Conservation 206:143–150 DOI 10.1016/j.biocon.2016.12.023.

Yatoo DM, Dimri U, Gopalakrishnan A, Saminathan M, Dhama K, Mathesh K, Saxena A,
Gopinath D, Hussain S. 2016. Antidiabetic and oxidative stress ameliorative potential of
ethanolic extract of Pedicularis longiflora Rudolph. International Journal of Pharmacology
12(3):177–187 DOI 10.3923/ijp.2016.177.187.

Yatoo DM, Dimri U, Gopalakrishnan A, Saxena A, Wani S, Dhama K. 2017. In vitro and in vivo
immunomodulatory potential of Pedicularis longiflora and Allium carolinianum in
alloxan-induced diabetes in rats. Biomedicine & Pharmacotherapy 97:375–384
DOI 10.1016/j.biopha.2017.10.133.

Yang YC. 1991. Tibetan medicines. Xining: Qinghai People’s Publishing House.

Zhang K, Liu H, Pan H, Shi W, Zhao Y, Li S, Liu J, Tao J. 2020. Shifts in potential geographical
distribution of Pterocarya stenoptera under climate change scenarios in China. Ecology and
Evolution 10(11):4828–4837 DOI 10.1002/ece3.6236.

Zhang K, Yao L, Meng J, Tao J. 2018. Maxent modeling for predicting the potential geographical
distribution of two peony species under climate change. Science of the Total Environment
634(10):1326–1334 DOI 10.1016/j.scitotenv.2018.04.112.

Zhang W, Yi S, Qin Y, Shangguan D, Qin Y. 2021. Analysis of features and influencing factors of
alpine meadow surface temperature based on UAV thermal thermography. Acta Prataculturae
Sinica 30:15–27 DOI 10.11686/cyxb2020154.

Zhang L, Yue H-L, Zhao X-H, Li J, Shao Y. 2014. Separation of four phenylpropanoid glycosides
from a Chinese herb by HSCCC. Journal of Chromatographic Science 53(6):860–865
DOI 10.1093/chromsci/bmu130.

Zhou T, Zhang Y, Gao H, Zhang T, Ma Y. 2015. Relationship between vegetation index and
ground surface temperature on the Tibetan Plateau alpine grassland. Journal of Glaciology and
Geocryology 37:58–69 DOI 10.7522/j.issn.1000-0240.2015.0006.

Bao et al. (2022), PeerJ, DOI 10.7717/peerj.13337 26/26

http://dx.doi.org/10.1111/j.2041-210X.2011.00170.x
http://dx.doi.org/10.1016/j.agwat.2019.105803
http://dx.doi.org/10.1371/journal.pone.0070728
http://dx.doi.org/10.1016/j.biocon.2016.12.023
http://dx.doi.org/10.3923/ijp.2016.177.187
http://dx.doi.org/10.1016/j.biopha.2017.10.133
http://dx.doi.org/10.1002/ece3.6236
http://dx.doi.org/10.1016/j.scitotenv.2018.04.112
http://dx.doi.org/10.11686/cyxb2020154
http://dx.doi.org/10.1093/chromsci/bmu130
http://dx.doi.org/10.7522/j.issn.1000-0240.2015.0006
http://dx.doi.org/10.7717/peerj.13337
https://peerj.com/

	Feature tuning improves MAXENT predictions of the potential distribution of Pedicularis longiflora Rudolph and its variant
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


