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Abstract
Potassium (K), one of main essential macronutrient elements in soil, is vital to the growth
and metabolism of giant pandas (Ailuropoda melanoleuca) and its staple food bamboos (SFB). However,
it is still unknown how the content of K in soil shapes giant panda distribution. To address this problem,
we use geographical information system (GIS) and regression analysis to measure their spatial distribution
data and analyze their relationships. Our results show a unimodal relationship between the species
richness of SFB and K (R 2 = 0.90, P<0.01), a significant positive linear correlation relationship between
SFB and giant panda (R 2 = 0.47, P<0.01), and a significant unimodal relationship between the K and
giant panda (R 2 = 0.58, P<0.01). Moreover, results reveal that the giant panda may tend to select habitats
with K in the soil ranging from 2.58 to 3.14 (mg/g). Our study also highlights the important effect
of the eco-geological environment in shaping the distribution of giant panda. Our study suggests that
it is essential to incorporate the beneficial and harmful element factors of an eco-geological environment
into wildlife habitat research and management. It should improve on habitat estimation, corridor
establishment, and biodiversity conservation.

Keywords: potassium, giant panda, staple food bamboos, spatial distribution, eco-geological
environment, geographical information system (GIS), regression analysis

Introduction
Giant panda (Ailuropoda melanoleuca), as one global
flagship of threatened species for priority conservation,
lives in the mountains of west-central China, although
is one member of the Carnivora, extremely specializes
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in feeding on bamboo, which makes up more than 99%
of their diet [1-3]. Because of the effective efforts to
conserve it, its habitat has been exhibited and its state was
recently downgraded from “endangered” to “vulnerable”
by the IUCN [4]. The spatial distribution of staple food
bamboos (SFB) for giant panda is vital to population
stability and habitat suitability [5-7]. With increases in
climate change and human disturbances, the threats to
habitats of panda are very insensitive [8-14]. However, we
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still have very limited knowledge of how environmental
factors and underlying mechanisms determine the
distribution of panda, even though we have known the
distribution of panda is related to the distribution of SFB.
Understanding their mechanisms of habitat selection
could help to protect this important species under serious
threats of global change. Species always select their
relatively suitable habitats based on their life strategy [15,
16]. Previous studies have proposed that the richness and
quality of understory bamboo were associated with the
spatial distribution and survival of panda [6, 17]. Besides
the distribution of bamboo, forest type, terrain slope, and
elevation were also used to identify potential habitats for
panda [18].
As previous studies have proposed, the contents
of some specific elements in soil could influence the
distribution of species and subsequently influence the
diversity of distribution patterns [16, 19, 20]. Moreover,
previous studies on foraging strategies of giant panda
have shown that the nutritional quality of food resources
for it is more important than their quantity, because
of maximized sufficiency of intake, which greatly
influences the habitat selection for panda [2, 3]. Potassium
(K), one of the three main essential macronutrients in the
soil, plays a key role in plant growth and metabolism
and its availability in soil affects plant inter-specific
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competition and interaction of plant-microorganisms
[21-25].
However, we have very limited knowledge on how
the content of K in soil shapes giant panda distribution.
It is essential to find the potential relationships of spatial
distribution between K, giant panda, and SFB. To
address this issue, we used GIS and regression analysis to
measure their spatial distribution data and analyze their
relationships in Sichuan Province – the main reserve of
panda in China.

Material and methods
Study Area
The study area encompasses the entire 32 nature
reserves for giant panda, which occupy a total area of
about 17040 km2 in Sichuan Province, the southwestern
region of China, and the edge of the Tibetan Plateau
(101°25‘-105°24‘E; 28°7′-33°21′N) (Fig. 1). According to
the field surveys, there are approximately 693 individuals
living here, accounting for 57.46% of the estimated
number of pandas distributed in Sichuan Province, or
43.42% of the total wild individuals [26]. There are 28
species in 7 general of SFB (include the variant species)

Fig. 1. 32 nature reserves for giant panda are located in Sichuan Province, the southwestern region of China, and the edge of the Tibetan
Plateau.
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Fig. 2. There are 28 species in 7 general of SFB (include the variant species) distributed in nature reserves for giant panda in Sichuan
Province.

distributed under the canopy of the forest in relatively
steep mountains with elevations ranging from 700 m to
3500 m [26, 27].

Staple food bamboos (SFB) for giant panda
To map the distribution of SFB in the nature
reserves for giant panda, we extracted and overlaid all
SFB data of reserves, county, vegetation, and elevation in
the ArcGIS version 10.4 (ESRI, Redlands, USA) (Fig. 2).
First, we extracted the vegetation data, which included
deciduous forests, broad-leaved forests, and mixed
forests from the national vegetation map in China (Zhang
et al., 2007). Then we derived the elevation data where
the SFB distribute as recorded from the survey report
[26] by the digital elevation model (DEM) at 90 m spatial
resolution [28]. Last, we mapped the species richness
of SFB in the nature reserves, merging the data of every
SFB (Fig. 2).

Giant panda
We also used the Arcgis tool to calculate and map the
density of panda for each reserve using the ratio of the
number of panda distributed in the reserve [26] to the
SFB area of the reserve (Fig. 3a).
The reserves with relatively high density of panda
are Baiyang, Xioahegou, Wanglang, Xiaozhaizigou, and
Wolong (Fig. 3a).

Potassium (K)
The contents of potassium (K, representing K 2O)
were extracted from the Regional Geochemistry-National

Reconnaissance Program (RGNR) and the National
Multi-Purpose Regional Geochemical Survey Project
(NMPRGS) at a 1:500,000 spatial scale resolution.
According to the hierarchical system of the project, 18
classes of K contents in the soil were identified in the
research area. In the Arcgis environment, we used a
tabulate area tool to overlay the distribution maps of SFB,
the density of panda, and the K contents in the soil, and
to calculate the richness of SFB and the density of panda
for each K intervals. The spatial distribution of K shows
that Xiaozhaizigou, Baiyang, Baodinggou, Piankou, and
Liziping nature reserves have high K contents in the soil
(Fig. 3b).

Statistical analyses
We regressed the density of panda against species
richness of edible bamboo and contents of K in soil to
detect the relationships between them. Also, to take
account of their potential non-linear relationships we
used quadratic regressions. Among these three variables,
three relationships were tested, i.e., the relationship of
K-species richness of SFB, the relationship of K-density
of panda, and the relationship of the density of panda and
species richness of SFB. We performed the regression
analyses in IBM SPSS on Windows, version 21 (SPSS
Inc., Chicago, IL, USA).

Results and discussion
We found that species richness of SFB shows a
unimodal relationship with the content of K in the soil
(R 2 = 0.90, P<0.01). For K<2.5(mg/g), there is a positive
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Fig. 3. Spatial distribution of a) the density of giant panda (a/km2) and b) the contents of K (mg/g) in soils at the area of SFB
(staple food bamboos for giant panda) in nature reserves for giant panda in Sichuan Province.

relationship between species of SFB and K; then after
the point, it regresses into a negative relationship
(Fig. 4a).
We also found a significant positive linear
relationship between species of SFB and the density of
panda. (R 2 = 0.43, P<0.01; Fig. 4b).
The relationship between K and panda is clearly
unimodal (R 2 = 0.58, p<0.01, Fig. 4c). According to the
prediction function for the density of panda, the areas
with K values around 3 (mg/g) have highest densities.

Potassium (K)-staple food bamboos (SFB)
relationship
As a major and essential plant macronutrient and
the most abundantly absorbed cation in higher plants, K
contributes greatly to the survival of plants [24, 29]. For
example, this element is involved in osmotic balance and
photosynthesis [23, 30]. Our results indicate a significant
unimodal relationship between species richness of
bamboo and the content of K in soils (Fig. 4a). However,
the K concentration implies a key role in shaping the
distribution of bamboo. This matches with previous
studies proposed that K plays a particularly critical role
in plant growth and metabolism [30, 31]. It also has been
shown that crop quality would be improved by increasing
plant metabolism [29]. Without an adequate amount of
available K, it is concluded that SFB, as one of the higher
plants, might develop poor roots, grow slowly, produce
smaller seeds, and subsequently have lower yields. To
the unimodal relationship between the species richness

of SFB and the K contents, we may still need to know the
mechanism of the limits of K in shaping the distribution
of those bamboo species in this area. The results reveal
that the areas with K value around 2.5-3 (mg/g) would
be the most suitable intervals for the distribution of
bamboo species (Fig. 4a). Our results also provide a new
insight into an environmental assessment and finding a
new potential stable food bamboo habitat. Furthermore,
it has been known that K fertilizer is a key factor in
formatting crop production and increasing its quality
[16]. Our results indicate that, in order to increase the
diversity of SFB, we could apply K fertilizer into the soil
under some values of K contents. Meanwhile, with SFB
diversity at an increased risk in this area, under climate
change about half of the SFB species may potentially
colonize new climatically suitable areas under universal
dispersal [13]. However, it can help to get more potential
suitable habitats for the SFB if we can make appropriate
management strategies via changing the K contents in
some specific areas.

Staple food bamboos (SFB) and giant
panda relationship
According to the assessment of the impacts of
climate change on bamboo forests and their alpha and
beta diversities in the giant panda habitats and reserves,
climate change-induced decline in bamboo habitats and
species diversity would be a big challenge to the food
availability of panda in the future [14, 32]. Because of
the food specialization for panda, the availability of
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Fig. 4. Results of relationships: a) between K and species of SFB (staple food bamboos for giant panda), b) between SFB and density of
giant panda, and c) between K and density of giant panda.

SFB is the most important factor for its survival [3].
To our knowledge, the results for the first time showed
a significant positive relationship between the density of
panda and the diversity of the SFB in the research area
(Fig. 4b). Two possible mechanisms potentially exist
to explain the relationship. Firstly, the higher diversity
of the SFB could provide more food selection for the
panda individuals, even if it is so specialized [18, 27].
Secondly, the higher diversity of the SFB may contribute
more to the local diversity of vegetation, and the higher
ecosystem diversity probably provides more stable and
suitable habitats for panda [33] because diversity is so
critical to the stability of the environments [33, 34]. The
findings could be also useful in further habitat protection
strategies for panda.

Potassium (K)-giant panda relationship
Exploring the relationship between animals and their
habitats is a central goal in wildlife ecology [15, 18, 35].
Besides bamboo-related factors, slope, elevation, and
solar radiation were considered main factors for panda
selecting their suitable habitats [18]. But we still have very
limited knowledge on how the geological background of
the nutrient element affects the distribution of panda.
Our results showed that K content of the soil could
significantly affect the distribution of panda. Several
underlying mechanisms could explain the results we
presented here. In previous studies, increases in the
leaf K concentration could increase the feeding rate of
herbivores [36]. Additionally, nutrient additions (N, P,
K) could increase the N content in the leaves, making
the leaves more favorable for predator feeding [36]. More
interestingly, our study found that the nutrient element,
K, shapes the distribution of panda by unimodal pattern
(Fig. 4c). That relationship is, to some extent, similar to
the statement of Liebig’s law of the minimum: that plant
growth is regulated by the nutrients supplied [22, 37]. It
also may indicate that the high content of K in the soil
may also have negative effects on the distribution of

panda. Excess K in the soil is harmful to their habitat
possibly because of the toxicological effects or reducing
other cations the wildlife can take up [22, 38]. It should
be recognized that the maximum density of giant panda
is at a concentration of K in the soil ranging from 2.58
to 3.14 (mg/g), which is the same intervals for the areas
with the highest diversity of bamboo species. This may
imply that the giant panda might have a higher tolerance
of K content in the soil than the bamboos do, which
should be paid more attention in future studies.

Conclusions
In this study we used GIS and regression analysis
to measure the spatial distribution data and analyze
relationships of the giant panda, SFB, and K. Our results
show a unimodal relationship between species richness
of SFB and K (R 2 = 0.90, P<0.01), a significant positive
linear correlation relationship between SFB and giant
panda (R 2 = 0.47, P<0.01), and a significant unimodal
relationship between K and giant panda (R 2 = 0.58,
P<0.01), respectively. Moreover, results reveal that
the giant panda may tend to select the habitats with K
in the soil ranging from 2.58 to 3.14 (mg/g). Our study
also highlights the important effect of the eco-geological
environment in shaping the distribution of giant panda.
Our study suggests that it is essential to incorporate
the beneficial and harmful element factors of ecogeological environment into wildlife habitat research and
management. It should improve on the future planning
of habitat estimation, corridor establishment, and
biodiversity conservation.
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