
fevo-10-971429 September 2, 2022 Time: 14:16 # 1

TYPE Original Research
PUBLISHED 08 September 2022
DOI 10.3389/fevo.2022.971429

OPEN ACCESS

EDITED BY

Wei Wanrong,
China West Normal University, China

REVIEWED BY

Huan Li,
Lanzhou University, China
Zhu Wanlong,
Yunnan Normal University, China

*CORRESPONDENCE

Junhu Su
sujh@gsau.edu.cn

SPECIALTY SECTION

This article was submitted to
Ecophysiology,
a section of the journal
Frontiers in Ecology and Evolution

RECEIVED 17 June 2022
ACCEPTED 11 August 2022
PUBLISHED 08 September 2022

CITATION

Zhang C, Kang Y, Yao B, An K, Pu Q,
Wang Z, Sun X and Su J (2022)
Increased availability of preferred food
and decreased foraging costs from
degraded grasslands lead to rodent
pests in the Qinghai-Tibet Plateau.
Front. Ecol. Evol. 10:971429.
doi: 10.3389/fevo.2022.971429

COPYRIGHT

© 2022 Zhang, Kang, Yao, An, Pu,
Wang, Sun and Su. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Increased availability of
preferred food and decreased
foraging costs from degraded
grasslands lead to rodent pests
in the Qinghai-Tibet Plateau
Caijun Zhang1,2, Yukun Kang1,2, Baohui Yao1,2, Kang An1,2,
Qiangsheng Pu1,2, Zhicheng Wang1,2, Xiaomei Sun2,3 and
Junhu Su1,2*
1Key Laboratory of Grassland Ecosystem (Ministry of Education), College of Grassland Science,
Gansu Agricultural University, Lanzhou, China, 2Gansu Agricultural University-Massey University
Research Centre for Grassland Biodiversity, Gansu Agricultural University, Lanzhou, China, 3College
of Resource and Environmental Science, Gansu Agricultural University, Lanzhou, China

The increased population density of rodent species during ongoing grassland

degradation further deteriorates its conditions. Understanding the effects of

grassland degradation on rodent feeding habits is of great value for optimizing

grassland management strategies. In this study, lightly degraded (LD),

moderately degraded (MD), severely degraded (SD), and reseeded grassland

(RG) were selected and their plant resources and soil physical properties

were investigated. In addition, the study used ITS2 barcode combined with

the Illumina MiSeq sequencing method to analyze the food composition and

proportion of plateau zokors in different grassland conditions. The results

showed that, with grassland degradation, plant biomass decreased, but the

relative proportion of forbs increased (LD: 32.05 ± 3.89%; MD: 28.97 ± 2.78%;

SD: 49.16 ± 4.67% and RG: 10.93 ± 1.53%). Forbs were the main food of the

plateau zokor, accounting for more than 90% of their diet, and the animal had

a clear preference for Potentilla species; the soil compaction of feeding habits

showed a decreasing trend in the 10–25 cm soil layer, suggesting a decreased

foraging cost. Nutritional analysis showed that the stomach content of crude

protein in zokors feeding on MD grassland was significantly higher than

that of animals feeding on the other grassland types. Structural equation

modeling showed that soil physical properties and the relative biomass of

forbs had significant (P < 0.05) and extremely significant (P < 0.001) impacts

on the population density of plateau zokors, with direct impact contribution

rates of 0.20 and 0.63. As the severity of grassland degradation increased,

although the aboveground and underground biomass of the plants decreased,

the proportion of food preferred by the plateau zokor increased, and the

corresponding changes in the feeding environment resulted in decreased

foraging energy expenditure, thereby increasing the suitability of the degraded

grassland for the plateau zokor. Compared with degraded grassland, the food
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diversity and evenness of zokors increased, the food niche width enlarged,

and the proportion of weeds decreased in RG, which increased the difficulty of

obtaining food. Reseeding in grassland management is therefore an effective

way to control plateau zokors.

KEYWORDS

plateau zokor, feeding habits, degraded and reseeded grassland, ITS2 barcode,
illumina MiSeq sequencing

Introduction

Grassland degradation from climate change and human
activity is a global environmental problem (Wang and Wesche,
2016). Grassland degradation is a process of retrograde
succession of grassland ecosystems, during which the structures,
processes and functions within the system have undergone
significant changes (Dong et al., 2020; Yu et al., 2022). Owing to
the high altitude and unique alpine climate, the alpine ecosystem
of the Qinghai-Tibet Plateau (QTP) is very sensitive and fragile,
and the impact of grassland degradation is more prominent
(Klein et al., 2004; Schleuss et al., 2015). This not only hinders
the development of animal husbandry in the country, but also
seriously affects the stability of the regional ecosystem and the
functioning of the plateau ecological barrier (Harris, 2010; Liu
et al., 2021). Recently, the Chinese government has implemented
numerous ecological protection projects (Xu et al., 2006; Quan
et al., 2011; Zhao et al., 2022). Dealing with the environmental
problems of grassland degradation, restoring and improving
functions, and connecting ecological protection projects, such
as the construction of ecological security barriers, is of great
significance to the sustainable development of the region and
the construction of ecological security barriers in the future.

Grassland degradation is often accompanied by an increase
in the number of rodents, and a large number of rodents
aggravate the process of grassland degradation (Miehe et al.,
2008; Li et al., 2014). Studying the mechanisms of rodent
populations during grassland degradation is of great significance
for rodent control and the optimal management of grasslands
(Wei et al., 2020). Changes in environmental conditions
play an important role in population fluctuations and can
have important effects on population numbers either directly
or through their interactions (Harris et al., 2015). After
grassland degradation, the original environment underwent
significant change. Grassland height and coverage have
decreased, vegetation community structure and dominant
species have changed, aboveground and belowground biomass
has decreased, soil bulk density and compactness have increased,
and soil water content has decreased (Harris, 2010; Wang et al.,
2014). Relevant studies have shown that degraded grassland
provides a good open habitat for rodents who prefer to live

in these conditions, which is conducive to observing natural
enemies from a distance and reducing the risk of predation
(Liu et al., 2013). As the main body of rodents builds burrows,
soil properties are important factors affecting rodent habitat
selection. Soil compaction determines the firmness of the rodent
tunnel system and affects the energy consumption in the
process of building the tunnel system (Zhang, 2007). Changes in
vegetation community structure and dominant species directly
affect animal food resources (Tang et al., 2015).

The abundance and quality of food directly affect the
population density and distribution areas of animals in the
environment (Chua et al., 2021). Optimal foraging theory
indicates that animals usually tend to choose food resources
of the highest nutritional quality and concurrently modify
their foraging strategies in terms of energy and time. They
tend to minimize food handling time, reduce exposure to
predation threats while decreasing their energy expenditure,
and maximize their own nutritional and energy gain (Forbey
et al., 2018; Abrahms et al., 2021; Demi et al., 2021). Therefore,
when food resources are abundant, animals only select the best
dietary items. Under food shortages, generalist herbivores can
respond by expanding their dietary selection to low-ranked
food types, regardless of whether forage is preferred (Li et al.,
2019; Goldberg et al., 2020). However, food types of different
qualities are spatially distributed in a mosaic pattern. High-
quality food resources often exist on a small scale and are often
surrounded by large-scale, low-quality food resources (Hope
et al., 2021). The primary vegetation of alpine meadows on the
QTP is dominated by grasses and sedges; however, as grassland
degradation advances, the proportion of forbs significantly
increases (Zhang et al., 2018). In the case of severely degraded
(SD) grasslands, a plant community with forbs as the dominant
species is often formed, and the soil surface becomes bare and
loosely compacted (Wang et al., 2020). Optimal foraging theory
also assumes that animals need to spend energy in the search for
food, and the difference between the energy gained from food
consumption and the energy expended during foraging is the
net income of energy gain. The greater the income, the more
beneficial the food will be to foragers; therefore, animals prefer
to forage in patches of high-quality food (Schai-Braun et al.,
2020). The underground niche may impose some constraints
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on the food selection process of subterranean species, and their
foraging mainly relies on digging tunnels, which necessitates
extra energy expenditure compared with aboveground animals
(Su et al., 2018). For example, the amount of energy an
animal uses to move a unit distance underground by digging
is 360–3400 times greater than that of moving aboveground
(Xie et al., 2013).

The plateau zokor (Eospalax baileyi), a small mammal in the
alpine meadow, is a typical subterranean rodent endemic to the
QTP (Su et al., 2015). As a key species in the alpine meadow
ecosystem of the QTP, it performs several vital ecological
functions. In natural habitats, digging activities can promote soil
renewal, which is helpful for the circulation of soil nutrients and
germination of seeds and underground buds. In addition, the
underground activities of plateau zokors may be beneficial for
the colonization of exotic plants in alpine meadow ecosystems.
Therefore, it deserves the reputation of “Ecosystem engineer”
(Zhang et al., 2010; Eldridge et al., 2016; Miranda and Rothen,
2019). However, when the population density of zokors is high,
a series of activities, such as digging and eating plant roots,
seriously damage plants and thus affect grassland ecosystems.
Burrowing activity causes grassland vegetation to be covered
by mounds of soil for a long time, changes the structure of
the plant community, reduces the productivity of the grassland,
and further aggravates its degradation (Li et al., 2021). In
practice, it has been found that the population density of
the plateau zokor increases with the aggravation of grassland
degradation (Wang et al., 2000a). However, the factors that
lead to the increase in the plateau zokor population during
grassland degradation remain unclear. The change in the food
resources of the plateau zokor under grassland degradation
might be a key factor. The adequacy of food resources and
environmental safety are priorities for animal habitat selection
(Ṧumbera et al., 2012). For subterranean rodents, security in
underground tunnels is guaranteed because of the absence of
predation risks. Therefore, food resources may be regarded
as crucial factors for subterranean dwellers. High-quality food
and loose soil structures are important for the reproduction
and development of subterranean rodent populations. Thus,
we speculate that degraded grassland provides an optimum
foraging environment for plateau zokors (the cost of foraging is
reduced after grassland degradation) and a reliable food source.

Our working hypothesis was that the total biomass of plants
decreases after grassland degradation, but the proportion of
food that the plateau zokor prefers increases, and the cost of
obtaining food decreases, making it more suitable for foraging.
This might be the main reason for the increase in the population
density of plateau zokors in degraded grasslands. In this study,
soil bulk density, compactness, and water content were used
to indicate the difficulty of food acquisition. Food composition
and proportion were used as indicators to analyze whether
food changes and how diversity changes. Finally, the stomach
nutrients contents were analyzed. The aim of this study was

to determine how grassland degradation affects the dietary
selection of plateau zokors and to provide a new perspective on
the mechanism of rodent damage to the grassland ecosystem.

Materials and methods

Study areas

The experimental area was located in the Luqu County,
Gansu Province, QTP (34◦14′07′′–34◦48′48′′N, 102◦10′80′′–
102◦58′15′′E), with an average altitude of 3550 m. The annual
average temperature was 2.6 ◦C, and the annual frost-free period
was 56 days. The annual precipitation ranges from 632 to
781 mm, mainly from May to September. The soil was mainly
subalpine and alpine meadow soils. Alpine shrub meadows
and alpine meadows accounted for 88.68% and 11.32% of the
county’s grassland area, respectively. The alpine meadow is one
of the main grazing grasslands in the region, and is also the area
with the most severe prairie rat infestation. The area of rodent
infestation in the county is 14.18 × 104 hm2, accounting for
33.84% of the county’s grasslands. The plateau zokor is one of
the dominant groups of rodents in the Luqu County, accounting
for∼13.58% of rodent species (Wu et al., 2020).

Methods

Experimental design
According to the Grading Standard of Natural Grassland

Degradation, Desertification and Salinization (GB19377-2003)
(Su et al., 2003), vegetation coverage was selected as a
classification index of degraded grassland, and the vegetation
coverage of each type of degraded grassland was as follows:
lightly degraded (LD), 80–100%; moderately degraded (MD),
60–80%; severely degraded (SD), < 60%. The degree of
grassland degradation in the study area, LD, MD, and
SD grasslands were scored and selected. Another reseeded
grassland (RG) was selected (Figure 1 and Table 1). The
reseeding was Elymus nutans + Poa pratensis, and the reseeded
period was 4 years.

Plant community survey
Five (0.5 m × 0.5 m) quadrats were randomly selected

from different plots to investigate the density, coverage, and
height of each plant. All plants in the square were collected and
classified, brought back to the laboratory for drying at 95◦C,
and weighed separately for the aboveground and underground
parts to obtain the corresponding biomasses of each species.
The coverage, density, height, and biomass of each species in
the plant community were standardized using the maximum-
standardization method.
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FIGURE 1

Location of the sampling site. LD, lightly degraded grassland; MD, moderately degraded grassland; SD, severely degraded grassland; RG,
reseeded grassland.

TABLE 1 Study area.

Plot Coverage % Richness Shannon-Wiener index Zokor density No./hm2 Area hm2

RG 98.00± 0.98a 4.92± 0.38a 2.56± 0.13a 4.69 6.21

LD 89.00± 1.87b 4.35± 0.43a 2.41± 0.21a 5.44 3.66

MD 69.00± 1.87c 3.81± 0.45a 2.35± 0.13a 7.73 5.33

SD 45.00± 2.24d 1.55± 0.23b 1.64± 0.11b 11.2 4.41

LD, lightly degraded grassland; MD, moderately degraded grassland; SD, severely degraded grassland; RG, reseeded grassland. Different letters indicate significant differences between
groups (P < 0.05).

Species importance value = (relative coverage + relative
density + relative height of species + relative biomass)/4.
The importance value was used to calculate the diversity
(Shannon-Wiener index) of the plant community in the quadrat
(Niu et al., 2019).

Soil physical properties
The moisture content and bulk density were determined by

the aluminum box drying method, which was repeated three
times. Soil compaction at a depth of 0–30 cm was measured
using a soil compaction meter (SC-900), recorded every 2.5 cm,
and repeated 15 times.

Plateau zokor population density survey and
gastric content collection

In the study area, 122 plateau zokors were captured using
bow traps, including 25 individuals in RG, 24 individuals in LD,
38 individuals in MD, and 35 individuals in SD. The population
density of the plateau zokor per unit area was calculated based
on the specific plot area of the captured plateau zokor (Table 1).
Ten adult individuals were selected from each grassland type
(LD: 4 males and 6 females; MD: 5 males and 5 females; SD: 5
males and 5 females; RG: 3 males and 7 females), euthanized
by decapitation, and their gastric contents were collected.
Forty samples were used for food habit analysis. Institutional

guidelines for the use of animals were followed, the Animal
Ethics Committee of Gansu Agricultural University approved
the experimental procedure (approval no. GAU-LC-2020-014),
and local authorities’ approval was also obtained.

Analysis of nutrients in the stomach contents
of plateau zokors

Referring to GB/T14924.9-2001 (Zhou et al., 2001), the
semi-micro Kjeldahl method was used to determine the crude
protein (CP) content, the crude fat was determined by the
Soxhlet extraction method, and Van’s fiber method was used to
determine the acid detergent fiber (ADF) and neutral detergent
fiber (NDF) contents.

DNA extraction and illumina MiSeq sequencing
of the ITS2 amplicons

Genetic analysis of 40 samples was performed using
Genepioneer Biotechnologies (Nanjing, China), including DNA
extraction, ITS2 gene amplification, and sequencing of the
amplified products on an Illumina MiSeq platform.

Data analysis

The QIIME2 software was used for species annotation with
default parameters, and the RDP3 Classifier v. 2.2 algorithm
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FIGURE 2

Biomass (A) and relative biomass (B) of different functional groups. LD, lightly degraded grassland; MD, moderately degraded grassland; SD,
severely degraded grassland; RG, reseeded grassland. Different letters indicate significant differences between groups (P < 0.05).

were used to identify the taxonomic composition (Edgar, 2004).
The diversity analyses of the diet were conducted according
to output-normalized sequence data. The significance analysis
in this study was carried out using one-way ANOVA in SPSS
23.0 (IBM R©, New York, United States). The R version 2.6-2
(The R Foundation for Statistical Computing, Vienna, Austria)
“vegan” packages was used for non-metric multidimensional
scaling (NMDS) analysis (Oksanen et al., 2018), and the Amos
Graphics 24.0 (IBM R©, New York, United States) software was
used to draw structural equations (Grace, 2006). The level of
significance at which the null hypothesis was rejected was set at
α = 0.05.

Results

Plant resources

The survey found that there were 18 families, 37 genera,
and 41 plant species in the RG; 16 families, 33 genera, and
38 plant species in LD; 15 families, 30 genera, and 31 species
in MD; and 11 families, 16 genera, and 16 species in SD.
The aboveground and underground biomasses of RG were
the highest, and the aboveground and underground biomasses
decreased with increasing degree of grassland degradation
(Figure 2A). The aboveground biomass of different functional
groups and underground biomass of grasses and sedges
decreased with an increase in the degree of degradation. The
relative biomass of forbs under RG was significantly lower than
that of other grassland varieties (P < 0.05), the relative biomass
of forbs under SD was the highest, and the relative biomass
of grasses under SD was significantly lower than that of other
grassland types (Figure 2B). The biomass proportions of the
top 15 genera were 96.46% in RG, 86.59% in LD, 88.35% in
MD, and 93.77% in SD. The top four genera of relative biomass
in RG were Elymus (29.63%), Poa (17.82%), Scirpus (16.15%),

and Kobresia (10.62%); Elymus (27.86%), Kobresia (23.08%),
Poa (10.92%), and Potentilla (7.51%) in LD; Elymus (24.07%),
Kobresia (20.20%), Scirpus (12.79%), and Potentilla (9.13%) in
MD; and Potentilla (36.52%), Elymus (30.54%), Poa (12.12%),
and Astragalus (6.32%) in SD (Figure 3).

Physical properties of soil

The soil water content at LD within 0–10 cm depth was
significantly higher than that of other grasslands (P < 0.05),
whereas the soil moisture at SD at 10–20 cm and 20–30 cm
depths was the lowest (Figure 4A). There were no significant
differences in the soil bulk density at different depths among the
different grassland conditions. Under SD, soil bulk densities at
depths of 0–10 cm and 20–30 cm were the lowest, and soil bulk
density at depths of 10–20 cm increased with the deterioration
of grassland conditions (Figure 4B). The soil compaction degree
of the grassland under different conditions was significantly
different at 0–10 cm depth (P < 0.05), and the soil compaction
degree at 0–10 cm of RG was significantly smaller than those
of MD and SD. Soil compaction was the smallest in RG at
10–20 cm depth and the largest in MD at 20–30 cm depth,
LD had the smallest soil compaction, and the largest was
recorded in SD (Figure 4C). The soil compaction degree under
different grassland conditions increased gradually at 2.5–7.5 cm,
decreased at 7.5–12.5 cm, and showed an increased gradual
trend at 12.5–25 cm (Figure 5).

Dietary differences under different
degrees of degradation and reseeded
grasslands

The plateau zokor fed on 21 families and 30 genera of
plants in RG, 18 families and 25 genera in LD, 22 families and
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FIGURE 3

Relative biomass of plants at the genus level. LD, lightly degraded grassland; MD, moderately degraded grassland; SD, severely degraded
grassland; RG, reseeded grassland.

FIGURE 4

Changes in soil water content (A), soil bulk density (B), and soil compaction (C) of different grasslands. LD, lightly degraded grassland; MD,
moderately degraded grassland; SD, severely degraded grassland; RG, reseeded grassland. Different letters indicate significant differences
between groups (P < 0.05).

35 genera in MD, and 19 families and 30 genera in SD. The
plant species (genus level) eaten by the plateau zokor in various
grasslands were roughly the same. The proportions of the top 15
genera in their diets were 99.53% in RG, 99.61% in LD, 97.92%
in MD, and 97.51% in SD. Potentilla had a large proportion,
accounting for 40.57 % in RG, 72.96 in LD, 77.17% in MD,
and 86.13% in SD. In addition, other genera with a higher
proportion in the diet of plateau zokors in RG were Geranium
(22.07%), Taraxacum (8.68%), and Tibetia (7.12%); in LD were
Geranium (7.56%), Lancea (4.94%), and Taraxacum (4.49%); in
MD were Youngia (10.29%), Tibetia (4.36%), and Taraxacum
(3.27%); and in SD were Stellaria (6.85%), Youngia (1.65%), and
Lepidium (1.53%) (Figure 6B). According to the statistics of

plant functional groups, forbs under the four different grassland
types were the main diet of plateau zokors, and their proportions
were more than 90% (Figure 6A). The food diversity of the
plateau zokor in different types of grasslands was significantly
different (P < 0.05). The richness and Shannon-Wiener index
of RG were significantly greater than those of LD and SD,
and the Shannon-Wiener index of SD was significantly lower
than that of LD (P < 0.05) (Figures 7B,C). The evenness
index of RG was significantly larger than those of MD and SD
(P < 0.05) (Figure 7D). In addition, the food niche breadth
of RG was significantly larger than that of other grasslands
(Figure 7E). The NMDS results show that the food composition
of plateau zokors under different grassland conditions was
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FIGURE 5

Change in soil compactness between different soil layers. LD,
lightly degraded grassland; MD, moderately degraded grassland;
SD, severely degraded grassland; RG, reseeded grassland.
Different letters indicate significant differences between groups
(P < 0.05).

roughly divided into two groups: the food compositions of RG
and LD were similar, and those for MD and SD grasslands were
similar (Figure 7A).

Nutritional composition of the
stomach contents of plateau zokors

The ADF content was the highest in RG and decreased
with an increase in grassland degradation degree, which was
significantly the lowest in SD (P < 0.05). NDF did not show

any significant differences among the plots. Crude fat was the
highest in RG (P < 0.05) and the lowest in MD (P < 0.05). The
CP contents of MD and LD were significantly higher than those
of RG and SD (P < 0.05) (Figure 8).

Effects of grassland condition on the
diet of plateau zokors

During grassland degradation, soil physical properties had
a significant impact on the population density of the plateau
zokor and the relative biomass of forbs (P < 0.05), and the
direct impact contribution rates were 0.20 and 0.30, respectively.
Plant diversity had an extremely significant negative impact
on the nutrient composition of gastric contents (P < 0.001),
and the contribution rate of the direct impact was 0.48. The
relative biomass of forbs had an extremely significant negative
correlation with feeding habits (P < 0.001) with a direct impact
contribution rate of 0.56, and an extremely significant impact
on the population density of plateau zokors (P < 0.001) with a
direct impact contribution rate of 0.63 (Figure 9).

Discussion

Changes in the diet of plateau zokors
after grassland degradation

In this study, 24 families and 48 genera were identified
in all stomachs, whereas only 21 families and 45 genera

FIGURE 6

Food composition and proportion of plateau zokors with different functional groups (A) and plants at the genus level (B). LD, lightly degraded
grassland; MD, moderately degraded grassland; SD, severely degraded grassland; RG, reseeded grassland. Different letters indicate significant
differences between groups (P < 0.05).
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FIGURE 7

NMDS analysis of food structure of plateau zokors (A), food richness (B), Shannon-Wiener index (C), evenness index (D), and food niche width
(E). LD, lightly degraded grassland; MD, moderately degraded grassland; SD, severely degraded grassland; RG, reseeded grassland. Different
letters indicate significant differences between groups (P < 0.05).

were found in the research area. Our results show that the
ITS2 barcode combined with Illumina MiSeq sequencing can
effectively identify animal feeding habits. Among the four types
of grasslands, forbs were the main food source for plateau
zokors. Plateau zokors have a clear preference for Potentilla
plants, which occupy a considerable proportion of their diet.
This result is in agreement with that of Wang et al. (2000a).
Plateau zokors dwell in special underground circumstances that
require higher energy expenditures for excavation and mound
building during foraging (Hu et al., 2017; Lopes et al., 2020).
Therefore, forbs with a relatively large biomass were selected
as food. Generally, the lower parts of the forbs are enlarged
and their nutrient content is more abundant. The distribution
of the biomass of forbs determines the population density of
plateau zokors in different regions to a certain extent (Zhang
et al., 2010, 2022). Plateau zokors at different degradation
levels and RG feed on the same species of plants but with
different proportions. Animals can adjust their food intake
ratios according to changes in food resources and nutritional
needs (Egert-Berg et al., 2021; Guo et al., 2021). As the degree of
grassland degradation increased, the feed intake of the plateau
zokors of forbs increased. The proportion of forbs of plateau
zokors under RG was the smallest, which increased the amount
of leguminous plant intake to meet their dietary needs.

Effects of feeding cost on plateau
zokors

In the present study, plateau zokors preferred to inhabit
degraded grasslands, and the population density of plateau
zokors increased with the severity of degradation. Habitat

selection is the most important step for animals to survive
and reproduce successfully, and the adequacy of food resources
is a crucial factor in habitat selection (Ṧumbera et al., 2012).
The foraging activities of the plateau zokor were not random
but highly selective. Although the diet of plateau zokors
contains numerous plant species, Potentilla accounted for
a large proportion of their dietary choices. Owing to the
high energetic cost of burrowing, non-directional underground
search patterns, and low food availability, plateau zokors need
to consider the benefits and costs of foraging (Xie et al.,
2014), but diets of different qualities are distributed in a
mosaic model (Hope et al., 2021). The dominant species
of RG and LD grassland were mainly grasses and sedges,
whereas the forbs favored by plateau zokors were relatively
small and embedded within. Among them, forb rhizomes are
surrounded by tightly connected rhizomes of grasses and sedges.
With the aggravation of grassland degradation, the proportion
of grasses and sedges decreased significantly, whereas the
proportion of forbs increased. Especially in the SD grassland,
the vegetation cover was mainly forbs, and the forbs are the
primary dietary selection of plateau zokors, which qualifies
the degraded grassland as a suitable habitat for these animals.
The nutrient composition of the stomach contents of plateau
zokors in different grasslands was analyzed, and it was found
that the contents of acidic and neutral detergent fibers in the
degraded grassland were lower, and the content of CP was
higher, in light and moderately degraded grasslands. Proteins
play a key role in growth and metabolism. Too low a protein
content in the diet seriously deteriorates the fitness of an
individual, leading to weight loss and immune impairment
(Kohl et al., 2016). Nutrients in the food of the plateau zokor
under the degraded grassland can better ensure and maintain
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FIGURE 8

Nutrient composition of stomach contents. LD, lightly degraded
grassland; MD, moderately degraded grassland; SD, severely
degraded grassland; RG, reseeded grassland. Different letters
indicate significant differences between groups (P < 0.05).

the normal physiological processes of the animal. Plateau zokors
live underground and rely on digging tunnels for daily foraging.
Soil hardness not only affects the firmness of rodent tunnels
but is also directly linked to the level of energy expenditure
during digging, both for foraging and tunnel building. In this
study, we found that the compactness of 10–25 cm in SD
grassland was less than that in moderately degraded grassland,
and the tunnels of the plateau zokor were concentrated at 10–
20 cm underground. Therefore, zokors may consume less energy
during digging in SD grasslands than in moderately degraded
ones. Although the compactness of the RG and LD grassland is
low, which is favorable for excavation, the population density of
plateau zokor is low. Therefore, we may assume that the relative
proportion of high-quality food is the main factor that adjusts
the population density of plateau zokors, and that low soil
compactness may be an auxiliary factor for the regulation of the
plateau zokor population when food is plentiful. After grassland
degradation, the relative proportion of forbs preferred by the
plateau zokor increased with the low digging costs required for
foraging. Therefore, foraging efficiency is improved, and more
protein is consumed as the protein content in the stomach
is higher. This might help explain, from a dietary point of
view, why the population density of the zokors increases after
grassland degradation.

A control plan of plateau zokors in
light of grassland degradation

In this study, compared with degraded grasslands, the
population density of plateau zokors in reseeding grasslands
was the lowest. Habitat selection in rodents is imperative for
their optimal survival and fitness, and changes in vegetation
communities often have an impact on rodent populations in
grasslands (Fox and Monamy, 2007).

FIGURE 9

Structural equation model between plateau zokor density and
soil physical properties, plant resources, and feeding habits.
Dotted line indicates that the effect is insignificant and the black
line indicates a negative correlation. ∗P < 0.05, ∗∗∗P < 0.001.

Additional explanations and mechanisms, such as food
resource theory (Ostoja and Schupp, 2009) and movement
obstruction theory (Gitzen et al., 2001; Rieder et al., 2010), might
help unravel increasing zokor population density with advanced
grassland degradation. Plateau zokors live underground, and
soil hardness determines the energy expenditure of subterranean
rodents when they forage and build burrows. Wang et al.
(2000b) found that there is a significant negative correlation
between the population density of plateau zokors and soil
hardness, and the zokor prefers to live in areas with less soil
hardness. In the present study, soil compaction under the RG
tended to develop in the direction of the habitat preferred by
the plateau zokor. A reasonable explanation is that when the
soil compactness is too low, the tunnels constructed by the
plateau zokor may collapse readily, and it is difficult to maintain
the original state. Therefore, plateau zokors need to re-pair or
reconstruct the tunnel, which requires extra time and energy
(Zhang, 2007).

Changes in the plant community structure also alter the
original food resources (Ostoja and Schupp, 2009). In this
study, the vegetation composition of the grassland in the
original habitat of the plateau zone changed significantly after
the grassland was reseeded. Vegetation coverage and height
increased, and the reseeded grass species, Elymus nutans
and Poa pratensis, became the dominant species. In general,
the proportion of grasses and sedges increased, whereas the
proportion of forbs favored by plateau zokors decreased,
resulting in food availability reduction and food shortage for
the animals. Therefore, the plateau zokor increased the food
intake of legume plants in the RG, its food diversity and evenness
increased, and the vegetative niche breadth was significantly
widened. Owing to the characteristics of subterranean life,
foraging underground adopts different mechanisms compared
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to aboveground species, and its normal foraging activities need
to rely on tunnels. However, the dominant groups of grasses and
sedges in the RG have developed underground rhizomes and are
closely connected, and the favorite forbs are often embedded
in the sedges and grasses, which greatly increases the foraging
difficulty and time of plateau zokors. Colloquially, the decrease
in population density of plateau zokors in RG is closely linked
to the reduction of preferred food availability and increasing
foraging difficulty, which qualifies the grassland replantation
strategy as an optimum policy to, on the one hand, decrease
the population density, and, on the other hand, to combat
grassland degradation.

Briefly, grassland degradation aggravates the occurrence
of rodent pests, the aggravation of rodent pests in degraded
grasslands should be regarded as the result of the comprehensive
effect of a series of factors such as food resources, soil
characteristics, intraspecies relationship, and aboveground
environment. The present study focused on two factors, food
resources and soil characteristics. Subterranean mammals live
mainly in open habitats, and their evolution is tightly connected
with the emergence of seasonal habitats and prolonged droughts
(Nevo, 1999). In these habitats, plants storing energetic reserves
in bulbs, roots, and rhizomes have evolved, and these parts
of plants are staple foods for subterranean mammals (Nevo,
1999; Busch et al., 2000); in addition, plants in arid regions
allocate more underground biomass, providing them with more
food resources. Nevertheless, soil water content needs to be
kept within a reasonable threshold, because the extremely dry
or humid habitat cannot form the tunnel for subterranean
mammals to inhabit, and the underground biomass will also
be greatly reduced, resulting in a shortage of food resources.
Therefore, soil properties have always been an essential factor
affecting the distribution of subterranean mammals, and the
plateau zokor is no exception.

Conclusion

This study showed that plateau zokors prefer to inhabit
degraded grasslands, and the population of plateau zokors
increased with grassland deterioration. The mechanisms
underlying this phenomenon were explored from the
perspective of feeding habits. ITS2 barcoding combined with
Illumina MiSeq sequencing was used to analyze the feeding
habits of different degrees of degraded and reseeded grasslands.
Forbs were found to be the main food source of plateau zokors,
and Potentilla occupies a considerable proportion of its diet.
After grassland degradation, the relative proportion of forbs that
plateau zokors preferred increased, the feeding cost reduced,
the feeding efficiency improved, and the content of CP in the
stomach contents increased. The foraging difficulties for plateau
zokors to obtain the plants they preferred significantly increased
after the grassland was reseeded. Reduced food availability has

led to a decline in the population density of plateau zokors.
Affecting rodent eating habits through reseeding is an effective
way to prevent and control rodent ecology. In the future, it
is necessary to perform monitoring trial to observe the long-
term effects of grassland degradation and reseeding on plateau
zokor population.
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