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Abstract: In the context of new engineering construction, the establishment of restoration ecology courses in local agriculture—

related universities is not only the objective requirement of practicing the "two mountains” theory, but also the major ecological
restoration background of "two mountains, seven rivers and one watershed" in Shanxi Province. An important measure to adapt to
the school-running concept of "Mountain, Water, Forest, Field, Lake, Grass, and Sand Life Community" of the Land renovation
Engineering Specialty of Shanxi Agricultural University. Restoration ecology is a subject that studies how to solve all kinds of
ecological problems. College period is the key period for the formation of students” values of ecological civilization. In the context of
new engineering construction, how to adapt to the reform of restoration ecology curriculum in local agriculture—related universities,
and how to integrate the "local" ideological and political elements with ecological restoration practice in Shanxi Province are the key
scientific problems to be solved urgently. Taking the restoration ccology course of Shanxi Agricultural University as an example, this
paper analyzes the exploration and practice of ideological and political teaching of restoration ecology course from four aspects:
teaching content, teaching concept, teaching method and practical teaching. The purpose of this paper is to provide reference for the
reform of teaching adaptability in local agriculture-related colleges and universities.

Keywords: new Engineering; Restoration Ecology; ideological and political education; land renovation engineering; agriculture—

related university
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The landscape altered the interaction between vegetation and climate in the
desert oasis of Hotan River Basin, Xinjiang, China

Yimeng Cai, Jiaxin Wu, Tudi Yimiti, Zhouyuan Li ", Xiuchun Yang, Shikui Dong

School of Grassland Science, Beifing Forestry University, Beifing, 100083, China

ARTICLTE INFO ABSTRACT

Keywords:

Landscape dynamics
Vegelalion-climale interaclion
Arid region

Eco-climatology

Remote sensing

Structural equation model

In the arid region, the vasis is characlerized by a desert substance and a mosaic of vegelation. ‘The biophysical
processes and interactions between vegetation and the local climate in this kind of region are determined by the
macroscopic structure of the ecosystems, i.e. landscape patterns. To understand how these landscape patterns
impact regional hydro-heat coupling across space and evolve over time, we utilized remote sensing observational
data and methods to examine the relationships among these factors, In this case, we focused on the oasis along
the upstream of the Hotan River Basin in the Taldamakan Desert in Xinjiang of western China and employed the
satellite imagery datasets of Landsat from 1993 10 2019 to investigate the dynamics of vegetation climate fac-
tors. Based on the land use and cover change datasels, the landscape pattern metrics, including patch density
(PD), contagion index (CONTAG), fractal dimension (FRAC), were calculated to measure the landscape features
on the different aspeets, i.e. the fragmentation, the connectivity, and the complexity. With the algorithm of land
surface energy balance, the land surface indicators, including the soil-adjusted vegetation index (SAVI), albedo,
surface irradiance temperature (Ti), and evapotranspiration (ET), were caleulated to represent the key process in
the interaction of vegetation-climate. The temporal-spatial dynamics of the landscape patterns and the vege-

tation—climate metrics were mapped and demonstrated in & quantitative manner. The statistical results revealed

that during the past decades, the agricultural land in the study area had significantly increased by 17 %.
Grassland and shrubs had also expanded, while the desert area decreased from 82,57 % to 78.82 % of the total
area, with an overall reduction rate of 1.4 %/10a. It was found the study area was getting warmer and dryer
based on the general trends of T, and ET observed during the period of 1993 2019. The agricultural land had the
highest PD and CONTAG, and the lowest FRAC. The agricultural land had the lowest Ts and the highest ET. The
results of structural equation model identified the decoupling effects of PD and CONTAG on the regional hydro-
heal environment, while confirmed that RAC had positive impact on the coupling between 7 and ET. Our study
bridged the landscape pattern with the regional vegetation—climate interaction and provided the suggestions for
the landscape planning and mar for a more ble arid region.

1. Introduction utilized stomata found in leaves as the connecting node to study the

intrinsic relationship between water and vegetation expanding among

The water and vegetation growth of terrestrial ecosystems are
fundamental biophysical processes for matetial cycling and energy ex-
change in terrestrial systems. Human activities have significantly
impacted water and vegetation development, leading to the emergence
of two main global environmental issues: water scarcity and global
climate change. Research efforts are focused on saving water resources
while improving carbon sequestration and sink capacity. To holistically
manage these processes at various scales, the concept of vegeta-
tion—climate coupling was introduced (Yu et al., 2003). This approach

* Gorresponding author.
Eemail address: lizhonynan@hjf.edu.cn (2. 1),

https://doi.org/10.1016/f.ecolmodel 2024110687

the atmosphere, soil and plants. As photosynthesis and transpiration are
crucial links in the material cycle and energy flow of ecosystems,
studying vegetation—climate coupling provides an integrated assessment
and management of hydrclogical conditions that influence surface and
subsurface runoff in watersheds, ultimately affecting local precipitation
and climate, Additionally, climate change affects the physiological and
biochemical processes of plants, demonstrating the interconnectedness
of vegetation—climate coupling.

There has been significant progress in studying the environmental

Received 26 July 2023; Received in revised form 31 January 2024; Accepled 5 March 2024

Available online 13 March 2024
0304-3800/€; 2024 Elsevier B.V. All rights reserved.
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Environmental system dynamics: Current development and applications

Sihui Xin®, Zhouyuan Li™ @, Junsong Nong?, Jiaxin Wu®, Xinwei Zou”, Ruijin Wu?,
Shikui Dong”, Rongling Wu ™", Shaopeng Wang *

2 School of Grassland Science, Befjing Forestry University, Beijing, 100083, China

® Beijing Instituite of ical Scierices and icati Beijing 101408, China

© Institute of Ecology, Gollege of Urban and Envirormental Science, and State Key Laboratory for Vegetation Structure, Function and Construction (VegLab), Peking
University, Beijing, 100871, Ghina

ARTICLEINFO ABSTRACT

Keywords:

System dynamics
Stock-flow analysis

Causal loop feedback
Modeling applications

SD community development

System Dynamics (SD) has emerged as a fundamental and powerful modeling methodology for understanding
and simulating the behavior of both natural and social-economic systems. This review explores the historical
development, key concepts, and broad applications of SD as a fundamental modeling approach. Tracing its
evolution from the its inception since 1960s, the paper outlines the four major phases of SD*s growth, from its
initial conceptualization, through its methodological refinements, to its widespread application in ecosystems,
and socio-economic systems in recent over the half century. The review highlights the development of SD
commu nities across the globe, including the North American school, European clusters, and the growing body of
work in China, and the progress in the global collaboration. We discuss and organize the foundational paired
concepts of SD, including stock-flow relationships, the structure-behavior paradigm, the cause-effect process, and
the loop-feedback paradigm. We summarize the SD modeling workflow protocol in the four stages, as concep-
tualization, visualization, quantification, and verification. It demonstrates good practices of SD modeling in
various ecological contexts, spanning population, community, landscape, and macro-ecosystem levels, while
emphasizing the method’s adaptability and capacity for spatial modeling. Building on an extensive literature
review and bibliometric analysis, the paper synthesizes key progress in SD modeling while offering insights into
future perspectives and potential advancements. It concludes by reflecting on SD*s ability to address multi-scale,
multi-dimensional challenges and its compatibility with emerging novel approaches. Our goal is to bridge SD
with contemporary ecological modeling practices by systematically reviewing the theoretcal and practical ad-
vances of SD. This review provides insights for scholars and practitioners seeking to embed SD approach to the
environmental and ecological systems simulation.

1. Introduction understanding, simulating, and forecasting the behavior of complex

systems, Its origin and development were driven by the increasing need

In the development of modern science, systems theory has infused
new vitality into ecology. This transformation has shifted ecology from
its traditional natural history prototype, focused primarily on flora and
fauna, to a universal theoretical framework and methodological disci-
pline capable of addressing complex problems involving objects at
multiple scales and elements (Jprgensen et al., 2007; Yu et al,, 2021).
‘While systems thinking originally emerged from fields like biology and
ecology (e.g., Ludwig von Bertalanffy), its integration into ecology has
driven profound changes in both theoretical and applied domains,
enabling broader interdisciplinary applications (Ison, 2008).

System Dynamies (SD) modeling has emerged as a vital tool for

* Corresponding author.
E-mal address: lizhouynan@bjfu.edu.cn (Z. Li).

httpsi//doi.erg/10.1016/j.ecolmodel.2025,111135

for tools capable of handling intricate, interdependent problems, that
transcend traditional analytical methods. SD was introduced by Jay W.
Forrester in the late 1950s at MIT, initially to address industrial and
corporate issues (Forrester, 1961), However, SD’s significance extends
beyond its industrial roots, as it developed in tandem with breader in-
tellectual trends in system science and systems thinking (Hjorth and
Bagheri, 2006). It is no coincidence that the 1960s and 1970s witnessed
the rise of system science as well as the globalization of economic and
environmental issues, which demanded comprehensive analytical
frameworks that could address dynamic complexity.

The rise of SD modeling occurred in the broader context of the 1960s

Received 1 June 2024; Received in revised form 5 March 2025; Accepted 8 April 2025
0304-3800/© 2025 Elsevier B.V. All rights are reserved, including those for text and data mining, AI training, and similar technologies.
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Comparative plastome analysis reveals evolutionary dynamics and
codon usage patterns in Bidens (Asteraceae)

Ying Xue' - Shaowei Qin' - Zhangchen Xianyu' - Haodi Wang' - Jialei Yu' - Xiaoyan Zhao' - Xingxing Liang' -
Dong Li' - Yunpeng Gai'

Received: 26 April 2025 /Revised: 3 August 2025 / Accepted: 14 August 2025
©The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2025

Abstract

Plastome evolution in species-rich angiosperm lineages remains poorly understood despite recent advances in phyloge-
nomics, particularly regarding the mechanistic drivers of codon usage bias (CUB) and their relationship to adaptive evolu-
tion. The genus Bidens (Asteraceae), comprising approximately 280 species, represents a morphologically diverse lineage
with significant medicinal and economic value. Here, we assembled the complete plastid genome (plastome) of Bidens
alba and conducted comprehensive comparative analyses across 31 Bidens species, integrating structural characteriza-
tion, simple sequence repeat (SSR) distribution, codon usage bias assessment, and selection pressure analysis through
Ka/Ks ratios and phylogenomic reconstruction. All plastomes exhibited the canonical angiosperm quadripartite structure
(150,490-151,856 bp) with consistent AT bias (average GC content: 37.48%) and mononucleotide SSR predominance
(37.43%). Twenty-nine high-frequency codons displayed strong AT preference, with multiple analytical approaches con-
firming natural selection as the primary driver of codon usage bias. The non-synonymous (Ka) /synonymous (Ks) sub-
stitution ratios revealed that most protein-coding genes showed evidence of purifying selection (Ka/Ks<0.5), though the
vef2 and aceD genes displayed elevated ratios suggesting adaptive evolution. Phylogenomic reconstruction supported
Bidens monophyly with high bootstrap values and resolved species relationships with high confidence. Comparative
structural analysis revealed exceptional genomic conservation across the genus, suggesting that while sequence evolution
has occurred, the fundamental genomic architecture remains stable. These findings provide crucial insights into significant
structural conservation across Bidens plastomes while demonstrating active sequence-level evolution, providing crucial
insights into plastome evolutionary mechanisms within rapidly diversifying lineages and establish a robust genomic frame-
work for understanding ecological adaptation and phylogenetic relationships in this ecologically important lineage.

Keywords Bidens - Plastome - Comparative genomics - Codon usage bias - Simple sequence repeats - Phylogenetic
relationships - Evolutionary analysis
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Abstract

Context Porest—grassland ecotones, the transitional
zones between forests and grasslands, often harbor
high levels of biodiversity. According to the portfo-
lio theory, communities with such high biodiversity
should exhibit high stability in ecosystem function-
ing. On the contrary, the theory of ‘bi-stability’ or
‘multistability’ predicts that ecosystems exhibiting
multiple states or regimes (e.g. forest and grassland)
are less stable. Understanding the stability of forest—
grassland ecotone has broad implications for forest
management and restoration.
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Objectives  In this study, by quantifying landscape
heterogeneity and temporal invariability of regional
climatic and vegetational metrics, we aimed to
reveal how landscape diversity influences the stabil-
ity of ecosystem functioning in the forest—grassland
ecotone.

Methods We focused on the forest—grassland eco-
tone in northern China (i.e. from the forest belt in the
Greater Khingan Mountains to the steppe grassland
in Inner Mongolia) and used remote sensing data of
land cover dynamics from 1992 to 2015 to analyze
the landscape diversity and ecosystem dynamics at
different grain sizes. To measure the temporal stabil-
ity of climatic variables and vegetational dynamics,
we calculated the interannual variation of temperature
(7), wind speed (WS), precipitation (P), and the net
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Editorial on the Research Topic

Remote sensing advances in biodiversity and ecosystem function-
ing research

1 Introduction

Different dimensions of biodiversity are increasingly appreciated as critical for
maintaining the functions of ecosystems and their services to humans. More recently,
with the emergence of functional biogeography, functional diversity is of particular interest
due to its strong links with ecosystem processes such as carbon, water and energy exchange,
and climate mitigation. The multi-form diversity varies in space and time. Understanding
this variation across scales is important for tracking the resilience of earth’s ecosystem, and
the information on the ecosystem structural features provides necessary foundations for
monitoring, predicting the ecosystem functioning patterns and process of ecosystems from
individual unit to its whole in a holistic manner.

In recent, the high-resolution, high-throughput, non-intrusive, and large-scale data on
biodiversity monitoring and measurement are becoming a new trend toward enhancing the
efficiency and coherency in ecological discovery. Remote sensing has proved to be a critical
technology for addressing this research gap. Air- and satellite-borne spectrometers at
different levels could develop novel diversity measurements and alternatives in various
ecosystems and for different kinds of communities and taxa.

In this Research Topic, our goal is to bring together the latest research in a fast-growing
direction that combines remote sensing techniques and their application in biodiversity
and ecosystem functioning (BEF). We would like to know how the different levels of
ecological theories, from species to ecosystems, are linked more coherently than ever via the
multi-scale digitalized observational and computational method advances. Seen from the
11 published papers in this Research Topic, we generalized the three main directions in this
field: (1) the novel observational techniques of biodiversity and their application, (2) the
ecosystem functioning assessment at macroscopic scale with geoinformatics methods, and

o1 frontiersin.org
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Abstract: How climate change and human activities drive the evolution of the regional environment
and where the quality of ecosystems improve or decline over time have become widespread concerns.
In this study, we took the Three-River-Source (TRS) region of the Qinghai-Tibet Plateau as a case,
aiming to identify and quantify the contribution of the natural and anthropogenic factors to the
ecosystem changes over the past years from 1980 to 2018 using the methods of remote sensing and
spatial statistical analysis. Based on the land cover map interpreted by reference to satellite remote
sensing imagery data, we defined the Fcological Restoration Area Proportion (ERAP) as the bare land
patch decrement to indicate the ecologically restored quantity in space. Assembling the restoration
project information, we digitalized and vectorized the ecological Restoration Intensity (RI) including
the spatial range and temporal duration. Combining the LRAP and the net primary productivity
(NPP), which indicates the quantity and quality of ecosystems, respectively, the ecological asset Index
(EAI) was developed and caleulated. Having integrated the datasets of the vegetation monitoring,
climatic factors, geographical factors, and human activities, we performed multi-variable analysis
of the attribution of how the change in the EA], the NPP, and the EAI have been affected by these
factors together. The NPP of the middle and eastern parts of the TRS region has improved the
most, as the average growth rate of NPP reached approximately 2.5 kg C/m?/10a. Due to such
dynamic pattern, we found that human-induced re-vegetation has made limited contributions in
our multi-regression model as the variance explained by the RI merely amounts to 4.4% to 8.8%,
while the changes were mostly dependent on the regional temperature and the precipitation which
contributed over 45% to the ecological restoration on average. It was summarized that “climate-help”
overwhelms “human act” in such alpine grassland ecosystem. The regression results for the different
aspects of the LRAP and NPP demonstrated that the ecological restoration project helped most in
regard to ecosystem quality improvement rather than the restored ecosystem quantity. Our study
has developed a comprehensive assessment methodology that can be reused to account for more
ccological asset. The case is an example of an alpine ecosystem in which the success of ecological
restoration needs favorable climatic conditions as supporting evidence for the nature-based solution.

Keywords: Qinghai-Tibet Plateau; Three-River-Source region; alpine grassland; ecological restoration;
ecological asset; climate change; net primary productivity
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Abstract: Antioxidant molecules play a crucial role in maintaining redox homeostasis, eliminating
oxidative damage, and regulating pathogenesis in phytopathogenic fungi. These antioxidants func-
tion through a complex regulatory network involving enzymatic scavengers such as the superoxide
dismutases (SODs), catalases, thioredoxins, and glutathiones, as well as non-enzymatic molecules,
Specifically, the thioredoxin and glutathione systems (AaTrrl, AaTsal, AaGpx3, and AaGIrl) mediated
by NADPH oxidase represent vital thiol antioxidant systems utilized to regulate the detoxification
of reactive oxygen species (ROS) in Alternarin alternata. This present study investigated the regula-
tory roles of AaBemA, a component of the fungal NAIDPH oxidase (Nox) complex, in the tangerine
pathotype of A. alternata. Loss-of-function genetic analysis demonstrated that AaBemA is essential
for the accumulation of cellular hydrogen peroxide (). Mutant strains with defective AzBemA
displayed higher sensitivity to ;02 and the ROS-generating oxidant tert-butyl-hydroperoxide.
These phenotypes closely resembled those previously observed in AaNoxB, AaTrrl, AaTsal, AaGlrl,
and AaYapl mutants, suggesting a potential interconnection among them. Notably, the defective
phenotype of AdaBemA could be restored through genetic complementation with wildtype AaBemA
gene. Subcellular localization of a functional AaBemA fused with green fluorescent protein (GFT)
gene under confocal microscope revealed a widespread distribution of green fluorescence in the
cytoplasm and cell membrane, indicating high expression of AaBemA during fungal growth in A.
alternata. Intriguingly, inactivation of AaBemA did not affect the morphological phenotype and
pathogenicity, indicating that the AaBemA is dispensable for the aforementioned phenotypes. To
explore the molecular mechanisms underlying the regulation of ROS stress response, we sequenced
the whole transcriptomes of A. alternate wildtype and ROS-sensitive mutants (AAaBemA, AdaNoxB,
AAaGIrl, AAaTirl, AAaTsal, AAaYapl) which displayed considerable sensitivity to oxidants. Com-
parative transcriptome analysis revealed significant influence on the gene-expression pattern of
numerous genes related to glutathione metabolism, cellular oxidant detoxification, cellular response
to abiotic stimulus, and cellular response to osmotic stress. The gene-expression data and pathways
related to various essential metabolic processes and ROS tolerance enabled us to propose a NADIPH
oxidase-mediated regulatory network involving NADPH oxidase (AaNoxB, AaBemA), AaYap1, glutare-
doxin {Aa(GPx3, AaGlrl), and thioredoxin systems (AaTrrl, AaTsal) in responding to ROS stress in
A. alternata.

Keywords: ROS stress response network; antioxidant molecules; redox homeostasis; phytopathogenic
fungi; NADPH oxidase; transcriptomics
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Abstract: Host-pathogen interactions are the result of the continuously evolving dynamics of the
genomic interphases between pathogens and the host plants. Alternaria brown spot (ABS) caused
by the pathogen Alternaria alternata is a serious threat to tangerine production. Although recent
studies have made significant advances in the characterization of A. altermila virulence factors, a gap
exists in the regulation of virulent genes throughout the course of A. alternata infection on host plants.
To gain a better understanding of the dynamic defense transcriptome in Alternaria alternafa during
Infection, we performed a comparative transcriptome approach. After inoculation on citrus, we found
that 2142, 1964, 2359 genes were up-regulated, and 1948, 1434, 1996 genes were down-regulated at
12 hours-post-inoculation (hpi), 24 hpi and 48 hpi, respectively. Among these genes, 1333 genes were
up-regulated at three time points, and 1054 genes were down-regulated, indicating that most of the
differentially expressed genes at the eatly stage of infection tended to remain differentially expressed
at the later stage of infection. In addition to the genes that are known to be part of the infection
network in plant-pathogen interactions, many novel genes related to plant-pathogen interaction
were identified. Interestingly, our results indicate that A. alfernata is able to rapidly alter its gene
expression pattern during infection process, which is vital for the successful colonization of the
pathogen. Moreover, this rapid alteration of gene expression is likely to be an adaptive mechanism,
enabling the pathogen to quickly respond to any changes in the environment and adapt to the host’s
defense system. This ability to modify gene expression quickly in the face of environmental changes
could play a critical role in the successful establishment of infection. RT-gPCR analysis confirmed
that the expression pattern of nine randomly selected genes from the peroxisome pathway were
consistent with the RNA-seq data. Our study provided a comprehensive study of the expression of
genes during A. alternata infection of citrus, which may facilitate the understanding of host-plant
interactions in A. alternatu.

Keywords: Alfernaria alternata; oxidative stress tolerance; host-pathogen interactions; transcriptome
analysis; pathogenicity

1. Introduction

Plants and pathogens have co-evolved over a long period of time, ensuing in a distinct
“attack and defense” pattern [1-3]. The interactions between plants and pathogens are
regulated by complicated regulatory networks [4], and understanding the interactions
between plants and pathogens may be helpful in preventing plant diseases [5,6]. When
a pathogenic agent is detected by the host plant, one of the earliest cellular responses is
the rapid production of reactive oxygen species {ROS) [7,8], which includes hydrogen
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Effects of climate and landscape diversity on grassland plant diversity and

biomass on the Qinghai-Tibet Plateau
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Abstract: The Qinghai-Tibet Plateau has heen an important ecological security barrier area and high-altitude pastoral area
in Asia. It is rich in biodiversity resources and fragile ecological environment ,and is sensitive to climate change and human
activities. This study conducted plantcommunity surveys and sampling across different latitudes and altitudes (3,000—S5,

000 m) on the Qinghai-Tibet Plateau. The measurements included species diversity ,functional diversity,and above ground
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Abstract . From the 1980s to the present, the natural and artificial ecosystems of the Qinghai-Tibet Plateau have undergone
extensive and profound changes. As an important ecological barrier area in China, it is essential to systematically and
quantitatively analyze the evolution of the ecosystem patterns and its driving factors. In this study, 8—periods datasets from

1980 to 2018 of the land use and cover change based on the satellite remote sensing imagery interpretation were used to
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