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INTRODUCTION

Climate change, a global phenomenon that has drawn 
significant attention over the past decades, refers to 

shifts in temperature and precipitation patterns (Kim 
and Lee, 2025). The primary driver of this phenomenon 
is human activity (WHO, 2009). The United Nations has 
issued a clear warning that human activities contribute to 
at least 75% of global greenhouse gas emissions and nearly 
90% of all carbon dioxide emissions (United Nations, 
2025).

In response, global agreements have been established to 
achieve the Sustainable Development Goals (SDGs), 
including specific targets related to climate change. These 
agreements also serve as a reminder of the ongoing need 
to build and strengthen both knowledge and awareness of 
this immense global crisis (United Nations, 2023). 

The projected impact of climate change is so immense that 
it is now considered the greatest global threat of our time 
(Zhao et al., 2025). Previous studies have documented 
its effects on water resource degradation (Ahmed et al., 
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2020; Moon, 2024), drought disasters (Ghazi et al., 2025), 
the spread of infectious diseases (Dalla Vecchia et al., 
2024; Petrino et al., 2025), heatwaves (Basu, 2009), and 
mental health (Deepak et al., 2024; Marinova et al., 2025). 
Even the increasing frequency of storms due to climatic 
anomalies has been linked to climate change (Morley et 
al., 2025). 

The scale of this impact is so vast that many of its 
manifestations are intangible. Climate change poses a 
threat to the loss of human traditions connected to nature, 
which have been shaped over thousands of years (Datta and 
Kibria, 2025; Zaluchu, 2024). These non-physical heritages 
are at risk of disappearing within the coming decades.

However, one of the serious impacts of climate change 
extends beyond human health and also affects animal 
health (Anikeeva et al., 2024). To explain this, Lacetera 
(2019) states that climate change has both direct and 
indirect effects on animal health. The direct effects are 
caused by rising temperatures and heatwaves, leading 
to livestock heat stress. It is well established that rising 
temperatures significantly affect livestock productivity 
(Mirzaie et al., 2024; Salem et al., 2022). In addition, 
exposure to environmental heat worsens animals’ immune 
systems (Rogozynski et al., 2024) and triggers the 
production of antioxidants (Sarker et al., 2025; Stelios et 
al., 2024). On the other hand, for instance, the lung health 
of broilers is strongly affected by heat-induced stress (Niu 
et al., 2025). 

Although extensive global research has been conducted on 
the relationship between climate change and animal health, 
it remains important to consider the future directions and 
conceptual frameworks in this field, especially in the last 
20 years. There is a need to examine the potential research 
avenues that should be pursued, which can be identified 
through the synthesis of existing documents. Therefore, 
mapping current trends is essential to determine key 
directions and to identify potential areas for future 
investigation. A comprehensive understanding of the 
global research landscape will allow existing information 
gaps to be more clearly recognized and effectively 
addressed. Bibliometric analysis offers a robust approach to 
identifying key themes within the field of climate change 
and animal health, facilitating the examination of research 
trends and the projection of future research opportunities. 
This method is particularly valuable for its systematic 
collection and analysis of existing data, as well as its ability 
to visualize relationships among publications, authors, 
and thematic clusters thereby revealing connections that 
may not be readily apparent through traditional literature 
reviews.

MATERIALS AND METHODS

Source of data
We collected data from the Scopus database on July 4, 2025. 
The literature search was conducted using the keywords 
TITLE-ABS-KEY (“global warming”  OR  “climate 
change”  AND  “animal health”  OR  “livestock 
health,” OR “veterinary health” OR “animal welfare” OR 
“livestock welfare,”  OR  “veterinary welfare”). This initial 
search yielded 456 pieces of literature. The search results 
were then filtered using the following criteria: (1) written in 
English; (2) limited to articles; (3) open access; (4) at final 
publication stage; and (5) between 2005-2024. Following 
a review of titles and abstracts, only 242 documents 
were deemed eligible for further analysis. The review 
process involved both researchers, who cross-verified the 
documents in accordance with the initial concept of this 
paper. Although no differences of opinion arose during this 
activity, it had been planned to seek external input in the 
event of divergent views.

The raw data from Scopus was then downloaded in its 
entirety, including information on authors, affiliations, 
journals, keywords, research areas, citations, titles, abstracts, 
and funding details.

Data statistics and visualization
The articles downloaded from the Scopus database 
were then processed. For visual analysis and statistical 
processing, Microsoft Office Excel 2021, the Biblioshiny 
package from R, and VOS viewer were used. 

Microsoft Office Excel 2021 was used to compute and 
present the data in graphical form. This was done by inputting 
the results of the search data from the Scopus database and 
displaying them as charts. The Bibliometrix R Package was 
used to map the literature (Aria and Cuccurullo, 2017). In 
this study, version 4.5.1 was used to analyze the number 
of publications, citations, evaluate core journals, H-indexes, 
trending topics, and other relevant metrics. Additionally, 
the R package was used to generate visualizations of the 
geographic distribution of the publications. 

VOSviewer is an open-access application developed 
by Nees Jan van Eck and Ludo Waltman (van Eck and 
Waltman, 2010). VOSviewer was used to map the index 
and author keywords of the literature.

RESULTS AND DISCUSSION

Global trend and production
A total of 242 documents were included in this report 
(Table 1). All of them are articles published between 2005 
and 2024. 
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Table 1: Document’s main information.
Description Results
Main information about data
Timespan 2005:2024
Documents 242
Annual growth rate % 21.1
Document average age 5.11
Average citations per doc 28.12
References 14117
Document contents
Keywords plus (ID) 2207
Author's keywords (DE) 900
Authors
Authors 1305
Authors of single-authored docs 12
Authors collaboration
Single-authored docs 12
Co-authors per doc 5.57
International co-authorships % 37.19
Document types
Article 242

Based on the general overview, a mean of 28.12 citations 
per document was recorded, with an average document age 
of 5.11 years. Globally, publications on this topic involved 
1,305 authors, with 12 documents being single-authored 
papers, and an average of 5.57 co-authors per paper. Table 
1 also shows that nearly 38 percent of the authors were 
involved in international co-authorship.

Figure 1 presents the annual publication trends. Until 
2018, the trend remained relatively flat. However, a notable 
surge occurred in the following three years, indicating 
growing interest among researchers. In both 2023 and 
2024, publications reached their peak, with 38 documents 
published each year. Between 2019 and 2024 alone, there 
were 181 publications, accounting for three-quarters of all 
works published since 2005. This pattern highlights the 
increasing intensity of research interest in this topic. Over 
a span of nearly 20 years of publications, the fluctuations 
still reflect an average annual growth rate of 21.1%.
 
Although 68 countries have produced publications on this 
topic, the majority are dominated only by five countries: 
Australia, Germany, Italy, the United Kingdom, and the 
United States of America (USA). Together, these five 
countries account for 44% of all documents published 
globally. The distribution pattern of their contributions is 
illustrated in Figure 2. This clearly reflects a serious issue 
that holds potential to be addressed in the future. Regions 
that are likely to be far more vulnerable to climate change, 

such as those in the tropics, should be more actively 
included in global research efforts.

Figure 1: Annual publication (2005-2024).

Figure 2: Country scientific production.

Figure 3: Country scientific production.

Figure 3 illustrates the growth of publications in the five 
countries with the most significant contributions, showing 
a general surge over the past five years. The publication 
patterns vary among these countries. The USA, for 
example, has dominated document production on this 
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topic from the outset, consistently surpassing the other 
four countries through to 2024. In contrast, publication 
output from Germany and the UK has tended to level off, 
while Italy and Australia have shown a steady increase in 
research production on this topic.

In details, between 2005 and 2024, Australia published 
719 documents, rising from only 2 in 2005–2008 to 
a peak of 110 in 2024. Germany entered the field in 
2013, maintained stable output until 2018, then doubled 
production in 2019 and reached a total of 462 documents. 
Italy produced 554 publications, with minimal activity 
before 2015, then sharply increasing to 120 in 2024. The 
United Kingdom showed a similar pattern, growing from 
3 documents in 2015 to a peak of 84 in 2024. The United 
States led globally with 1,075 publications, exceeding 100 
per year from 2021–2024, with a major surge beginning in 
2013. Overall, these patterns indicate that global research 
attention to this topic has intensified only in recent years 
and is likely to continue growing.

It is particularly interesting to compare the data from 

the most cited countries (Table 2). While the USA leads 
in total publication output, the top positions in citation 
counts are instead held by Italy and Australia, with 1,106 
and 744 citations, respectively. The average citation rate 
for Italy is twice that of the USA. Aside from Italy and 
Australia, Germany records the highest average citations 
among the remaining countries.

Table 2: Most cited countries.
Countries Total citation Average citations
Italy 1106 55.3
Australia 744 41.3
Usa 647 21.6
Germany 452 41.1
United kingdom 452 32.3

To illustrate the proximity among countries conducting 
research on climate change and animal health, a 
visualization was generated using VOSviewer. As shown in 
Figure 4, applying a minimum threshold of five documents 
per country resulted in the formation of four clusters: red, 
green, blue, and yellow.

Figure 4: VOSviewer visualization of co-authorship by countries (minimum=5).
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The red cluster, comprising eight countries, is dominated 
by Germany and France, both showing significant 
contributions within the same cluster. However, the spatial 
distance between these two countries suggests relatively 
limited collaboration. The green cluster consists of five 
countries, led by South Africa, yet the distances among 
countries in this cluster also indicate weak collaborative 
ties. The blue cluster contains five countries, with the 
USA and the UK as leading contributors; here, strong 
collaboration is evident only between these two nations. 
The yellow cluster includes four countries, dominated by 
Australia, which shows relatively limited collaboration 
with the other members of its cluster.

Such collaboration patterns are likely to influence the 
advancement of research on this topic in the future. 
Countries that are newly emerging in this field should 
seek partnerships with those that have established a strong 
research reputation, at least since 2005, to accelerate their 
contributions and impact.

Authors’ affiliations
Table 3 presents the top ten author affiliations that have 
published research on this topic. While Figure 1 shows that 
the countries with the highest contributions are Australia, 
Germany, Italy, the United Kingdom, and the United States 
of America, an analysis based on institutional affiliation 
reveals a different pattern. The University of Veterinary 
Medicine Hannover in Germany and Wageningen 
University and Research in the Netherlands emerge as the 
leading affiliations for authors publishing on this topic. 
Notably, several other top affiliations are located outside 
the five previously discussed countries, including the 
University of Pretoria in South Africa, the Limnological 
Institute of the Siberian Branch of the Russian Academy 
of Sciences in Russia, and the University of the Basque 
Country (UPV/EHU) in Spain, all of which are listed 

among the top ten relevant affiliations.

This indicates that institutional interest in this topic is 
widely distributed. It also highlights the potential for 
expanding collaborations and conducting more targeted 
research addressing the specific conditions of each 
institution’s respective region.

Table 3: Top 10 affiliation.
Affiliation Country Articles
University of Veterinary Medicine 
Hannover

Germany 16

Wageningen University and Research Netherlands 16
The University of Melbourne Australia 15
University of Pretoria South Africa 15
Purdue University USA 14
University of Foggia Italy 14
University of Sydney Australia 13
College of Veterinary Medicine and 
Biomedical Sciences

USA 12

Limnological Institute Siberian 
Branch of The Russian Academy of 
Sciences

Russia 11

University of The Basque Country 
(Upv/Ehu)

Spain 11

Document sources
Of the 242 documents analyzed, ten journals were 
identified as the top sources. The journal Animals ranked 
first, followed by PLOS One in second place and Frontiers 
in Veterinary Science in third (Table 4). Among these ten 
journals, four are categorized under “animal” and another 
four under “zoology.” Only two journals fall into the Q2 
category, and Animals is the most frequent publisher. 
Publications on animal health and welfare are naturally

Table 4: Document’s sources.
Journal Number of

publication
Category SJR/ 

Quartiles
H 
Index

Animals 17 Animal Science and Zoology; Veterinary (miscellaneous) 0.733/ Q1 95
Plos one 11 Multidisciplinary 0.803/ Q1 467
Frontiers in veterinary science 10 Veterinary (miscellaneous) 0.783/ Q1 85
Animal 9 Animal Science and Zoology 1.040/ Q1 133
Oie revue scientifique et technique 7 Animal Science and Zoology; Medicine (miscellaneous) 0.442/ Q2 102
Sustainability (Switzerland) 6 Computer Networks and Communications; Hardware and 

Architecture; etc
0.688/ Q1 207

Agriculture (Switzerland) 4 Agronomy and Crop Science; Food Science; Plant Science 0.704/ Q1 84
International journal of environ-
mental research and public health

4 Health, Toxicology and Mutagenesis; Pollution; Public 
Health, Environmental and Occupational Health

0.919/ Q2 229

Scientific reports 4 Multidisciplinary 0.874/ Q1 347
Animal frontiers 3 Animal Science and Zoology; Food Animals 0.799/ Q1 55
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concentrated in journals with a clear focus on these topics. 
However, connections to human health issues and the 
emergence of new technologies have broadened the scope, 
leading to coverage in journals not exclusively dedicated 
to animal research. PLoS One, for instance, has provided 
substantial space for publications on this topic. This also 
reflects the increasing diversity of disciplinary perspectives 
from which researchers approach the subject.

Term analysis
Term analysis shows that the earliest emerging terms were 
animals and animal disease (2009), with animal disease 
continuing to appear through 2023. In subsequent years, 
terms such as prediction, disease carrier, and food industry 
appeared (2010). As research in this field diversified, 
new terms emerged, including risk assessment, animal 
husbandry, and disease transformation in 2012–2013.

During the 2019–2023 period, researchers frequently used 
terms such as climate change and non-human, following 
the earlier introduction of temperature. The focus on 
livestock health and disease also led to more frequent use 
of epidemiology, often in conjunction with temperature, 
while animal experiment became increasingly common 
through 2024.

This trend pattern illustrates the themes that have emerged 
in animal health research with recent developments 
showing a shift toward more specific topics. The term 
temperature, for example, has emerged prominently over 

the past five years, reflecting efforts to examine temperature 
patterns and their relationship to animal health, as reported 
by Singh et al. (2024) and De Prekel et al. (2024).

Keywords and network analysis
By focusing specifically on author keywords and setting a 
minimum occurrence threshold of 4, a total of 30 keywords 
were identified, as visualized in the network presented in 
Figure 6. 

The analysis identified six distinct clusters (Table 5). 
Among all keywords, the most frequently used terms were 
heat stress and animal welfare. The next most prominent 
term was one health, followed by livestock. The growing 
body of research and publications on climate change 
and animal health reflects increasing concern among 
researchers worldwide. From the documents analyzed, it is 
evident that, in addition to disparities in research capacity, 
the evolving directions of study present valuable references 
for future investigations.

Table 5: Most frequent author index keywords per cluster.
Cluster color Keywords Occurrences
Red cluster Heat stress 31
Green cluster One health 17
Blue cluster Live stock 13
Yellow cluster Adaptation 6
Purple cluster Climate change 2
Cyan cluster Animal welfare 25

Figure 5: Timeline of research trends.
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Figure 6: VOSviewer visualization of author keywords.

Figure 7: VOSviewer visualization of keywords trend topics.
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Climate change and animal health/welfare are issues that 
affect all humanity and the shared ecosystem. It is well 
established that climate change has altered the face of 
the Earth. Ironically, this situation is irreversible and has 
permanently transformed the environment, even under 
the most conservative scenarios, due to the slow pace of 
global efforts to control the planet’s temperature (Abbass 
et al., 2022; Hansen et al., 2025; Zhang et al., 2024, 2025). 
The complexities arising from land use, industrialization, 
and technological advancements have led to serious issues 
concerning the Earth’s surface temperature (Zhang et al., 
2025). The increasing of land temperatures are causing 
stress on the environment and ecosystems in general 
(Byrne et al., 2024; IPCC, 2022).

In turn, the impact of climate change extends not only 
to humans but also to animals (Testai, 2024). Heat stress 
has been one of the dominant research topics in recent 
years. One of the most frequently cited documents on 
the impact of rising temperatures on animal health 
is the work by Lacetera (2019), published in animal 
frontiers, which outlines several serious consequences of 
heat stress in animals, including metabolic alterations, 
oxidative stress, immune suppression, and mortality. 
Another important real-world report on this impact can 
be found in the work of McKeon et al. (2009), set in 
livestock farms in northern Australia, which concluded 
that heat stress has severe consequences for both animal 
production and ecosystem functioning. Compelling 
evidence of climate change impacts on animal health is 
also provided by Gauly et al. (2013), who reported that 
livestock centers, particularly in Central Europe, have 
experienced production declines. Increasing temperatures 
have been associated with decreased productivity in laying 
hens on commercial poultry farms (Kamal et al., 2024). 
Similarly, dairy production in cattle has declined as a result 
of increasingly uncontrollable temperature fluctuations 
(Allen et al., 2015; West et al., 2003). Looking ahead, the 
impacts of heat stress are likely to remain an active area 
of research, as temperature changes become increasingly 
erratic. Unpredictable climate patterns now affect animal 
health and welfare globally, including in regions that may 
not have previously been exposed to extreme temperatures.

It can be acknowledged that the impacts of climate 
change on diseases affecting animals have long been 
observed. A review by Rahman et al. (2020) concluded 
that climate change is a significant contributor to the 
spread of zoonoses, which in turn affects livestock health. 
The effects on these animals occur because climate change 
influences the presence and vulnerability of animals 
as hosts, the pathogenicity of disease agents, and the 
disease transmission models in animals (El-Sayed and 
Kamel, 2020; Muniz et al., 2025). Under global climate 

change conditions, the ability of pathogens to invade 
livestock increases exponentially (Elsohaby and Villa, 
2023; Imamura et al., 2014). Any decline in animal health 
inevitably impacts humans, either directly or indirectly 
(Babo Martins et al., 2024; Rojas-Downing et al., 2017), 
as animals also share health risks with humans. In other 
words, certain diseases are often shared between animals 
and humans. This situation should be a key concern in the 
future, where animal health could serve as an early indicator 
to predict potential health issues in humans (Plön et al., 
2024). As presented in Figure 5, interesting trend topics 
are related to mapping human health risks in accordance 
with temperature changes. Although information on this 
matter may already exist, examining the speed of decision-
making in response to such risks becomes an important 
area of study.

Since 2005, efforts to protect animals in livestock 
production have also been one of the focal points of 
published research. Various comprehensive modifications 
have been recommended (Chauhan et al., 2023). More 
recently, reports have highlighted the use of machine 
learning to monitor temperature (Perez-Garcia et al., 
2024) and the intensive development of nanotechnology 
to prevent production decline (El-Raghi et al., 2023). From 
this standpoint, it is evident that there is a need to explore 
more specific and experimental research opportunities on 
this topic. This underscores the importance of researchers 
and institutions building collaborative networks. It is not 
impossible that a global partnership will be required to 
protect animal health and welfare through joint research 
efforts.

One of the emerging concepts in the publication trend on 
climate change and animal health over the past five years 
is one health. This approach emphasizes that humans are 
not the sole focus of health interventions. In addition to 
human health, it is also essential to improve animal health 
and the quality of ecosystems (Ellwanger et al., 2021; 
Pacheco-Zapata et al., 2024). One health introduces a new 
paradigm in which health management must be carried out 
collectively, recognizing that humans coexist with animals 
in the same environment. Consequently, impacts on one 
component will inevitably affect the others (Adisasmito 
et al., 2022). Given that humans live alongside animals 
and ecosystems, the integration of these three components 
must be a key concern (Dean et al., 2023; Rawat et al., 
2024). Looking ahead, the extent to which the one health 
concept is implemented in accordance with the specific 
variability of each region presents a highly compelling 
research focus. This is especially the case if the application 
of one health can be integrated with the use of advanced 
technologies available today. This topic is highly relevant 
and merits deeper investigation in future studies.
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Figure 8: VOSviewer visualization of trend topics density.

The livestock industry generally provides meat and food 
for human consumption. The sustainability of this system 
is at risk if animal health is compromised. Therefore, there 
is no alternative but to manage livestock health effectively, 
as it is closely linked to human needs (Kyriazakis et al., 
2024; Marinova et al., 2022). Humans heavily rely on 
animal-derived food products (Lin et al., 2024). Thus, the 
paradigm of animal health must be understood within the 
broader context of sustaining life, not only for animals 
but also for humans (Perry et al., 2018). However, existing 
reports highlight the threats posed by climate change to 
this condition (Reynolds et al., 2015). This is particularly 
concerning, as the primary sources of food and protein 
intake for humans still largely come from animals (Barr et 
al., 2025; Merlo et al., 2024; Verma et al., 2025). Therefore, 
future research should continue striving to safeguard 
humanity’s need for meat and other animal-based foods, 
even as the world currently faces instability in supply stocks. 
This represents a significant burden for global researchers 
in their efforts to protect humanity’s own interests.

Referring to Figures 7 and 8, the thematic mapping of 
documents to date is clearly visible. Themes such as climate 
change, global warming, heat stress, and animal welfare have 
evolved into well-established areas of study. Consequently, 

efforts to detect the spread of diseases in livestock remain a 
promising avenue of research, particularly for strategically 
important animals such as cattle, sheep, and poultry. 
Likewise, research aimed at enhancing livestock resilience 
to climate change presents a highly promising field to 
pursue in the future.

Limitations
Although bibliometric analysis is useful for identifying 
publication trends, it must be understood that there are 
several limitations that should be taken into account to avoid 
overinterpreting the results. These limitations stem, among 
other things, from the dependence on the database used 
in this case, solely the Scopus database. Each database has 
its own journal coverage, meaning that publications from 
certain regions or in certain languages may be overlooked. 
It is therefore important to use other databases, such as 
Web of Science or PubMed, or to employ a combination of 
existing databases in order to obtain more comprehensive 
information.

Likewise, most reputable databases prioritize 
English-language publications, which leads to the 
underrepresentation of important research published in 
local languages. In some cases, researchers from English-
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speaking countries may circulate their findings only 
within their own academic networks, further reinforcing 
a substantial bias.

Bibliometric analysis also focuses more on measuring 
the quantity of publications, citations, and collaboration 
networks rather than the quality of research methodology 
or the real-world impact of the findings. Consequently, a 
highly cited article does not necessarily have high validity 
or relevance; in some cases, citations arise from controversy 
or errors that have been widely critiqued. Citation counts 
may also be influenced by factors unrelated to research 
quality, such as self-citation, exclusive collaboration 
networks, or the popularity of a given topic within the 
academic community.

In addition, the publication process itself requires time 
from research to print, meaning that bibliometric data 
often reflect trends from several years prior rather than 
current conditions. This presents a limitation when such 
data are used to inform policies that require real-time 
evidence, for example, in anticipating emerging zoonoses 
or responding to critical new trends.

Finally, bibliometric analysis may fail to capture the precise 
terminology for a given topic. This is particularly true 
for interdisciplinary research such as the present topic. 
Variations in terminology, journal categorization, and 
key definitions can significantly affect the mapping and 
interpretation of research themes.

As a literature review, the results presented here should 
serve as an initial reference to explore the mapped studies 
further. The visualizations and analyses offered in this paper 
should not be interpreted as in-depth analytical outcomes. 
In examining the shifts in terminology, we did not perform 
statistical significance testing on word co-occurrence 
patterns. Therefore, the word trends presented should 
be understood without inferential proof. Future research 
could strengthen these findings by applying statistical 
approaches to validate the co-occurrence relationships.

CONCLUSION AND 
RECOMMENDATION

The mapping of documents on the topic of climate change 
and animal health indicates that research efforts in this 
field have progressed substantially. Between 2005 and 2024, 
document production has reached a point that may not 
yet represent its peak. While relatively few countries and 
institutions currently dominate the field, this is expected 
to expand in parallel with the growing significance of 
climate change impacts. Several key recommendations 
emerge from this analysis: (1) Future research should 
prioritize collaboration between countries and research 

institutions to address this topic. Climate change will 
inevitably affect all nations, making strong and well-
structured international relationships essential. (2) Future 
studies should also emphasize the intensification of efforts 
to safeguard animal health through advanced technologies 
and experimental approaches. These initiatives must be 
accompanied by effective technology transfer to countries 
in need, ensuring equitable capacity-building worldwide. 
Finally, mapping research trends is indeed important; 
however, policy and on-the-ground interventions are 
equally necessary. Therefore, future studies should also 
focus on mapping these aspects.

ACKNOWLEDGEMENT

We would like to thank all levels of leadership at Universi-
tas Islam Sumatera Utara and Universitas Sumatera Utara 
for their support and the facilities provided, which ena-
bled us to conduct research and collaborate in producing 
high-quality research.

NOVELTY STATEMENT

Employing advanced bibliometric tools, this study 
integrates co-citation, co-occurrence, and thematic 
evolution analyses to provide a multidimensional mapping 
of the research landscape. Beyond mapping the intellectual 
structure of the field, the bibliometric approach also 
uncovers recently emerging underexplored themes, such 
as climate-resilient livestock systems and the integration 
of emerging technologies while offering strategic foresight 
for shaping future research directions. 

AUTHOR’S CONTRIBUTION

Cashtri Meher: Conceptualization, data curation, formal 
analysis, funding acquisition, investigation, methodology, 
resources, software, supervision, validation, visualization, 
writing original draft, review and editing, project 
administration.
Fotarisman Zaluchu: Conceptualization, data curation, 
formal analysis, methodology, supervision, writing original 
draft, review and editing.

Generative AI and AI-assisted technology 
statement
The authors declare that no Generative AI was used in the 
creation of this manuscript.

Conflict of interest 
The authors declare that there are no conflicts of interest in 
this study. The authors also declare that this study was not 
conducted using any funds or financial support from any 
individual or organization.



Advances in Animal and Veterinary Sciences

October 2025 | Volume 13 | Issue 10 | Page 2133

REFERENCES

Abbass K, Qasim MZ, Song H, Murshed M, Mahmood H, 
Younis I (2022). A review of the global climate change 
impacts, adaptation, and sustainable mitigation measures. 
Environ. Sci. Pollut. Res., 29(28): 42539–42559. https://doi.
org/10.1007/s11356-022-19718-6

Adisasmito WB, Almuhairi S, Behravesh CB, Bilivogui P, 
Bukachi SA, Casas N, Cediel Becerra N, Charron DF, 
Chaudhary A, Ciacci Zanella JR, Cunningham AA, Dar O, 
Debnath N, Dungu B, Farag E, Gao GF, Hayman DTS, 
Khaitsa M, Koopmans MPG, Zhou L (2022). One health: 
A new definition for a sustainable and healthy future. PLoS 
Pathog., 18(6): e1010537. https://doi.org/10.1371/journal.
ppat.1010537

Ahmed T, Zounemat-Kermani M, Scholz M (2020). Climate 
change, water quality and water-related challenges: A 
review with focus on Pakistan. Int. J. Environ. Res. Publ. 
Hlth., 17(22): 8518. https://doi.org/10.2166/wcc.2019.122

Allen JD, Hall LW, Collier RJ, Smith JF (2015). Effect of core 
body temperature, time of day, and climate conditions on 
behavioral patterns of lactating dairy cows experiencing 
mild to moderate heat stress. J. Dairy Sci., 98(1); 118–127. 
https://doi.org/10.3168/jds.2013-7704

Anikeeva O, Hansen A, Varghese B, Borg M, Zhang Y, Xiang J, 
Bi P (2024). The impact of increasing temperatures due to 
climate change on infectious diseases. Br. Med. J., e079343. 
https://doi.org/10.1136/bmj-2024-079343

Aria M, Cuccurullo C (2017). bibliometrix: An R-tool for 
comprehensive science mapping analysis. J. Infor., 11(4): 
959–975. https://doi.org/10.1016/j.joi.2017.08.007

Babo Martins S, Pigott DM, Devleesschauwer B, Fastl C, Di Bari 
C, Venkateswaran N (2024). Linking animal and human 
health burden: Challenges and opportunities. Rev. Sci. Tech. 
de l’OIE, 43: 79–86. https://doi.org/10.20506/rst.43.3520

Barr B, Levitt DE, Gollahon L (2025). Red meat amino acids for 
beginners: A narrative review. Nutrients, 17(6): 939. https://
doi.org/10.3390/nu17060939

Basu R (2009). High ambient temperature and mortality: A 
review of epidemiologic studies from 2001 to 2008. Environ. 
Health, 8(1): 40. https://doi.org/10.1186/1476-069X-8-40

Byrne MP, Hegerl GC, Scheff J, Adam O, Berg A, Biasutti M, 
Bordoni S, Dai A, Geen R, Henry M, Hill SA, Hohenegger 
C, Humphrey V, Joshi M, Konings AG, Laguë MM, 
Lambert FH, Lehner F, Mankin JS, Zhang Y (2024). Theory 
and the future of land-climate science. Nat. Geosci., 17(11): 
1079–1086. https://doi.org/10.1038/s41561-024-01553-8

Chauhan SS, Zhang M, Osei-Amponsah R, Clarke I, Sejian 
V, Warner R, Dunshea FR (2023). Impact of heat stress 
on ruminant livestock production and meat quality, and 
strategies for amelioration. Anim. Front., 13(5): 60–68. 
https://doi.org/10.1093/af/vfad046

Dalla Vecchia C, Sadik A, Jonah L (2024). Impact of climate 
change in emergency medicine: A narrative review. J. Publ. 
Health Emerg., 8: 27–27. https://doi.org/10.21037/jphe-
23-87

Datta R, Kibria A (2025). Indigenous women-led climate 
crisis solutions: A decolonial perspective from the Garo 
Indigenous community in Bangladesh. Polit. Geogr., 117: 
103258. https://doi.org/10.1016/j.polgeo.2024.103258

De Prekel L, Maes D, Van den Broeke A, Ampe B, Aluwé M 
(2024). Evaluation of a heating protocol and stocking 
density impact on heatstressed fattening pigs. Animal, 18(6): 

101172. https://doi.org/10.1016/j.animal.2024.101172
Dean L, Tarpoff AJ, Nickles K, Place S, Edwards-Callaway L 

(2023). Heat stress mitigation strategies in feedyards: Use, 
perceptions, and experiences of industry stakeholders. 
Animals, 13(19): 3029. https://doi.org/10.3390/
ani13193029

Deepak N, Krishnan R, Kachhi Z (2024). Impact of climate 
change on mental health. pp. 34–45. https://doi.
org/10.4018/979-8-3693-3272-6.ch004

Ellwanger JH, Veiga ABG da, Kaminski VL, Valverde-
Villegas JM, Freitas AWQ de, Chies JAB (2021). Control 
and prevention of infectious diseases from a one health 
perspective. Genet. Mol. Biol., 44(1 suppl 1). https://doi.
org/10.1590/1678-4685-gmb-2020-0256

El-Raghi AA, Hassan MAE, Hashem NM, Abdelnour SA 
(2023). Struggling thermal stress impacts on growth 
performance and health status of newly weaned rabbits 
using nanoemulsion of Origanum majorana considering the 
economic efficiency of supplementation. Animals, 13(11): 
1772. https://doi.org/10.3390/ani13111772

El-Sayed A, Kamel M (2020). Climatic changes and their role 
in emergence and re-emergence of diseases. Environ. Sci. 
Pollut. Res., 27(18): 22336–22352. https://doi.org/10.1007/
s11356-020-08896-w

Elsohaby I, Villa L (2023). Zoonotic diseases: Understanding the 
risks and mitigating the threats. BMC Vet. Res., 19(1): 186. 
https://doi.org/10.1186/s12917-023-03736-8.

Gauly M, Bollwein H, Breves G, Brügemann K, Dänicke S, Daş 
G, Demeler J, Hansen H, Isselstein J, König S, Lohölter M, 
Martinsohn M, Meyer U, Potthoff M, Sanker C, Schröder 
B, Wrage N, Meibaum B, von Samson-Himmelstjerna G, 
Wrenzycki C (2013). Future consequences and challenges 
for dairy cow production systems arising from climate 
change in Central Europe. A review. Animal, 7(5): 843–859. 
https://doi.org/10.1017/S1751731112002352.

Ghazi B, Salehi H, Przybylak R, Pospieszyńska A (2025). 
Projection of climate change impact on the occurrence of 
drought events in Poland. Sci. Rep., 15(1): 5609. https://doi.
org/10.1038/s41598-025-90488-0

Hansen JE, Kharecha P, Sato M, Tselioudis G, Kelly J, Bauer SE, 
Ruedy R, Jeong E, Jin Q, Rignot E, Velicogna I, Schoeberl 
MR, von Schuckmann K, Amponsem J, Cao J, Keskinen A, 
Li J, Pokela A (2025). Global warming has accelerated: Are 
the united nations and the public well-informed? Environ. 
Sci. Policy Sustain. Dev., 67(1): 6–44. https://doi.org/10.10
80/00139157.2025.2434494

Imamura K, Kawakami N, Furukawa TA, Matsuyama Y, Shimazu 
A (2014). Effects of an internet-based cognitive behavioral 
therapy ( iCBT ) program in manga format on improving 
subthreshold depressive symptoms among healthy workers: 
A randomized controlled trial. PLoS One, 9(5): e97167. 
https://doi.org/10.1371/journal.pone.0097167

IPCC (2022). Climate change and land. https://www.ipcc.ch/
srccl/

Kamal MAM, Atef M, Khalf MA, Ahmed ZAM (2024). 
Newcastle viral disease causation web correlations with 
laying hen productivity. Sci. Rep., 14(1): 16021. https://doi.
org/10.1038/s41598-024-65854-z

Kim GY, Lee WH (2025). Prediction of the spatial distribution 
of vine weevil under climate change using multiple variable 
selection methods. Sci. Rep., 15(1): 7845. https://doi.
org/10.1038/s41598-025-91058-0

Kyriazakis I, Arndt C, Aubry A, Charlier J, Ezenwa VO, Godber 

https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1371/journal.ppat.1010537
https://doi.org/10.1371/journal.ppat.1010537
https://doi.org/10.2166/wcc.2019.122
https://doi.org/10.3168/jds.2013-7704
https://doi.org/10.1136/bmj-2024-079343
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.20506/rst.43.3520
https://doi.org/10.3390/nu17060939
https://doi.org/10.3390/nu17060939
https://doi.org/10.1186/1476-069X-8-40
https://doi.org/10.1038/s41561-024-01553-8
https://doi.org/10.1093/af/vfad046
https://doi.org/10.21037/jphe-23-87
https://doi.org/10.21037/jphe-23-87
https://doi.org/10.1016/j.polgeo.2024.103258
https://doi.org/10.1016/j.animal.2024.101172
https://doi.org/10.3390/ani13193029
https://doi.org/10.3390/ani13193029
https://doi.org/10.4018/979-8-3693-3272-6.ch004
https://doi.org/10.4018/979-8-3693-3272-6.ch004
https://doi.org/10.1590/1678-4685-gmb-2020-0256
https://doi.org/10.1590/1678-4685-gmb-2020-0256
https://doi.org/10.3390/ani13111772
https://doi.org/10.1007/s11356-020-08896-w
https://doi.org/10.1007/s11356-020-08896-w
https://doi.org/10.1186/s12917-023-03736-8
https://doi.org/10.1017/S1751731112002352
https://doi.org/10.1038/s41598-025-90488-0
https://doi.org/10.1038/s41598-025-90488-0
https://doi.org/10.1080/00139157.2025.2434494
https://doi.org/10.1080/00139157.2025.2434494
https://doi.org/10.1371/journal.pone.0097167
https://www.ipcc.ch/srccl/
https://www.ipcc.ch/srccl/
https://doi.org/10.1038/s41598-024-65854-z
https://doi.org/10.1038/s41598-024-65854-z
https://doi.org/10.1038/s41598-025-91058-0
https://doi.org/10.1038/s41598-025-91058-0


Advances in Animal and Veterinary Sciences

October 2025 | Volume 13 | Issue 10 | Page 2134

OF, Krogh M, Mostert PF, Orsel K, Robinson MW, Ryan 
FS, Skuce PJ, Takahashi T, van Middelaar CE, Vigors 
S, Morgan ER (2024). Improve animal health to reduce 
livestock emissions: Quantifying an open goal. Proc. R. Soc. 
B, 291(2027). https://doi.org/10.1098/rspb.2024.0675

Lacetera N (2019). Impact of climate change on animal health 
and welfare. Anim. Front. Rev. Magaz. Anim. Agric., 9(1): 
26–31. https://doi.org/10.1093/af/vfy030

Lin SY, Khine HN, Deuja A, Thongdara R, Surinkul N, Holden 
NM, Gheewala SH, Prapaspongsa T (2024). Towards 
calorie-adequate diets to mitigate environmental impacts 
from food consumption in Asia. Sustain. Prod. Consumpt., 
49: 545–559. https://doi.org/10.1016/j.spc.2024.06.023

Marinova D, Bogueva D, Wu Y, Guo X (2022). China 
and changing food trends: A sustainability transition 
perspective. Ukrain. Food J., 11(1): 126–147. https://doi.
org/10.24263/2304-974X-2022-11-1-13

Marinova N, Calabria L, Marks E (2025). A meta-ethnography of 
global research on the mental health and emotional impacts 
of climate change on older adults. J. Environ. Psychol., 102: 
102511. https://doi.org/10.1016/j.jenvp.2024.102511

McKeon GM, Ston, GS, Syktus JI, Carter J. O, Flood NR, 
Ahrens DG, Bruget DN, Chilcott CR, Cobon DH, Cowley 
RA, Crimp SJ, Fraser GW, Howden SM, Johnston PW, 
Ryan JG, Stokes CJ, Day KA (2009). Climate change 
impacts on northern Australian rangeland livestock carrying 
capacity: A review of issues. Rangeland J., 31(1): 1. https://
doi.org/10.1071/RJ08068

Merlo M, Hennessy T, Buckley C, O’Mahony J (2024). A 
comparison of animal and plant-based proteins from an 
economic, environmental, and nutritional perspective in the 
Republic of Ireland. Agric. Syst., 221: 104143. https://doi.
org/10.1016/j.agsy.2024.104143

Mirzaie B, Sadeghi‐Sefidmazg A, Zhandi M (2024). A survey 
study on management practices associated with voluntary 
waiting period and its effects on reproductive performance 
of dairy cows in Iranian dairy farms. Vet. Med. Sci., 10(6). 
https://doi.org/10.1002/vms3.70107

Moon MP (2024). The silent threat: Unveiling climate change’s 
water and health challenges in Bangladesh. J. Water Health, 
22(11): 2094–2112. https://doi.org/10.2166/wh.2024.349

Morley SA, Campanella F, Young EF, Baylis AMM, Barnes 
DKA, Bell JB, Bennison A, Collins MA, Glass T, Martin 
SM, Whomersley P, Schofield A (2025). Dramatic ENSO 
related Southwestern Atlantic ecosystem shifts. Sci. Rep., 
15(1): 7917. https://doi.org/10.1038/s41598-025-93080-8

Muniz VA, de Melo Katak R, Caesar L, de Oliveira JC, Rocha 
EM, de Oliveira MR, da Silva GF, Roque RA, Marinotti 
O, Terenius O, de Andrade EV (2025). Genomic and 
morphological features of an Amazonian Bacillus 
thuringiensis with mosquito larvicidal activity. AMB 
Express, 15(1): 39. https://doi.org/10.1186/s13568-025-
01850-4

Niu Q, Lu Y, Ren M, Zhu J, Zhao Y, Zhang R, Yang X, Sun 
Q (2025). Alterations of lung and gut microbiota in 
sodium butyrate alleviating heat stress-induced lung 
injury of broilers. Poult. Sci., 104(2): 104796. https://doi.
org/10.1016/j.psj.2025.104796

Pacheco-Zapata M, Pérez-Lombardini F, Roche B, Arnal 
A, Marcé E, Suzán G (2024). One health and social 
research in disease ecology: A social contextual study of 
vector-borne diseases in the Yucatan Peninsula, Mexico. 
Soc. Sci. Med., 362: 117415. https://doi.org/10.1016/j.

socscimed.2024.117415
Perez GCA, Bovo M, Torreggiani D, Tassinari P, Benni S (2024). 

Indoor temperature forecasting in livestock buildings: A 
data-driven approach. Agriculture, 14(2): 316. https://doi.
org/10.3390/agriculture14020316

Perry BD, Robinson TP, Grace DC (2018). Review: Animal health 
and sustainable global livestock systems. Animal, 12(8): 
1699–1708. https://doi.org/10.1017/S1751731118000630

Petrino R, Garcia-Castrillo L, Uccheddu G, Meucci L, Codecà 
R (2025). Awareness and preparedness of health systems 
and emergency medicine systems to the climate change 
challenges and threats: an international survey. Eur. J. 
Emerg. Med., 32(2): 100–108. https://doi.org/10.1097/
MEJ.0000000000001196

Plön S, Andra K, Auditore L, Gegout C, Hale PJ, Hampe O, 
Ramilo-Henry M, Burkhardt-Holm P, Jaigirdar AM, Klein 
L, Maewashe MK, Müssig J, Ramsarup N, Roussouw N, 
Sabin R, Shongwe TC, Tuddenham P (2024). Marine 
mammals as indicators of anthropocene ocean health. NPJ 
Biodiv., 3(1): 24. https://doi.org/10.1038/s44185-024-
00055-5

Rahman MT, Sobur MA, Islam MS, Ievy S, Hossain MJ, El-
Zowalaty ME, Rahman AT, Ashour HM (2020). Zoonotic 
diseases: Etiology, impact, and control. Microorganisms, 8(9): 
1405. https://doi.org/10.3390/microorganisms8091405

Rawat A, Kumar D, Khati BS (2024). A review on climate change 
impacts, models, and its consequences on different sectors: 
A systematic approach. J. Water Clim. Change, 15(1): 104–
126. https://doi.org/10.2166/wcc.2023.536

Reynolds LP, Wulster-Radcliffe MC, Aaron DK, Davis TA 
(2015). Importance of animals in agricultural sustainability 
and food security. J. Nutr., 145(7): 1377–1379. https://doi.
org/10.3945/jn.115.212217

Rogozynski NP, Cadonic IG, Soto-Dávila M, Wong-Benito V, 
Rodriguez-Ramos T, Craig P, Dixon B (2024). Diploid and 
triploid Chinook salmon (Oncorhynchus tshawytscha) exhibit 
differential immunological responses to acute thermal stress. 
J. Fish Dis., 47(11). https://doi.org/10.1111/jfd.13998

Rojas-Downing MM, Nejadhashemi AP, Harrigan T, Woznicki 
SA (2017). Climate change and livestock: Impacts, 
adaptation, and mitigation. Clim. Risk Manage., 16: 145–
163. https://doi.org/10.1016/j.crm.2017.02.001

Salem HM, Alqhtani AH, Swelum AA, Babalghith AO, 
Melebary SJ, Soliman SM, Khafaga AF, Selim S, El-Saadony 
MT, El-Tarabily KA, Abd El-Hack ME (2022). Heat stress 
in poultry with particular reference to the role of probiotics 
in its amelioration: An updated review. J. Therm. Biol., 108: 
103302. https://doi.org/10.1016/j.jtherbio.2022.103302

Sarker MT, Wang S, Wang S, Xia W, Zhang Y, Jin C, Huang 
X, Li K, Elokil A, Lv Y, Zheng C, Chen W (2025). 
Sodium butyrate alleviates high ambient temperature-
induced oxidative stress, intestinal structural disruption, 
and barrier integrity for growth and production in growing 
layer chickens. BMC Vet. Res., 21(1): 131. https://doi.
org/10.1186/s12917-025-04583-5

Singh R, Sah S, Das B, Jaiswal R, Singh AK, Reddy KS, Pathak 
H (2024). Innovative and polygonal trend analysis of 
temperature in agro climatic zones of India. Sci. Rep., 14(1): 
29914. https://doi.org/10.1038/s41598-024-78597-8

Stelios V, Ilias G, Ioannis P, Christos A, Elias P, Paschalis F 
(2024). Effect of three different insect larvae on growth 
performance and antioxidant activity of thigh, breast, and 
liver tissues of chickens reared under mild heat stress. Trop. 

https://doi.org/10.1098/rspb.2024.0675
https://doi.org/10.1093/af/vfy030
https://doi.org/10.1016/j.spc.2024.06.023
https://doi.org/10.24263/2304-974X-2022-11-1-13
https://doi.org/10.24263/2304-974X-2022-11-1-13
https://doi.org/10.1016/j.jenvp.2024.102511
https://doi.org/10.1071/RJ08068
https://doi.org/10.1071/RJ08068
https://doi.org/10.1016/j.agsy.2024.104143
https://doi.org/10.1016/j.agsy.2024.104143
https://doi.org/10.1002/vms3.70107
https://doi.org/10.2166/wh.2024.349
https://doi.org/10.1038/s41598-025-93080-8
https://doi.org/10.1186/s13568-025-01850-4
https://doi.org/10.1186/s13568-025-01850-4
https://doi.org/10.1016/j.psj.2025.104796
https://doi.org/10.1016/j.psj.2025.104796
https://doi.org/10.1016/j.socscimed.2024.117415
https://doi.org/10.1016/j.socscimed.2024.117415
https://doi.org/10.3390/agriculture14020316
https://doi.org/10.3390/agriculture14020316
https://doi.org/10.1017/S1751731118000630
https://doi.org/10.1097/MEJ.0000000000001196
https://doi.org/10.1097/MEJ.0000000000001196
https://doi.org/10.1038/s44185-024-00055-5
https://doi.org/10.1038/s44185-024-00055-5
https://doi.org/10.3390/microorganisms8091405
https://doi.org/10.2166/wcc.2023.536
https://doi.org/10.3945/jn.115.212217
https://doi.org/10.3945/jn.115.212217
https://doi.org/10.1111/jfd.13998
https://doi.org/10.1016/j.crm.2017.02.001
https://doi.org/10.1016/j.jtherbio.2022.103302
https://doi.org/10.1186/s12917-025-04583-5
https://doi.org/10.1186/s12917-025-04583-5
https://doi.org/10.1038/s41598-024-78597-8


Advances in Animal and Veterinary Sciences

October 2025 | Volume 13 | Issue 10 | Page 2135

Anim. Health Prod., 56(2): 80. https://doi.org/10.1007/
s11250-024-03923-1

Testai E (2024). Understanding cyanobacteria and cyanotoxins: 
Implications for human exposure, toxicological risk 
assessment and management. Adv. Oceanogr. Limnol., 
15(2). https://doi.org/10.4081/aiol.2024.12665

United Nations (2023). Climate Action. https://www.un.org/
sustainabledevelopment/climate-change/

United Nations (2025). Causes-Effects. https://www.un.org/en/
climatechange/science/causes-effects-climate-change

van Eck NJ, Waltman L (2010). Software survey: VOSviewer, a 
computer program for bibliometric mapping. Scientometrics, 
84(2): 523–538. https://doi.org/10.1007/s11192-009-
0146-3

Verma AK, Umaraw P, Kumar P, Mehta N, Sharma N, Kumar D, 
Sazili AQ, Lee S (2025). Peptides from animal and fishery 
byproducts: Uplifting the functionality of fifth quarter. Food 
Sci. Nutr., 13(4). https://doi.org/10.1002/fsn3.70140

West JW, Mullinix BG, Bernard JK (2003). Effects of hot, humid 
weather on milk temperature, dry matter intake, and milk 
yield of lactating dairy cows. J. Dairy Sci., 86(1): 232–242. 
https://doi.org/10.3168/jds.S0022-0302(03)73602-9

WHO (2009). Protecting health from climate change: 
Connecting science, policy and people.

Zaluchu F (2024). Climate change and local identity extinction. 
Christian J. Glob. Health, 11(2): 55–60. https://doi.
org/10.15566/cjgh.v11i2.348

Zhang K, Fang B, Oleson K, Zhao L, He C, Huang Q, Liu 
Z, Cao C, Lee X (2025). Urban land expansion amplifies 
surface warming more in dry climate than in wet climate: 
A global sensitivity study. J. Geophys. Res. Atmospheres, 
130(4). https://doi.org/10.1029/2024JD041696

Zhang X, Huang T, Wang W, Shen P (2024). Change of 
global land extreme temperature in the future. Glob. 
Planet. Change, 242: 104583. https://doi.org/10.1016/j.
gloplacha.2024.104583

Zhang Z, Qian Z, Chen M, Zhu R, Zhang F, Zhong T, Lin J, 
Ning L, Xie W, Creutzig F, Tang W, Liu L, Yang J, Pu Y, Cai 
W, Pu Y, Liu D, Yang H, Su H, Yan J (2025). Worldwide 
rooftop photovoltaic electricity generation may mitigate 
global warming. Nat. Clim. Change, 15(4): 393–402. 
https://doi.org/10.1038/s41558-025-02276-3

Zhao G, Werku BC, Bulto TW (2025). Impact of agricultural 
emissions on goal 13 of the sustainable development 
agenda: In East African strategy for climate action. Environ. 
Sci. Eur., 37(1): 35. https://doi.org/10.1186/s12302-025-
01056-2

https://doi.org/10.1007/s11250-024-03923-1
https://doi.org/10.1007/s11250-024-03923-1
https://doi.org/10.4081/aiol.2024.12665
https://www.un.org/sustainabledevelopment/climate-change/
https://www.un.org/sustainabledevelopment/climate-change/
https://www.un.org/en/climatechange/science/causes-effects-climate-change
https://www.un.org/en/climatechange/science/causes-effects-climate-change
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1002/fsn3.70140
https://doi.org/10.3168/jds.S0022-0302(03)73602-9
https://doi.org/10.15566/cjgh.v11i2.348
https://doi.org/10.15566/cjgh.v11i2.348
https://doi.org/10.1029/2024JD041696
https://doi.org/10.1016/j.gloplacha.2024.104583
https://doi.org/10.1016/j.gloplacha.2024.104583
https://doi.org/10.1038/s41558-025-02276-3
https://doi.org/10.1186/s12302-025-01056-2
https://doi.org/10.1186/s12302-025-01056-2

