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Background: The mutualistic interactions between plants-pollinator is one of the most 
significant fields of research in ecology, which gives information on the biotic network ar-
chitecture, coexistence, diversification, and ecosystem function. In this study, our research 
intends to identify the literature production rate, global collaborations, research hotspots, 
and trends in research addressing the influence of climate change on the relationship be-
tween plants and pollinators.
Results: Research and review papers on climate change and their impact on plant-pol-
linator interactions published in the Scopus database were retrieved. The contributions 
of nations, journals, institutions, current trends, and keyword analysis were shown using 
VOSviewer and R-Studio bibliometrix to produce a network map of author collaboration 
across nations. The Scopus database (2007 to 2023) generated a total of 256 entries, out 
of which 229 publications were examined after the screening procedure. As per our data 
analysis, The Rocky Mountain Biological Laboratory and Journal of Ecology were the most 
productive organization, and journal, respectively. The author with the most publications 
was Laura A. Burkle of Montana State University. The United States is ranked first among 
all nations in terms of the global literature production on the effects of climate change on 
interactions between plants and pollinators. As per our analysis, we identified four primary 
research areas (1. climate change and temporal mismatch in plant-pollinator interactions, 
2. climate change and impacts on pollination networks, 3. adaptations under abiotic stress, 
4. climate change effect on pollinator behavior) through the analysis of keywords.
Conclusions: This study highlights current research status on the effects of climate 
change on plant-pollinator relationships and is an early attempt to understand how these 
connections form and alter.

Keywords: climate change, diversity, plant-pollinators interaction, reproductive ecology

Introduction

Ecological interactions are a crucial component in main-
taining the diversity of life on Earth. Mutualistic interac-
tions between species exists in every ecosystem, and plant- 
pollinator interactions are excellent examples of mutualism 
(Kawata and Takimoto 2023; St-Onge et al. 2022). Global 
concern for pollinators is escalating due to the increasing 
crisis, with indications that climate change will intensify 
population decline, affecting ecosystem resilience and food 
security both locally and globally (Marshman et al. 2019). 
The Global Pollinator Assessment (IPBES 2016) showed a 
significant decline in the wild pollinators population in the 
North Temperate Zone, while extensive recent research in 
Western Europe demonstrated severe reductions in polli-

nator biodiversity and biomass across various taxonomic 
categories (Potts et al. 2016). Approximately 85% of angio-
sperm plant species and 33% of the world’s cultivated crops 
are pollinated by animals, with insect being the dominant 
contributors (Burkle et al. 2013; Buxton et al. 2022; Potts et 
al. 2016). Despite the critical role of insect pollinators in fa-
cilitating ecosystem services for approximately 80% of 
f lowering plants, their population have experienced a 
sharp decline of 20%–40% increasing the concern of ecolo-
gists all over the world (Nath et al. 2023). Habitat loss, pol-
lution, pests and pathogens, climate change and use of pes-
ticides are the listed drivers of pollinator decline, with 
climate change being the significant factor contributing to 
the population decline (Brunet and Fragoso 2024). Recent-
ly, Singh et al. (2024a) assessed the current status and fu-
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ture of habitat suitability for Himalayan bumblebees using 
species distribution model. According to their report the 
habitat conditions in the Himalaya are not favorable for 
bumblebees and only 15% of the Himalayan region is suit-
able. Therefore, this region should be considered a priority 
area for their conservation (Singh et al. 2024a). Water and 
temperature stress limits the quantity of pollen and nectar 
production affecting the plant-pollinators interactions 
(Descamps et al. 2021; Gallagher and Campbell 2017; Was-
er and Price 2016). Higher temperature increases the mor-
tality rate in larvae causing the reduction in pollinator di-
versity (da Silva et al. 2017; Ostap-Chec et al. 2012).

Response diversity refers to the variety of responses by 
species within functional groups to environmental change 
which is crucial for the resilience of ecosystem (Elmqvist et 
al. 2003). In plant-pollinator interaction where differences 
in phenological shift rates are seen across several species 
within the same group. Because of this, mismatches occur 
between interacting species when the phenological overlap 
between them decreases (Cook et al. 2012; Primack et al. 
2009). Despite the fact that precipitation also profoundly 
inf luences phenology by regulating soil moisture, it is 
thought that temperature is the primary factor causing the 
shift in phenological events. Examples of such phenological 
mismatches may be found in a wide range of biological 
systems, mainly in temperate and arctic locations (Kudo 
and Ida 2013; Post and Forchhammer 2008; Yin et al. 
2023). With the exception of a few isolated instances when 
plants and pollinators interact negatively, generalist plants 
and insect pollinators demonstrate generally similar rates 
of phenological progress in response to global warming 
because of their adaptable relationships (Bartomeus et al. 
2011; Burkle et al. 2013; Ovaskainen et al. 2013). Because 
the plants that are the only source of food for herbivores in 
alpine locations are impacted by early or late f lowering 
phenology changes, it eventually affects how they forage. 
In many cases, herbivores seem to be adapting to climate 
change more quickly than their host plants, which has 
modified the selection pressure and created unusual eco-
logical connections in their new environments (de Sassi 
and Tylianakis 2012; Hamann et al. 2021; Lu et al. 2013). 
Few experiments have shown that 17%–50% of pollinators 
were affected due to disruption in food supply and tempo-
ral mismatches, leading to changes in pollinator demogra-
phy (Memmott et al. 2007; Ren et al. 2020).

Bibliometric analysis refers to the quantitative and quali-
tative evaluation of the published literature in a particular 
research area by using mathematical and statistical tools. 
Bibliometric analysis is a useful technique for providing an 
overview of national and global contributions of the avail-
able literature in a specific field and finding research gaps 
that may be addressed in future studies (Ellegaard and 
Wallin 2015). Throughout recent years, various examina-
tions have led bibliometric researches in different scholarly 

subjects (Belter 2015; Singh et al. 2023). Rather than com-
prehensive reviews, which endeavor to dissect a specific 
examination issue in a few sets of publications, bibliomet-
ric analysis provides a comprehensive assessment of the 
writing in a specific region (Møller and Myles 2016). This 
study intends to gain insight into the research trends on 
climate change’s impact on plant-pollinator interactions 
and provide references for future research by examining 
the worldwide correlations between the research trends 
and hotspots in this field. In addition, policymakers and 
funding organizations can decide where to allocate re-
sources by obtaining information about current research 
trends and hotspots in the field. These contributions are 
framed as a series of questions, as follows:
Question 1: What is the global publication trend? 
Question 2: Which countries, institutions and authors 
exerted the greatest influence and demonstrated the 
highest level of productivity in the advancement of climate 
change and plant-pollinators interaction? 
Question 3: Which journals, and publications have made 
the greatest contributions to research based on climate 
change and plant-pollinators interaction? 
Question 4: What are the research trends and the current 
emerging topics in climate change and plant-pollinators 
interaction domain?

Materials and Methods

Data source and search strategy
Articles were retrieved from the Scopus database and as-

sessed both quantitatively and qualitative, as included in 
bibliometric analysis (Singh et al. 2024b; van Raan 2014). 
The search was conducted in a single day, to remove the 
errors due to additions in the database. Scopus search was 
performed on 1st September 2023, using search strategy 
(TITLE-ABS-KEY (“plant-pollinator interactions”) AND 
TITLE-ABS-KEY (“climate change”) OR TITLE-. -KEY 
(“global change”) OR TITLE-ABS-KEY (“global warm-
ing”) as a result, a total of 256 published documents were 
retrieved.

Data analysis software packages
The retrieved data was downloaded in comma-separated 

value (CSV) format and transferred to MS Excel for tabula-
tion and further analysis. The data was also exported to 
VOSviewer version 1.6.19.0. (https://www.vosviewer.com) 
software and bibliometrix R-package (http://www.biblio-
metrix.org/) for mapping and visualization of the net-
works. The node size represents the frequency of articles, 
and the thickness of connecting lines indicates the link 
strength in VOSviewer networks. Information such as 
global literature publications, most relevant authors, inter-
national collaborations, and trend topics was obtained 

https://www.vosviewer.com
http://www.bibliometrix.org/
http://www.bibliometrix.org/
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through the bibliometrix R-package. Co-occurrence, co- 
authorship and co-citation networks was obtained by using 
VOSviewer bibliometrix R-package (Aria and Cuccurullo 
2017; Mohammed and Li 2023; van Eck and Waltman 
2010).

Data screening was performed based on multiple criteria 
including year of publication, language, and document 
type. Inclusion criteria for this bibliometric study were re-
stricted to research articles published in the English lan-
guage between 2007–2023. Publications such as book chap-
ters, conference papers, and editorial letters, as well as 
work published before 2007, were excluded from the analy-
sis. A total of 229 publications were identified for biblio-
metric analysis. PRISMA f low diagram illustrating the 
data selection process and search strategy is shown in Fig-
ure 1.

Results

Annual publication trend
After screening, 229 publications related to the impact of 

climate change on plant-pollinator interactions (ICCPI) 
were included, out of which 199 were articles and 30 were 
reviews. Figure 2A shows the number of yearly publica-
tions on ICCPI from January 2007 to July 2023. Although 

the number of publications on this topic was consistently 
low over the first few years (2007–2011), Figure 2A shows 
that from 2015 to 2022, there was a continuous growth in 
the volume of literature (14.31%), signaling the beginning 
of, interest in this field of study. The literature output 
growth curve was linear, and the equation used to fit the 
curve was y = 1.5015x + 1.55; R2 = 0.7475, predicting an in-
crease in the number of publications on ICCPI in the next 
years.

Top 10 journals and institutions
A total of 229 articles were published in 103 well-known 

journals all across the world (Table 1). Approximately 36% 
of publications on ICCPI are attributed to the top 10 jour-
nals. “Journal of Ecology” published by British Ecological 
Society, Wiley-Blackwell, ranked first with 11 publications 
and 363 citations. Both “American Journal of Botany”, and 
“Ecology and Global Change” each with 10 publications 
ranked second in this field followed by “Ecology Letters” 
with eight publications. The impact factors of publishing 
journals range between 11.6 to 2.6 as per the Journal Cita-
tion Report 2023. The journal “Ecology Letters” has the 
maximum citation (n = 2,181), followed by “Science” (n = 
718) and “Ecology” (n = 695) (Table 1). The authors who 
participated in the ICCPI study represented 160 institu-
tions, and Figure 2B highlights the institutions with the 
highest number of published works. “Rocky Mountain Bio-
logical Laboratory” (n = 19), “CNRS Center National de la 
Recherché Scientifique” (n = 12), “University of Arizona” 
(n = 10), “University of Maryland” (n = 11), and “Montana 
State University” (n = 40) were the organizations that pub-
lish the most publications (Table 2).

Top countries and their cooperation
Co-authorship analysis of nations investigates collabora-

tion among researchers, which can lead to improvements 
in the clarity and insight of a certain research topic (Klarin 
2024). A total of 47 countries has contributed to research 
related to ICCPI. “U.S.A” was the most productive country 
with maximum number of published documents (n = 85), 
followed by “Germany” (n = 41), “United Kingdom” (n = 
21), “Canada” (n = 17) and “France” (n = 16). The output 
indicated that these countries have the maximum invest-
ment and funding for the research in this field resulting in 
strong research strength by the countries (Fig. 3A). Figure 
3B represents the international cooperation in publishing 
literature with the threshold of five documents per coun-
tries. In the network visualization it is clearly observed that 
“U.S.A” has the maximum number of collaboration (n = 
41) among the countries followed by “Germany” (n = 40) 
and “United Kingdom” (n = 22).

Top author and author’s co-citation analysis
A total of 751 authors were involved in ICCPI research, Fig. 1  The flow diagram of the screening of literature dataset.
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and the author who published the most publications (n = 
11) was “Laura A Burkle” from “Montana State University”, 
followed by “David W. Inouye” from “University of Mary-
land” (n = 10), and “Rafferty NE” from “University of Cal-
ifornia” (n = 9) (Table 2). Each of the top 10 most cited au-

thors has received more than 5,000 citations overall, with 
more than 25 citations per article on average. Co-citation 
is a method for determining how frequently two writers 
were cited together in other works. In this co-citation anal-
ysis, 135 authors out of 2190 had at least 35 citations, which 

Fig. 2  (A) Annual publications on 
impact of climate change on plant- 
pollinators interactions, (B) Top 10 
most productive institutions.

(A)

(B)

Table 1  Top 10 most productive journals

S. No. Journals IF Articles Total citations

1 Journal of Ecology 5.5 11 363
2 American Journal of Botany 3 10 513
3 Ecology 4.8 10 695
4 Global Change Biology 11.6 10 422
5 Ecology Letters 8.8 8 2,181
6 Proceedings of The Royal Society B: Biological Sciences 5.53 8 145
7 Functional Ecology 5.2 7 234
8 Oikos 3.4 7 578
9 Ecology and Evolution 2.6 6 129
10 Frontiers in Ecology and Evolution 3 6 15

As per JCR report 2023.
IF: impact factor; JCR: Journal Citation Report.
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served as the threshold. In Figure 3C, the line thickness 
represents the strength of the co-citations between authors, 
and the nodes represent the total number of citations. Four 
distinct groups were formed from the co-cited authors. 
The most cited authors are Inouye DW (n = 331), Waser 
NM (n = 288), Bascompte J (n = 213), Potts SG (n = 205), 
and Steffan-Dewenter I (n = 192). The centrality of their 
nodes demonstrates the importance of their work in the 
field of ICCPI (Table 2).

Keywords analysis
For the keyword analysis we used VOSviewer software, 

co-occurrence analysis of keywords is a bibliometric tech-
nique that visualize relationships among the terms fre-
quently used in literature. The size of each node in the net-
work corresponds to the frequency while clusters are 
distinguished by different colors, illustrating major the-
matic areas within the research filed on the impact of cli-
mate change on plant–pollinator interactions (Fig. 4A). 
Co-occurrence of keywords map was made using a list of 
820 author’s keywords. Out of all the terms used by the au-
thors, 58 fulfilled the minimal threshold frequency and 
were included in the keyword co-occurrence analysis. The 
threshold was set at greater than or equal to three occur-
rences in the articles. The keywords such as “climate- 
change” (n = 83), “pollination” (n = 53), “phenology” (n = 
40) “plant-pollinator interactions” (n = 20), and “global 
change” (n = 16) occurred with maximum frequency. Over-
all, four distinct clusters were discovered, reflecting four 
distinct research trajectories. Cluster 1 (de Zwaan et al. 
2022) comprises total 33 keywords such as “climate change” 
“pollination”, “phenology”, “plant-pollinators interactions”, 
“global change”, “flowering phenology”, and “pollinators”. 
This research theme focuses on how climate change causes 
temporal mismatches due to shifts in timing of biological 
events related to plants and pollinators which is potentially 
responsible for reduction in reproductive success.

Cluster 2 (green) this cluster comprises 9 keywords such 
as “global warming”, “temperature”, “plant reproduction”, 

“pollination services”, “precipitation”, and “Bombus”. This 
research theme explores how climate change alters the 
complexity and function of pollination networks and mu-
tualistic relationships. Cluster 3 (yellow) contains 9 key-
words representing research based on influence of abiotic 
stress such as droughts on the physiology, behavior and in-
teraction of plants and animals. This cluster includes key-
words like “drought”, “nectar”, “plant–pollinators interac-
tion”, “pollen”, “water stress”, “abiotic stress”, and “floral 
rewards”. Cluster 4 (blue) has a total of 7 keywords repre-
senting study alternation in pollinator behavior and polli-
nation efficiency induced due to climate change. This clus-
ter consists of keywords such as “phenological mismatch”, 
“flowering”, “biotic interactions”, “competition”, “ecological 
network ”, “fruit production”, “phenological shift ” and 
“flowering time”.

When examining the time-overlapping network analysis 
shown in Figure 4B, where the node colors are determined 
by the average time of each keyword’s occurrence year. The 
yearly evolution of research keywords demonstrates a clear 
shift in the focus of studies on the impact of climate 
change on plant pollinator interactions. While the founda-
tional themes such as climate change, pollination and phe-
nology have remained consistently important. In recent 
years there has been a marked shift toward more specific 
topics such as drought, water stress, f loral signals, nectar 
and pollen have emerged. This trend highlights the in-
creasing focus on the consequences and mechanism of 
acute abiotic stressors.

Top 15 most cited research articles
The top 15 highly cited articles provide critical insight 

into the field’s development. These influential works, span-
ning from 2007 to 2017, out of 15 top-cited research articles, 
the journal “Ecology Letters” published the maximum 
number of publications (Table 3). Most of these articles (n = 
9) were published after 2010. The most cited article was 
written by Memmott et al. (2007) published in “Ecology 
Letters” with 889 citations titled “Global warming and the 

Table 2  Top 10 most productive author and their co-citation analysis

S. No. Authors Affiliation Articles Citations
Average citation 
per document

h-index

1 Burkle LA Montana State University, United States 11 1,341 121.90 26
2 Inouye DW University of Maryland, College Park, United States 10 530 53 49
3 Rafferty NE University of California, Riverside, United States 9 527 58.55 14
4 Irwin RE NC State University, United States 7 339 48.42 46
5 Jacquemart A-L Université Catholique de Louvain, Belgium 7 196 28 30
6 Petanidou T University of the Aegean, Greece 7 593 84.71 44
7 Descamps C Université Catholique de Louvain, Belgium 6 165 27.5 9
8 Quinet M Université Catholique- de Louvain, Belgium 6 165 27.5 28
9 Forrest JRK University of Ottawa, Canada 5 506 101.2 21
10 Knight TM Martin-Universität Halle-Wittenberg, Germany 5 766 153.2 45

As per JCR report 2023.
JCR: Journal Citation Report.
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(A)

(B)

(C)

Fig. 3  (A) Top 10 most productive 
countries with number of pub-
lished documents. (B) Network of 
collaborations between the coun-
tries. (C) Network visualization of 
co-cited authors.
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disruption of plant-pollinator interactions”. The authors 
mimicked the effects of the phenological alterations that 
can be anticipated with a doubling of atmospheric CO2 by 
using an empirical network of interactions between plants 
and pollinator species. The review article by Hegland and 
co-workers titled “How does climate warming affect 
plant-pollinator interactions?” was ranked second with 738 
citations and also published in the journal “Ecology Let-
ters”. They reviewed the direct and indirect effects of cli-
mate warming on plant-pollinator dynamics. Their find-
ings reveal that increased temperatures advance or delay 
phonological events resulting in temporal mismatches, 
which ultimately cause alterations in the distribution and 

abundance of species (Hegland et al. 2009).
The third most cited paper with 718 citations was “Plant- 

pollinator interactions over 120 years: Loss of species, co- 
occurrence, and function”. In this research paper authors 
analyzed plant pollinators interactions over 120 years in Il-
linois temperate forest understory by comparing historical 
data from the 1800s with 2009–2010 data about 50% spe-
cies loss in bee species diversity, changes in network struc-
ture, a significant decline in pollination services due to 
phenological shifts were observed (Burkle et al. 2013). The 
review titled “Multiple stressors on biotic interactions: 
How climate change and alien species interact to affect polli-
nation” ranked fourth with 263 citations. The authors con-

(A)

(B)

Fig. 4  (A) Visualization of the co-occurrence network of research keywords related to climate change and plant-pollinator interactions. 
(B) Overlay network visualization showing the temporal evolution of research keywords.



Page 8 of 12Singh et al. 	 Journal of Ecology and Environment (2025)49:15

ducted a comprehensive literature review of the combined 
impact of climate change and invasive species on plant-pol-
linator interaction (Schweiger et al. 2010). “Winter climate 
change: A critical factor for temperate vegetation perfor-
mance” is ranked fifth in the top cited literature with a to-
tal of 262 citations. The review highlighted how snow cover 
reduction due to winter climate change is having a major 
impact on temperate vegetation. As a result of altered win-
ter conditions, temperate vegetation is experiencing chang-
es in species range, phenology, frost damage and disrupted 
plant-pollinator interactions (Kreyling 2010).

Discussion

This study was conducted to identify the hotspots and 
emerging trends in the field of climate change and their 
impact on the relationship between plants and pollinators 

(ICCPI). Utilizing the Scopus database, 229 articles pub-
lished between 2007–2023 were analyzed using two statis-
tical tools. The growth or decline in publishing of any 
study domain is recognized as a trustworthy indicator of 
broader trends. In every field, the quantity of publications 
is seen as a reliable predictor of evolving trends (Peng et al. 
2020). Our study revealed limited publications prior to 
2013, followed by a steady increase publications in 2015; 
the number of publications increased by around 12 each 
year. The total number of articles has increased consistent-
ly at an average rate of 14.31%, indicating a significant ex-
pansion of this field’s study. The total published literature 
covers 47 countries/regions and more than 64% of all pa-
pers on the impact of climate on plant-pollinator interac-
tions are from the top three nations or regions, indicating 
a high concentration of publications in this field of study.

The research on ICCPI involved 751 authors and 160 in-
stitutions, demonstrating that scientists worldwide are in-

Table 3  Top 15 most cited publications

S.  
No.

Title Journal
Year of 

publication
Total 

citations
References

1 Global warming and the disruption of plant-
pollinator interactions

Ecology Letters 2007 889 (Memmott et al. 2007)

2 How does climate warming affect plant-
pollinator interactions?

Ecology Letters 2009 738 (Hegland et al. 2009)

3 Plant-pollinator interactions over 120 years: 
Loss of species, co-occurrence, and function

Science 2013 718 (Burkle et al. 2013)

4 Multiple stressors on biotic interactions: How 
climate change and alien species interact to 
affect pollination

Biological Reviews 2010 263 (Schweiger et al. 2010)

5 Winter climate change: A critical factor for 
temperate vegetation performance

Ecology 2010 262 (Kreyling 2010)

6 Artificial light at night as a new threat to 
pollination

Nature 2017 253 (Knop et al. 2017)

7 The future of plant-pollinator diversity: 
Understanding interaction networks across 
time, space, and global change

American Journal of Botany 2011 242 (Burkle and Alarcón, 2011)

8 Early onset of spring increases the phenological 
mismatch between plants and pollinators

Ecology 2013 222 (Kudo and Ida 2013)

9 Meta-analysis of phenotypic selection on 
flowering phenology suggests that early 
flowering plants are favoured

Ecology Letters 2011 219 (Munguía-Rosas et al. 2011)

10 An examination of synchrony between insect 
emergence and flowering in Rocky Mountain 
meadows

Ecological Monographs 2011 192 (Forrest and Thomson 2011)

11 Effects of experimental shifts in flowering 
phenology on plant-pollinator interactions

Ecology Letters 2011 170 (Rafferty and Ives 2011)

12 Urban drivers of plant-pollinator interactions Functional Ecology 2015 166 (Harrison and Winfree 2015)
13 Plant-pollinator interactions and phenological 

change: What can we learn about climate 
impacts from experiments and observations?

Oikos 2015 163 (Forrest 2015)

14 Spatio-temporal variation in the structure of 
pollination networks

Oikos 2009 157 (Dupont et al. 2009)

15 Ecology and evolution of plant-pollinator 
interactions

Annals of Botany 2009 143 (Mitchell et al. 2009)

As per JCR report 2023.
JCR: Journal Citation Report.
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terested in how climate change may affect relationships be-
tween plant pollinators. Four out of ten top institutions are 
solely located in the United States, demonstrating that 
American academics are more concerned with how climate 
change may affect the mutualistic relationships between 
plants and pollinators in terms of total publications and ci-
tations. The United States also held the top spot, surpass-
ing other nations. The USA was ranked first in terms of 
international collaboration, working with 25 other nations. 
The United States, Germany, and the United Kingdom 
were among the majority of international partnerships. It 
was mainly made feasible by the fact that these nations 
were able to attract researchers and academics from all 
over the world and provide them with access to funding 
for their work, as well as the necessary infrastructure to 
carry it out. The keyword analysis offered a distinct view-
point on the growth and development of this field. By fo-
cusing on the articles, keyword analysis is used to investi-
gate how difficulties related to an area of study relate to one 
another both now and in the future (Donthu et al. 2021).

Four main investigation themes, which may be grouped 
into different perception tactics and outcomes of shifts in 
the phenology of both plants and pollinators were identi-
fied in our review’s keyword assessment. Cluster 1 may ul-
timately see a simultaneous drop in the population abun-
dance of both plants and pollinators due to the disruption 
and long-term impacts of global warming, such as the mis-
match of phenological synchrony between plants and polli-
nators (Alzate-Marin et al. 2021; Handley and Tronstad 
2023; Villagomez et al. 2021; Zamora-Gutierrez et al. 2021; 
Zoller et al. 2023). In cluster 2, researchers investigated 
pollination networks to see how their community might be 
affected by a disturbance (Doré et al. 2021; Dupont et al. 
2009; Elle et al. 2012; Minachilis et al. 2020; Pelayo et al. 
2021; Santamaría et al. 2018; Xiao et al. 2017). Many re-
searchers examined the effects of the climatic component 
“Drought” in cluster 3, where authors tried to scale the im-
pacts of abiotic factors such as water stress on the plants 
and pollinators individually or collectively (Aldridge et al. 
2011; Chakraborty et al. 2022; Gambel and Holway 2023; 
Hilário et al. 2023; Höfer et al. 2023; Thuma et al. 2023). 
Studies in cluster 4 explore alternation in pollinator behav-
ior and pollination efficiency induced due to climate 
change (Hemberger et al. 2023; Olsen et al. 2022; Plos et al. 
2023; Rafferty et al. 2020; Sutton et al. 2018). Variations in 
how plant and pollinator species adjust their phenological 
timing—such as earlier f lowering or insect emergence—
can buffer or exacerbate mismatches, influencing pollina-
tion success and ecosystem resilience. The highly cited ar-
ticles collectively underscore the multifaceted effect of 
climate change on plant-pollinator interactions. The prom-
inent studies (Memmott et al. 2007; Hegland et al. 2009) 
highlighted the early recognition of disruptions to pheno-
logical synchrony due to global warming and its further 

effects on pollination networks. Moreover, articles (Knop 
et al. 2017; Schweiger et al. 2010) published in Biological 
Reviews and Nature journal expand the research domain 
with the identification of novel stressors like artificial light 
and introduction of invasive species which amplify the im-
pact of climate change. These findings have been founda-
tional in shaping subsequent research, accentuating the 
vulnerability of mutualistic relationships to climate in-
duced shifts.

Conclusions

In this bibliometric analysis, we evaluated the publica-
tions productivity and contributions of countries, authors, 
and journals. Our study demonstrates that annual publica-
tions, ICCPI is a rapidly growing research field driven by 
increasing concern about climate change ecological conse-
quences. The maximum number of articles (n = 29) was 
published in 2022 and the USA ranked first in both global 
literature production (n = 85), and in international collab-
orations (n = 41) reflecting their academic and collabora-
tive efforts. Cluster keyword co-occurrence network analy-
sis identified a total of four distinct study fields; from 
phenological mismatches and pollination network disrup-
tions to drought impacts and behavioral changes in polli-
nators these research areas are connected because of the 
diverse impacts of climate change on the interactions be-
tween plants and pollinators. The study related to under-
standing how climate change affects plant-pollinator inter-
actions, including factors driving variation, species resilience, 
and mismatches at the species level; community-wide ef-
fects are unexplored research topics in this area. This anal-
ysis provided the list of top publications, journals, and re-
search hotspots. This study gives a brief overview of the 
research trends that have been done so far and lay the 
groundwork for future researchers.
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