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Abstract

:

A bibliometric analysis of 349 scholarly documents published on the topic plant nativity and endemism from 1991–2022 was carried out using the ‘bibliometrix’ tool, developed through the R programming language. The results revealed a significant increase in the number of publications on plant nativity and endemism research since 1991. Of the total of 349 documents that were analyzed, 38 are single authored documents, and the average number of documents per author is 0.278. Each document has received an average of 33.67 citations, with 3.18 citations per year per document. The relationship between the number of authors and the number of articles that they have published follows a power-law distribution. Based on Bradford’s law, only eight were found to be the core sources. Mexico, followed by the USA, has produced the highest number of documents on plant nativity and endemism. The present study suggests that it is necessary to categorize data on endemism by floristic provinces, not by political subdivisions. Synecological studies are also needed, since endemic plants exist within communities. Models that accurately predict levels of endemism on the basis of easily measurable environmental variables should be useful for the rapid identification of endemic-rich areas. Recognition of the importance of plant endemism and the implementation of conservation measures is crucial for preserving biodiversity hotspots. Both in situ and ex situ conservation efforts are essential for protecting endemic species and preventing their extinction. By integrating these approaches, we can contribute to the long-term conservation and management of endemic plant species.
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1. Introduction


Endemism is important when the history and origin of a flora are considered [1]. According to Braun-Blanquet (1923), who studied the origin and development of the flora of the Massif Central in France, “the study and precise interpretation of endemism of a region constitute the absolute criterion for the consideration of the origin and evolution of its flora and fauna. It enables us better to understand the past and the transformations that have taken place. It also provides us with a means for evaluating the extent and approximate timing of these transformations and the effects they produced on the development of the flora vegetation”. Plant endemism forms the principal criterion for the determination of biodiversity hotspots because endemic species are the most vulnerable species due to their restricted distributions [2]. The presence of various significant eco-regions and ecosystems with a global significance in France is suggested by the high endemism in the region [3]. A species is endemic if it is confined to a particular area through historical, ecological, or physiological reasons. Topography, climate, and altitude are the major barriers which restrict species’ gene flow and thus allow speciation to occur [4]. Increased isolation at higher elevations promotes speciation and, if the mountain areas are large enough to allow for population persistence and divergence, they may be rich in endemic elements [5].



The nativity of a species signifies its origin or first record, and the species which have their origin in a particular region are considered natives of that region, whereas the remaining species are considered as non-natives of that region. Mountain ecosystems are traditionally considered to be at a low risk for plant invasions [6]. However, increasing evidence shows that climate change and changing human land use, from agriculture to recreation and tourism, have facilitated the spread of non-natives to higher elevations [7,8]. The decreasing population of native and endemic species globally due to invasion of non-native species is negatively affecting ecosystems. Further, owing to their competitive and negative effects on native species, leading even to their extinction, this trend is a global concern [9]. Non-native species having a high ecological amplitude may displace native and endemic plant species by creating more competition for local resources, resulting in their loss [10]. Thus, as a result of habitat degradation, plant species, more often native species with specific habitat preferences, may suffer and the whole community structure may be altered due to more and more invasion by alien species [11,12].



In 1969, Pritchard introduced the idea of bibliometric analysis to analyze the scientific research trends qualitatively and quantitatively [13]. It involves advanced techniques to find out the impact and contribution of scientific publications and authors and investigates the effectiveness of works, frequency of terms, research trends, location of research, and knowledge gaps [14]. Bibliometric studies are becoming more and more popular across different scientific domains in order to develop a thorough understanding of any research topic and to better comprehend its trends and patterns [15,16,17]. Bibliometrics is a statistical method used to analyze the published literature both quantitatively and qualitatively [18]. Therefore, to summarize and synthesize substantial amounts of scientific data that have been published in the literature, bibliometric analysis is regarded as a basic searching technique, which is often done utilizing both competitive and world-class citation databases such as Web of Science (WoS), Scopus, and Google Scholar [19,20]. It helps in tracking the progress of a particular research field and generates crucial information about the quickly developing topics of that field [21,22]. Bibliometric parameters and indexes may be increasingly used by grant funding sources to measure research success [23]. Universities and institutions may build bench-marking standards from bibliometric data to determine academic achievements for promotion and tenure guidelines in the future. Bibliometric analyses have been carried out on various topics and themes such as biological invasions research [24,25], diabetes [26], biomass energy research [27], food web research [28], human resources training [29], forest carbon sequestration [30], microplastics research [31], industrial wastewater treatments [32], piosphere research [13], and endangered plants [33]. In the present study, a bibliometric analysis has been carried out to understand the global research trends on plant nativity and endemism. The objective of this study was to critically assess scholarly studies that have been published on topics connected to plant nativity and endemism from both a qualitative and a quantitative perspective. Research gaps and future directions are provided. The findings of the present study will help researchers, managers, and agencies in identifying future research priorities and collaborators in the relevant field. Moreover, this study can also contribute to a better understanding of the state of knowledge on plant nativity and endemism and promote the development of more effective strategies for managing and conserving plant biodiversity.




2. Materials and Methods


A search was made using the WoS database, as it is the most authentic and popular database among academics [34]. However, WoS has a limitation that we can only export up to 500 documents at a time; if the number of documents exceeds 500, we have to download separate files (500 each). These exported files are later merged or zipped before uploading for analysis. A total of 2806 documents were generated after searching for the relevant keywords, ‘Plant nativity’ OR ‘Plant endemism’. Out of these, only 349 relevant documents were selected for further analysis; irrelevant documents were excluded after screening of titles and abstracts. A full record and cited references of the final dataset were extracted in the ‘BibTeX’ format, as this format is preferable. For carrying out the bibliometric analysis of the final dataset, the ‘bibliometrix’ tool, developed through the R programming language, was used [31]. It is a state-of-the-art tool that follows the classical bibliometric workflow [35]. Within this bibliometrix R package, ‘biblioshiny’, an app developed for non-coders, was used. Biblioshiny runs within the default web browser and, from there, the dataset is uploaded and analyzed [36]. A step-by-step methodology has been presented in Figure 1, which makes the study reproducible. Data were analyzed for most relevant sources, authors, affiliations and countries, total author and country citations, author production, country production, countries’ collaborations, keyword analysis, and source and keyword growth trends.




3. Results and Discussion


3.1. Publication Output and Annual Trends on the Topic of Plant Nativity and Endemism


During the present study, it was revealed that, from 1991 to 2022, a total of 349 scholarly documents were published on the topic of plant nativity and endemism, and these documents were retrieved from 123 sources like books, journals, proceedings, etc., from the WoS database. These scholarly documents include research articles (308), review articles (17), proceeding papers (8), data papers (5), editorials (4), and others. The publication output is an important indicator of the research progression of any field of study. It is measured by the number of articles published in journals, books, conference proceedings, etc. The number of publications does reflect the research output of an author or a research group; however, it does not address the quality of the publications [37]. The data also revealed a significant increase in the number of publications on the topic since 1991, with only 1 publication in 1991 and 24 publications in 2022. The highest number of publications on plant nativity and endemism was published in the year 2020 (29 publications) (Figure 2). This increasing trend in the number of publications on the topic of plant nativity and endemism reflects a growing interest of researchers and the broader public in this important topic. One of the reasons for the increase in publication output on plant nativity and endemism may be the growing recognition of the importance of plant diversity for ecosystem health and human wellbeing. Further, the need to better understand the distribution of plant species in response to climate change and other environmental challenges has led to increased funding for research in this area and greater collaboration among researchers from different countries and fields of study. Another factor contributing to the rise in publication output is the availability of modern data sources and analytical tools such as remote sensing and geographic information systems (GISs) which have made it easier to visualize spatial data, and which are particularly important in the study of plant nativity and endemism [38]. Researchers also use various species distribution modelling (SDM) tools that help in predicting the potential and future distribution patterns of a particular target species in a particular region [39]. As new data sources and analytical tools become available, it is likely that our understanding of plant distribution patterns will continue to improve, which in turn will aid in conservation efforts and the preservation of plant diversity.




3.2. Most Important Sources/Journals


Journals are regarded as vital tools for disseminating research; hence, the quality and reputation of a journal plays an important role in disseminating knowledge to the relevant section of society [40]. In the present study, out of the total of 123 sources on the topic of plant nativity and endemism, the most relevant sources are the journals ‘Biodiversity and Conservation’, ‘Journal of Biogeography’, ‘Phytotaxa’, ‘Botanical Sciences’, ‘Biological Conservation’, ‘South African Journal of Botany’, ‘Botanical Review’, and ‘Botanical Journal of Linnean Society’ (Figure 3). The journal ‘Biodiversity and Conservation’ is a peer-reviewed journal that publishes research on various aspects of conservation biology and diversity. The scope of the journal is wide and multidisciplinary and embraces all life forms. Since plant nativity and endemism have important implications for conservation and are often treated as important measures of biodiversity, these two often remain as core topics for conservation biologists. Hence, the source dynamics analysis revealed that the journal ‘Biodiversity and Conservation’ has always remained the most relevant in terms of publications on plant nativity and endemism. However, the number of publications on plant nativity and endemism has constantly increased in the Journal ‘Phytotaxa’ since 2010, and it has now surpassed ‘Biodiversity and Conservation’ in terms of number of publications on plant nativity and endemism (Figure 4). The journal ‘Phytotaxa’ is also a peer-reviewed journal that publishes papers on plant taxonomy, systematics, and nomenclature. It covers a wide range of topics related to the classification, naming, and identification of plants, including descriptions of new plant species, revisions of plant groups, phylogenetic studies, and taxonomic treatments of particular plant families, genera, and species. ‘Phytotaxa’ publishes articles from various fields of plant taxonomy, including classical morphology, anatomy, palynology, molecular systematics, and phylogenetics. It serves as a platform for researchers and taxonomists to communicate their findings and contribute to our understanding of plant diversity and evolution. The fact that ‘Phytotaxa’ has surpassed ‘Biodiversity and Conservation’ in terms of their number of publications on plant nativity and endemism is an interesting observation. This could be due to a variety of factors, such as the focus of ‘Phytotaxa’ on taxonomic and systematic studies, which are important for understanding the diversity and distribution of plant species, including endemics. On the other hand, ‘Biodiversity and Conservation’ may have a broader focus that includes studies on other aspects of biodiversity conservation, such as habitat management and restoration, which could account for the difference in publication outputs. Overall, the increase in publications on plant nativity and endemism in ‘Phytotaxa’ and its surpassing of ‘Biodiversity and Conservation’ in terms of the number of publications on this topic indicates the growing importance of this field of research and the need for more studies in this area to inform conservation efforts and further our understanding of plant biodiversity.



Bradford’s Law is a bibliometric principle that states that a small number of journals, known as “core sources”, will contain a significant portion of the articles on a particular topic [41]. Based on Bradford’s law, out of the total of 123 sources, only 8 journals were found to be the core sources (Figure 5). This suggests that these eight journals likely contain a substantial proportion of the articles related to the topic of plant nativity and endemism, while the remaining sources may have a lower relevance or frequency of articles on that specific topic. The journals ‘Biodiversity and Conservation’, ‘Journal of Biogeography’, ‘Phytotaxa’, ‘Botanical Studies’, ‘Biological Conservation’, ‘South African journal of Botany’, ‘Botanical Review’, and ‘Botanical Journal of the Linnean Society’ have been identified as the most important and basic sources.




3.3. Most-Contributing Authors, Countries and Institutions


The most-contributing authors, countries, and institutions are often those who have published the highest number of papers in a particular field, or whose papers have been cited the most frequently. Identifying the most-contributing authors in a bibliometric study can provide valuable insights into the research landscape of a particular field. Moreover, the identification of the most-contributing authors can help to identify research networks and collaborations. For instance, co-authorship analysis can be used to identify authors who frequently collaborate with each other, and the nature and strength of these collaborations can be explored in more detail [42]. In the present study, it was revealed that a total of 1254 authors have contributed to the field through their research documents. Out of these, 33 authors have contributed in single-authored documents and 1221 in multi-authored documents. ‘Linder, HP’ has the highest number of publications (seven), followed by ‘Medail, F’, and ‘Noroozi, J’ and ‘Panitsa’ (six each) (Table 1).



Figure 6 shows the frequency distribution of scientific productivity map of Lotka’s Law. Lotka’s law is a well-known empirical pattern that describes the distribution of scientific productivity among researchers [43]. It states that a small proportion of authors (often referred to as “core authors”) are responsible for the majority of published articles, while the majority of authors only publish a few articles. The relationship between the number of authors and the number of articles that they publish follows a power-law distribution [44]. The horizontal axis in Figure 6 represents the number of articles and the vertical axis represents the percentage of authors. The dashed line in the figure represents Lotka’s law. The graph reveals that more than 85% of the authors wrote at least one article. About 10% of the authors wrote two articles. The number of articles and the number of authors on plant endemism and nativity are virtually identical to the dashed line in the figure, which follows Lotka’s general law. Additionally, the fact that only about 10% of authors contributed two articles also fits with the power-law distribution predicted by Lotka’s law.



Figure 7 shows the number of documents produced by different countries (in terms of authors), with Mexico being the highest producer of documents (41), followed by the USA (32), Brazil (29), South Africa (28), Germany (21), China (18), the UK (13), and Greece and India (12 each). This information can be useful for understanding the global distribution of research activity and the relative contributions of different countries to the scientific literature.



Figure 8 shows the number of citations received by articles on plant nativity and endemism from different countries. Germany ranks at the top with 1557 citations, followed by the USA, Mexico, the UK, Australia, and South Africa with 1442, 1145, 882, 787, and 738 citations, respectively. India ranks at number 11 with 295 citations of articles on plant nativity and endemism. This information can provide insight into the impact of research produced by different countries and the influence of their scientific outputs on the wider research community. It is worth noting that the data presented in Figure 7; Figure 8 may not be representative of the entirety of the scientific literature on the topic being studied, as it is possible that some articles or countries were not included in the analysis. Therefore, caution should be exercised when interpreting these results.



Figure 9 provides information on the top 20 relevant affiliations of corresponding authors, with the ‘National Autonomous University of Mexico’ being the most-contributing institute, producing the highest number of documents (38), followed by the ‘Institute of Botany’ (27), the ‘Chinese Academy of Science’ (18), and the ‘University of Bayreuth’ and the ‘University of Patras’ (16 each). This information can be useful for understanding the distribution of research activity on the topic of plant nativity and endemism across different institutions and the relative contributions of different institutes to the scientific literature. It can also provide insights into the research priorities and strengths of different institutions and the potential for collaboration and knowledge-sharing within and across different fields.




3.4. Collaboration Analysis


Of the total of 349 documents, 38 are single-authored documents, and the average number of documents per authors is 0.278. This indicates that a significant proportion of the publications are a result of collaboration between multiple authors. The average number of authors and co-authors per document is 3.59 and 4.35, respectively, with a collaboration index of 3.93, indicating that, on average, each document is a result of collaboration between almost four authors. This highlights the importance of collaboration in scientific research, especially in interdisciplinary fields such as plant nativity and endemism studies. Italy has the highest Multiple Country Publications (MCP) with an MCP rate of 66.6%, followed by France with an MCP rate of 63.6% and the USA with an MCP rate of 53.8%. India has an MCP rate of only 8.3% (Table 2). This shows that these countries have been successful in collaborating with researchers from different countries to produce publications in this field. On the other hand, India has a lower MCP rate, which could be due to various factors such as limited resources, a lack of international collaboration, or research priorities that are more focused on domestic issues.



Figure 10 provides a visual representation of the countries that have published articles on plant nativity and endemism studies and the level of collaboration between them. The blue color indicates the countries that have published articles, and its intensity is proportional to the number of publications. The pink color line represents the connection between the countries, and its thickness depicts the level of collaboration. These findings indicate that collaboration is an essential aspect of scientific research in plant nativity and endemism studies. The collaboration patterns and trends suggest that researchers from different countries are working together to produce high-quality research in this field, and countries that are more successful in collaborating with researchers from other countries have higher MCP rates, which can have important implications for future research collaborations and funding decisions.




3.5. Citation Analysis


Citation analysis is a valuable method for evaluating the impact of scholarly publications, and can provide important insights into the development and dissemination of knowledge within a particular field [19]. However, it is important to use citation analysis in conjunction with other evaluation methods and to be aware of the limitations of citation analysis, such as the potential for self-citation and citation biases, which can affect the accuracy of the results [45]. In the field of plant nativity and endemism, from 1992 to 2022, it was revealed that, on average, each document has received 33.67 citations, with 3.18 citations per year per document. The average citation rate of 33.67 per document suggests that the field of plant nativity and endemism has been a topic of significant interest among researchers. This implies that the findings and discoveries in this field have had a notable impact on other scientific research and have been widely referenced by other researchers. Moreover, the average citation rate of 3.18 per year per document indicates that the interest in this field has been sustained over time, with new researchers building on the existing body of knowledge. Overall, these findings suggest that the field of plant nativity and endemism is an important area of research that has generated a considerable amount of interest and has had a significant impact on the broader scientific community. The most globally cited document on plant nativity and endemism is ‘A global assessment of endemism and species richness across island and mainland regions’ by Kier et al. [46]. The study quantified the geographical patterns of the endemism richness of vascular plants across 90 terrestrial biogeographic regions and evaluated their congruence with terrestrial vertebrates. Some of the other most-cited documents include Crisp et al. [47]; Villasenor, [48]; Vetaas and Grytnes, [49]; Lopez-Pujol et al. [50]; Linder, [51]; Jansson, [52]; Thomas et al. [53]; McGlone et al. [54]; Medail and Verlaque, [55]; Dodson and Gentry, [56]; Murray-Smith et al. [57]; Davila et al. [58]; Da Silva et al. [59]; Morat et al. [60]; Joppa et al. [61]; Kessler, [62]; Hemp, [63]; Silvertown, [64]; and Tribsch, [65]. Among the authors, ‘Linder HP’ has been the most productive with seven publications, followed by ‘Medail F’, ‘Noroozi J’, and ‘Panitsa M’ (six publications each), and ‘Dimopoulos P’ (five publications). ‘Linder HP’ has received the maximum impact with 897 citations and an h-index of seven, followed by ‘Kessler M’ (328 citations and h-index of four), ‘Medail F’ (288 citations and h-index of four), ‘Noroozi J’ (194 citations and h-index of five), and ‘Panitsa M’ (168 citations and h-index of six) (Table 1). ‘Samant SS’ from India, with 171 citations and an h-index of three, ranks at number 17. Among the sources, the journal ‘Biodiversity and Conservation’ has been the most productive with 35 publications, followed by ‘Journal of Biogeography’ (21 publications), ‘Phytotaxa’ (14 publications), ‘Botanical Sciences’ (12 publications), and ‘Biological Conservation’ (10 publications). ‘Journal of Biogeography’ has had the highestimpact with 2132 citations and an h-index of 19, followed by ‘Biodiversity and Conservation’ (1184 citations and h-index of 20), ‘Conservation Biology’ (466 citations and h-index of 5), ‘Annals of the Missouri Botanical Garden’ (426 citations and h-index of 6), and ‘Biological Conservation’ (415 citations and h-index of 8) (Table 3).




3.6. Keywords Analysis


Keyword analysis can provide valuable insights into the research trends and priorities in a particular field, as well as the evolution of research topics over time [66]. In the present study, for each article dealing with plant nativity and endemism, the original author keywords, i.e., those used by the authors in their articles, were examined. A total of 1086 keywords have been used by the analyzed authors to classify their studies from 1991 to 2022. Figure 11 depicts a scatter plot of the most-trending topics in studies on plant nativity and endemism from 1991 to 2022. The height of the keywords shows their frequency of occurrence in a particular year. The most-frequently occurring keywords typically express the most-trending topics of the year. Overall, the most-frequently used keywords include biodiversity (32 in year 2009), diversity (25 in year 2017), species richness (18 in year 2015), vascular plants (14 in year 2014), and endemic species (13 in years 2011). The most-frequent author keywords are shown in (Figure 12), in which the size of the keyword determines its frequency. The larger the size, the higher the frequency of the keyword.



The dendrogram shown in Figure 13 is a graphical representation of the correlation thresholds among keywords in a hierarchical structure. The dendrogram displays the most commonly used topics and their relationship with other topics. In this dendrogram, the height of each branch indicates the degree of dissimilarity between topics. Topics that are more dissimilar are placed at a greater height, while topics that are more similar are placed at a lower height. The connecting lines between the topics show the level of similarity between them. A lower location of the connecting line indicates that the topics are more similar to each other. The height and location of the connecting lines, together, give us a sense of the relationships between different topics. The two topics at the bottom of the dendrogram, ‘species richness’ and ‘floristic richness’, are very similar to each other and are therefore connected by a short connecting line at a relatively low height. Similarly, the topics ‘checklist’ and ‘taxonomy’, and ‘endemics’ and ‘distribution’, are also very similar and are connected by a short connecting line at a relatively low height.



On the other hand, topics that are more dissimilar are placed at a greater height. The topic ‘IUCN’ is placed at a higher height than the topic ‘life form’, indicating that these two topics are less similar to each other. This can be explained by the fact that the IUCN (International Union for Conservation of Nature) is an organization that focuses on conservation and the sustainable use of natural resources. In contrast, the topic of ‘life form’ refers to the various forms of life that exist on Earth, including plants, animals, and microorganisms. While both ‘IUCN’ and ‘life form’ are related to biodiversity and conservation, they represent distinct aspects of the subject. IUCN is an organization that provides guidance on conservation measures and maintains a Red List of Threatened Species to assess the conservation status of species, while ‘life form’ refers to the characteristics of individual species such as their morphology, physiology, and behavior. Thus, the two topics are less similar and are placed at a greater height in the dendrogram.



The pattern of the evolution of research themes across the three previously divided time periods is shown in Figure 14, giving us a broad overview of the changes in research themes. In the initial period, which spanned from 1991 to 2000, there were fewer study topics compared to subsequent years. Most of the research themes during this period were categorized under the umbrella of endemism, which suggests that researchers were primarily interested in understanding the distribution of species that were unique to a particular geographic area. In the developing period, from 2001 to 2010, new themes emerged such as ‘biodiversity hotspots’, ‘vascular plants’, ‘phytogeography’, and ‘species’. This suggests that researchers began to expand their focus beyond endemism and explore other areas of biodiversity research. For example, the emergence of the ‘biodiversity hotspots’ theme reflects a growing interest in identifying regions of the world that are particularly important for conservation efforts.



In the advanced period, from 2011 to 2022, additional themes such as ‘endemic species’, ‘biogeography’, and ‘diversification’ emerged. These themes suggest that researchers were interested in understanding the evolutionary and historical processes that led to the current patterns of biodiversity, such as the distribution of endemic species and the factors that drive diversification.





4. Conservation and Management Implications of Endemic Species


Plant endemism plays a fundamental role in determining biodiversity hotspots, as endemic species with restricted distributions are particularly vulnerable to threats and extinction risks [67,68]. High endemism within a region indicates the presence of significant eco-regions and ecosystems that require protection [3]. The topography, climate, and altitude of mountainous areas act as barriers that promote speciation and make them potential hotspots for endemic elements [4,5]. Endemic plant species face greater susceptibility to human-induced threats and natural fluctuations, making them more prone to extinction. Safeguarding these species is a significant global priority. In terms of conservation, preserving ecosystems and biodiversity in their natural environments through in situ methods is the most suitable approach. This approach ensures the protection of the original hubs of genetic diversity and geographical distribution [69].Increasing the coverage of protected areas (PAs) is crucial for biodiversity conservation, as recognized by the Convention on Biological Diversity [70]. However, endemic species, often limited to high elevations and with limited dispersal abilities, face the risk of losing suitable habitats due to climate change [71]. The combination of high endemicity and climate change necessitates the adoption of “climate-smart” conservation strategies [72,73].



To enhance the effectiveness of protected area (PA) networks, it is important to consider elevational gradients within PAs and identify and protect potential microrefugia [74]. This will help to bridge existing conservation gaps and increase the adaptability of PAs to changing environmental conditions. Prioritizing high-priority conservation areas based on endemism is critical, as these areas harbor unique species compositions requiring protection from threats [74].



In addition to in situ conservation efforts, ex situ conservation plays a vital role in integrated conservation strategies, offering backup solutions and restoration possibilities for plant species with restricted ranges and small populations [75,76]. Botanical gardens provide a cost-effective means of ex situ conservation, storing threatened and extinct-in-the-wild plant species in living collections, seed banks, and tissue culture facilities [76]. Botanical gardens, with their specialized facilities and expertise, are uniquely positioned to contribute to the conservation of threatened plants, including endemic species, and prevent their extinctions [75,77,78,79]. Through ex situ conservation, botanical gardens can preserve the genetic diversity of endemic plants and serve as potential sources for reintroduction programs and habitat restoration [78,79].



Therefore, recognizing the importance of plant endemism and implementing conservation measures is crucial for preserving biodiversity hotspots. The combination of in situ and ex situ conservation efforts is essential for protecting threatened plants, including endemic species, and preventing their extinctions. By integrating these approaches, we can contribute to the long-term conservation and management of endemic plant species.




5. Conclusions


The bibliometric analysis conducted during the present study on the topic of plant nativity and endemism highlights the increasing significance of this research area within the field of biodiversity conservation and management. This study reveals a remarkable growth in the number of publications on this subject during the past three decades (1991–2022), with the journal ‘Biodiversity and Conservation’ being the most prominent source of research. However, the recent rise of ‘Phytotaxa’ indicates a shift towards this journal as a preferred outlet for publications related to plant nativity and endemism. Our analysis also identifies the most productive authors, with ‘Linder HP’ standing out as the most-cited and productive author in this field. Additionally, Mexico is identified as the most productive country in terms of the number of publications, while Germany has the highest number of citations and Italy has the most publications involving multiple countries. This study underscores the importance of institutions in promoting research on plant nativity and endemism, with the National Autonomous University of Mexico being the most significant contributor of documents in this field. The findings of this bibliometric analysis provide important insights into the research landscape on plant nativity and endemism. The identification of the most productive authors, countries, and institutions can guide researchers in identifying potential collaborators or sources for further research. Additionally, the analysis of publication trends and sources can help researchers stay up to date with the latest developments in the field. The step-by-step methodology presented in this study can serve as a useful guide for researchers interested in conducting their own bibliometric analyses in other fields. However, in the present study, WoS was used as an exclusive source of data; thus it does not represent the intact trend of research on plant endemism. Thus, the use of alternative data sources like Scopus and Google Scholar in future studies for a more thorough analysis of the available literature is highly recommended.



In addition to the findings of this bibliometric analysis, further research is needed to gain a more comprehensive understanding of plant endemism and its underlying processes. To achieve this, autecological studies are required that combine field, greenhouse, and laboratory work. Furthermore, synecological studies are essential, as endemic plants exist within communities and must be studied in relation to their environments, including the climate, soil parent materials, relief, successional stages, fire intensity, and associated flora and fauna. Moreover, it is essential to gather data on endemism by floristic provinces rather than political subdivisions to obtain a more accurate picture of plant endemism patterns. Alongside this, models that predict levels of endemism based on easily measurable environmental variables such as rainfall, temperature, and productivity would be useful in identifying endemic-rich areas [67]. These efforts will lead to a more thorough understanding of plant endemism and will help researchers and conservationists to identify the areas and species that require protection and management. The findings of the present study suggest that plant nativity and endemism is a highly active research field with a wide global reach, and that future research in this area should continue to focus on understanding the ecological and evolutionary processes driving plant nativity and endemism and developing effective strategies for conserving endemic plant species and their habitats.
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Figure 1. Flow chart showing the step-by-step methodology for carrying out bibliometric analysis. 
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Figure 2. Annual scientific production from 1991 to 2022. 
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Figure 3. Most relevant and productive journals from 1991 to 2022. 
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Figure 4. Growth of journals with respect to publications from 1991 to 2022. 
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Figure 5. Bradford’s law, showing the most basic and core sources. 
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Figure 6. Frequency distribution of scientific productivity based on Lotka’s Law. 
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Figure 7. Global scientific production on plant nativity and endemism studies. 
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Figure 8. Top 20 most-cited countries. 
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Figure 9. Top 20 most relevant affiliations. 
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Figure 10. Country collaboration map (intensity of blue color shows number of publications and the pink line depicts the connections). 
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Figure 11. Trends in the topics (keywords) from 1991 to 2022. 
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Figure 12. Word cloud of author keywords used in plant nativity and endemism studies from 1991 to 2022. 
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Figure 13. Dendrogram showing the clustering of keywords. 
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Figure 14. Thematic evolution of research on plant nativity and endemism from 1991 to 2022. 
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Table 1. Most-productive and most-cited authors from 1991 to 2022.
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	Author
	h-Index
	Total Citations
	Number of Publications





	Linder HP
	7
	897
	7



	Medail F
	4
	288
	6



	Noroozi J
	5
	194
	6



	Panitsa M
	6
	168
	6



	Dimopoulos P
	4
	60
	5



	Huang J
	3
	39
	3



	Siebert SJ
	3
	27
	5



	Thornhill AH
	4
	123
	5



	Aagesen L
	4
	135
	4



	Bredenkamp GJ
	3
	81
	4



	Irl Sdh
	4
	75
	4



	Kessler M
	4
	328
	4



	Lavergne SM
	4
	142
	4



	Salinas-Rodriguez M
	2
	37
	4



	Mishler BD
	3
	147
	4



	Munguia-Lino G
	2
	30
	4



	Samant SS
	3
	171
	4



	Scherson RA
	3
	29
	4



	Schneeweiss GM
	4
	165
	4



	Trigas P
	4
	170
	4










 





Table 2. Most relevant countries by collaborating authors.
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	Country
	Articles
	Frequency
	SCP
	MCP
	MCP Ratio





	Mexico
	41
	0.1188
	32
	9
	0.2195



	USA
	32
	0.0928
	24
	8
	0.25



	Brazil
	29
	0.0841
	20
	9
	0.3103



	South Africa
	28
	0.0812
	25
	3
	0.1071



	Germany
	21
	0.0609
	12
	9
	0.4286



	China
	18
	0.0522
	9
	9
	0.5



	United Kingdom
	13
	0.0377
	6
	7
	0.5385



	Greece
	12
	0.0348
	9
	3
	0.25



	India
	12
	0.0348
	11
	1
	0.0833



	France
	11
	0.0319
	4
	7
	0.6364



	Argentina
	10
	0.029
	10
	0
	0



	Australia
	10
	0.029
	5
	5
	0.5



	Italy
	9
	0.0261
	3
	6
	0.6667



	Spain
	9
	0.0261
	6
	3
	0.3333



	Iran
	8
	0.0232
	5
	3
	0.375



	Chile
	6
	0.0174
	3
	3
	0.5



	New Zealand
	6
	0.0174
	4
	2
	0.3333



	Turkey
	6
	0.0174
	5
	1
	0.1667



	Austria
	5
	0.0145
	1
	4
	0.8



	Saudi Arabia
	4
	0.0116
	1
	3
	0.75







Abbreviations Used: SCP = Single Country Production; MCP = Multiple Country Production.













 





Table 3. Most productive and cited sources from 1991 to 2022.
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	Source
	h-Index
	Total Citations
	Number of Publications





	Biodiversity and Conservation
	20
	1184
	35



	Journal of Biogeography
	19
	2132
	21



	Phytotaxa
	5
	97
	14



	Botanical Sciences
	4
	46
	12



	Biological Conservation
	8
	415
	10



	South African Journal of Botany
	5
	150
	9



	Botanical Review
	6
	222
	8



	Botanical Journal of the Linnean Society
	5
	269
	7



	Diversity and Distributions
	6
	218
	7



	Annals of the Missouri Botanical Garden
	6
	426
	6



	Biological Journal of the Linnean Society
	5
	165
	6



	Conservation Biology
	5
	466
	6



	Acta Botanica Mexicana
	5
	105
	5



	Bothalia
	3
	24
	5



	Global Ecology and Biogeography
	5
	343
	5



	Phytokeys
	3
	30
	5



	Plos One
	5
	265
	5



	Scientific Reports
	5
	181
	5



	Ecology and Evolution
	4
	71
	4



	Journal of Biological Research-Thessaloniki
	3
	48
	4
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