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The present study investigated the evolution and current situation of research on threat assessment and prioritization of species for conservation at a global level by analyzing bibliometrically the most relevant and productive authors, sources, and countries, most cited papers, country collaborations and most frequent keywords as reflected in the scientific literature using the Web of Science database. From 1989–2022, a total of 315 relevant documents were retrieved from 129 sources. Results revealed that since 1989, there has been an increase in the number of publications on threat assessment and prioritization of species for conservation. A total of 1,300 authors have contributed to the field through their research contributions. Among the 129 sources, the journals ‘Biodiversity and Conservation’ and ‘Biological Conservation’ are the most relevant and productive. Among countries, the USA has produced the highest number of publications, whereas Benin has the highest Multiple Country Production with a rate of 71.4%. Among the authors, ‘Keith DA’ has received the most citations, and among the sources, the journal ‘Biological Conservation’ received the highest number of citations. Conservation, biodiversity, conservation priorities, species richness, and threatened species are the most frequently used keywords and follow power-law distribution. The present study will be useful to the researchers in determining which journals to target and how to identify potential research partners in the concerned field. It is recommended that institutions in developed countries be encouraged to lead research programs in developing and underdeveloped countries so that such studies will be carried out at local, regional, and global scale, as biodiversity loss is a global issue.
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Introduction

Detailed information on different parameters of biodiversity is vital for ecological stability and balance (Mehta et al., 2020; Wani and Pant, 2023). However, biodiversity at a global level has been undergoing a critical phase owing to various drivers threatening the survival of species (Tilman et al., 2017; Ripple et al., 2019; Nic Lughadha et al., 2020; Pouteau et al., 2022). A driver is any natural or anthropogenic factor that directly or indirectly causes an alteration in an ecosystem and may threaten biodiversity by increasing extinction probabilities (Chase et al., 2020; Ngodhe, 2021). A direct driver has an unambiguous impact on ecosystem processes, while an indirect driver has a more diffused impact by fluctuating one or more direct drivers (Branquinho et al., 2019). The primary goal of the Convention on Biological Diversity (CBD) and the United Nations Sustainable Development Goals (UNSDGs) is to reduce or control global biodiversity loss and increasing species extinctions; however, success to date has been considerably inadequate (Dad and Rashid, 2022). During the 20th century, the earth lost 50% of its wetlands and 40% of its forests, and around 60% of global ecosystem services were halted (Mehta et al., 2020), with a loss of 137 species per day during the later decades of the century (Moram et al., 2011). Species extinction at such a rapid rate is considered 1,000–10,000 times than the natural extinctions in the past (Hilton-Taylor, 2000). Thus, understanding the distribution and composition of species assemblages and their prediction in space and time are extremely imperative errands to look into the providence of biodiversity from the perspective of current global change (Bhat et al., 2020; Rawat et al., 2021; Thakur et al., 2021). In order to develop efficient conservation and management plans for these biodiversity-rich areas, extensive information on species, communities, and habitats is required. Taking note of the biodiversity loss, there is an increasing array of regional, national, and international awareness and policy mechanisms aimed at the conservation of biodiversity globally (Kullberg and Moilanen, 2014).

A well-established method for identify areas with underrepresented biodiversity and taking cost-effectiveness into account when making conservation plans is systematic conservation prioritization (Karimi et al., 2023). Prioritization of species, habitats, and communities for conservation is pre-requisite for biodiversity conservation and management planning at the local, regional, and global scales (Singh and Samant, 2010). The conservation status of taxonomic units must be evaluated locally using the IUCN criteria in an appropriate manner (Rodrigues et al., 2006; Miller et al., 2007; Abeli et al., 2009). Broad, ecosystem-based conservation techniques are also necessary to stop the extinction of species; these strategies don’t rely on taxonomic data or identifying specific species, but rather on the composition of local communities and the types of habitats they occupy. When determining where to focus their efforts, organizations working to protect biodiversity are forced to make tough trade-offs (Sinclair et al., 2018). Although experts can offer valuable advice to decision makers, their capacity to handle intricate spatial optimization issues is limited (Martin et al., 2012). Prioritization has therefore been developed to deal with this issue. According to Kukkala and Moilanen (2013), prioritization is the “biogeographic-economic activity of identifying important areas for biodiversity; where, when and how we might efficiently achieve conservation goals.” Developing a Conservation Priority Index of unique species, communities, and habitats at local, regional, national, and global levels is a crucial step in planning conservation and management strategies (Wani et al., 2022). Over the past 20 years, spatial prioritizations have aided in the decision-making process regarding land use, forest planning, and conservation (Karimi et al., 2023). Global spatial conservation prioritizations have been carried out with great effort, offering comprehensive insights for global protection in the future. However, nations must decide which species to target for conservation and what national priorities should be set for expanding protected areas if they are to make significant progress toward accomplishing sustainable development goals. However, lack of sufficient funding and rapid biodiversity loss make such programs difficult for the researchers especially in the developing and underdeveloped countries. Thus, such nations should be the hotspots for these studies and sufficient funding should be allocated to these countries. Further, researchers in such countries should identify possible collaborator institutions and countries for their research projects on biodiversity conservation.

Bibliometric analysis studies have played a significant role in science and technology management and decision-making (Aleixandre-Benavent et al., 2018). Such studies are receiving considerable attention, as they provide valuable information on scientific research and its progression in a specific field of study (Aleixandre-Benavent et al., 2018). Several papers have been published employing bibliometric analysis techniques to evaluate a particular subject area or topic of research at qualitative and quantitative level: Tsunami research (Chiu and Ho, 2007; Jain et al., 2021; Suprapto et al., 2022); water research (Wang et al., 2010); biotechnology (Dalpe, 2002; Vain, 2007), deforestation (Aleixandre-Benavent et al., 2018); biodiversity loss (Tan et al., 2022); renewable energy (Rosokhata et al., 2021); ecotourism (Liu and Li, 2020; Khanra et al., 2021); climate change (Wang et al., 2014; Rana, 2020; Fu and Waltman, 2022); and COVID-19 research (Chahrour et al., 2020; Wang and Tian, 2021). In this paper, we perform a bibliometric analysis of published literature on threat assessment and prioritization of plants for conservation for the time period 1989–2022. Present study will add a new perspective to the current status and may help to identify hot spots in the field of global biodiversity conservation. More specifically, the article aims to identify the most relevant and productive sources, authors, institutions and countries, most cited authors, sources, institutions and countries, most influential articles, country collaborations and most frequently used keywords along with their growth trends from 1989–2022 in publications on threat assessment and prioritization for conservation. Present study will be useful to the researchers in determining which journals to target and how to identify potential research partners in the concerned field. Further, it will help researchers, managers, agencies and conservationists for planning better strategies to conserve and manage biodiversity.



Materials and methods

Bibliometrics is a quantitative method characterized by applying statistics and econometrics that draw on publication and citation data to determine the evolutionary structure of a research topic or field (Baker et al., 2020). It not only provides a more reliable analysis but has the potential to launch a systematic, apparent, and reproducible appraisal process based on the statistical measurement of science, scientists, or scientific activity (Aria and Cuccurullo, 2017). Many online bibliographic databases, like Web of Science, Scopus, Google Scholar, and Science Direct, where metadata concerning scientific works is stocked can be sources of bibliographic information (Cobo et al., 2011). For retrieving the relevant literature in the present study, a search was made from the Web of Science (WoS) database by using the keywords, ‘Plant threat assessment’ OR ‘Conservation prioritization’ OR ‘Conservation priority’. The database WoS was preferred as it is the most authentic and popular database among academicians (Gulhan and Kurutkan, 2021). Our initial search generated a total of 6,057 documents including research papers, reviews, editorial, letters, and proceedings. 12 review articles, 5 proceedings and 3 editorials were excluded and the remaining documents were screened through titles and abstracts to find out their suitability for our study. As, the main focus of our study was to identify such studies in which species/habitats or communities have been prioritized for conservation, a total of 315 articles formed our final dataset and information of only such papers was retrieved in bibtex format. For carrying out the bibliometric analysis of retrieved published literature on threat assessment and prioritization of plants for conservation, ‘bibliometrix’ tool developed through the R programming language was used (Ingale and Paluri, 2020; Zhang et al., 2021; Majiwala and Kant, 2022). It is a state-of-the-art tool that follows the classical bibliometric workflow (Aria and Cuccurullo, 2017). Data was analyzed for the most relevant and productive sources based on number of articles published within a source, authors, affiliations, and countries; top cited articles, authors, sources, and countries; countries collaborations; keyword analysis; and source and keyword growth trends.



Results and discussions


Publication output

From 1989–2022, a total of 6,057 documents were generated in initial search for the keywords, out of which 315 relevant documents were selected after screening of titles and abstracts. The selected scholarly documents were retrieved from 129 sources in the web of science database. A total of 14,285 references have been used in these documents. Since 1989, there has been an increase in the number of publications, from a minimum (01) publication in 1989 to a maximum (24) publication in 2019 and 2021 (Figure 1). This may be due to the fact that researchers and policy-makers have understood that there is a need for more reasonable proactive tactics, seeking to categorize and protect at-risk species in a timely manner (Walls, 2018; Le Breton et al., 2019). Still, the enormous species yet to be assessed for extinction risk, coupled with the limited resource availability for such works, necessitates rapid appraisals as a primary step toward recognizing which species, habitats, communities, and areas should be prioritized for conservation. Thus, an approach that identifies at-risk species on the basis of threshold elements of IUCN Red List criteria has the potential to amplify the speed of species prioritization for conservation (Le Breton et al., 2019). However, prioritization is incomplete without consideration of the conservation actions required to conserve the assets at particular locations (Wilson et al., 2009).
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FIGURE 1
Annual scientific production of articles on prioritization for conservation from 1989–2022.




Most productive authors, sources, countries, and institutions

Most productive authors, countries, and institutions are the chief indicators in the bibliometric studies that emphasize leading contributors within a particular research topic or field (Sharma et al., 2020). It helps scholars and practitioners looking for collaboration and higher studies in relevant fields (Singh et al., 2021). The present study reveals that a total of 1,300 authors have contributed to the targeted research field through their research contributions. Out of these, 28 have contributed to single-authored documents and 1,272 to multi-authored documents. ‘Maxted N’ from the University of Birmingham, UK has produced the maximum number of publications (12), followed by ‘Bacchetta G’ from the University of Cagliari, Italy (08 publications), and ‘Fenu G’ from the Italian Botanical Society Onlus, Italy (07 publications) (Table 1). On examining articles and authors within the framework of Lotka Law, it is revealed that 88.3% authors contributed with a single publication, 8% with 2 publications, 2.5% with 3 publications and only 1.1% authors with more than 3 publications (Table 2). Lotka’s Law is a power-law distribution that describes the relationship between the number of authors and number of articles published by them (Lotka, 1926). It implies that few authors, (known as core authors) bear responsibility for most of the published articles, while the majority of authors only publish a small number of articles (Ridwan et al., 2023).


TABLE 1 Top most productive and cited authors from 1989–2022.
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TABLE 2 Lotka law and the number of articles by the authors.
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Of the 129 sources, the journal ‘Biodiversity and Conservation’ has been the most relevant and productive with 50 publications, followed by ‘Biological Conservation’ (39 publications), ‘Oryx’ (12 publications), ‘Conservation Biology’ and ‘Plos One’ (11 publications each), ‘Journal for Nature Conservation’ (9 publications), and ‘Diversity and Distributions’ (8 publications) (Figure 2). Based on Bradford’s law, of the total 129 sources, only four were found to be the core sources (Figure 3). Bradford’s law is a bibliometric principle that describes the relationship between journals and the articles published on a specific topic. It states that a small group of journals (known as core sources) contain a significant proportion of the articles related to a particular topic (Ridwan et al., 2023). Journals, Biodiversity and Conservation, Biological Conservation, Oryx, and Conservation Biology have been identified as the most important and basic sources for studies on threat assessments and conservation prioritization. These journals have published most number of articles on prioritization of conservation and thus are considered core journals for the topic. ‘Biodiversity and Conservation’ is an international journal that publishes articles on all aspects of biological diversity, its conservation, and sustainable use. On the other hand, ‘Biological Conservation’ is a leading international journal in the discipline of conservation science, publishing articles that contribute to the biological, sociological, ethical, and economic dimensions of conservation. Its primary aim is to publish high-quality papers that advance the science and practice of conservation or demonstrate the application of conservation principles and policy. Although the source dynamics analysis revealed that the journal ‘Biodiversity and Conservation’ remained the most relevant in terms of publications on threat assessments and prioritization for conservation up to the year 2013. But, since 2013, the number of relevant publications in ‘Biodiversity and Conservation’ has constantly decreased, and on the other hand, the number of relevant publications has increased in ‘Biological Conservation’ (Figure 4).
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FIGURE 2
Top most relevant journals for the studies on prioritization for conservation.
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FIGURE 3
Bradford’s law showing the most basic and core sources.
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FIGURE 4
Growth of journals with respect to publications on prioritization for conservation from 1989–2022.


Most of the global biodiversity loss is concentrated in nine countries, viz., Australia, Brazil, China, Colombia, Ecuador, Indonesia, Malaysia, Mexico, and the USA (Mendoza-Ponce et al., 2020). This highlights the necessity for these nations to implement effective monitoring and policy enforcement for species conservation (Alroy, 2017). The present study reveals that most of these countries are working to implement effective monitoring and management policies for biodiversity conservation. Based on the country production analysis, it was revealed that authors from 76 countries have contributed to the field. The USA has the highest frequency of publications on threat assessment and prioritization for conservation (212 publications), followed by China (165 publications), the UK (106 publications), Italy (101 publications), India (79 publications), Australia (76 publications), Brazil (66 publications), Germany (46 publications), and Spain (44 publications) (Figure 5). In Himalayan Biodiversity Hotspot, China and India are the only countries to produce a significant number of publications in the relevant field. Other Himalayan countries like Pakistan and Nepal have produced 04 and 03 publications, respectively; whereas Bhutan has not produced any publication in the relevant field.
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FIGURE 5
Global scientific production of scholarly documents on prioritization for conservation.




Citation analysis

Citation analysis is a fundamental method for science mapping that works on the conjecture that citations reflect intellectual linkages between publications that are formed when one document cites the other (Appio et al., 2014). The analysis enables the most influential publications in a research field to be determined (Donthu et al., 2021). In the present study, on average, each document has received 84.68 citations, with 5.50 citations per year per document. The most global cited document on threat assessment and prioritization for conservation include Schnittler and Gunther, 1999; Dhar et al., 2000; Myers et al., 2000; Coates and Atkins, 2001; Hartley and Kunin, 2003; Kala et al., 2004; Keller and Bollmann, 2004; Partel et al., 2005; de Oliveira et al., 2007; Zhang and Ma, 2008; Brehm et al., 2010; Gauthier et al., 2010; Bacchetta et al., 2012; Brummitt et al., 2015. Among the authors, ‘Keith DA’ from the New South Wales National Parks and Wildlife Service, Australia has received the maximum impact with 439 citations and h-index of 3 (Number of publications = 4), followed by ‘Maxted N’ from the University of Birmingham, UK with 428 citations and 7 h-index (Number of publications = 12), ‘Burgman MA’ from the University of Melbourne, Australia with 376 citations and 3 h-index (Number of publications = 3), and ‘Bacchetta G’ from the University of Cagliari, Italy with 328 citations and 7 h-index (Number of publications = 8) (Table 1). Among the sources, the journal Biological Conservation tops the list with highest number of citations (1,406 citations; 22 h-index), followed by Biodiversity and Conservation (1,280 citations; 21 h-index), Plos One (701 citations; 9 h-index), Conservation Biology (577 citations; 8 h-index), and Diversity and Distribution (478 citations; 8 h-index) (Table 3). The h-index calculates an author’s number of publications and citations for those articles (Kumar et al., 2023). It gives a breakthrough in the research community for assessing the scientific impact of an individual or source (Bihari et al., 2023). Among the most cited countries, the UK ranks at the top with 17,753 citations, followed by Australia, the USA, Germany, Brazil, China, Italy and India with 1,738, 1,242, 882, 683, 561, 540, and 444 citations, respectively (Figure 6).


TABLE 3 Top most productive and cited sources from 1989–2022.
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FIGURE 6
Top 20 most cited countries.




Collaboration analysis

Collaboration analysis is another important science mapping procedure to reveal how contributors are linked to each other in a particular research field. It determines the pertinent contributors and their relationships (Aria and Cuccurullo, 2020). Of the total 315 documents, 28 are single-authored documents, and the average number of documents per author is 0.242. The average number of authors and co-authors per document is 4.13 and 4.86, respectively, with a collaboration index of 4.43. Countries with a Multiple Country Publications (MCP) rate ≥ 50% are the countries with high international cooperation in the field (Gulhan and Kurutkan, 2021). In the present study, Benin has the highest MCP with a rate of 71.4%, followed by the UK (62.5%) and France (37.5%). India has an MCP rate of only 4.76% (Table 4). Figure 7 depicts the country collaboration in threat assessment and prioritization for conservation studies, in which the blue color indicates the countries that have published the 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. Collaboration is essential for conservation (Lloyd et al., 2023), as it will allow successful implementation of biodiversity conservation programs throughout the globe. Based on the most contributing institutes, the Institute of Botany has produced the maximum number of documents (27 publications), followed by the Chinese Academy of Sciences (21 publications), the University of Abomey-Calavi (20 publications), the University of Birmingham (19 publications), and the University of Cagliari (16 publications). Figure 8 shows the top twenty relevant affiliations of the corresponding authors with Institute of Botany, China, Chinese Academy of Sciences, China, University of Abomey-Calavi, Benin, and University of Birmingham, England as the most relevant affiliations.


TABLE 4 Most relevant countries by collaborating authors.
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FIGURE 7
Country collaboration map (Intensity of blue color shows number of publications and the pink line depicts the connections).



[image: image]

FIGURE 8
Top 20 most relevant affiliations.




Keywords analysis

Author keywords identify the content and theme of the published document (Sharma et al., 2020). For each article dealing with the threat assessment and prioritization for conservation, the original author keywords, i.e., used by the authors in the articles, were examined. A total of 1,008 keywords have been used by the authors to classify their studies from 1989–2022. Figure 9 depicts a scatter plot of the most trending topics in threat assessment and the prioritization for conservation studies from 1989–2022. The height of keywords shows their frequency of occurrence in a particular year. The most frequently occurring keywords typically express the most trending topics of the year. The most frequently used keywords include conservation (68 in 2015), biodiversity (34 in 2014), conservation priorities, species richness and threatened species (22 each in 2013, 2017, and 2016, respectively), and rarity (18 in 2007). The frequency of keywords and their ranks follow a power-law distribution, with a few keywords used frequently whereas most of the keywords are not used so frequently, which is consistent with earlier studies (Li et al., 2008; Liu et al., 2011).


[image: image]

FIGURE 9
Trends in the topics (keywords) from 1989–2022.




Limitations of the study

In the present study, data has been exclusively drawn from WoS data source, thus not representing the comprehensive literature in the field. Although, WoS is the most authentic and popular database among academicians, it is highly recommended that alternative data sources like Scopus and Google Scholar should be included in future studies for more thorough analysis of the available research documents on this topic. Besides using bibliometrix tool, analysis of data through BibExcel, CiteSpace, Hist Cite, and Pajek would be a better option for providing further detailed information on literature. Further, as in the present study, the search for data was conducted only in the English and there is a possibility that relevant publications in other languages may have been missed. By limiting the search to only English only, there is a risk of missing out some valuable findings published in other languages. Therefore, researchers should consider the possibility of including publications in other languages in future studies for more vivid and all-inclusive analysis of data. Despite of these limitations, our study provides imperative insights on research trends and directions in the conservation of biodiversity elements. By addressing these limitations in future investigations, researchers can further enhance and expand the knowledge base in this field.




Conclusion

The present study has investigated the evolution and current situation of research on threat assessment and prioritization of plants for conservation at a global level by analyzing bibliometrically the most relevant and productive authors, sources, and countries, most cited papers, country collaborations, and most frequent keyword aspects as reflected in the scientific literature. The present study will be helpful to the researchers to find out which journal should be targeted and to find out their research collaborators in the relevant field. Further, the study may be useful to identify the hotspots for further such studies. Our bibliometric analysis indicated that output in the relevant field has significantly increased since 1989. A total of 1,300 authors have contributed to 315 articles published in 129 journals. The journal Biodiversity and Conservation and Biological Conservation have produced the highest number of articles, whereas the journal Biological Conservation has received the maximum number of citations. The countries where most biodiversity loss is concentrated, like the USA, China, Australia, Brazil, and Mexico, has produced the maximum number of publications on threat assessment and prioritization for conservation. Benin, a developing country of West Africa has the highest rate of Multiple Country production indicating that both developed and developing countries are working together to tackle the global biodiversity loss. However, as GDP growth is the prime goal of most local governments in developing and underdeveloped countries institutions in developed countries should be encouraged to lead research programs in such countries. Global conservation needs far exceed any one organization’s capacity and resources. Conservationists prioritize species, resources, and actions every day, but only through a structured decision-making process can strategic decisions be made in an explicit, transparent, and effective manner. This will also facilitate potential partnerships among conservation organizations, philanthropists, and other stakeholders.
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