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Ethnobotanical research has been transformed by the digital age, as technology offers innovative 

tools to collect, manage, and analyze data. This review delves into the advancements in digital 

ethnobotanical research, including the development of databases, mobile applications, social 

media, Geographic Information Systems (GIS), remote sensing, big data analytics, and machine 

learning. It also discusses the challenges and ethical considerations that arise with the use of 

technology in ethnobotanical research. By embracing these technological advancements 

responsibly, researchers can enhance the scope, efficiency, and cultural sensitivity of 

ethnobotanical investigations. 
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1. Introduction  

Ethnobotany, the study of the relationships between 

people and plants, has been a critical field of research for 

centuries. Traditionally, ethnobotanical studies involved 

recording indigenous knowledge, medicinal uses of plants, 

cultural practices, and ecological interactions using 

manual data collection methods. However, the advent of 

digital technology has revolutionized the way researchers 

approach ethnobotanical studies. The digital age has 

brought transformative changes to ethnobotanical 

research, empowering researchers with powerful 

technological tools to collect, analyze, and preserve 

valuable ethnobotanical data. This review explores the 

ways in which technology has facilitated data collection 

and analysis, enhancing the scope and efficiency of 

ethnobotanical research in the digital age [1]. 

 

 

 

 

 

1.1 Evolution of Ethnobotanical Research 

Ethnobotanical research has experienced a significant 

evolution over the years, reflecting the dynamic interplay 

between human societies and their natural environments. 

The origins of this interdisciplinary field can be traced 

back to ancient civilizations, where indigenous 

communities relied on their deep understanding of plants 

for sustenance, medicine, and cultural practices. However, 

it was not until the late 19th and early 20th centuries that 

formal scientific investigations into ethnobotany began. 

Pioneering researchers like Richard Evans Schultes and 

Wade Davis explored the traditional knowledge of 

indigenous peoples in remote regions, shedding light on 

the vast potential of plant-derived compounds for 

medicinal and industrial applications [2]. 

In the latter half of the 20th century, ethnobotanical 

research underwent a paradigm shift as it embraced a 

more holistic and collaborative approach. Scientists 

started working closely with local communities, 

acknowledging the value of their traditional knowledge 

and the need for sustainable practices. This participatory 

approach led to the preservation of indigenous cultures 

and the recognition of their intellectual property rights 

over traditional plant resources. 

With the advent of cutting-edge technologies and global 

connectivity, the 21st century has witnessed a remarkable 

acceleration in ethnobotanical research. Advanced 

analytical tools, such as genomics and metabolomics, have 
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enabled a deeper understanding of plant properties and 

potential applications. Moreover, the urgency to address 

contemporary environmental and health challenges has 

prompted researchers to explore ethnobotanical 

resources for new bioactive compounds, crop varieties, 

and solutions to biodiversity conservation. 

The evolution of ethnobotanical research has also 

influenced policy and regulatory frameworks worldwide. 

Governments and international organizations increasingly 

acknowledge the significance of traditional knowledge and 

the ethical considerations involved in its utilization. This 

has led to the establishment of guidelines to ensure 

equitable benefit-sharing and protect the rights of 

indigenous communities [3]. 

1.2 Digital Transformation and Its Impact on 

Ethnobotany 

Digital transformation has brought about a profound 

impact on ethnobotany, revolutionizing the way 

researchers, indigenous communities, and stakeholders 

engage with traditional plant knowledge and its 

applications. With the proliferation of digital technologies, 

ethnobotanical research has gained unprecedented access 

to vast repositories of information, enabling the 

preservation and dissemination of traditional plant 

knowledge across geographical boundaries. Online 

databases and platforms facilitate the documentation and 

sharing of indigenous practices, ensuring that valuable 

information is not lost and remains accessible for future 

generations [4]. 

Furthermore, digital tools have expedited data collection 

and analysis processes, empowering researchers to 

analyze large datasets and identify potential patterns or 

correlations that might otherwise remain unnoticed. 

These technological advancements have led to a deeper 

understanding of the medicinal, cultural, and ecological 

significance of plants, and the identification of novel 

applications for various bioactive compounds. 

Consequently, this has opened up new avenues for drug 

discovery, sustainable agriculture, and bioprospecting, 

where traditional knowledge serves as a valuable resource 

for modern scientific innovations. 

Digital transformation has also fostered collaboration and 

knowledge exchange between ethnobotanists and 

indigenous communities. Virtual communication 

platforms enable real-time interactions, allowing 

researchers to work alongside local knowledge holders in 

a mutually beneficial manner. The inclusion of indigenous 

perspectives and traditional practices in digital 

ethnobotanical research ensures a more holistic and 

culturally sensitive approach, respecting the intellectual 

property rights and wisdom of these communities. 

However, as digital transformation accelerates, it also 

raises ethical and social considerations. There is a need to 

ensure that digital ethnobotanical research is conducted 

with utmost respect for the privacy, consent, and agency of 

indigenous communities. Additionally, the risk of 

biopiracy and misappropriation of traditional knowledge 

demands robust policies and regulations to safeguard the 

interests of these knowledge holders [5]. 

2. Digital Ethnobotanical Databases: A Knowledge 

Repository 

One of the most significant advancements in the digital age 

is the development of ethnobotanical databases. These 

platforms serve as repositories for vast amounts of 

ethnobotanical information, making it accessible to 

researchers worldwide. By digitizing and organizing data, 

researchers can now access diverse datasets from 

different regions, cultures, and time periods. Additionally, 

these databases allow for easy sharing of information, 

promoting collaboration and data transparency in the 

scientific community. 

Digital ethnobotanical databases have revolutionized the 

storage and accessibility of ethnobotanical information. 

These repositories compile vast datasets of traditional 

plant knowledge, enabling researchers to access diverse 

information from different regions and cultures. By 

fostering data transparency and encouraging 

collaboration, ethnobotanical databases have become 

essential resources for the scientific community [6]. 

3. Mobile Applications for Real-Time Ethnobotanical 

Data Collection  

Mobile applications have become powerful tools for 

ethnobotanical data collection. Researchers can create 

user-friendly applications that enable the gathering of 

real-time data in the field. These apps can include 

multimedia features, such as images and voice recordings, 

which enhance the accuracy and richness of collected 

information. Mobile apps also offer geolocation 

capabilities, allowing researchers to map the distribution 

of plant species and associated cultural knowledge. 

Mobile applications designed for ethnobotanical research 

have become indispensable tools for field data collection. 

Researchers can create user-friendly apps that facilitate 

real-time data entry, incorporating multimedia features 

such as images, voice recordings, and GPS coordinates. 

These applications enhance the accuracy and richness of 

collected data and enable researchers to engage with local 

communities more effectively [7]. 

The benefits of using mobile applications extend beyond 

data collection, as they also facilitate real-time 

engagement with local communities. Researchers can 

collaborate closely with community members, building 

trust and mutual understanding, while gaining valuable 

insights into traditional plant uses and cultural practices. 

However, the adoption of mobile data collection in 

ethnobotanical research necessitates careful consideration 

of ethical considerations. Researchers must ensure 

informed consent, protect the privacy and intellectual 

property rights of local communities, and conduct 

research in a culturally sensitive manner to uphold the 

integrity and respect for traditional knowledge. By 

embracing mobile technology responsibly, researchers can 

elevate the efficiency, inclusivity, and cultural sensitivity 

of ethnobotanical research in the digital age [8]. 
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4. Leveraging Social Media and Crowdsourcing 

Social media platforms have emerged as valuable 

resources for ethnobotanical research. Researchers can 

leverage these platforms to connect with local 

communities, gather insights, and engage with individuals 

knowledgeable about traditional plant uses. Additionally, 

crowdsourcing enables researchers to obtain a large 

amount of data from diverse sources, enhancing the scope 

and comprehensiveness of studies. However, researchers 

must consider ethical considerations and privacy concerns 

when using social media and crowdsourcing methods. 

Researchers can connect with local communities and 

individuals knowledgeable about traditional plant uses, 

gaining valuable insights and access to otherwise 

inaccessible data. Crowdsourcing platforms enable 

researchers to gather large-scale data from a diverse 

range of sources, enriching ethnobotanical studies and 

providing a broader understanding of traditional 

knowledge [9]. 

 Ethical Implications of Social Media and 

Crowdsourcing: 

While social media and crowdsourcing offer promising 

opportunities for ethnobotanical research, they also raise 

ethical considerations that must be carefully addressed. 

Respecting the privacy, cultural beliefs, and intellectual 

property rights of indigenous communities is paramount 

when utilizing these digital tools. Informed consent and 

proper attribution of knowledge sources are essential to 

avoid any exploitation or misappropriation of traditional 

knowledge. Moreover, researchers must be mindful of 

potential biases in crowdsourced data and verify 

information from credible sources to ensure data accuracy 

and reliability. Establishing transparent guidelines and 

protocols for social media and crowdsourcing initiatives is 

crucial to uphold ethical standards and foster respectful 

partnerships between researchers and knowledge holders 

[10]. 

5. Integrating GIS and Remote Sensing Technologies in 

Ethnobotany 

Geographic Information Systems (GIS) and remote sensing 

technologies have expanded the possibilities of 

ethnobotanical research. Researchers can overlay 

ethnobotanical data with spatial information, revealing 

patterns and correlations between plant use and 

environmental factors. GIS and remote sensing also aid in 

the identification and monitoring of plant resources, 

contributing to the conservation of biodiversity and 

cultural heritage. 

By overlaying ethnobotanical data with environmental 

factors such as climate, soil, and elevation, GIS facilitates 

the identification of patterns and correlations that 

contribute to a deeper understanding of the intricate 

relationships between indigenous communities and their 

plant resources. The integration of GIS in ethnobotanical 

research enhances the precision of data analysis, fosters 

evidence-based decision-making, and supports sustainable 

management strategies for traditional plant knowledge 

and natural resources [11]. 

Remote sensing technologies play a pivotal role in 

expanding the scope of ethnobotanical research by 

providing a bird's-eye view of vast landscapes and 

ecosystems. Satellite imagery and aerial surveys offer 

comprehensive data on land cover, vegetation, and 

ecological changes, which can be analyzed alongside 

ethnobotanical information to study how environmental 

factors influence traditional plant knowledge and 

practices. Remote sensing aids in identifying potential 

regions of interest for further fieldwork, enabling 

researchers to target areas with high biodiversity and 

cultural significance. Moreover, remote sensing helps 

monitor changes in vegetation cover and land use over 

time, contributing to the assessment of the impact of 

environmental and anthropogenic factors on 

ethnobotanical resources [12]. 

 Mapping Traditional Ecological Knowledge: 

GIS and remote sensing technologies facilitate the 

mapping of traditional ecological knowledge, visually 

representing the spatial distribution of plants, habitats, 

and associated cultural practices. By combining 

ethnobotanical data with geospatial information, 

researchers can create interactive maps that showcase the 

richness of traditional knowledge held by indigenous 

communities. These maps provide a valuable resource for 

knowledge exchange and collaboration between 

researchers, local communities, and policymakers, 

fostering a deeper appreciation of cultural heritage and 

traditional practices. Mapping traditional ecological 

knowledge also contributes to the preservation and 

revitalization of indigenous cultures and their intricate 

relationships with the environment [13]. 

 Conservation Applications and Future Directions: 

The integration of GIS and remote sensing in 

ethnobotanical research has significant implications for 

conservation efforts. By mapping areas of high 

ethnobotanical and ecological importance, 

conservationists can prioritize regions for protection and 

sustainable management. Moreover, these technologies 

aid in monitoring changes in vegetation cover, identifying 

areas at risk of habitat loss, and assessing the impact of 

climate change on ethnobotanical resources. In the future, 

the development of more sophisticated spatial analysis 

techniques and the incorporation of machine learning 

algorithms hold promise for advancing the applications of 

GIS and remote sensing in ethnobotany. Continued 

collaboration between researchers, local communities, 

and technology experts will further enhance our 

understanding of spatial relationships and support the 

conservation of traditional plant knowledge and 

biodiversity for generations to come [14]. 

 

6. Big Data and Machine Learning in Ethnobotany 

The digital age has brought forth an abundance of data, 

and ethnobotany is no exception. Harnessing big data 
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analytics and machine learning algorithms can help 

researchers uncover hidden patterns and trends in large 

datasets [15]. By processing vast amounts of information, 

researchers can identify potential new medicinal 

compounds, understand changing plant use patterns, and 

predict future changes in ethnobotanical knowledge and 

practices. 

In the realm of ethnobotany, the advent of big data 

analytics and machine learning has revolutionized the way 

researchers analyze and interpret vast amounts of 

ethnobotanical information. Understanding big data in 

ethnobotany involves harnessing large datasets, 

comprising traditional knowledge, ecological data, and 

geospatial information, to gain comprehensive insights 

into the relationships between human societies and their 

plant resources. Machine learning algorithms, which are at 

the forefront of this technological revolution, offer a 

powerful set of tools to extract patterns, predict outcomes, 

and discover hidden correlations in ethnobotanical data. 

By leveraging machine learning, researchers can develop 

sophisticated models that identify and categorize 

traditional plant uses, map the distribution of medicinal 

plants, and predict trends in plant diversity, among other 

applications [16]. Uncovering patterns and trends in 

ethnobotanical data is crucial for formulating evidence-

based conservation strategies, sustainable resource 

management plans, and fostering cross-cultural 

collaboration between scientists and indigenous 

communities. However, as big data and machine learning 

continue to evolve in ethnobotany, ethical considerations 

surrounding data privacy, informed consent, and the 

potential biases in algorithmic decision-making demand 

thoughtful and transparent approaches to ensure 

responsible and equitable applications of these 

transformative technologies [17, 18]. 

7. Challenges and Ethical Considerations 

Digital ethnobotanical research, while offering 

unprecedented opportunities, also presents a range of 

challenges and ethical considerations that demand careful 

attention. The digital divide poses a significant challenge 

in data collection, as access to technology and internet 

connectivity remains uneven across different regions and 

communities. This disparity can hinder the participation 

of indigenous groups and knowledge holders in digital 

research initiatives, potentially marginalizing their 

perspectives and contributions. Moreover, the issue of 

data ownership and intellectual property rights raises 

ethical concerns regarding the equitable sharing of 

benefits derived from traditional knowledge. Researchers 

must navigate the complexities of obtaining informed 

consent, respecting community protocols, and ensuring 

that traditional knowledge is appropriately attributed and 

protected from misappropriation or biopiracy [19]. 

Privacy and data protection are critical ethical concerns in 

digital ethnobotanical research. As researchers collect and 

store sensitive information on plant uses, cultural 

practices, and indigenous knowledge, it becomes essential 

to implement robust data security measures [20]. 

Safeguarding the confidentiality of participants' identities 

and personal details is imperative to build trust and 

maintain respectful partnerships with indigenous 

communities. Researchers must adhere to data protection 

regulations and ethical guidelines to prevent any potential 

misuse of information that could harm the interests and 

cultural integrity of the involved communities [21]. 

Preserving cultural heritage and traditional knowledge is a 

paramount ethical consideration in digital ethnobotanical 

research. While technology facilitates the dissemination of 

ethnobotanical data, it also brings the risk of cultural 

appropriation and commodification. Researchers must 

navigate a delicate balance between sharing knowledge 

for scientific advancement and protecting the sacredness 

and uniqueness of indigenous cultural practices. 

Collaborative, community-centered approaches that 

involve knowledge holders in the research process are 

crucial to ensuring that digital ethnobotanical research 

respects, preserves, and empowers traditional cultures 

rather than exploiting or erasing their identities [22]. 

In conclusion, digital ethnobotanical research opens up 

new frontiers for understanding the intricate relationship 

between humans and plants, but it also presents 

challenges and ethical dilemmas that must be thoughtfully 

addressed. Researchers must strive for inclusivity, 

respecting the digital divide and ensuring that technology 

does not exacerbate existing disparities. Ethical 

considerations around data ownership, privacy, and 

cultural preservation should guide every stage of the 

research process, fostering respectful and mutually 

beneficial collaborations between researchers and 

indigenous communities. By upholding ethical standards, 

digital ethnobotanical research can become a powerful 

catalyst for sustainable development, biodiversity 

conservation, and the preservation of traditional 

knowledge for future generations. 

8. Future Prospects in embracing the Digital Age in 

Ethnobotanical Research 

The future prospects of ethnobotanical research in the 

digital age hold immense promise, driven by the continued 

harnessing of technology for data collection and analysis. 

Ethnobotanical databases are anticipated to evolve into 

comprehensive and interconnected repositories, providing 

seamless access to vast traditional plant knowledge from 

diverse cultures worldwide [23]. Mobile applications are 

likely to become more sophisticated, incorporating 

advanced multimedia features and AI-driven data 

validation, further enhancing field data collection 

efficiency. Social media and crowdsourcing platforms are 

expected to deepen their engagement with local 

communities, fostering dynamic exchanges of 

ethnobotanical insights. The integration of GIS and remote 

sensing will continue to expand, empowering researchers 

to explore intricate spatial relationships and support 

targeted conservation efforts. Big data analytics and 

machine learning are foreseen to drive breakthroughs in 
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drug discovery, providing novel leads for medical 

applications derived from traditional plant knowledge. As 

technology advances, researchers must remain vigilant in 

addressing ethical considerations, ensuring the 

responsible use of data and the preservation of cultural 

heritage. Ultimately, the future of ethnobotanical research 

in the digital age promises a harmonious fusion of 

technological advancements with cultural sensitivity, 

significantly enriching our understanding of the profound 

connections between people and plants for the greater 

good of humanity and biodiversity conservation [24, 25]. 

9. Conclusion 

The digital age has revolutionized ethnobotanical research 

by providing innovative tools for data collection, storage, 

and analysis. Ethnobotanical databases, mobile 

applications, social media, GIS, remote sensing, big data 

analytics, and machine learning have all contributed to a 

deeper understanding of the intricate relationships 

between people and plants. As technology continues to 

evolve, it is crucial for researchers to embrace these 

advancements responsibly, respecting the rights and 

knowledge of the communities they work with, and 

ensuring that ethnobotanical research remains a 

collaborative and culturally sensitive endeavor [26].  

Mobile applications have emerged as indispensable tools, 

enabling real-time data collection in the field through 

user-friendly interfaces, multimedia integration, and 

geolocation capabilities. Social media and crowdsourcing 

platforms have opened new avenues for engagement with 

local communities and the acquisition of diverse 

ethnobotanical data. Additionally, the integration of 

Geographic Information Systems (GIS) and remote sensing 

technologies empowers researchers to explore spatial 

relationships between plant use and environmental 

factors, enhancing our understanding of traditional 

ecological knowledge. The era of big data and machine 

learning has further expanded research possibilities, 

uncovering hidden patterns and predicting trends in 

ethnobotanical knowledge and practices. However, 

researchers must address challenges related to the digital 

divide and navigate ethical considerations concerning data 

ownership, privacy, and cultural sensitivity [27]. By 

responsibly embracing technology, ethnobotanical 

research in the digital age holds tremendous promise for 

advancing our comprehension of the intricate connections 

between people and plants, while also contributing to 

conservation efforts and the preservation of cultural 

heritage. 

By harnessing technology effectively, ethnobotanical 

research in the digital age has the potential to make 

significant contributions to science, conservation, and the 

preservation of traditional knowledge for future 

generations. 

 

 

 

10. Funding 

No Funding 

 

11. Conflict of Interest 

No Conflict of Interest 

12. Inform Consent and Ethical Considerations 

Not Applicable 

13. Author Contribution 

All authors are contributed equally. 

14. References 

1. Alexiades, M. N., and J. W. Sheldon, eds. 1996. Selected 

guidelines for ethnobotanical research: A field 

manual. New York: The New York Botanical Garden 

Press. 

2. Begossi, A. 1996. The use of ecological methods in 

ethnobotany: Diversity indices. Economic Botany 50 

(3): 280–9. 

3. Beckstrom-Sternberg, S.M., J.A. Duke, and K.K. Wain. 

1994. The Ethnobotany Database. (Data version July 

1994). www.ars-genome.cornell.edu/cgi-

bin/WebAce/ 

4. Cotton, C. M. 1996. Ethnobotany: Principles and 

applications. Chichester, UK: John Wiley 

5. Miles, M. B., and M. A. Huberman. 1994. Qualitative 

data analysis: An expanded sourcebook. Thousand 

Oaks, CA: Sage. 

6. Posey, D., ed. 1999. Cultural and spiritual values of 

biodiversity. London: Intermediate Technology 

Publications. 

7. Vogl-Lukasser, B., and C. R. Vogl. 2002. Ethnobotany 

as an interdisciplinary tool for the study of the 

biocultural management of agrobiodiversity in 

homegardens of Alpine farmers in Eastern Tyrol. In 

Interdisciplinary mountain research, edited by R. 

Bottarin and U. Tappeiner, 264–73. London: 

Blackwell. 

8. Harshberger, J.W. 1896. The purposes of ethno-

botany. Botanical Gazette 21:146-154. 

9. Lucky, R. 2000. The Quickening of Science 

Communication. Science. 289: 259-264. 

10. Schalk P.H., and P. Oosterbroek. 1996. Interactive 

knowledge systems: Meeting the demand for 

disseminating upto-date biological information. 

Biodiversity Letters 3:119- 123. 

11. Smith, T., L. Biotani, C. Bibby, D. Brackett, F. Corsi, 

G.A.B. da Fonesca, C. Gascon, M.G. Dixon, C. Hilton-

Taylor, G. Mace, R.A. Mittermier, J. Rabinovich, B.J. 

Richardson, A. Rylands, B. Stein, S. Stuart, J. Thomsen, 

and C. Wilson. 2000. Databases Tailored for 

Biodiversity Conservation. Science 289:2073. 

12. Thomas, M.B., N. Lin. and H.W. Beck. 2001. A Database 

Model for Integrating and Facilitating Collaborative 

Ethnomedicinal Research. Pharmaceutical Biology. 

39:Supplement:41–52. 



Dileepu Kumar B et al., Int J Indig Herbs Drugs 2023; 8(4):1-6 

6 
 

13. Kareti, S.R., Rajpoot, V.S. and Ramar, H.H. 2022. "A 

module for digital conservation of medicinal plants 

used by tribal communities living in selected villages 

of Anuppur district, Madhya Pradesh, Central India", 

VINE Journal of Information and Knowledge 

Management Systems, 

https://doi.org/10.1108/VJIKMS-11-2021-0273. 

14. Albuquerque UP. 2009. Quantitative ethnobotany or 

quantification in ethnobotany? Ethnobotany Research 

& Applications 7: 1-7. 

15. Aswani S, Anne L, Warwick HH, Sauer WHH. 2018. 

Global trends of local ecological knowledge and future 

implications. PLOS ONE 13: 4. doi: 

10.1371/journal.pone.0195440. 

16. Benyei P, Arreola G, Reyes-García V. 2019. Storing or 

sharing: a review of traditional knowledge 

conservation initiatives. Ecology and Society (in 

press). 

17. Berkes F. 2018. Sacred ecology: Traditional ecological 

knowledge and resource management. New York, 

Taylor & Francis. 

18. Booker A, Johnston D, Heinrich M. 2012. Value chains 

of herbal medicines: research needs and key 

challenges in the context of ethnopharmacology. 

Journal of Ethnopharmacology 140: 624-633. 

19. Leonti,M. 2011. The future is written: impact of 

scripts on the cognition, selection, knowledge and 

transmission of medicinal plant use and its 

implications for ethnobotany and 

ethnopharmacology. J. Ethnopharmacol., 134, 542–

555 doi: 10.1016/j.jep.2011.01.017. 

20. Beaman,R.S. and Cellinese,N. (2012) Mass digitization 

of scientific collections: new opportunities to 

transform the use of biological specimens and 

underwrite biodiversity science. Zookeys, 209, 7–17 

doi: 10.3897/zookeys.209.3313. 

21.  Thiers,B.M., Tulig,M.C. and Watson,K.A. (2016) 

Digitization of the New York Botanical Garden 

Herbarium. Brittonia, 68, 324–333 doi: 

10.1007/s12228-016-9423-7. 

22. Thomas,M.B., Lin,N. and Beck,H.H. (2001) A database 

model for integrating and facilitating collaborative 

ethnomedicinal research. Pharm. Biol., 39, 41–52. 

23. Schalk,P.H. and Oosterbroek,P. (1996) Interactive 

knowledge systems: meeting the demand for 

disseminating up-to-date biological information. 

Biodivers. Lett., 3, 119–123. 

24. Ritter,M.R., Da Silva,T.C., Araújo,E.D.L. et al. (2015) 

Bibliometric analysis of ethnobotanical research in 

Brazil (1988–2013). Acta Bot. Bras., 29, 113–119 doi : 

10.1590/0102-33062014abb3524. 

25. Albuquerque,U.P. and De Medeiros,P.M. (2012) 

Systematic reviews and meta-analysis applied to 

ethnobiological research. Ethnobiol. Conserv., 1, 1–8. 

26. Keim,D.A. (2001) Visual exploration of large data sets. 

Commun. ACM, 44, 38–44. 

27. Bastow,R. and Leonelli,S. (2010) Sustainable digital 

infrastructure. Although databases and other online 

resources have become a central tool for biological 

research, their long-term support and maintenance is 

far from secure. EMBO Rep., 11, 730–734 doi: 

10.1038/embor.2010.145. 


