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1. Scientific datasets: past and future  

1.1. A brief history of data collection 

The collection of scientific data has long been a fundamental aspect of research, enabling 

scientists to observe, measure, and understand the natural world.  

In ancient times, various scholars made early efforts to document the world around 

them, recording both personal observations and second-hand reports in a series of scrolls or 

parchments. These texts were copied and translated over the centuries into various languages, 

eventually forming the foundation of many scientific disciplines. Among the oldest examples 

are the Ebers Papyrus (Egypt, ~1550 BCE), the Shennong Bencao Jing (China, ~1st century 

CE), and the Ayurvedic texts Charaka Samhita and Sushruta Samhita (India, ~1st millennium 

BCE). These works included detailed accounts of plants, minerals, and animal products used 

in medical treatment and reflect early empirical approaches to natural science. In his Historia 

Animalium (mid-4th century BCE), Greek philosopher Aristotle described around 500 species 

of animals — marking the first known attempt to classify animals based on shared 

characteristics. His student, Theophrastus, authored Enquiry into Plants (~350 BCE), in which 

he described plant types, their structures, and methods of reproduction. This work was widely 

read and referenced throughout antiquity and the Renaissance (Reeds, 1976), greatly 

influencing early botanical science. Around the same period, Roman scholar and naturalist 

Pliny the Elder compiled Naturalis Historia (~77 CE), a vast encyclopaedic manuscript 

consisting of 37 books. Aimed at cataloguing all known natural knowledge of the time, it served 

as a reference work for scholars, physicians, and members of the Roman elite and later became 

one of the most influential texts during the emergence of modern science (Ogilvie, 2006). 

In the 15th and 16th centuries, inspired by the cultural ideals of the Renaissance and 

driven by the exploratory voyages of the Age of Discovery, Europe witnessed a growing 

fascination with the natural world. This curiosity moved wealthy individuals, scholars, and 

nobles to amass collections of unusual objects — minerals and shells, fossils, exotic animals, 

and plants — commonly categorised as naturalia and artificialia. As Davenne (2012) notes, 

collecting was seen as a way to “provide a form of intelligibility to the world.” These 

collections often brought together items from distant lands and various time periods, arranged 

methodically in jars, glass cases, or neatly divided drawers (Allen, 1976). Such displays were 

meant to reflect and reinforce the belief in an underlying order to nature (Fig.1). The influx of 

exotic materials from newly discovered lands, however, rapidly expanded these collections and 

made informal storage impractical. In response, collectors began cataloguing, classifying and 

making illustrations of their possessions — a practice that allowed them to identify, compare, 

and trace the origins and qualities of each specimen. Over time, these written catalogues 

evolved into intellectual status symbols, showcasing the collector’s education, wealth, and 

connections to global scholarly networks. Often published as printed books, they circulated 

among learned circles worldwide (Porras, 2016), simultaneously elevating the collector’s 

reputation and helping to build shared knowledge about the natural world. 

These private collections of curiosities from around the world became the starting 

point for some of the first museums and academic institutions in Europe (Allen, 1976). For 

example, the Tradescant collection, gathered by John Tradescant and his son, was later given 

to the University of Oxford. It became the foundation of the Ashmolean Museum, which 

opened in 1683 and is considered the first public museum in Britain. In London, Hans Sloane, 

a British doctor and collector, donated over 71,000 items that became the core of the British 

Museum. In Italy, the collection of naturalist Ulisse Aldrovandi helped form the Palazzo Poggi 

Museum in Bologna. 

The use of illustrated catalogues, organized displays, and detailed descriptions — 

originally developed by private collectors to manage their growing collections — became the 
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blueprint for how museums handle scientific data. Instead of discarding these systems, 

museums kept and improved them, helping to categorise, study, and share information about 

their collections. This early approach to collecting and storing knowledge can be seen as a 

precursor to modern scientific databases. 

 

 
Figure 1: “Francesco Calzolari’s Cabinet of Curiosities”, Frontispiece of Musaeum 

Calceolarium catalog (1622), image lightened for clarity. Source: Biodiversity Heritage 

Library (https://www.cabinet.ox.ac.uk/musaeum-calceolarii-1622#/media=344) 

 

As natural history museums and scientific institutions continued to expand in the 17th 

and 18th centuries, the volume and diversity of collected material demanded more structured 

systems for documentation. A major turning point was the introduction of printed scientific 

journals, which formalized the exchange of knowledge among researchers. The publication of 

the Journal des Sçavans and the Philosophical Transactions of the Royal Society in 1665 

marked the beginning of a new era in scientific communication (Kronick, 1956). Instead of 

being restricted to private letters or isolated catalogues, scientific observations could now be 

widely distributed, peer-reviewed, and archived. These journals became an essential medium 

through which data — including observations, experiment results, and ongoing research — 

were shared across Europe and beyond. 
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In parallel, efforts to standardise the naming and classification of natural specimens 

culminated in Carl Linnaeus’s Systema Naturae (1735), which introduced a consistent method 

for categorizing plants and animals. His binomial nomenclature offered a universal language 

for science, making it easier for researchers in different countries to compare findings. 

Linnaeus's classification system was more than a naming convention; it was a form of data 

standardization that helped scientists manage the ever-growing catalogues of species in 

museums and botanical gardens.  

During the 18th and 19th centuries, another type of data began to gain importance: 

first-hand observational records. As scientific exploration expanded, researchers and naturalists 

kept detailed field notebooks and travel diaries (Pereira Antunes et al., 2019). Their records 

captured not only the specimens collected but also essential contextual details such as habitat, 

weather, local names, and behaviors. For example, the journals of Joseph Banks and Charles 

Darwin during their voyages on HMS Endeavour and HMS Beagle, respectively, contained 

extensive observations that extended well beyond the physical collections. These notes were 

essential for understanding the significance of the material and became valuable scientific 

documents in their own right. Many institutions later linked these written records to their 

collections, enriching the data associated with each object. 

By the mid-20th century, institutions like the British Museum and the Smithsonian 

began adopting punch cards and early computers to manage their catalogues. As computing 

technology became more accessible in the 1960s and 70s, these efforts expanded significantly 

(Sabin, 1997). A key milestone was the development of digital cataloguing software for natural 

history collections, which enabled large volumes of data to be stored, updated, and searched 

far more efficiently than paper-based systems. Early examples include the Smithsonian’s 

SELGEM (Self-Generating Master) and the Arizona State Museum’s REGIS, both of which 

automated the entry, retrieval, and management of specimen and collection data (McLaren & 

Timm, 2019; Pan & Shi, 2025). 

During the 1980s, the focus shifted towards linking collections across institutions. 

Initiatives such as the Integrated Taxonomic Information System (ITIS, https://www.itis.gov/) 

and early biodiversity networks laid the foundation for collaborative digital databases. These 

platforms began offering centralized access to decentralized collections, incorporating 

standardized taxonomic data, geolocation tags, and links to original records. 

This evolution culminated in the creation of global digital platforms such as the Global 

Biodiversity Information Facility (GBIF, https://www.gbif.org/), launched in 2001, which 

aggregates open-access specimen records from thousands of sources. Meanwhile, 

complementary projects like the Integrated Digitized Biocollections (iDigBio, 

https://www.idigbio.org/) and the Biodiversity Heritage Library (BHL, 

https://www.biodiversitylibrary.org/) further support this effort by digitizing field journals, 

illustrations, and historical texts, thereby integrating contextual information with specimen 

metadata. 

Together, these systems embody the long evolution of scientific data storage: from 

handwritten manuscripts to international, interoperable digital databases. They were created in 

response to a challenge that has existed for centuries — how to organize, preserve, and make 

sense of the immense variety of life on Earth. 

 

1.2. The principle of Open Access data 

Open access databases emerged in the late 20th century alongside the rise of digital 

technologies and a growing interest in sharing knowledge freely. At first, digitization efforts 

were mostly internal and archival, intended to safeguard physical documents and collections 

of museums and institutions. However, as the internet became more widespread, the idea of 
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sharing data publicly gained momentum, shifting the role of databases from storage to open 

collaboration. 

A turning point came in 1996, when researchers involved in the Human Genome 

Project (HGP) drafted the Bermuda Principles (Wellcome trust, 1996), which recommended 

that all DNA sequence data be made publicly available within 24 hours of generation. This 

initiative transformed genome sequencing from a closed, competitive race into a globally 

coordinated scientific effort that ultimately produced the first complete map of the human 

genome — a comprehensive blueprint of human DNA. By sharing sequence data in real time, 

the project opened access to researchers worldwide, accelerating the development of diagnostic 

tools, informing the creation of targeted therapies, and helping establish subfields such as 

pharmacogenomics and personalized medicine. Crucially, the Bermuda Principles allowed 

hundreds of scientists to work on the genome simultaneously, significantly speeding up the 

completion of the HGP and setting a new global standard for data sharing and scientific 

collaboration. 

In 2002, the Budapest Open Access Initiative extended these ideas to scientific 

publications, arguing that free access to both data and literature was essential for accelerating 

discovery and ensuring public accountability (BOAI, 2002). The Berlin Declaration (Max 

Planck Society, 2003) and the Bethesda Statement (Suber et al., 2003) followed the next year, 

building consensus around open access as a new standard for scientific communication. Public 

funding agencies were quick to adopt the principle. Institutions such as the NIH (USA), the 

Wellcome Trust (UK), and the European Research Council began requiring that datasets 

generated through publicly funded research be made openly available. The rationale was 

simple: public money should support public knowledge (Vicente-Sáez & Martínez-Fuentes, 

2018). 

Many research datasets are irreplaceable, often tied to specific times, locations, or 

conditions that cannot be replicated (Griffin, 2015). Yet a significant portion of scientific data 

is lost over time — one study found that only 11% of datasets from articles published before 

2000 were still accessible, with availability declining with article age (Vines et al., 2014). This 

loss is often due to lost or inaccessible storage media, outdated contact information, or 

unresponsive authors. To address this problem, many scientific journals now require authors 

to deposit data in public repositories at the time of publication. Widely used general-purpose 

repositories include Zenodo (https://zenodo.org/), Figshare (https://figshare.com/), Dryad 

(https://datadryad.org/), Open Science Framework (OSF, https://www.cos.io/), and Mendeley 

Data (https://data.mendeley.com/). These platforms offer long-term storage for datasets, code, 

publications, and other research outputs. They also assign DOIs (Digital Object Identifiers), 

providing a unique and permanent reference that ensures materials remain findable even if their 

online location (URL) changes. 

Importantly, the value of open access is not confined to elite research institutions. In 

biodiversity science, for instance, platforms such as the Global Biodiversity Information 

Facility (GBIF) have enabled scientists in regions with limited research infrastructure to both 

access and contribute data at a global scale. Local surveys, once siloed or inaccessible, now 

inform international conservation assessments and global climate models. In 2018, for 

example, the Secretariat of the Pacific Regional Environment Programme (SPREP) launched 

an initiative to mobilize invasive species records through GBIF’s platform. A series of regional 

workshops led to the digitisation and publication of 21 datasets documenting invasive species 

across Pacific Island nations, including Fiji, Papua New Guinea, Samoa, Tonga, and the 

Solomon Islands (GBIF, 2018). 

Open access datasets now take many forms: digitised museum collections, species 

distribution records, genomic sequences, environmental sensor data, annotated images, and 
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audio recordings. Centralization, careful curation, and ongoing updates are essential to 

preserving their scientific value. While open access has not resolved all issues of inequality or 

data quality, it has made science faster, more inclusive, and more interconnected. It has laid the 

groundwork for long-term, global collaboration — one dataset at a time. 

 

1.3. The new age of Citizen science 

The idea of amateurs collecting observations for researchers has existed for centuries across 

various disciplines, including astronomy (Kirchhoff, 1955), botany (Reeds, 1976), ornithology 

(Barrow, 1998), and natural history more broadly (Ogilvie, 2006; Davenne, 2012); however, it 

was only in the early 2000s — with the spread of high-speed internet (Lepczyk et al. 2009), the 

rise of smartphones equipped with cameras, GPS, and other tools, along with the advent of 

cloud storage — that open, structured databases became possible, enabling people from around 

the world to contribute their data to a single, shared platform. 

Among the earliest widely recognized online platforms in the field of zoology are 

iNaturalist (https://www.inaturalist.org/), founded in 2008, and eBird (https://ebird.org/), 

launched in 2002. These platforms allow users to upload diverse data types, including 

photographs, audio and video recordings, precise GPS coordinates, and the date and time of 

each observation. Additionally, contributors can provide species identifications, behavioral or 

habitat notes, and counts of individuals observed. 

eBird, developed by the Cornell Lab of Ornithology, has revolutionized bird monitoring 

globally (Lagoze, 2014). Data submitted by birdwatchers has been used in hundreds of peer-

reviewed studies (eBird, 2024), providing insights into migration patterns, population trends 

(Walker & Taylor, 2017), and habitat usage (Masto et al., 2022). For example, eBird data helped 

document the northward range expansion of several bird species in response to climate change 

(La Sorte et al., 2014). Similarly, iNaturalist assists scientists in obtaining images of rarely seen 

animals (Trageser, 2018), discovering new species (Amézquita, 2013), and even new genera 

(Manley et al., 2005). It also supports conservation efforts by identifying biodiversity hotspots 

(Beninde, 2023) and tracking invasive species (Arkansas Heritage, 2022; González‐Moreno et 

al., 2025). 

More and more platforms are emerging, such as MammalWeb (2013, 

https://www.mammalweb.org/), which engages volunteers to set up their own camera traps and 

upload the images captured to monitor mammal populations across Europe, and HerpMapper 

(2013, https://www.herpmapper.org/), which collects global records of reptile and amphibian 

sightings from contributors. Scientists leading citizen science projects continue to develop new 

ways of involving volunteers in data collection. For example, Chronolog 

(https://www.chronolog.io/), founded in 2017, uses fixed smartphone photo stations — often 

installed in parks — to create consistent time-lapse images of ecological change. Visitors take 

photographs from designated points and submit them via email, generating a growing archive 

that supports long-term monitoring of vegetation, wildlife activity, water levels, and other 

environmental patterns. Similarly, the Citizens of the Sea (https://www.citizensofthesea.org/) 

initiative, launched in New Zealand in 2024, empowers sailors and coastal communities to 

collect marine environmental DNA (eDNA) and biodiversity data. Uploaded via a mobile 

application, these contributions help map marine species distributions and monitor shifts in 

coastal ecosystems, aiding conservation efforts across the region. 

Artificial intelligence (AI) began to enter biology-focused citizen science in the mid-

2010s, when machine learning was applied to large “research-grade” databases of wildlife 

images to develop automated taxon identification. These algorithms were subsequently 

integrated into citizen science platforms as species recognition tools (Ceccaroni et al., 2019). 

At the same time, other platforms such as Zooniverse (https://www.zooniverse.org/) and 
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Wildlife Insights (https://www.wildlifeinsights.org/) began working in the opposite direction, 

using citizen-generated classifications of camera-trap images to curate new image banks for 

training computer vision models. Such datasets have also enabled the development of 

specialised software, including the R package MLWIC (Machine Learning for Wildlife Image 

Classification) and the pre-trained networks in ClassifyMe (Green et al., 2020). Beyond 

species recognition, AI has been tested in applications ranging from automatic wildlife counts 

in aerial imagery — such as wildebeest surveys — to combining images with metadata 

(location, date, observer expertise) for improved predictive performance in studies such as 

ladybird identification (Lotfian et al., 2021) or in pest management (Christakakis et al., 

2024). 

In parallel, AI is being explored as a tool to sustain participation in citizen science. 

Machine learning has been trialled to profile volunteers and recommend suitable projects, while 

conversational agents and chatbots can provide real-time guidance and feedback. The 

BeeWatch project, for example, used natural language generation to deliver instant responses 

to volunteers, which improved both accuracy and engagement (van der Wal et al., 2016). At 

the same time, concerns remain that over-reliance on AI could discourage participation if 

volunteers feel they are being replaced (Lotfian et al., 2021; Abdul-Rahman et al., 2025). When 

applied thoughtfully, however, AI has the potential to strengthen collaboration between 

participants and researchers, advancing citizen science while maintaining trust in human–AI 

partnerships.  

As smartphone access and internet connectivity continue to improve globally, 

increasing numbers of people are becoming involved in citizen science. By engaging a large 

number of observers, the detection of rare or infrequent events becomes possible, greatly 

expanding both the temporal and geographical scope of data collection (Bird et al., 2014). 

Importantly, citizen science significantly boosted the collection of biological and 

environmental data in regions that were previously under-sampled or difficult for scientists to 

access, such as remote areas (Chiaravalloti, 2022; Haelewaters et al; 2024), politically 

unstable regions (Tidball et al., 2012), or countries with limited research funding (Stevens et 

al., 2014). Citizen science also helps to foster stronger engagement between scientists and the 

wider community (Phillips et al., 2019), while raising awareness of biodiversity and 

conservation (Forrester et al., 2017; Agnello et al., 2022). As a result, there is growing 

advocacy among researchers, institutions, and funding bodies for its continued development, 

particularly in light of the global data demands associated with ecological and climate 

research. 

Yet, despite its many advantages, citizen science faces significant limitations and 

challenges that constrain its application. A major concern is the accuracy and reliability of data 

collected by amateurs. For instance, Bonney et al. (2014) highlight that observer expertise 

varies widely, affecting data precision. Similarly, Kosmala et al. (2016) stress that while citizen 

science can generate large quantities of data, the variability in skill and effort requires careful 

validation and filtering to ensure scientific usability. Several approaches have been developed 

to mitigate these issues, such as expert verification, observer skill tracking, flagging of unusual 

observations, statistical modelling to adjust to known biases, etc. However, these processes can 

be resource-intensive and are not always foolproof (Sullivan et al., 2014; Kosmala et al., 2016; 

Green et al., 2020). Another issue is spatial and temporal biases. Data collection tends to be 

concentrated near urban centres, easily accessible parks, and popular recreational areas where 

most volunteers live or visit. This results in large geographic gaps in data from remote or 

difficult-to-access habitats, leading to incomplete or skewed distribution maps (Dickinson et 

al., 2010; Bird et al., 2014). Likewise, volunteer activity may fluctuate seasonally or with 

weather conditions, creating gaps or inconsistencies in data over time (Bird et al., 2014). 
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While many limitations of citizen science can be mitigated through improved 

methodologies, enhanced training, and the integration of artificial intelligence — such as 

computer vision algorithms and audio analysis programmes used by platforms like iNaturalist 

(Van Horn et al., 2018) and BirdNET (https://birdnet.cornell.edu/) (Kahl et al., 2021) — 

fundamental challenges persist. Citizen science is generally unsuitable for studies requiring 

standardized, systematic sampling protocols or detailed physiological and behavioral data. For 

instance, research on animal health often involves invasive techniques such as blood sampling, 

hormonal assays, or necropsy, which necessitate strict ethical oversight, sterile conditions, and 

professional training (Bonney et al., 2014). Similarly, fine-scale behavioral studies — such as 

those examining mating displays, parental care, or social interactions — require long-term, 

uninterrupted observation using ethograms and blind protocols, which are difficult to 

implement with untrained volunteers (Dickinson et al., 2012). Furthermore, genetic and 

molecular biology research typically relies on specialized equipment and technical expertise 

that remain beyond the reach of most citizen science initiatives (Conrad & Hilchey, 2011; 

Wiggins & Crowston, 2011). 

One of the most persistent challenges in citizen science is taxonomic bias. Volunteers 

tend to focus on species that are easy to recognize, charismatic, or visually appealing, while 

common species, cryptic animals, similar-looking, or hard-to-spot animals — even with 

support from digital tools and artificial intelligence — are often overlooked (Kosmala et al., 

2016; Bowler et al, 2022; Díaz-Calafat et al, 2024). This bias also extends to less popular 

groups like invertebrates, fungi, and microorganisms. Many micro-scale or specialist species 

require expert handling, laboratory analysis, or specific field conditions to be detected, which 

limits the ability of volunteers to contribute (Bonney et al., 2014). As a result, certain areas of 

zoology and ecology are likely to remain challenging for citizen science, regardless of future 

technological advances. 

 

1.4. On the value of Scientifically Sourced databases, even small ones 

Despite the growing role of citizen science, professionally curated datasets remain 

irreplaceable in many contexts. Expert-managed databases offer a level of accuracy, 

consistency, and methodological transparency that is critical for rigorous scientific inquiry 

(Dickinson et al., 2012; Kosmala et al., 2016). While volunteer-generated data can greatly 

expand the spatial and temporal coverage of observations, they often lack the methodological 

rigour needed for high-stakes applications such as policy development, conservation planning, 

or species red-listing (Wiggins & Crowston, 2011; Tulloch et al., 2013). 

Even small, expert-curated datasets can play a crucial role in scientific research when 

collected under consistent conditions and accompanied by clear documentation. Their 

reliability and quality make them ideal baselines for comparative studies and long-term 

ecological monitoring (Michener & Jones, 2012). Additionally, these datasets are frequently 

used to train, calibrate, or validate artificial intelligence models that operate on larger, noisier 

citizen science datasets. This helps correct for bias, improve species identification accuracy, 

and enhance the reliability of ecological forecasts (Isaac et al., 2014; Bayraktarov et al., 2019). 

Moreover, in research areas where data are limited — such as studies on rare species, 

remote ecosystems, or cryptic taxa — small, expert-generated datasets often serve as the only 

reliable reference points. Their well-documented origins and methodological rigour provide 

essential ground-truth data for developing new analytical methods and assessing model 

performance. In these contexts, where citizen science data may be unavailable or unreliable, 

such datasets become indispensable for advancing research (Conrad & Hilchey, 2011). 

In the 21st century, citizen science and professionally sourced datasets play 

complementary roles in research. Citizen science excels at broadening the scope of data 
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collection and engaging the public, while expert-led projects provide the precision, 

consistency, and repeatability needed for reliable results. These expert datasets are essential 

because science cannot progress reliably without the high-quality information and strict 

standards that only specialists can ensure. 

 

1.5. Data for the Future – the value of preservation beyond immediate use 

Scientific data is not only valuable for addressing current research questions, but also for 

supporting investigations that may arise years or even decades later. Preserving datasets — 

even those that appear marginal or lack immediate application — has become an essential 

practice across disciplines. Numerous examples show how data once considered of limited use 

has later enabled major advances: historical biodiversity records have been used to map long-

term species decline (Collen et al., 2011); and archival climate or epidemiological data have 

proved indispensable in global modelling efforts (Griffin, 2015). 

There are often-overlooked risks associated with the impermanence of storage media 

and the loss of highly specialised knowledge. Historical datasets archived on floppy disks, 

microfiche, paper journals, or limited-run species identification books can become lost or 

effectively inaccessible over time. Equally concerning is the human factor: taxonomic expertise 

or the ability to identify obscure and unpopular groups of organisms, such as nematodes or 

small insects, may vanish as experts retire or pass away, with few new specialists to replace 

them (Páll-Gergely et al., 2024). Digitising these records and consistently migrating them to 

modern, interoperable platforms is therefore essential, alongside regularly updating the way 

data are stored to ensure compatibility with emerging technologies, including artificial 

intelligence–driven systems. 

Additionally, as data collection accelerates, the volume of information being generated 

often exceeds the capacity of researchers to analyse it in real time. In many cases, the value of 

a dataset depends not on its original purpose but on its continued availability (Pernat et al., 

2024). The right specialist, method, or research question may not emerge until much later. 

Investing in data storage and accessibility is therefore not only a matter of research 

transparency, but a way to ensure that future scientists have the resources needed to tackle as-

yet-unknown problems. The long-term value of a dataset often becomes clear only in hindsight 

— but only if it has been preserved. 

 

2. My PhD research: introduction and first steps 

2.1. Crayfish Research Centre and the World of Crayfish™ Database 

Freshwater crayfish (Crustacea: Decapoda: Astacida) represent a globally distributed and 

ecologically significant group, with approximately 700 described species. They play key 

functional roles in freshwater ecosystems (Momot, 1995; O’Hea Miller et al., 2024), often 

described as keystone species due to their capacity to influence food web dynamics, modify 

habitats, and act as bioindicators of water quality. Their presence or absence can reflect broader 

ecological conditions, making them valuable for both research and conservation. In 

biodiversity conservation strategies, protected crayfish species may also serve as umbrella 

species, helping to safeguard wider freshwater communities (Reynolds et al., 2013). At the 

same time, several crayfish species have become invasive (Hänfling et al., 2011; Chucholl, 

2016) — often as a result of intentional introductions for aquaculture or unintended releases — 

threatening native aquatic fauna through competition, habitat alteration, and the spread of 

pathogens (Emery-Butcher et al., 2020). The most globally wide-spread invasive crayfish 

species — and the most established in Europe — are the North American species: Pacifastacus 
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leniusculus, Faxonius limosus (synonym Orconectes limosus), and Procambarus clarkii  

(Holdich et al., 2009; O’Hea Miller et al., 2024; see Fig.2). 

To support both research and conservation needs, the World of Crayfish™ (WoC™, 

https://world.crayfish.ro/) platform was established by the Crayfish Research Centre 

(Romania) as an open-access database focused on the global distribution of freshwater crayfish 

and their associated pathogens (Ion et al., 2024). The platform addresses a critical gap in 

biodiversity data: the fragmentation and limited accessibility of crayfish occurrence records 

across regions and languages (Fig.2). By facilitating expert-contributed data entry and 

encouraging collaboration across national boundaries, WoC™ offers an up-to-date, centralized 

source of information useful for ecological studies, biosecurity assessments, and conservation 

planning. Its goal is to support the development of faunistic research and to strengthen 

evidence-based conservation and management strategies for freshwater crayfish. 

Since its launch, the platform has attracted growing interest from freshwater biology 

researchers. As of July 2025, the foundational publication describing WoC™ has been cited 

eight times (source: Web of Science, https://www.webofscience.com/wos/), and new 

contributors continue to join, offering regional datasets and expertise to expand the platform’s 

global scope (Fig. 2). Moreover, the WoC™ database is designed with flexibility, enabling the 

integration of new analytical tools and features. This adaptability creates opportunities for 

advanced ecological modelling of crayfish distributions and pathogen dynamics, including the 

spread of crayfish plague. 

In early 2024, I joined the team at the Crayfish Research Centre and under the affiliation 

of the West University of Timișoara, Romania, I contributed to the development of the World 

of Crayfish™ platform. As a native Russian speaker, I was able to collect information on 

crayfish species occurrences in Russia, Ukraine, Belarus, Kazakhstan, Uzbekistan, Azerbaijan, 

Mongolia, and Georgia from publications written in Russian. Many of these sources did not 

provide GPS coordinates, offering only toponyms (lakes, rivers, or nearby villages). To make 

the data usable, I manually georeferenced these records by consulting various public map 

services and, when necessary, cross-referencing regional media to ensure the accurate 

identification of localities. The collected information made it possible to add Cambaroides 

dauricus, C. schrenckii, Pontastacus cubanicus, P. eichwaldi, and P. kessleri to the list of 

covered species.  
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Figure 2: Overview of the collected data in the World of Crayfish™ platform 

(Image source: Ion et al. (2024)). 

 

2.2. PhD research objectives – analyzing the ecology of invasive and threatened crayfish 

species 

My research focuses on using the WoC™ and other open-access databases to investigate the 

spatial ecology of selected invasive and threatened crayfish species. By combining species 

distribution records with geospatial and ecological datasets, and analyzing them through 

statistical methods, I aim to better understand crayfish habitat preferences and how these 

patterns differ between native and invaded regions. 
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Thesis objectives: 

• Understand and analyse the spatial distribution patterns of highly invasive crayfish 

species that have established invasive populations in various regions worldwide 

(Procambarus clarkii, P. virginalis, Faxonius limosus, Pacifastacus leniusculus, 

Cherax quadricarinatus) as well as endemic and threatened species, using data 

from the World of Crayfish™ (WoC™) platform and additional sources. 

• Identify the most relevant geospatial features that characterize the areas inhabited 

by the studied species. 

• Determine the ecological optimum for both invasive and threatened crayfish 

species. 

• Using data extracted from WoC™ and mathematical modelling, identify 

differences between native ranges and recently invaded areas for the five target 

invasive species. 

• Conduct a comparative analysis based on crayfish status: invasive and native. 

• Assess whether ecological plasticity contributes to crayfish invasions, and whether 

invasive species shift their ecological optima to successfully colonize new 

environments. 

• Based on the outcomes of the previous steps, develop and test invasion scenarios 

under varying environmental conditions. 

 

2.3. Initial research steps and methodological adjustments 

At the start of the thesis work, the first technical challenge involved integrating two types of 

data essential for the planned analysis: geo-referenced crayfish occurrence records and 

ecological variables associated with freshwater habitats. To conduct meaningful spatial 

analysis, each crayfish location (represented by GPS coordinates) needed to be matched with 

corresponding environmental data — such as temperature, elevation, flow rate, and other 

hydrological variables — for the surrounding area. 

To address this, I initially turned to ArcGIS Pro, a widely used geospatial analysis 

platform. I studied available workflows and developed a Python script to automate the 

matching process across the full dataset sourced from the World of Crayfish™ (over 110,000 

records covering more than 400 crayfish species). The extraction process involved several 

steps. First, multiple vector layers, each containing a single ecological variable, of the 

hydrological grid representing rivers and lakes as a network of spatial cells were converted into 

raster format to enable attribute transfer. The GPS point records were then snapped to the 

nearest hydrological grid cell, and the ecological data from the corresponding cell were 

assigned to each point. Finally, the completed attribute table, containing both GPS coordinates 

and the ecological values associated with them, was exported into Excel. 
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Figure 3: Example of initial GPS locations (purple pins) snapped to the nearest cell of the river network (yellow 

pins) using the tools available at GeoFRESH platform 

(Image source: https://geofresh.org). 

 

However, following the recommendation of Prof. Pârvulescu, efforts were made to 

identify a global river network with higher spatial resolution to improve the ecological accuracy 

of the dataset. This led to the discovery of GeoFRESH (Domisch et al., 2024), a recently 

launched online platform for global freshwater geospatial analysis. GeoFRESH 

(https://geofresh.org/) offers significantly improved resolution of river networks and a broader 

set of environmental variables relevant to freshwater systems. After evaluating the quality and 

scope of GeoFRESH, it was decided to discontinue the ArcGIS-based data extraction and 

transition to this new platform, which automatically performs the workflow that assigns 

ecological values to GPS locations described earlier (Fig. 3). 

Since GeoFRESH is still in active development at the time, the platform online 

processing capacity could not yet handle the scale of data required for this project. To overcome 

this limitation, Prof. Pârvulescu and I reached out directly to the GeoFRESH team. This 

resulted in a collaborative arrangement in which the team offered to extract the required 

environmental variables offline and share them for use in my analysis. 

This experience underscores the value of open-access environmental platforms in 

supporting applied ecological research. While the crayfish occurrence data had already been 

compiled through the World of Crayfish™ project, the integration of ecological variables was 

made possible through the existence of open data sources. The adoption of GeoFRESH not 

only improved the quality and spatial precision of the planned modelling work but also led to 

an unexpected interdisciplinary collaboration with a team of freshwater ecologists in Germany. 

This outcome illustrates how openly shared geospatial resources can facilitate connections 

across scientific domains — in this case, bridging species-level zoological research with 

ecosystem-scale hydrological modelling. 

 

2.4. Plans for the Second Study Year 

In the second study year, the focus will be on completing the integration of the spatial 

information with ecological data into a single dataset and carrying out statistical analyses of 

the resulting material. A comparative study will then be conducted on a selection of invasive 
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and native crayfish species, allowing key differences in their ecological characteristics to be 

assessed. These steps will provide the basis for planning the next phase of the research. In 

parallel, two papers are planned for publication: the first addressing the importance of 

scientifically sourced biodiversity databases for the discipline of faunistics, and the second 

presenting the results of the comparative analysis described earlier. The projected timeline for 

these activities is summarized in Table 1. 

 

 

Activity YEAR 2 

oct nov dec jan feb mar apr may june july aug sept 

Data 

compilation 

            

Statistical 

analysis 

            

Invasive and 

native species 

data 

comparison 

            

Statistical 

analysis 

            

Writing First paper Second paper    

Next step of 

research design 

            

2nd year report             

Table 1. Temporal allocation of objectives for the 2nd year study period, represented as a Gantt chart. The colors 

indicate the planned timing of activities for each objective across different months. 
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