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1. PhD research: development 

1.1. Project overview and Progress summary 

The primary objective of this doctoral research is the construction of a global, data-driven 
framework for freshwater crayfish ecology by systematically linking large-scale occurrence 
records with high-resolution environmental variables. By combining raw distribution data 
with comprehensive ecological traits, the project aims to deliver a standardised, analysis-
ready database optimised for species distribution modelling, niche characterisation, and 
biodiversity conservation planning. 

Building upon the initial project design established during the first year, the 
methodological workflow transitioned from basic spatial extractions within ArcGIS to a more 
sophisticated pipeline powered by GeoFRESH (Domisch et al., 2024). This platform offers an 
advanced, high-resolution geospatial representation of global river networks, providing a 
broad suite of ecologically relevant stream variables. Because the online interface could not 
directly process the scale of the World of Crayfish® (WoC®, Ion et al., 2024) dataset, an offline 
data extraction collaboration was established with the GeoFRESH team. The delivery of this 
comprehensive environmental dataset in late 2025 marked the formal transition from initial 
project development to full-scale data integration and analysis. 

During the second year of study, research efforts focused on two major milestones: 
the compilation of a network-aware environmental trait database for global freshwater 
crayfish and the generation of species-level statistical descriptors. All spatial occurrence 
records were programmatically integrated with the GeoFRESH stream variables into a 
singular, cohesive database structure. Using this integrated dataset, an automated analytical 
pipeline was constructed to calculate 20 statistical descriptors for each ecological trait — 
capturing metrics of central tendency, variability, distributional shape, and niche breadth — 
for 273 distinct crayfish taxa spanning all four recognised families (Astacidae, Cambaridae, 
Cambaroididae, and Parastacidae). This research phase culminated in the completion of a 
first-authored manuscript introducing the database and statistical descriptors, which has 
been submitted to Scientific Data and is currently undergoing peer review. To promote open 
science, these data resources have been made publicly accessible through the World of 
Crayfish® platform. 

 

1.2. Development of the Database and Analytical workflow 

The primary objective of the second year was transitioning from raw data harvesting to 
building a high-integrity, global data infrastructure. This required transforming multiple large, 
fragmented datasets into a unified database and generating a comprehensive set of species-
level statistical descriptors. Handling large-scale biodiversity data shifted my role from a 
consumer of ecological datasets to a data architect, requiring me to develop rigorous 
programmatic workflows, diagnostic testing, and systematic problem-solving strategies using 
R and RStudio. 

 

Programmatic Integration and Quality Control Strategy 

The initial data was distributed across multiple CSV and Excel tables, comprising over 115,000 
records and around 400 environmental variables. Merging these heterogeneous data 
structures presented immediate data governance and programmatic challenges: 
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• Standardising High-Dimensional Names: One of the first structural challenges arose 
because variables for the "Local" scale (the immediate 90-metre river segment) and 
the "Upstream" scale (the wider catchment area) shared identical names in the raw 
source tables despite containing completely different numeric values. To eliminate 
downstream runtime errors, I developed a standardised, abbreviated alphanumeric 
coding convention using l_ and u_ prefixes, ensuring absolute clarity across all 
subsequent modelling pipelines. 

• Managing "Blind" Code Execution: Because of the large size of the datatables that 
needed to be combined, manual validation via spreadsheet software was impossible. 
I had to execute all data cleaning and merging programmatically. This required a 
paradigm shift in my thinking process: I had to anticipate potential data corruptions 
and, using diagnostic scripts, verify table joins, detect accidental missing values (NA), 
ensure taxonomic consistency, and validate precise column alignment. 

• Debugging Hidden Syntax Traps: During pipeline development, I encountered several 
technical friction points where minor formatting inconsistencies caused total script 
failures. For example, hidden trailing spaces in character strings, inconsistent delimiter 
formatting, and mismatched coordinate conventions (where the source database 
flipped standard X/Y axes for latitude and longitude) required meticulous 
troubleshooting. Overcoming these hurdles taught me the critical importance of 
defensive programming and deep attention to detail when auditing massive datasets. 

 

Spatial Filtering and Threshold Selection Logic 

Once the core database was unified, the focus shifted to establishing an analytical workflow 
(Fig 1.) to filter out data noise and ensure statistical reliability. A key technical milestone was 
computing a new spatial variable: the geodesic snapping distance between each original 
occurrence coordinate and its assigned Hydrography90m (Amatulli et al., 2022) stream 
segment. I approached the filtering process as an iterative scientific decision-making protocol, 
evaluating the suitability of spatial and sample-size thresholds through exploratory validation 
tests: 

• Spatial Accuracy & Snapping Filters: I systematically excluded records lacking 
taxonomic identification and those flagged as "Low Accuracy" (such as historical 
records georeferenced from vague, local text descriptions rather than direct GPS 
measurements). By using independent t-tests I examined how environmental means 
fluctuated across different distance buffers and chose a 1,000-metre snapping 
threshold as the optimal compromise between keeping records structurally tethered 
to their true river networks and saving as many records as possible for taxa with few 
records. 

• Deduplication & Sample Size Constraints: To eliminate localised sampling bias —
where heavily surveyed segments overrepresent a single geographical point — I added 
a deduplication filtering step to retain only one unique record per river segment per 
taxon. Finally, to ensure robust statistical profiling, I ran sub-sampling validation tests 
and established a minimum sample size requirement of 10 or more high-quality 
records per taxon. Taxa falling below this threshold were excluded. 

Through this rigorous filtering pipeline, the dataset was precisely distilled from an initial 
115,191 records and 457 taxa down to a highly reliable, high-confidence core of 65,957 
records and 273 taxa. 
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Automated Statistical Synthesis and Biological Validation 

Using the filtered dataset, I developed an R code to calculate 20 specific statistical descriptors 
for each environmental variable and taxon. These metrics were deliberately selected to 
capture multiple dimensions of a species' environmental profile, including central tendency, 
variability, distributional shape, and niche breadth. 

 

This phase of development allowed me to cultivate distinct research insights and 
technical proficiencies: 

• Advanced Data Science Competency: I transitioned from manual data handling to 
mastering automated high-throughput workflows in R, gaining practical expertise in 
string parsing, programmatic dataset validation, statistical analysis, and plot creation. 

• Methodological Rigor: I developed a structured, critical mindset toward data quality, 
learning to identify, isolate, and correct silent input and formatting anomalies that can 
undermine large-scale macroecological models. 

• Reproducible Research Architecture: I successfully built and structured an open-
science infrastructure — encompassing the unified trait database, the species 
descriptor dataset, and clean code repositories — which now forms the foundation of 
a submitted manuscript currently under peer review. 

 

 

Figure 1: Data preparation and analytical workflow 
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2. Professional development and Research training 

2.1. Manuscript progress 
The analytical synthesis of the combined WoC® and GeoFRESH databases has yielded three distinct 
manuscripts, currently at various stages of peer review: 
 

❖ Paper 1: Network-aware environmental trait database for global freshwater 

crayfish 

Journal: Scientific Data  

Contribution: 70–80% (First Author) 

 

❖ Paper 2: Robustness limits of freshwater species distribution models under spatial 

uncertainty 

Journal: Global Ecology and Biogeography  

Contribution: 15–20% (Co-author) 

 

❖ Paper 3: Niche consistency across centuries of translocation supports the 

conservation value of non-native crayfish populations 

Journal: Biodiversity and Conservation  

Contribution: 10–15% (Co-author) 

 

2.2. Field ecology and Biodiversity monitoring 

To complement the computational and data science elements of the doctoral project, practical 

training in field biology and population monitoring was undertaken across different ecological 

scales. 

In August 2025, I participated in active field surveys conducted in collaboration with 

Rewilding Romania to monitor the stone crayfish (Austropotamobius torrentium) within the 

Râmna River basin. This fieldwork involved direct habitat assessments and manual specimen 

capture. This provided direct insights into crayfish microhabitat preferences and field detection 

limitations that directly influence the reliability of broader presence-only ecological databases. 

During the autumn of 2025 and spring of 2026 I did a research internship at the Agigea 

Bird Observatory, focused on long-term population monitoring along the Via Pontica 

migratory corridor. Practical responsibilities included mist-net maintenance, bird extraction, 

ringing, biometric data collection, and parasitological sampling. This engagement offered 

critical perspectives on the issues of imperfect detection, temporal migration fluctuations, and 

the inherent collection biases that must be account for when interpreting large-scale 

biodiversity occurrence records. 

 

2.3. Development of Independent research skills 

Independent research design and project management skills were further developed by 

drafting a formal grant proposal for the British Ecological Society Small Research Grant 

scheme. The proposed research aimed to investigate bat biodiversity within the forest 

ecosystems of Northern Kyushu, Japan, utilising passive acoustic monitoring to compare 

community structures between monoculture conifer plantations and heterogeneous broadleaf 

mosaics. The application process involved designing a robust field sampling strategy, 

planning acoustic dataset processing using automated machine-learning identification tools, 

building international institutional collaborations, and formulating detailed project budgets 

and logistics. Although the initiative did not secure funding, the process provided invaluable 
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training in translating macroecological questions into logistically feasible research 

architectures. 

 

 

3. Plans for the 3d study year 

The third year will shift focus toward publishing, securing grants, and starting the final thesis. 

My immediate priorities are managing the review process for the Scientific Data paper and 

finishing the second manuscript initiated during the second year, which evaluates the modern 

value of faunistics and classical taxonomy in contemporary biodiversity conservation 

strategies. At the same time, I will use the first few months of the year to test different 

modeling scenarios with the Database of Environmental Traits, which will help me pin down 

the exact research question for a planned third paper. To earn more of required study credits 

and expand my skills, I plan to resume my bird ringing training and update my previous 

research proposal for a field study in Japan to re-apply for the British Ecological Society 

Small Grant, while looking for parallel funding opportunities. Finally, because the database 

and core papers are already well advanced, I intend to start writing the actual chapters of my 

PhD thesis ahead of schedule. Starting this synthesis early will give me a clear view of the 

final dissertation and allow me to see if an earlier graduation timeline is possible. The 

projected timeline for these activities is summarized in Table 1. 

 

Activity Summer 

break 
YEAR 2 

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

Writing 1st paper “Faunistics” paper (2nd) 3d paper     

Data 

analysis 

bat 

acoustics 

the Dataset of 

Environmental Traits 

         

Conference   Zoologycon, 

Bucharest 

           

Grant 

application 

             

Internship bird 

migration 

            

Thesis 

paper 

             

3nd 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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