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Abstract 14 

Natural History Collections are invaluable sources of biological information for research, 15 

education, conservation, and public outreach but often lack the resources, programming 16 

expertise, and infrastructure needed to create custom digital tools for data accessibility. Large 17 

scale data aggregators facilitate data access but partially address common institutional needs. 18 

Artificial Intelligence (AI) has rapidly changed the way developers create, maintain, optimize, 19 

and test code, lowering the technical barrier to software creation. AI-assisted coding can 20 

accelerate the development of tools for digitization, data management and visualization, and 21 

public accessibility in Natural History Collections. Here I demonstrate the use of AI-assisted 22 

coding in the development of two custom web applications designed to address common 23 

institutional needs. Two web applications were built using GPT-5.3-Codex. Both were based on 24 

data exported from the Cornell University Museum of Vertebrates database. The first tool is a 25 

specimen search portal enabling multi-field filtering, data export, and mapping of localities. The 26 

second contains an interactive map to visualize the sampling of localities for four collections and 27 

a cumulative graph of specimen and lot sampled through time. Both applications performed the 28 

intended functions accurately, demonstrating that AI-assisted coding can be used to generate 29 

operational, lightweight applications for Natural History Collections. The development of web 30 

application through AI-assisted coding reduces technical barriers for collections, enabling the 31 

creation of tailored tools with minimal infrastructure. Careful prompt design, refinement, and 32 

attention to data security are essential for robust results and safe adoption of this technology. 33 

Key-words: Application Development; Artificial Intelligence; Data Visualization; Large 34 

Language Models; Natural History Digital Tools; Programming. 35 
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Introduction 37 

Natural History Collections are invaluable sources of biological information for research, 38 

education, conservation, and public outreach (Danks 1991, Suarez and Tsutsui 2004, Rocha et al. 39 

2014, Rohwer et al. 2022, Davis 2024). A central goal of these collections is to make this 40 

increasing volume of data accessible, so researchers, educators, and other stakeholders can use 41 

this information directly or request access to the specimens. In most cases, data availability is 42 

achieved through institutional websites and web applications. However, limited access to 43 

programming expertise, dedicated personnel, and lack of infrastructure for large data 44 

management are major challenges for many Natural History Collections. 45 

Large-scale initiatives have been established to increase data availability across collections, 46 

including Global Biodiversity Information Facility (GBIF), VertNet, and MorphoSource 47 

(Constable et al. 2010, Boyer et al. 2016, Anon 2026). While these initiatives have substantially 48 

facilitated information accessibility, they often don’t present the most updated information from 49 

collections, which upload their data in episodic inflows. They are also subject to shifts in funding 50 

policies that may impose limits on data hosted by them or subject partner institutions to new 51 

fees. Moreover, large aggregators are typically not tailored to the specific needs of individual 52 

collections, and the acknowledgment of hosting institutions is often overlooked by authors in 53 

metadata analyses. 54 

Recent advances in generative artificial intelligence (AI), in particular large language models 55 

designed to understand, generate, and process human-like text, have revolutionized the way 56 

developers create, maintain, optimize, and test code (Becker et al. 2023). AI-assisted coding is 57 

now widely used in software development. For instance, the rapid growth of GitHub, the largest 58 

repository for software development projects, added more than 36 million developers in 2025, 59 

reaching over 180 million users, a surge largely attributed to the adoption of advanced AI coding 60 

tools (GitHub Staff 2025). By translating natural language instructions into executable code, AI 61 

substantially lowers the technical barrier to software creation. 62 

In Natural History Collections, AI has the potential to accelerate the development of tools for 63 

digitization, data management and visualization, and public accessibility. Web applications 64 

created through AI-assisted coding can provide accessible, low-cost tools tailored to specific 65 

institutional needs. This enables collections staff without formal training in software engineering 66 

to design and deploy digital tools.  67 

Here, I list two prompts used to develop applications designed to address common needs in 68 

Natural History Collections based on data from the Cornell University Museum of Vertebrates: 69 

(1) a portal for specimen search and (2) an interactive map displaying sampling localities. 70 

Methods 71 

The two applications were developed using GPT-5.3-Codex (OpenAI 2026) on Windows 11 72 

through Visual Studio Code, employing a medium reasoning effort. The applications were built 73 

and tested locally and later deployed online using GitHub Pages. 74 

Specimen Search Web Portal 75 
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I developed this application based on a .csv file exported from a query in the Cornell University 76 

Museum of Vertebrates database using Specify 7 v7.7.5 (Specify Collections Consortium 2022). 77 

The dataset included the following fields: order, family, genus, species, CUMV catalog number, 78 

preparation type, count, year, month, day, latitude, longitude, country, state, and county. I 79 

designed the portal to filter results based on user-defined criteria, export filtered results as a .csv 80 

file and display an interactive map showing the sampling localities of the selected specimens. 81 

To develop the collection search portal, I created a project folder containing a .csv file with the 82 

dataset to be made searchable and an image .png file to be used as the institutional logo. All 83 

application files were generated within this directory. The following prompt was then executed in 84 

the project folder: 85 

Prompt 1 86 

You are a senior full-stack engineer. Build a complete, production-ready React application named 87 

for the Cornell University Museum of Vertebrates Ichthyology Collection. 88 

Tech stack: 89 

- React + TypeScript + Vite 90 

- Tailwind CSS 91 

- Leaflet (react-leaflet) for map 92 

- PapaParse 93 

App Requirements: 94 

1. Main layout: 95 

- Header at top 96 

o Logo: `/CUMV_logo.png` (.png file name) 97 

o Subtitle text: `Cornell University Museum of Vertebrates` in Times New Roman 98 

o Title text: `Collection Database` 99 

- Left filter panel about 1/4 of the page 100 

- Right content with pagination/export, results table, and map, about 3/4 of the page 101 

- Footer with contact info centered 102 

 103 

2. Csv-Based Search & Filtering 104 

- Load the CSV file from the local project directory. 105 

o CSV file is local in project: `fish_collection.csv` 106 

- Automatically generate searchable filter fields based on the CSV column headers. 107 

- Each filter field must support: 108 

o Dropdown scroll list with all unique values available 109 

o Autocomplete suggestions while typing 110 

o Multi-select filtering (filter by more than one value) 111 

o Show the selected values as cards on the active fields 112 

 113 
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3. Dynamic Filter Interdependence 114 

- When the user filters by one field, update all other dropdowns so they only show values 115 

that are valid given the current filtered dataset. 116 

o OR logic within a field, AND logic across fields 117 

o Example:  If "Country = Peru" is selected, the "Species" dropdown should only 118 

show species that occur in Peru. 119 

 120 

4. Results Table + Export 121 

- Show filtered results in a paginated table. 122 

- Pagination options: 20 / 50 / 100 results per page. 123 

- Allow exporting the currently filtered results table as a new CSV file.  124 

o Export button: exports only currently filtered dataset to CSV 125 

 126 

5. Interactive Specimen Map Panel 127 

- Add a panel with an interactive map. 128 

- Plot all specimens that have latitude and longitude. 129 

o Plot all filtered rows with valid coordinates 130 

o Map updates live as filters change 131 

- Clicking a map point should highlight/select the corresponding row in the results table. 132 

- The map should be optimized to support a desktop and mobile version of the application 133 

 134 

6. Theme and Styling 135 

- Page background white 136 

- Cards/boxes light blue 137 

- Ensure readable dark text on light backgrounds 138 

- Soft SaaS look 139 

- Glassmorphism cards  140 

- Subtle blur, rounded corners, clean typography 141 

- Maintain clean spacing and modern layout on desktop and mobile 142 

 143 

7. Footer information 144 

- Cornell University Museum of Vertebrates 145 

- 159 Sapsucker Woods Road 146 

- Ithaca, NY 14850-1923 147 

- (607) 255-3682 148 

- https://www.cumv.cornell.edu/ (clickable) 149 

- Collection Manager:  150 

- Victor de Brito, Ph.D.  151 

- Email: victordebrito@cornell.edu (clickable) 152 
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- Curator:  153 

- Casey B. Dillman, Ph.D. 154 

- Email: cbd63@cornell.edu (clickable) 155 

 156 

8. README 157 

- Include a README.md with step-by-step instructions for someone unfamiliar with 158 

coding: 159 

o How to install the application 160 

o How to run the app locally 161 

o How to properly close/stop the application 162 

Interactive Map Showing Sampling Localities Over Time 163 

I developed an interactive map displaying sampling numbers for the four collections at the 164 

Cornell University Museum of Vertebrates. Sampling counts were based on individual specimens 165 

for the mammal and bird collections, and lots for ichthyology and herpetology. The application 166 

visualizes localities using color-coded points to distinguish collections and includes a line graph 167 

showing the cumulative number of specimens and lots over time. 168 

Similar to the first case, the application was developed based on a .csv file exported from a query 169 

in Specify 7, but in this case, focused on locality data. The dataset included the following fields: 170 

catalog number, class, order, family, genus, species, year, country, state, county, latitude, and 171 

longitude.  172 

A project folder was created containing the .csv dataset and an image .png file to serve as the 173 

institutional logo. All application files were generated within this directory. The following 174 

prompt was then executed in the project folder: 175 

Prompt 2 176 

You are an expert full-stack developer and scientific data visualization engineer. Build a 177 

complete local web app in the current project folder to visualize museum specimen localities 178 

through time from a CSV file. 179 

Project files already present: 180 

- cumv_localities_all.csv 181 

- CUMV_logo.png 182 

Create all needed app files (at minimum): 183 

- index.html 184 

- style.css 185 

- main.js 186 

- package.json 187 

- README.md 188 
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Tech stack: 189 

- Frontend-only app (no backend required) 190 

- Leaflet for interactive map 191 

- Plotly for line chart 192 

- PapaParse for CSV parsing 193 

- Node static server via npm start 194 

Functional requirements: 195 

1. Data loading and grouping 196 

- Load data from cumv_localities_all.csv. 197 

- Use these CSV columns: 198 

o Latitude1 199 

o Longitude1 200 

o Began Date (Year) 201 

o Class 202 

- Ignore records with invalid/missing lat/lon/year. 203 

- Group records into 4 collections: 204 

o Reptiles & Amphibians: Class in [Vertebrata, Reptilia, Amphibia] 205 

o Birds: Class == Aves 206 

o Mammals: Class in [Mammalia, Unplaced Mammals] 207 

o Fish: all other classes 208 

 209 

2. Map 210 

- Show an interactive world map with point localities. 211 

- Color by collection: 212 

o Fish: blue 213 

o Reptiles & Amphibians: green 214 

o Birds: red 215 

o Mammals: yellow 216 

- Points should be semi-transparent so overlap density is visible. 217 

- Animation: points appear year-by-year from earliest to latest year. 218 

- Controls: 219 

o Play / Pause 220 

o Speed buttons: Slow, Medium, Fast 221 

o Year navigation: First Year, Last Year, -1, -5, -10, +1, +5, +10 222 

o Loop toggle button (“Loop Time: On/Off”) that wraps playback to first year at 223 

end when on 224 

o Year slider (drag to any year, immediate update) 225 

 226 

3. Header 227 
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- At top, show: 228 

o logo image CUMV_logo.png 229 

o title text: “Cornell University Museum of Vertebrates” 230 

- Title font must be Times New Roman. 231 

 232 

4. Line chart below map 233 

- Plot cumulative specimen counts over time up to selected year. 234 

- One line per collection with same colors as map. 235 

- Add total cumulative line in black. 236 

- Chart updates dynamically when year changes. 237 

 238 

5. Design 239 

- Entire app background must be pure white (#FFFFFF). 240 

- Clean, professional, museum-quality UI. 241 

- Responsive on desktop and mobile. 242 

 243 

6. Run requirements 244 

- Must run locally with: 245 

o npm install 246 

o npm start 247 

- Serve on localhost (e.g., port 3000). 248 

Implementation quality requirements: 249 

- Use efficient rendering for many points (Leaflet canvas / layer strategy). 250 

- Keep code organized and readable. 251 

- Include concise comments only where needed. 252 

- Include a clear README with exact Windows PowerShell run steps. 253 

 254 

Results and Discussion 255 

Two web applications were generated using AI-assisted coding based on datasets exported from 256 

Cornell University Museum of Vertebrates database: a search portal app for fish specimens 257 

(Fig.1), and an interactive map displaying sampling sites and accumulative specimen and lot 258 

numbers (Fig. 2). The applications performed the expected tasks, including filtering and 259 

exporting specimen records, visualizing collection localities on interactive maps, and displaying 260 

cumulative sampling data over time. Their development shows how AI-assisted coding can be an 261 

efficient way to lower the technical barrier to software development for natural history 262 

collections.  263 
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 264 

Figure 1. Collection database search portal developed for the Cornell University Museum of 265 

Vertebrates Ichthyology Collection. The interface allows users to filter specimen records, export 266 
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results as .csv file, and visualize selected records on an interactive map. The application is 267 

available at: https://debrito-victor.github.io/cornell-specimen-explorer/. 268 

 269 

Figure 2. Interactive map displaying color-coded sampling localities for the four collections of 270 

the Cornell University Museum of Vertebrates, along with a cumulative line graph showing the 271 

growth of specimens and lots over time. The application is available at: https://debrito-272 

victor.github.io/cumv-map/ 273 

Another benefit of this approach is the fast development. Once the data structure was exported 274 

from the collection database, working applications were generated and tested in less than 30 275 

minutes. This rapid deployment allows collection staff to test different ways of presenting and 276 

exploring their data, leading to new tools for research, outreach, and education. 277 

Despite these advantages, some caveats should be considered when adopting this AI-assisted 278 

coding. Large language models are stochastic by design, and they generate words (code in this 279 

case) by sampling from a probability distribution (Bender et al. 2021). The resulting applications 280 

varied in every execution, even in repeated uses of the same prompt. Clearly structured prompts 281 
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that describe expected interface elements, functionality, data structure, and outputs in detail can 282 

greatly improve the quality of the generated code. 283 

Posterior refinement is an important part of the AI-assisted coding workflow. Due to the lack of 284 

determinism, a functioning app with all desired features depends on the refinement process. In 285 

this multi-step process, the execution of subsequent prompts lead to improvements, debugging, 286 

and feature customization. 287 

While AI-assisted coding lowers technical barriers, it remains most effective when users possess 288 

programming knowledge. AI can assist with app development, but the users are ultimately 289 

responsible for troubleshooting, maintenance, and deployment of the resulting tools. In this 290 

sense, museum staff adopting this approach should expect to be their own technical support. 291 

Data security and system stability are also important considerations. Sensitive information 292 

should never be included in publicly accessible web applications, and tools should not be directly 293 

connected to live institutional databases. Instead, applications should be built using exported 294 

datasets or copies to reduce risks associated with security breaches or unintended data exposure. 295 

Moreover, access to AI-assisted development platforms may require paid subscriptions, adding 296 

financial costs to museum application development. At the time of this project, free trial was 297 

available for ChatGPT Codex 5.3, but most AI coding tools will likely only be available through 298 

paid plans in the future. However, even if subscription costs become necessary, applications can 299 

be developed within a short period and maintained independently after the end of the AI 300 

subscription plan, minimizing long-term expenses. 301 

Conclusion 302 

The examples presented here illustrate how AI-assisted coding can be used to rapidly develop 303 

lightweight web applications tailored to the needs of Natural History Collections. Using an AI 304 

large language model, it was possible to create tools for data search, visualization, and outreach 305 

with relatively short development time and limited infrastructure. By bridging the gap between 306 

conceptual tool design and technical implementation, AI-assisted coding can enable a broader 307 

segment of the natural history community to develop customized digital resources. With careful 308 

implementation, this promising approach has the potential to accelerate the development of tools 309 

that support digitization, data management, visualization, and public accessibility. 310 
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