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	Building Biodiversity Datasets
For Invasive Species
	
[image: Mat of European frog-bit depicting the floating heart-shaped leaves and white flowers.] 
European frog-bit



OBJECTIVES 

[bookmark: _Hlk128995584]Upon completion of this module, students will be able to:
· Explain the role of data in monitoring the spread and assessing impacts of non-native species
· Access publicly available biodiversity data through a data aggregator
· Visualize and interpret publicly available biodiversity data through mapping
· Identify ways humans impact the spread of non-native species and availability of data about them
· Describe the effects of invasive species on plant communities
· Apply vocabulary and concepts related to biodiversity datasets
· Translate plant diversity field sampling protocols to data collection template
· Formulate research questions that could be addressed using data

INTRODUCTION 

Non-native species are organisms that have been introduced to an area where they did not evolve and do not naturally occur. Most non-native species are first introduced by humans, intentionally or unintentionally. In many cases, non-native species are beneficial to us; for example, many of the crops we grow for food, ornamental plants we enjoy, and animals we keep as pets or livestock are non-native. In some cases, however, non-native species can become invasive. Invasive species are non-native species that have negative impacts on the area where they are introduced. Invasive species can harm ecosystems by outcompeting native organisms for limited resources like space, food, and sunlight and altering the physical environment. There is growing concern as associated ecosystem changes threaten global biodiversity (the diversity of organisms on Earth). Economic losses and conservation efforts to manage biological invasions have cost nearly 1.3 trillion US dollars in the past five decades (Diagne 2021). Scientists, natural resource managers, and other biodiversity professionals work to understand the spread and impacts of non-native species so they can reduce harmful impacts as much as possible. 

European frog-bit (EFB; Hydrocharis morsus-ranae) is a non-native aquatic plant in the Laurentian Great Lakes region of North America. It can be recognized by floating heart-shaped leaves and white flowers (Figure 1). It was intentionally introduced as an ornamental aquatic plant in Ottawa, Ontario in 1932 and has since spread (unintentionally) throughout Ontario, Quebec, and the northeastern and midwestern United States (Minshall 1940, Dore 1968). In Michigan, EFB inhabits coastland wetlands of the Great Lakes and inland waterbodies such as lakes, rivers and streams, and waterbodies created by humans (e.g. canals, retention ponds, reservoirs). Saginaw Bay, Michigan has been populated by EFB since 2013 (Figure 2). Conservation professionals believe it may be negatively impacting local species and environmental conditions, but so far research is limited.
Figure 1. A thick mat of flowering European frog-bit in Michigan
Figure 2. Saginaw Bay, Michigan and surrounding counties

How would a scientist know and be able to explain what is happening with EFB in Saginaw Bay? Would they have to guess based on other species they are familiar with? Would they have to sit in a wetland all year and watch changes happen? No and no. Scientists use data to answer their questions. Data are the units of information. Data provide context for information and records of knowledge. Much of what you know about science comes from data that were collected, put in the context of a particular question or topic (becoming information), and then disseminated to other members of the scientific community and the public (becoming knowledge; Brackett 2013). Data take many forms, including lists, tables, or even notes in a notebook. Data are fundamental in the study and preservation of biodiversity, as they allow us to inventory biological organisms or systems, track changes over time, and combine efforts from multiple researchers toward a common goal. By recording what we observe, we are making sure others can use the same information to verify or refute our conclusions.Data vs. Datum

The word “data” is a plural noun used for multiple pieces of information. The word “datum” is the singular form of the noun used for a single piece of information. For example, one temperature measurement produces one datum, and temperature measurements at several points over time produce many data. You will almost always deal with many data, not just one individual datum, so “data” is the more commonly used form of the word.

 
Scientists studying EFB want to know two things: 1) How is EFB spreading? and 2) How is EFB impacting the ecosystems it spreads to? In this module, you will explore the first question by accessing publicly available data and visualizing them through maps (Activities I and II). Then, you will read about the impacts of invasive aquatic plants and consider how EFB could be impacting ecosystems in Michigan (Activity III). Finally, you will explore the second question on EFB impacts by creating a data template that could be used to sample EFB and its habitat in Saginaw Bay (Activities IV and V). 




ACTIVITY I: MAP THE SPREAD OF EUROPEAN FROG-BIT

A scientist’s first step when investigating any research question is typically to explore the information that is already available. One type of information is scientific literature, or papers written and reviewed by scientists that describe research projects and their results. Along with exploring scientific literature, many scientists also explore publicly available data to help inform their research. There are several websites that allow people to submit data that are free and usable by anyone. Observations of organisms made by community scientists, or members of the public who are interested in science and want to contribute to scientific efforts, are an important source of these publicly available data. Scientists can use these data resources to identify where a species is located, how it is changing over time, what species it interacts with, and many more questions.

Because of the potential for EFB to negatively affect the ecosystems it is not native to, it’s important to understand how EFB is spreading so we can take measures to stop the spread to adjacent areas, especially when negative ecological impacts are expected. You will be accessing a publicly available dataset of EFB occurrences through the Global Biodiversity Information Facility (GBIF) to map the spread of EFB over time. GBIF is a data aggregator, meaning it houses data from many sources in one central place online. The dataset you will explore was published by scientists who aggregated publicly available data from multiple websites and sources, cleaned and standardized them, and re-published them online (Hansen et al. 2022). These include data from community scientists, targeted research efforts, natural history collections, government surveying efforts, and many more types of data sources.

1. Follow the link to the dataset “Aggregated occurrence records of invasive European frog-bit (Hydrocharis morsus-ranae L.) across North America”

https://www.gbif.org/dataset/71454d8a-6e9c-49f5-bf37-353f9ad2e2b9

You are now on the main GBIF page for the dataset you will be using. [image: Main GBIF page for the dataset Aggregated occurrence records of invasive European frog-bit Hydrocharis morsus-ranae L. across North America]

You will map several time periods (using the Map tool within GBIF) to look at the spread of EFB in Michigan America over time. Maps are a form of data visualization, or representing data through graphs and pictures to make them more meaningful. 

2. [image: Automatically generated map for European frog-bit dataset. The plus button along the left zooms in on the map. The slider along the bottom lets you choose which years to display.]Find the slider along the bottom of the automatically generated map and try moving each end of the bar to change the first and last years displayed on the map. Notice how the points on the map change. You may adjust the map aesthetic in the bottom right corner if you want. You will want to zoom in on Michigan for the following questions using the “+” button.






















3. For each of the time periods below, paste a picture of the map showing EFB occurrences in Michigan over those years. You can take a screenshot and crop it to only the map or use the Snipping Tool (accessible via the Search bar on your computer). After pasting your picture, set Wrap Text to In Front of Text so you can move it on top of the table.

	1932 – 2021 (all time)
	1990 – 1995


	1996 – 2000  

	2001 – 2005  


	2006 – 2010   

	2011 – 2015 

	2016 – 2021 









	




4. During what time period do you first see EFB in Michigan? 



5. Between which time periods do you see the slowest spread? 


Between which time periods do you see the fastest spread?


6. Conservation professionals want to know how EFB is spreading. Specifically, they want to know how the extent of the non-native range is expanding or contracting in different areas and whether the spread appears to be speeding up or slowing down in different areas. In your own words, describe the spread of EFB based on the maps you created. Address at least one of the two questions listed relative to specific areas of the state and/or time periods. 


7. As you know, scientists and conservation professionals explore and analyze data to make decisions. Now that you have visualized the EFB data by making maps, imagine you are a conservation professional making a decision about where to start some EFB management efforts (like applying herbicides or pulling EFB plants out by hand). You have limited resources so you have to prioritize one area to start with. Which area do you choose and why?

Presence and Absence

The occurrences in this dataset include both “presence” and “absence” records, meaning sometimes people submitted a record when they saw EFB and sometimes people made a record when they looked for EFB and didn’t see it. Absence records are really useful for scientists who want to know where a species is and is not located, but they can also lead to inaccurate depictions of the data if every occurrence record is treated like a presence. In this dataset, the absence records coincide geographically with the presence records, so they do not significantly change the distribution year to year. Think about what would happen if someone wanted to use this dataset to make a decision and didn’t pay attention to the type of record.




ACTIVITY II: EXPLORE EFB DATA IN MICHIGAN COUNTIES

How do you know if European frog-bit has been introduced to a specific area? You can check to see whether there has ever been a reported sighting by accessing all EFB occurrence data in GBIF.

1. Go to gbif.org and click “Get data” at the top of the screen.

2. [image: Occurrence data search page for GBIF. Along the left side you can select the scientific name, location, and administrative area.]This will open a drop-down menu. Click “Occurrences.”

3. Click on “Scientific name” on the lefthand side and type in “Hydrocharis morsus-ranae L.” This will take you to all GBIF-published occurrences of EFB around the world. 

4. [image: Example of the location options automatically generated by GBIF. When you type Isabella in the search bar the top result is Isabella County.]Choose one county in Michigan. You can find a list here: https://www.michigan.gov/som/about-michigan/michigan-counties. If you have been to Michigan, you can choose a county you’ve visited or lived in. If you don’t live in Michigan, choose any county from the list. 

5. In GBIF, click on “Administrative areas (gadm.org)” on the lefthand side and type in the name of the county you chose. (Don’t type “county”). GBIF will give several options once you start typing. Select the appropriate one. 

6. How many occurrences of EFB have been recorded in the county? (the answer may be 0)




7. Whether or not you live in Michigan, consider your own county. Imagine EFB spread to your county and became invasive. (If you live in a country where EFB is native, think about a different invasive aquatic plant.) Invasive aquatic plants can affect different types of water bodies in different ways. Think of a lake, pond, river, stream, or other water body in your county. What would happen to that water body if EFB were to invade?

Specific questions to consider:
· What types of animals, plants, or other organisms could it affect?
· How would EFB invasion affect the way humans use or interact with that water body?
· Who in your county would be most impacted by EFB invasion in that water body?

     (Think of the people who rely on the water or surrounding land for jobs, food, or recreation.)

8. How would people in your county react to EFB invasion?

Specific questions to consider:
· Would people in your county care about EFB invasion?
· What would people in your county do to stop the spread of EFB or remove it from the water?
· Are there ways people in your county could accelerate the spread of EFB?
· Is there anything you could do to help prevent or stop the spread of EFB in your county?
(Remember, observations recorded by community scientists are significant sources of data for many conservation projects.)



ACTIVITY III: INVESTIGATE LITERATURE ON THE IMPACTS OF INVASIVE AQUATIC PLANTS
[image: ]As you know, EFB is an aquatic plant with leaves that float on the surface of the water. Unlike many terrestrial (land) plants, its roots do not need to attach to soil and can hang down into the water. European frog-bit can reproduce asexually through stolons, or stems that grow horizontally out from a plant and form new plants (Figure 3). In dense populations, tangled roots and stolons can create thick mats of EFB plants, as you saw in Figure 1. Many of the negative effects of invasive aquatic plants are related to this habit. 

In Michigan, EFB is considered invasive due to its potential to cause harm, even though its specific negative effects on native ecosystems are not fully understood. We can infer some potential effects based on what is known about other invasive aquatic plants. Figure 3. Two EFB plants connected by a stolon



Read about the effects of invasive species from the National Wildlife Federation. Then, find at least one additional webpage or article that addresses the effects of aquatic invasive plants specifically. The webpage or article should come from a reputable source such as a governmental organization, university, or museum. 

1. Provide a link to your additional webpage or article below.


2. Based on your literature search and what you know about EFB, what are two specific ways EFB could affect other plants in the ecosystems it invades? Provide at least one sentence describing each effect.


3. Based on your literature search, what are two specific ways EFB could affect animals in the ecosystems it invades? (Hint: Some effects could be positive.) Provide at least one sentence describing each effect.

[bookmark: _Hlk119415200]
ACTIVITY IV: CREATE A DATA TEMPLATE 

You are a scientist working in Saginaw Bay, Michigan. Based on what you know about the spread of EFB and the impacts of invasive aquatic plants, you are concerned EFB is negatively impacting native species and decreasing the biodiversity of the Bay. You decide to design a sampling protocol, or specific steps to collect information about the natural world and address a research question. You have already determined the materials and methods you will need to use to answer your question in Saginaw Bay, but there is another very important step before you are ready to begin sampling: prepare for data collection. Without a solid plan for collecting, organizing, and storing our data, we risk losing the context or losing the data altogether.

Activity IV.A: Set up your digital workspace
Your first step in planning for your data is setting up your digital workspace, which is where you’ll store all your data files as you create them. In this case, your workspace will be a single folder on your computer. 

1. Create a new folder anywhere on your computer. You will want to choose a location that is easily accessible where the folder will not get lost, such as your computer’s Desktop or Documents. Name the folder “BLUE_BuildingDatasets_yyyymmdd.” If you begin this module on January 23, 2024, your folder will be named “BLUE_BuildingDatasets_20240123.”

Why did we name the folder this way? Here are some important concepts to consider when choosing file and folder names. Names should:

· Be descriptive and concise. Avoid very long file names and instead choose the minimum amount of information needed to remind you what is in the file or folder.
· Use capitalization and underscores to separate parts of the name. 
· Avoid special characters such as !@$<>?*#/”&. Most special characters are not machine-readable, meaning you will run into problems using these file names in a program like R or Python. 
· Include dates in ISO 8601 format (yyyymmdd).
· [image: Folder entitled BLUE_BuildingDatasets_20230123]Be consistent within a project. Ideally, multiple people should be able to use the same workspace with everyone knowing what all names mean and how to create their own names to match.

2. Save this Word document (this module) in your folder. Give it a descriptive name that will make sense to you later on and follows the guidelines above.



Activity IV.B: Translate the sampling protocol to a digital data template
Your digital workspace is ready. Time to make a data template so you can collect your data!

You used data to map the spread of EFB in Activity 1. The GBIF website provides a nice way of visualizing and interpreting data, but you didn’t actually see any raw data. So what do data look like? One kind of data that you will encounter frequently are tabular datasets, which are groups of columns and rows with values representing each combination. In most cases, columns should contain the types of information collected (fields) and rows should contain each piece of information (observations). 
Columns store fields, or the types of information collected
Rows store individual observations, or the pieces of information



	Restaurant name
	City
	State
	Year established

	Cochon
	New Orleans
	Louisiana
	2006

	Waiahole Poi Factory
	Kaneohe
	Hawaii
	2009

	Indian Pueblo Kitchen
	Albuquerque
	New Mexico
	1976

	Turtle Tower
	San Francisco
	California
	2000











Your data template will need to include spaces for all the data you want to collect in Saginaw Bay. Listing all the fields you want to collect in a table format ensures you don’t forget what you need and allows you to easily see mistakes, missing data, or values that don’t line up with what you expect. Using a template helps you be efficient in the field, avoid losing data, and makes sharing and storing data simpler and less prone to errors compared with unstructured notes. In this activity, you will figure out which data you need to collect and create a template in Excel.

1. Review the sampling protocol below.


Protocol for Sampling Plant Diversity in Saginaw Bay
Sampling will occur for a total of 24 days from June to August. There are 96 plots already set up for sampling, and you will visit each plot once.

1. When you arrive at the sampling plot, use a GPS device to record the latitude and longitude. 
2. Record the temperature and amount of dissolved oxygen in the water.
3. Record the depth of the water at the center of the plot using a standard meter stick.
4. Note whether European frog-bit is present or absent in the plot. If present, record the estimated percentage of the plot that is covered, as aerial percent cover (https://cnhp.colostate.edu/cnhpblog/2009/11/24/field-techniques-percent-cover-estimation/). 
5. Examine European frog-bit for flowers.
6. Record the estimated aerial percent cover of each plant species. Because aquatic plants often overlap, total percent cover may exceed 100%.




2. Make a list of all the fields that will be collected. For example, Step 5 of the protocol instructs you to determine whether EFB is flowering, so EFB flowering is one field. (Hint: Not all variables that should be recorded are explicitly stated in sampling protocols. For example, you should always record the date and name of collector(s), but this is not always indicated.)

List of fields (columns) to be collectedEFB flowering



[image: Quadrat placed in a wetland. The quadrat is made of white PVC pipes arranged in a square shape and placed on top of the water.]
3. Open a blank Excel workbook. Save it in your digital workspace folder using a name that follows best practices as described in Activity IV.

4. Rename Sheet1 to “Dataset1” by right-clicking (Windows) or double-clicking (Mac) the sheet name, selecting Rename, and typing the new name.
[image: Excel page showing the option to rename a sheet along the bottom.]










[image: Close-up of Excel sheet renamed as Dataset1]






5. Using your list of fields to be collected from Step 1, type row and/or column names that represent the information. Remember that columns should represent fields, or types of information, and rows should represent observations. In this case, consider each sampling plot an observation. 

If your text runs over the cell, resize the column by double-clicking (Windows) or right-clicking (Mac) on the right side of the letter at the top. Create as many rows or columns as you think will be needed, and name them however you feel is appropriate. When you are finished with your template, don’t forget to save the Excel workbook.


[bookmark: _Hlk125377387]
ACTIVITY V: CONFIRM THAT YOUR TEMPLATE INCLUDES ALL NECESSARY FIELDS

Sometimes when you begin sampling, you realize your dataset template is not exactly how you need it for actual data collection. After beginning sampling, you may wish to change your dataset structure. That is perfectly okay! Just remember, you should do this at the very beginning, and once you settle on the structure you should keep it the same throughout the sampling. You should never have two separate datasets for the same protocol because then you may not be able to combine them. 

Imagine you just sampled your first plot. You recorded your data using your dataset template and found that you had to keep separate notes for information that you didn’t have space for in the template. You know that having a dataset and separate notes will not work well for the rest of the plots, so you decide to modify your template now that it is still early in your sampling.

1. Review the extra notes from one sampling plot below. 

Plot #1 was located in the northeastern part of the Saginaw Bay shoreline. We started sampling at 10:55 am and finished at 11:13 am. The plot had flowering duckweed Lemna minor and fruiting starry stonewort Nitellopsis obtusa. No other species were observed.

2.  What new fields (columns) should you add to your dataset template that you didn’t include before? 


3. Add a new sheet to your Excel workbook by clicking the “+” icon along the bottom. Name the new sheet “Dataset2.” 

4. You will now modify your original template based on the observations from one plot. This is a normal part of the process! Copy and paste your existing template in the “Dataset2” sheet. Add the new columns that you identified as missing based on the example notes.
Why did you create Dataset2 instead of just modifying Dataset 1?

Keeping track of different versions of documents, data, and data templates is always good practice. By creating the new sheet Dataset2 and copying the contents of Dataset1, you are preserving Dataset1 as it was before and can now modify the template in Dataset2. Now you will be able to see what changes you had to make and can improve your template design skills for next time.


5. Consider the impacts of invasive aquatic plants you learned about in Activity III. What are two questions about the impacts of EFB you could address using your data template? 


6. Your instructor will provide you with an example template and one row of example data. If there are any fields in the example that you didn’t include in yours, what purpose do you think they are serving? Would they be useful for answering your two questions?



ASSESSMENT

1. Fill in the blanks in the following sentences using terms in the Word Bank.


a.                                  species can be intentionally or unintentionally introduced by humans. They may be beneficial or become invasive and cause harm.

b. Invasive species are a threat to global                                   , the diversity of organisms on Earth.

c.                                   are the units of information.

d. A lot of the publicly available data we have comes from                                                 , members of the public who contribute to scientific efforts.

e. Data                                  represents data through graphs and pictures.


f. In tabular datasets the fields, or types of information you collect, are stored in                             and observations are stored in                                  .


g. File names should avoid                                                 , which are not machine-readable and will cause problems when programming.Word Bank

columns 	        visualization	       non-native		         data                       rows
   
community scientist      			biodiversity			special characters



2. What are three positive or negative ways humans can affect the spread and/or impact of invasive species?




3. You explored the spread and impacts of the non-native invasive species EFB. Now think about a different invasive species in your area (you can look online if needed). Imagine some ways this particular species would impact your area specifically. What is the species and what is one question you want to know that could be tested using data?


4.  List the fields you would include in a data template to address your question.


5. You meet another scientist who believes they shouldn’t have to worry about organizing their data because they are more concerned with going out in the field and sampling organisms. How would you explain why planning for and organizing data are important for all scientists?




GLOSSARY

Non-native species: Organisms that have been introduced to an area where they did not evolve and do not naturally occur
	Travel between continents contributes to the introduction of non-native species to new areas.

Invasive species: Non-native organisms that are causing or likely will cause biological and/or economic harm to native ecosystems 
When invasive species outcompete native species for limited resources, they may partially or entirely take over an ecosystem. 

Biodiversity: Diversity of living things on Earth or in a particular area
Humans threaten biodiversity by bringing about ecosystem changes that harm organisms and can cause their extinction.

Data: Units of information; provide context and record of knowledge
Scientists communicate information using data, so it is important for all scientists to understand how they work.

Information: Data in context of specific problem, question, or topic
There is so much information available via the Internet, and much of it came from recorded data.

Knowledge: Acquired understanding; often learned from information
By completing this module, you will acquire knowledge of invasive species and biodiversity datasets.

Scientific literature: Papers written and reviewed by scientists that describe research projects and their results
By writing their methods and results and publishing them as scientific literature, scientists provide records of their research that are useful for other scientists.

Community scientist: Members of the public who are not scientists by career but contribute to scientific efforts
Research scientists can use publicly available data shared by community scientists to better understand local ecosystems and organisms.

Data aggregator: Website or other platform that groups together data from multiple sources
Data generated by research scientists and community scientists is publicly available through data aggregators like GBIF.

Data visualization: Representation of data through graphs and pictures to make them more meaningful in context
After exploring publicly available data, scientists can use data visualization techniques such as mapping to see how the data could be used to address their research questions.




Stolon: Horizontal plant stem that extends out and forms new plants
Because European frog-bit can reproduce via stolons, large populations can form dense mats on the surface of the water.

Sampling protocol: Specific set of steps and methods for collecting information about the natural world
Scientists employ sampling protocols to collect data on non-native species so they can assess whether the species are causing harm to native ecosystems.

Tabular dataset: Collection of rows and columns with values representing combinations
	A tabular dataset stores data in a way that is easily readable by humans and machines.

Fields: In a dataset, the types of information collected; usually represented by columns
	Two fields that you should always include in your datasets are the date and collector.
	
Observations: In a dataset, results of individual samples; usually stored in rows
[bookmark: _Hlk75551095]	In the vegetation sampling protocol, the observations are the quadrats, so there are 96.
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Hydrocharis 96,043 H Scientific name Country or area Coordinates Month & year Occurrence status Basis of record
Hydrocharis morsus-ranae 96,0
Hydrocharis morsus-ranae L. Belgium 50.7N, 4.4E 2022 February Present Human observation
»
Hydrocharis morsus-ranae L. Switzerland 46.9N, 6.9E 2022 April Present Human observation
Basis of record © Hydrocharis morsus-ranae L. United Kingdom of Great ... 51.5N, 3.0W 2022 April Present Human observation
Location v Hydrocharis morsus-ranae L. Netherlands 52.0N, 5.6E 2022 April Present Human observation
Administrative areas (gadm.org) ~ Hydrocharis morsus-ranae L. Netherlands 52.6N, 5.8E 2022 April Present Human observation
Isabellq .
Hydrocharis morsus-ranae L Netherlands 51.7N, 5.0 2022 April Present Human observation
Isabella
Hydrocharis morsus-ranae L. Netherlands 51.6N, 4.5 2022 April Present Human observation
Isabella :
. _ Hydrocharis morsus-ranae L. Netherlands 51.2N, 6.1E 2022 April Present Human observation
Estonia > Hiiu > Kérgessaare
Hydrocharis morsus-ranae L. Netherlands 51.8N, 5.9 2022 April Present Human observation
Dataset v
Hydrocharis morsus-ranae L Netherlands 52.1N, 4.3E 2022 April Present Human observation
Country or area -
Hydrocharis morsus-ranae L. Italy 45.8N, 9.2E 2022 April Present Human observation
Continent v
Hydrocharis morsus-ranae L Sweden 59.6N, 18.2E 2022 May Present Human observation
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