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This exercise, implemented in Fall 2018 in Texas A & M University at Galveston Introductory Biology I (200 students), is an adaptation of the original teaching module “Environment-Richness Relationships in Ephemeral and Permanent Wetlands: Guided Inquiry with Graph Interpretation” by Dr. Amanda Little. 

Amanda M. Little. February 2018. Environment-Richness Relationships in Ephemeral and Permanent Wetlands: Guided Inquiry with Graph Interpretation Teaching Issues and Experiments in Ecology, Vol. 13.

Abstract
 An introduction to the Scientific Method for Introductory Biology students using plant and animal richness and environmental data from ephemeral ponds and permanent wetlands.

Overview/Summary
This laboratory adaptation modifies a sophomore level Ecology exercise into a freshman-level introduction to the Scientific Method, appropriate for students at the start of their first semester of an Introductory Biology sequence. The exercise is designed to take place within a 3-hour laboratory section. Through this exploration of a real biological and environmental dataset, students learn the vocabulary and format of the Scientific Method (question, hypothesis, prediction, replication, independent and dependent variables, controlled variables) and follow a guided tutorial for processing diversity and environmental data using Microsoft Excel (data organization, graphing, and statistical testing). By placing this laboratory exercise at the front of the course, an expectation for team collaboration, careful work, and rigorous exploration of scientific content can be made transparent to new students.     

Specific Adaptations & Objectives
1) Reduce biological and quantitative complexity for use in the Introductory Biology laboratory classroom
· Utilized only 1 year of data (2013 only)
· Consolidated diversity data to broad categories: Invertebrates and Plants
· Gave students access to 6 most easily described environmental metadata variables (Area, Canopy, Dissolved Oxygen, Nitrate, Total Phosphorus, Water Depth)
2) Provide explicit technical guidance for manipulating data in Microsoft Excel 
· Students may refer back to this lab as a reference guide for sorting, plotting (boxplot), averaging data, as well as performing a simple statistical comparison of means (t-test) 

Future Goals
· Improve guidance for Graduate Teaching Assistants, including photo-based background information on Wisconsin wetlands, references for generating and interpreting graphs and statistical tests, and pedagogical support for guiding group communication and success
· Replace Wisconsin wetlands data with a locally relevant diversity dataset for more thorough student engagement (for Galveston, TX, this could mean estuarine, bay, or reef fish communities or salt marsh plant communities)


INSTRUCTOR’S GUIDE AND STUDENT MATERIALS

Introduction
Background Information on Temperate Wetlands
Wetland hydroperiod is the pattern of water level fluctuations in a wetland. Some wetlands dry completely on an annual basis and these are called ephemeral ponds, vernal pools, or simply temporary wetlands (Fig. 1). Ephemeral ponds tend to be small, hydrologically isolated (with no permanent outlet or inlet), and surrounded by forest. Other wetlands, which for the purposes of this activity are called permanent wetlands, maintain water year-round although their water levels may fluctuate. 
Ephemeral ponds are unique for many reasons. Because they dry completely for part of most years, they are fish-free. Without fish predation, amphibian larvae tend to have higher survival rates and so many amphibians use ephemeral ponds for breeding. These amphibians include wood frogs, spring peepers, chorus frogs, and blue-spotted salamanders (Fig. 2). Other fauna (animals) that inhabit these wetlands include invertebrates like fairy shrimp and fingernail clams (Fig. 3). These invertebrates are able to tolerate desiccation (a prolonged period of drying) and benefit from the lack of fish predators in ephemeral ponds. There are still predators in the ponds, however. Invertebrates like water tigers (Fig. 4), the larval stage of predaceous diving beetles, are able to avoid predation and competition from fish by using ephemeral pond habitats. Larger invertebrates like water tigers, water scavenger beetle larvae (Hydrophilidae), and giant water bugs find plentiful food resources in larger permanent wetlands (Fig. 7).
Although ephemeral ponds are most often of conservation interest as amphibian habitats, they are also home to a diversity of plant life. Annual plant species like Bidens spp. (beggars-ticks) and Persicaria spp. (smartweeds) (Fig. 5) grow quickly after water levels recede in late summer and avoid competition from perennial plant species. Permanent wetlands, on the other hand, tend to be larger and provide a wider variety of microhabitats. They also have greater primary productivity (the rate at which plants and other photosynthesizers produce organic compounds) and more abundant vegetation due to more light availability (Fig. 6). Common perennial plants in wetlands include various wetland sedges, cattails, reed canary grass, and shrubs such as leatherleaf (Fig. 8).

Species Richness
Species richness is the number of different species in a given area. It is typically considered a community-level attribute. A basic and much-discussed question in ecology is why some areas have more species than others. For conservation purposes, it is important to know which types of habitats support more species. Because hydrology (water level) is so important to wetland organisms, it is informative to evaluate how hydrologic fluctuations/extremes can affect the biotic and abiotic aspects of wetlands. Two common factors that affect species richness include:

1. Habitat Size: In general, the larger the area of a habitat, the more species it will support. In large habitat areas, there tend to be more resources, more heterogeneous conditions, and more sustainable population structures. 
2. Environmental Heterogeneity: Different species have different requirements for survival and reproduction. More heterogeneous habitats, those with a greater variety of resources, can support a greater number of different kinds of species.

Scientific Method
Read pages 1-8 of Scientific Investigations in Symbiosis, your laboratory manual. Be sure to develop an understanding of the following terms: Scientific Question, Hypothesis, Prediction, Replicate, Independent Variable, Dependent Variable, Controlled Variables

In this lab, you will work with data from the Chippewa Moraine Ephemeral Ponds Project, a study of 57 wetlands in western Wisconsin (Figs. 9, 10). You will have access to biological diversity data for plants and aquatic invertebrates in ephemeral ponds and permanent wetlands, along with some corresponding environmental data (Table 1).

Table 1. Variables describing a) Biological Diversity and b) Environmental Conditions in wetlands. 
	a) Biological Diversity Variables
	Meaning

	InvertRichness
	Mean number of aquatic invertebrate species per wetland

	PlantRichness
	Mean number of vascular plant species per wetland



	b) Environmental Variables
	Meaning
	Definition
	Resource
	Stressor

	Area
	Wetland area in square-meters
	The size of the wetland
	
	

	Canopy
	Percent-cover of canopy trees
	The amount of shade can affect the plants and animals in wetlands. Trees also contribute deciduous leaf litter for the detrital food web.
	Leaf fall (detritus) provides resources to invertebrates
	Dense canopy can limit sunlight

	DO
	Dissolved oxygen in mg/L
	Dissolved oxygen (DO) is the amount of oxygen dissolved in the water. This oxygen is available to some aquatic plants, invertebrates, tadpoles, and fish. DO is highest in wetlands with little decomposition and shallow waters.
	Oxygen is required for aerobic respiration

	Low dissolved oxygen may be
stressful to organisms

	Nitrate
	Nitrate levels in mg/L
	Nitrate is a type of nitrogen molecule formed in aerobic conditions. It tends to be high in wetlands with high nutrient inputs and high DO.
	Nitrogen is an important macronutrient

	

	TP
	Total phosphorus in mg/L
	TP is a measure of all forms of phosphorus in the water, including suspended sediments and living organisms. Phosphorus is a macronutrient critical to all life. The more "productive" a wetland is, the higher the TP.
	Phosphorus is an important macronutrient
	

	Water
	Mean water depth in August or September (cm)
	Water depth was measured several times in each wetland in Aug. & Sept. when many ephemeral ponds are dry. 
	
	Water levels may reflect anaerobic or drought 
stress


Figures for Distribution as Online Supplement
(May also be printed in color as table references during laboratory session.) 
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Figure 1. Ephemeral pond, photo by A.M. Little.
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Figure 2. The life cycle of an ephemeral pond, photo by A.M. Little.
[image: Amanda Little - Figure_2]
















Figure 3. Amphibians of ephemeral ponds, including wood frog (Lithobates sylvaticus, photo by Judy Gallagher, spring peeper (Pseudacris crucifer, photo by Kevin Enge, boreal chorus frog (Pseudacris maculata, photo by J.N. Stuart), and blue-spotted salamander (Ambystoma laterale, photo by Greg Schechter)

[image: Amanda Little - Figure_3]
Figure 4. Macroinvertebrates of ephemeral ponds. Fairy shrimp (Eubranchipus, photo by Christian Fischer, fingernail clam (Sphaeriidae, photo by Andrew Cannizzaro), and water tiger (Dytiscidae, photo by Ingo Dehne).
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Figure 5. Common annual plants of ephemeral ponds, including Bidens frondosa (devil beggar’s ticks, photo by Radio Tonreg, and Persicaria spp. (smartweed, photo by Aroche).

[image: ]
Figure 6. Examples of permanent wetlands from this study. Sedge meadows (wetland P7A) are dominated by sedges (Carex spp.) and have shallower water depths than lacustrine fringe wetlands (wetland N2B), which consist of a narrow band of vegetation surrounding deeper water. (Photos by A.M. Little)
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Figure 7. Examples of macroinvertebrate taxa found in permanent wetlands, including water scavenger beetles (Hydrophilidae, photos by Fredlyfish4, and Udo Schmidt, and giant water bugs (Belastomatidae, photo by Judy Gallagher).
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Figure 8. Examples of plants common in permanent wetlands, including yellow lake sedge (Carex utriculata, photo by Matt Lavin), broad-leaved cattail (Typha latifolia, photo by Le.Loup.Gris), reed canarygrass (Phalaris arundinacea, photo by Franz Xaver), and leatherleaf (Chamaedaphne calyculata, photo by magnolia1000).
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Figure 9. Study area is in the Ice Age National Scientific Preserve, New Auburn, Wisconsin, United States.
[image: Amanda Little - Figure_10]
Figure 10. Aerial photograph showing the distribution of permanent and ephemeral wetlands in a portion of the study area. Wetlands sampled in this study are outlined in white. The photograph was taken in spring, with leaves off the trees. E = Ephemeral pond, P = Permanent wetland.




STUDENT WORKSHEET
TA Key in Red
Laboratory Worksheet: Complete Pages 3-6 during lab.

JOB ASSIGNMENT: You are a wildlife biologist hired by the state of Wisconsin to help evaluate whether land should be protected from proposed development. Specifically, they need you to determine how species diversity varies between two wetland types: ephemeral ponds and permanent wetlands.

By the end of this lab, you will be able to:
· Apply the Scientific Method to make a conclusion about biological diversity between wetland types using on pre-collected data.
· Summarize and evaluate data using Excel.
· Examine explanatory physical variable to connect biological diversity to the environment.

Methods
1. Write a scientific question based on the Job Assignment stated above. Remember, for a question to be pursued by science, the phenomenon must be well-defined and testable, and the elements must be measurable and controllable. Hint: Limit your research to plant OR invertebrate diversity.

For example, “Did dinosaur body mass differ between two sizes of Jurassic lakes?”

Does invertebrate species diversity vary between wetland types?

2. Write a research hypothesis, a tentative answer to your question. Remember, a scientific hypothesis must be testable and falsifiable. 

For example, “Dinosaur body mass differed between two sizes of Jurassic lakes, with larger dinosaurs found in larger lakes.”

Invertebrate species diversity will vary between wetland types, with a higher diversity expected in permanent wetlands. 

3. Write a prediction for the outcome of your research. This will take the form of an If/Then statement (“If the hypothesis is true, then the results of the experiment will be…”). 

For example, “If larger dinosaurs were found in larger lakes, then the mean dinosaur body mass in large lakes will be higher than mean mass in small lakes.”

Hint: Define diversity as species richness (total number of different species present).

If invertebrate species diversity is higher in permanent wetlands than in ephemeral, then we will measure higher mean species richness in permanent plots.


4. What are your independent and dependent variables for this study?
Independent: wetland class; Dependent: species richness

5. Summarize data and evaluate your hypothesis.

i. Open the Excel file called WetlandData.xlsx and take a look at its contents. Column A is a list of the 57 sampled wetlands. Column B lists the class of each wetland (Ephemeral or Permanent). Columns C and D contain biological diversity data. Columns E-J contain environmental data. See Table 1 for detailed information about these variables.

ii. First, you’ll need to organize the data using the SORT tool. Click and hold in cell A1 and drag to J58 to highlight all data. On the Excel options ribbon (top of your screen), follow: 

Data > Sort > Sort by “Class”

Make sure the box “My list has headers” is checked.  

iii. Next, you can summarize your Biological Diversity data to begin to address your research question using the MEAN calculation tool. Click in a blank cell below the Biological Diversity data and type:

 =AVERAGE( )

Inside the parentheses, you will type the first and last cell you’d like to include in the mean calculation. For example, if I wanted a mean value (average) for the first 10 data cells in column C, I’d type =AVERAGE(C2:C11) and hit enter. This will exclude the header row from my calculation.

You will need to calculate two means, one for each “treatment” (wetland class).




1

Treatment (Class) 1: ____________

Mean Species Richness: _________
Treatment (Class) 2: ____________

Mean Species Richness: _________

Observed difference in means: ______________________

iv. Now you’re ready to produce a graphical summary of your diversity data in a box-and-whisker plot. Highlight all data (including header) in Column B (Class) and either Column C or Column D, depending on your scientific question. Start by highlighting Column B; then, with the Command or Control (Ctrl) key down, highlight your second column.

With your two columns highlighted, go to the Excel options ribbon and follow:

Insert > Chart > Box and Whisker 

This should produce a graph with two boxes corresponding to species richness data from the two wetland classes for the type of organism you’ve chosen to study. Wetland Class will be on your x-axis (horizontal) and species richness will be on your y-axis (vertical). Change the automatic chart title to something descriptive. Double click on the outer edge of the graph; you should see an option called “Add Chart Element” appear above the upper left-hand side of your spreadsheet. Use these options to add x- and y- axis labels. Copy this graph into a Word Document and save it with an informative name. You’ll need to print this for your lab notebook (your TA will help get it to you via eCampus or email).

[image: ]
Above: Sample diversity figure, a likely student outcome from above instructions.

v. You now know whether the difference in mean species richness between wetland classes is in a direction that supports your hypothesis. This is not sufficient for a scientific conclusion; you need to figure out whether the observed difference in mean species richness between wetland classes is statistically significant or could have happened by chance. You’ll use a t-test today.

In an empty cell below your mean calculations, type the following:

=T.TEST( )

Inside the parentheses, you will list the range of species richness values in each wetland class for the group of organisms you’re interested in, as well as designation that you’ll be conducting a 2-tailed comparison (denoted with the number 2) and are assuming equal variance (also denoted with the number 2).  For example,

=T.TEST(C2:C34,C35:C58,2,2)

A T-test  checks whether the mean of values in cells C2 through C34 is equal to the mean of values in cells C35 through C58 using a 2-tailed comparison of data with equal variance. Don’t fret about tails and variance for now; just use “2” and “2.” 

When you hit enter, you’ll get a value between 0 and 1; this is the p-value, the probability of the observed difference in means happening by chance. 

p-value: __________________

For most biologists (including us in this lab), the ‘magic’ p-value is 0.05. If your p is < 0.05 you may conclude that your difference between means is ‘real.’ If p > 0.05, you must conclude that your observed difference in means could have occurred by chance and therefore is insignificant.

vi. Combine your mean species richness calculations (Step 5.iii) with your statistical test results (Step 5.v) to make a written results statement. For example: 
Dinosaurs in Lake 1 are bigger than those in Lake 2 (t-test p = 0.02).
OR
We have no evidence that mean dinosaur size differs between lakes (t-test p = 0.2).




6. The state of Wisconsin is now interested in understanding why there is (or is not) a difference in species richness between wetland types. Refer to the list of environmental variables measured by the field crew (Table 1), and write a follow-up scientific question that could help explain your diversity results. Hint: Be careful in using the terms correlated/correlation & caused by/causation.

For example, “Was the difference in dinosaur body mass between Jurassic lakes of two size classes correlated with lake temperature?”

Selected Environmental Variable: ________________________

Scientific Question: 
Sample response: Was the difference in invertebrate species richness correlated with canopy cover?

7. Write a hypothesis that will allow you to link your diversity result to a single environmental variable. 

For example, “Large Jurassic lakes had lower temperature than small lakes.”
Sample response: Permanent wetlands have lower canopy cover than ephemeral wetlands.

8. Write a prediction that will guide a test of your hypothesis from Step 5.

For example, “If large Jurassic lakes had lower temperature than small lakes, then the mean temperature of large size class lakes will be lower than the mean temperature of small lakes.”
Sample response: If permanent wetlands have lower canopy cover than ephemeral wetlands, the mean canopy cover will be lower in permanent wetlands than in ephemeral wetlands.

9. What are the independent and dependent variables for this follow-up investigation?
Sample response: Independent: Wetland class; Dependent: Canopy cover

Homework Assignment: Complete the following tasks for your notebook. 
Use additional pages as needed.

10. Summarize data and evaluate your hypothesis.

Selected Environmental Variable (from Step 6): ________________________

i. Summarize the data for your environmental variable of interest using the MEAN calculation tool.


Treatment (Class) 1: ______________

Mean Value of Environmental Variable: ________________________

Treatment (Class) 2: ______________

Mean Value of Environmental Variable: ________________________

Observed Difference in Means: ___________________


ii. Follow the instructions from Step 5.iv to produce a box-and-whisker plot summarizing your environmental variable for each wetland class. Print it and include with your lab assignment in your notebook.

iii. Follow the instructions from Step 5.v to perform a statistical test to determine whether the observed difference between means of your selected environmental variable between wetland classes is statistically significant or could have happened by chance.

p-value: __________________

iv. State your result in words.



11. Write a research conclusion that addresses the following questions. 
Depending on time available and instructor goals, this component could be replaced by or supplemented with a group discussion around these questions.
· Overall, what have you learned about the biological diversity and a related environmental variable in Wisconsin wetlands? 
· Did you prove causation (e.g. Large lake size causes big dinosaurs.)? 
· No, these data only allow us to conclude correlation. This can be a tricky point for students.
· What were the limitations of your study?
· How might your findings be useful to the state of Wisconsin (e.g. conservation, land use development)?
· What additional scientific question(s) would you pursue next to develop a better understanding of this field?
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As temperatures rise and trees transpire,
|| @ the water levels in the ponds drop. Wood
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