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1. Overview

1.1. The monitoring of earthworm populations is vital to environmental scientists, as invasive exotic earthworms can be found in nearly every ecosystem on the planet. 
1.1.1. Title Slide

1.2. Ecological invasion typically lowers biodiversity of an ecosystem by directly outcompeting, endangering, or contributing to the extirpation, or local extinction, of native species.
1.2.1. See Storyboard. 

1.3. The Lumbricus terrestris species of European earthworm, also called the nightcrawler, is extremely common in North America, but is not native. As a result, it has greatly extirpated native earthworm species.  
1.3.1. See storyboard.

1.4. Lumbricus terrestris alters the cycling of nutrients through decomposition of organic matter in the upper layers of soil, where plant roots mine for nutrients, thereby changing the soil layer structure.  (1.4.1.) In some cases, the organic debris layer, containing much of the decomposing material that provides nutrients, is completely lost. (1.4.2.)
1.4.1. See Storyboard. 

1.5. In addition, they have been shown to increase the available nitrogen concentration in invaded soils. 
1.5.1. See Storyboard. 

1.6. In turn, the changing soil layers and high levels of nitrogen make the soil more hospitable to invasive plant species, such as the European Buckthorn, which are more adapted to high levels of nitrogen as compared to native plant species. 
1.6.1. See Storyboard.  

1.7. This phenomenon is known as “invasional meltdown.” 
1.7.1. See Storyboard.

1.8. The invasional meltdown resulting from invasion of the European earthworm and exotic plants like the European buckthorn is of key concern because it is dramatically decreasing the diversity of forest plant life in North America.
1.8.1. See Storyboard. 

1.9. This video will demonstrate the monitoring of European earthworms in various park areas in order to assess their vulnerability for buckthorn invasion. 
1.9.1. Use shot: 4.4.1. 

2. Principles

2.1. To determine earthworm populations in invaded areas, worms are directly extracted from soil using a capsaicin solution.  
2.1.1. See Storyboard. 

2.2. In this experiment, capsaicin is extracted from spicy mustard and poured directly onto the soil in an area defined by a pre-sized square, or quadrat.  It then penetrates through the soil matrix to where the earthworms reside.  
2.2.1.1. See Storyboard. 

2.3. The capsaicin solution causes irritation to mucous membranes in the earthworm. Earthworm bodies exposed to the capsaicin react to the irritation by moving to the soil surface to expose themselves to oxygen.
2.3.1. See Storyboard. 

2.4. After surfacing, earthworms are collected and the population density analyzed. 
2.4.1. See Storyboard. 

2.5. The following experiment will demonstrate the extraction of earthworms from soil, and their population analysis. 
2.5.1. Use shot: 4.7.2.

3. Experimental Preparation	

3.1. First, prepare the capsaicin solution at least 24 hours in advance by weighing 38 g of ground oriental hot mustard, and transferring it to a plastic container with a cap. 
3.1.1. WIDE: Talent approaches bench with needed materials.
3.1.2. MED:  Talent weighs mustard, and transfers it to container.

3.2. Add 100 mL of tap water to the plastic container containing mustard.  
3.2.1. MED: Talent measures 100 mL of water.
3.2.2. MED (over the shoulder): pours water into container. 

3.3. Secure a cap on the container, and shake vigorously until all of the mustard is dissolved in the water. 
3.3.1. MED: Talent caps the container
3.3.2. MED: Talent shakes container to mix

3.4. Let the solution sit for 24 hours for maximum capsaicin extraction from the mustard.  
3.4.1. WIDE: Talent carries the container to its storage location.

3.5. When the capsaicin extraction is complete, dilute the mustard solution with 4 liters of water in an 8-liter water carrier.  
3.5.1. WIDE: Talent fills water containers

3.6. Shake the mustard solution several times to mix, and transfer it into the water carrier. 
3.6.1. WIDE: Talent pours the solution into the carrier. 

3.7. Rinse any residual mustard solution using the diluted solution. 
3.7.1. MED: Talent pours water into small container, shakes it and pours it back into large container. 

3.8. Seal the water carrier cap, and ensure that the valve is in the “OFF” position.  Invert the water carrier three times to mix evenly. Prepare one container of capsaicin solution for each testing site. 
3.8.1. MED: Talent closes water carrier, and mixes it. 

4. Extraction of Earthworms

4.1. Proceed to the sampling site with a quadrat and the water carrier containing diluted mustard solution.  Also bring three lidded sampling cups per site.  They should be labeled appropriately for three replicates per sampling site. 
4.1.1. WIDE: Quadrat and water carrier
4.1.2. MED/CU: sampling cups with lids, labeled for each replicate.
4.1.3. WIDE: Talent carries materials to the sampling site. 

4.2. Clear away the brush, leaves, and mulch as much as possible to clearly expose the soil.  
4.2.1. MED: Talent kneels down on the ground and clears away brush.

4.3. Place the quadrat randomly on the ground in a cleared spot. 
4.3.1. WIDE: Talent places quadrat on the ground. 

4.4. Mix the dilute solution again, and then switch the cap valve to the ON position. 
4.4.1. MED: Talent mixes solution.
4.4.2. CU:  Talent turns valve to “on” position. 

4.5. Pour approximately a third of the diluted mustard solution within the quadrat, concentrating the majority of the liquid at the center of the quadrat area.  If the soil becomes saturated and forms pools, stop pouring, and wait until pooled solution infiltrates the soil before continuing. 
4.5.1. MED: Talent pours solution.
4.5.2. MED: Pools form in soils, talent stops pouring. 
4.5.3. MED: Pool dissipates, talent continues to pour. 

4.6. Observe the quadrat area closely for five minutes, looking for earthworm appearance.  Be sure to look directly under the sides of the quadrat. 
4.6.1. WIDE: Talent observes soil. 

4.7. Wait for all earthworms to emerge from the soil within the quadrat area, and then collect them with forceps.  After five minutes, close the sample cup and proceed to the next sampling site.  
4.7.1. CU: Talent picks up earthworm with forceps.
4.7.2. MED: Talent places earthworm in container. 

4.8. Repeat the collection steps for all sampling sites.  Return to each site and perform three replicates per site. 
4.8.1. WIDE: Talent brings materials to next site.

4.9. Count the number of earthworms collected for each sample, and then calculate the mean and standard deviation for each collection site.
4.9.1. MED: Talent counts worms in each container by taking each one out one at a time.  

4.10. [bookmark: h.30j0zll]Create a bar graph to compare the average earthworm population densities between collection sites.  Use the standard deviation to create the error bars.  Site one is a managed park, and is therefore more hospitable to earthworm populations due to disturbances such as aeration and fertilizers.  Site two is unmanaged, and is therefore less hospitable to earthworm populations. 
4.10.1. [bookmark: _GoBack]Bring up Author data (10002_Figure1.jpg)
 
4.11. Exotic earthworms and European buckthorn have been implicated as part of an “invasional meltdown” occurring, especially in the mid-western United States.  Tracking earthworm populations can help to elucidate relationships between the two invasional species and enable researchers to develop methods to prevent further spreading.
4.11.1. Show 1.8.1. (Map of USA with buckthorn invasion labeled)

5. Summary

5.1. You’ve just watched JoVE’s introduction to the extraction and analysis of earthworm populations. You should now understand the principles of earthworm extraction from soil, and the comparison between sampling sites. Thanks for watching!
