An Easy Bottom Crawly Diversity Index for Kid Use………………………….Earl Morse (Draft 3 May 2009)

What are we monitoring and why:

All kids are enthralled by bottom crawlies.  Benthic macro-invertebrates are a good bet to engage kids in collecting and processing real data and gain understanding of the relative health of their lake and/or watershed. 

A Diversity Index based on invertebrates is often a good indicator of the relative stability or “health” of a community of organisms. Generally, if a community has a high diversity, it has a wide variety of different species with no permanently massively dominant type. High diversity makes a community more likely to survive in times of stress (there’s a lesson here for people, too, i.e. shoe manufacturing in Maine towns). In a diverse community the interdependencies or food webs are more complex and a wide variety of feeding alternatives are available should one species become temporarily greatly diminished. While an individual may have a harder time finding food, other

“opportunities” are usually available.  Conversely, it is easy to understand that a less diverse community with great numbers of individuals but few species is much more likely to experience stress if one of the species population diminishes greatly.  High diversity is highly correlated with community stability.

This activity produces a number (a kind of diversity index) that allows the comparison of diversity over time and/or between locations (when samples are taken at the same time).  A passive sampling device, the Hester-Dendy Artificial Substrate, is used to collect organisms.  This means of sampling is relatively non-disruptive and repeatable.  Its use doesn’t require much training and has been done by children as young as 4th grade.  Moreover, this particular diversity index can be produced without identifying the individuals to species.  The kids simply sort and count individuals within the sample.  The data analysis and math of the procedure is also very straightforward. Of course, the sorted sample can be preserved, labeled and saved for more sophisticated analysis (the kids having done the lion’s share of the processing).  Of course, this procedure can be conducted indoors (during rainy days, for example) once the samplers have been collected.  Samplers can also be placed in plastic bags, refrigerated for a few days or frozen and counted at a convenient time.  It’s most fun for the kids, however, and us when they cut the samplers open and discover the wiggling crawlies themselves. 

The Procedure:

Sampling and a note about sampling problems: It is difficult for novices to collect reliable samples for comparative numeric invertebrate studies using devices that require a consistent sampling procedure.  An example is the “D” net used in a stream. Typically the net is placed and held on a stream bottom while a member of the team grovels in the bottom upstream in hopes of dislodging crawlies that are then carried by the current into the net.  A good series of samples requires the groveling the same area size of bottom, the same bottom type, using the same intensity of grovel.   Almost an impossible feat! Consequently, the “D” net is typically used mainly to identify which species are present and to look for “indicator” species that are attributed to “clean” or “polluted” situations.  

To examine diversity we need a sampling device that is easy to use, highly standardized, repeatable and reliable (i.e. two samples taken at the same time near one another will show very similar results). This procedure uses a 9 plate Hester-Dendy Artificial Substrate (a few of which may be included in our kits. These retail for about $20 each but can be produced for less than $1 each).  This device, which we’ll call a “crawly house”  (HDAS is a mouthful, after all), is a stack of alternating 3” and 1” hardened Masonite squares that are stacked together a held with twine (rather than the stainless bolt shown below). Rather than aggressively seeking the crawlies by disturbing the bottom, we encourage the little guys to come to us and reside in our crawly house. 
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9-Plate Square Hester Dendy: 
• 0.10m2 sampling area 
• 9 - 76 x 76 mm (3 x 3”) plates
8 – 25 x 25 mm (1 x 1”) plates

Sunk in 2-6 feet of water in undisturbed areas of lake shores and/or stream pools. The sampler rests on the bottom (Masonite sinks) under a dock or overhanging tree and is tied to the object to make it easy to retrieve. It is usually placed by an adult (to minimize good-natured vandalism, kids pulling it up daily to see who has moved in) and remains there for a minimum of two weeks, becoming occupied to maximum density by a variety of “cover-seeking” crypto-crawlies.  It’s kind of a bughouse commune.  On “lake day” the adult and the kids go out around the pond and slowly retrieve each “crawly house,” placing each one in a separate, labeled plastic Ziploc bag with the collection location and date. 

The samples are returned to the Lake Day activity center where they are placed in white plastic flat-bottomed trays half filled with pond water. The crawly houses are unbound by cutting the tied string and each layer washed clean with a squirt bottle or scraped to dislodge the live crawlies.  This usually causes a lot of excitement from kids and adults.

Unusual organisms, like “indicator species,” are identified and all organisms are sorted and counted into labeled separate containers (a mix of 3 parts alcohol and 1 part glycerin will preserve them, later, if you wish).

Data processing.  Can be a problem for kids, especially if there’s too much math. This process makes it fun!  (I developed this procedure before the advent of school computers.  Hence it is simple and not prone to data input errors.)

Let’s say we found 5 species (which we’ll call species A through E). Our sorting led to the following: We found 3 of specimens A, 5 of B, 6 of C, 1 of D, 3 of E.  We have a total of 3+5+6+1 +3 = 18 total crawlies.

We then cut out 18 pieces of paper, each piece the same size (a randomizing label sheet is attached). We label 3 of the pieces with an A, 5 with a B, 6 with a C, 1 with D, and 3 with E so that all 18 pieces are labeled and there is a piece of paper representing each crawly.

We place the 18 pieces of paper in a brown paper bag and shake the bag up.  We then remove the paper pieces one at a time without looking in the bag and place them in a straight line. They might look something like the top line below:

C   B   B   C   E   D   A   C   C   E   B   E   B   B   A   A   C   C

1    2   2    3    4   5    6    7    7   8    9  10  11  11 12  12  13  13

We now count the number of “runs” in the sequence (see the numeric line above).  A run is counted each time a letter in the random sequence changes from the letter before it.  In the first three letters in the sequence, for example, there are three letters CBB but only two runs C and B. In the above sequence of 18 letters there are 13 runs (see the numbers under the above letter sequence). 

This Diversity Index is calculate by the number of runs divided by the number of individuals, or 13/18 which gives a Diversity Index of  0.72

Here’s a simple explanation of the index. If there is high diversity there will be many different species in a sample. In this case it is less likely that two of the same letters will lie next to each other when randomly arranged in a row. A Diversity Index of 1.0 means that no letter in the sequence was next to an identical letter.  The number of runs = the number of individuals.  While there are better and newer indices of diversity, most of which are computer-based, this process works best for kids and is easiest to understand. In any case, the data collected by the kids can be saved and processed by a more advanced data analysis process at any time…. The raw data is excellent, especially if the sorted sample is preserved!

In a sample with low diversity you will find few species and lots of individuals of each type. Consequently, lets say we found 18 individuals 7 of A and 11 of B.

A random arrangement of these paper slips might look like:

B  B  A  B  B  B  A  A  B  A  B  B  B  B  A  A  A  B  

1  1   2   3  3   3   4   4   5   6   7  7   7   7  8   8   8   9

9 runs and 18 individuals…A lower  Diversity Index of 9/18 or 0.5 

Now, all the 18 letters are thrown back into the bag, shaken again and the pieces withdrawn randomly again and placed in a row.  The number of runs and the diversity index is calculated again.  

This is process is repeated ten times and the average Diversity Index of the ten random draws is calculated.  (If you’ve got some older students you might want to do a standard deviation as well…There’s some interesting statistics you can do with data accumulated over the years.)

This process has been done with thousands of kids and has revealed some interesting insight.  It is fun, puts kids into the role of scientists, and produces real long-term interest.

How can the data be used? 

This activity that can produce some interesting data, especially if repeated at the same sites over time.  In addition, if “Lake Days” are held in mid-July, it potentially gives us great access to comparative data across our constituent Lake Associations.

Here are a few examples of problems that can be investigated using this procedure:

Diversity differences between feeder streams within a watershed.

Diversity upstream and downstream of a point source.

Recovery of diversity downstream of a point source.

Diversity disruption and recovery following a management procedure. For example, the use of dredging to control an exotic.

Annual diversity succession or variation at a single place or within a lake.

Diversity differences between lakes and/or lake types.

The average diversity and diversity variation of a lake or stream.

Materials needed Per team of 4 kids (one data recorder, two sorters, one checker):

A data recording sheet (attached). Name of each member of team must be included

A species “randomizing label” sheet is attached

Pencil

scissors

White plastic flat-bottomed tray. 

A squirt bottle. Use a soda bottle with a small hole melted in cap with a hot nail. This is filled with pond water and used to wash crawlies off the sampler.

2 Eyedroppers and/or white plastic spoons to sort the crawlies

Small plastic containers, one per type of crawly found. Clear plastic cups work well. 

One Sharpie to label receiving cups from A to …..

A magnifier is nice, but not essential

A species identification guide and key is available for those who wish to identify the types of inhabitants they have found in their samplers.  Go to: 

Wonderful, Wacky Water Critters (university of Wisconsin Extension Service) http://clean-water.uwex.edu/pubs/pdf/wav.wwwc.pdf .  Download a good key to life in a pond.  http://clean-water.uwex.edu/pubs/pdf/wav.pondkey.pdf  Download a good key to life in a river  http://clean-water.uwex.edu/pubs/pdf/wav.riverkey.pdf 
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