A Virtual Pond Dip

	Group 
	  
	Key features  
	More information

	Bacteria  
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	single celled, dots or strands, just visible with strongest magnification, cyanobacteria are larger  
	Introduction to bacteria 
Spirochaetes 

	Protozoa  
	[image: image2.png]



	single celled, with tiny hairs or pseudopodia  
	  

e.g. ciliates, amoeba, heliozoa, euglenoids


	Actinosphaerium
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	heliozoan
	Name (genus) : Actinosphaerium
Size : 200 - 1000 µm
Where to find them : Planktonic and amongst plants (especially fine-leaved).
Notes : The Heliozoans, also called sun-animalcules in older books, are a delight to study under the microscope. They have hair-like pseudopodia called axopodia (which are often stiffened) that radiate outwards.
There are a number of smaller species e.g. in the genera Actinophrys and Acanthocystis.
Classification :Kingdom - Protoctista, Class - Heliozoa

	Amoeba
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	Name (genus) : Amoeba
Size : 20 - 1200 µm
Where to find them : Decaying organic matter e.g. on leaves and surface of bottom mud.
Notes : Although usually common, they're not always abundant, so casual pond dipping may not find them. Inspect samples from the habitats above carefully in a Petri dish with low power first, to locate specimens for study at higher powers. The finger-like protusions (pseudopodia) are used for movement and feeding. 
The amoeba shown is a so-called naked amoeba. There are also testate amoeba which live in shells. Squeezings from Sphagnum moss may often contain examples of testate amoeba.
The species Amoeba proteus, although apparently rare in the wild is often cultured for classroom studies of a protozoan. Amoeba are widely described and illustrated in biology textbooks.
Classification :Kingdom Protoctista, Phylum Rhizopoda

	Euglena
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	Name (genus): Euglena
Size : 25 - 100 µm
Where to find them : Planktonic, often colouring the water green.
Notes : Euglena, like some other micro-organisms, have features of both algae (e.g. green and photosynthesise) and protozoa (moves with whip-like flagella). Thus biologists debate how they should be classified. It also has a red eye spot.
You may come across them when viewing a larger organism under the microscope. Euglena, if abundant, may cross the field of view moving in and out of focus.
Classification : Kingdom - Protoctista, Phylum - Discomitochondria 

	Algae Spirogyra
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	Filamentous algae
	Name (genus): Spirogyra
Size : Filaments 10 - 100 µm wide, filaments up to many cms long 
Where to find them : Often occurs in floating green masses, slimy to the touch. 
Notes : The single cells are arranged end to end to form long threads (filaments). The spirally arranged ribbon-like plastids are distinctive. Many biology textbooks use this as the example of a filamentous algae. 
Classification : Kingdom - Protoctista, Phylum - Gamophyta

	Volvox
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	Single cellular, but colonial
	Name (genus) : Volvox
Size : Colonies up to 1 mm
Where to find them : Planktonic in still and flowing waters.
Notes : One of the 'jewels' of a pond when found. Volvox is a spherical colony of hundreds of green algal cells each with two whip-like flagella. These cells are distributed on the surface of a hollow jelly-like globe. Sometimes the colony may contain smaller colonies as shown left.
Volvox has features of both algae and protozoa, and is classified by some authorities as a green algae (Chlorophyta) and by others in the protozoan order Volvocida.
Classification : Kingdom - Protoctista, Phylum - Chlorophyta

	Rotifers  
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	wheel-like, hairy appendages, transparent, free swimming or attached 0.2 - 1 mm 
	Name (phylum): Rotifers
Size : Wide range amongst species 
25 µm - 1 mm
Where to find them : Some species are planktonic, others are attached to plants, other organisms, stones or creeping on plants, mud surface etc. 
Notes : A particularly fascinating group for the pond dipper with a microscope. Older books call them wheel animalcules. The head has a crown of cilia (the 'wheel organ'), which in some species looks as if it is rotating like a wheel, hence their common name.
Rotifer species show a wonderful variety of forms. Some move and contract like a leech (e.g. Philodina far left), others build 'houses'. 
Classification : Kingdom - Animalia, Phylum - Rotifera


	Gastrotrichs  
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	two tails, hairy, round mouth opening 
0.1 - 0.5 mm 
	

	Worms  
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	long thin body, many non related forms  
	  

Go to worms overview: e.g. flatworms, annelids, nematodes


	Bryozoa  
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	plant-like or jelly-like colony, crown of tentacles 
individuals: 0.25 - 5 mm 
	Bryozoans 
Pond fairies - Plumatella repens 

	Hydra  
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	green brown or colourless, body and tentacles contract and stretch  
extended: 20 mm 
	Name (genus): Hydra
Size : 4 - 30 mm including tentacles
Where to find them : Attached to surfaces like water plant stems and the undersides of floating leaves.
Notes : The Hydra is a very distinctive creature with its tentacles. If a jar of pond water with some weed is left to stand for a while, the hydra - if present, may be seen by eye attached to the wall of the jar, or the vegetation. They are often pale brown or green. The underside of floating weed like duckweed is a particularly good place to find them.
Hydra have many fascinating features, one in particular is that they can reproduce asexually by budding where a smaller hydra grows off the body of the adult and eventually separates. The tentacles have stinging cells which they use to capture prey like small water fleas. They are a classic organism for biology students to study as they are a representative member of the Phylum Cnidaria. The cnidarians are the most primitive animal where the cells are organised into different layers.
Classification :
Kingdom - Animalia, Phylum - Cnidaria, class - Hydrozoa

	Water bears 
(Tardigrades) 
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	8 stumpy legs, slow moving 
<1 mm
See gallery links on the right for some of the finest video clips on the Web of these cute critters! 
	Hunting for 'bears' in the backyard 
The incredible water bear 
Water bear video gallery I 
Water bear video gallery II 

	Arthropods  
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	jointed limbs; many groups e.g. crustaceans ('water fleas'), mites  
	  

e.g. ostracods, copepods, water fleas, mites etc.


	Daphnia

“water flea”
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	Name (genus): Daphnia
Size : 0.5 - 4 mm
Where to find them : Planktonic, or amongst plants, organic matter etc.
Notes : Water fleas are a delight to observe under the microscope. The beating heart, compound eye and moving limbs can all be seen as they have a transparent shell. The water flea shown is the well known genus Daphnia which are often available in pet shops for fish food. 
Another common water flea Simocephalus is similar but usually larger. Chydorus, is another common one, but smaller and more globular, and often found amongst weeds.
Water fleas are easy to spot in a jar of pond water by the jerky movements of their second antennae (shown left). Hence their common name, although they are not fleas.
The females often carry live young, and if you are lucky they may give birth while you are examining them. 
Classification : 
Kingdom - Animalia, Phylum - Crustacea, Order - Cladocera
Note: The classification where Crustacea is assigned a phylum is adopted here.

	other Arthropods: 
Insect stages 
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	wide variety of forms 
	  

Go to insect stages overview: e.g. caddisfly larvae, dragonfly nymphs, water beetles, etc.



http://www.microscopy-uk.org.uk/index.html?http://www.microscopy-uk.org.uk/ponddip/#jar
Background Pre-Reading

Protists Are Not Plants, Animals or Fungi

The Domain Eukarya includes all living things that have membrane-bound

organelles inside their cells such as a nucleus, mitochondria and chloroplasts. Even very young children are able to tell plants from animals. Mostly one is green and held to something else such as soil with roots. The other moves more freely. Some of the marine anemones clinging to rocks on the ocean floor might look more like plants but they have a gut to digest food and other characteristics that put them firmly in the animal kingdom. Once only those two kingdoms were used to describe all organisms. The only distinction that seemed to matter was eating habits. Animals take in food to provide  themselves with energy that was produced by something else: They are heterotrophs. Plants take in raw materials from the soil and air and some even ambush insects, but they are able to harness the energy they need from the sun through photosynthesis: They are

autotrophs. One problem with having just two kingdoms of eukaryotes is that fungi are very different. The fungi, including mushrooms, once classified with plants have very

interesting eating habits. They digest their food outside of their filamentous bodies.

And then there is everything else. The Kingdom Protista contains so many

different life-styles and body plans that it looks as if all of the eukaryotes that were left

on the lab table, after the fungi, plants and animals were carefully classified, were just

scraped off into the fourth container and labeled “Protista”. In the future this widely

diverse kingdom may be itself divided.

The Kingdom Protista includes:

The Algae such as multi-cellular kelp and unicellular

dinoflagellates and diatoms;

The Protozoans such as the amoebas, many parasites, and the

ciliates;

The Slime Molds.

These organisms are primarily aquatic. Some protists prefer oxygen, making use

of aerobic respiration to breakdown sugars for energy, and some do not and those live in

anaerobic conditions (oxygen free). All of the protists are eukaryotes and so have

membrane bound organelles including mitochondria. Many protists are single celled.

Some form colonies and a few are multi-cellular but very simple. Many protists are

heterotrophs and eat food such as bacteria or other protists or bits of debris that are
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floating in their watery-world. Some are autotrophs, acquiring energy through the

process of photosynthesis, such as kelp and other photosynthetic algae. Some protozoa

are photosynthetic, such as members of the genus Euglena who will move rapidly around

the slide using their flagella for locomotion. They are mobile like animals and

photosynthetic like plants. Some scientists think they are mobile heterotrophs that

engulfed a single-celled photosynthetic organism to eat it but failed to digest it and it

went on to become a symbiont and live inside of the mobile organism to the benefit of

both. This is a similar relationship to the bacteria that live in our digestive system and

help us digest our food.

The freshwater pond protists that we will look at in the lab are microscopic.

There may also be microscopic animals, plants and fungi as well as bacteria on the slides.

Micro Lab

1. Go to:

http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopyuk.org.uk/mag/wimsmall/smal1.html

Click on each type of organism listed to see some representative groups.

2. Write out a one-sentence definition for each group, which includes their

distinguishing characteristics. Your teacher will help with this.

3. Go to: http://www.sidwell.edu/us/science/vlb5/Labs/Classification_Lab/Eukarya/

Click Kingdom Protista

Make a list of which organisms are in the Protist Kingdom by clicking around on

the interactive Phylogenetic Tree.
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Slide Preparation Labs

4. Learn to make wet-mount slides. Use an eyedropper or disposable pipette to collect

the water samples. They should be as grungy as possible. Bottom scum is good.

5. Make several slides from the following sources using the wet-mount procedure.

Make sure the water sample is totally gross. Clear samples have too few

organisms.

Aquarium glass or algae clump

Pond bottom

Stream bottom

6. Set up the SOAR mounted on the stand so that it will look at a slide placed below it.

7. Begin with the 1X lens and then the 30X lens. Use the 200X lens to take your

pictures.

8. Make sure the picture is clearly focused.

Cover Slip

Water Sample Drop

Slide

A B

C

A

B

3

C

3

Put 1-2 drops of the water sample in the center of the slide.

Drag a cover slip along slide. The drop should not look clear.

Drop will adhere to the base of the cover slip.

Let the cover slip drop over the liquid.
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9. Learn to make hanging drop slides.

10. Make several slides from the following sources using the wet-mount procedure.

Aquarium Glass or algae clump

Pond Bottom

Stream Bottom

11. Follow steps 6-8 above.

12. Complete the Protist and Micro-Animals Data Sheet

Draw and describe at least one protist from each location and slide preparation

type.

Draw and describe all of the micro-animals that you find.

Place a very tiny drop on cover slip that is resting on the lab table.

The drop should look mucky not clear.

A

Specimen Drop Cover Slip

B

C

A

B Quickly invert the cover slip with the drop now hanging underneath.

C Carefully place the cover slip with the drop underneath on the

depression slide as shown in the diagram. Cover slip should be flat on

the slide with the drop hanging freely underneath.

If the drop smears it was too large so make a new slide with a smaller

drop.
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Organism Identification

13. After you have made your slide and drawings and are ready to identify organisms go

to: http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopyuk.

org.uk/mag/wimsmall/smal1.html

Scroll down to the clickable list of organisms.

Look closely at your organism.

Does it have a long tail called a Flagellum?. . . . . . . .Click Flagellated Protozoa

Does it have tiny hairs all around the outside?. . . . . .Click Ciliates

Does it look like a tiny clear jelly on a short stem

and you can see its internal organs? . . . . . . . Click Rotifers

Does it have a geometric shape and move slowly

and it is not green? . . . . . . . . . . . . . . . . . . . .Click Diatoms

Does it look like a worm?. . . . . . . . . . . . . . . . . . . . . .Click Worms

Does it look green and not move and seem to

be a group of cells forming stems?. . . . . . . . Click Green Algae

Does it look green and have a spectacular

geometric shape? . . . . . . . . . . . . . . . . . . . . . .Click Desmids

Does it look like it has internal organs and eyes?. . . .Click Crustaceans

Does it look like a giant sun or a huge blob

that changes shape?. . . . . . . . . . . . . Click Sun Animalcules and Amoebas

14. Answer the questions on the Lab Reflection Sheet.
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Protists and Micro-Animals Data Sheet

First record a picture of a slide you made of

pond water organisms using the SOAR and

then draw from the picture.

Try to draw them as large as the circle.

Record where each organism came from.

Drawing organisms that you are viewing

under a microscope is an art form that gets

better with practice. Make sure you are

looking at one organism and not a clump of

stuff. Ask your teacher for help with

identification.

After you have drawn an organism then go to

the website in #13 above to identify it. If

you identify it first you will draw from that

picture and it may be the wrong organism!

Paramecium

Aquarium Scum

EXAMPLE
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Micro Lab Reflection Sheet

Each answer should be a long paragraph or more.

The words in green refer to the science content standards.

You may go to the following websites for more information:

http://www.microscopy-uk.org.uk/mag/indexmag.html?http://www.microscopyuk.

org.uk/mag/wimsmall/smal1.html

http://www.explorebiodiversity.com/

1. What is an ecosystem? Go to:

http://www.teachersdomain.org/9-12/sci/life/eco/index.html

Click Ecosystems

Click on “Ancient Farmers of the Amazon” and watch the video.

Refer to the ecosystem described in the video and the data you collected from

your micro-ecosystems in your answer.

2. How would you describe the bio-diversity of the ecosystems that you sampled?

“Biodiversity is the sum total of different kinds of organisms.”

Were there more organisms than you expected? Fewer?

Were there more types of organisms than you expected? Fewer?

Be sure to include each ecosystem (aquarium, pond, stream, etc.) in your answer.

Read and include information from:

http://explorebiodiversity.com/Mexico/Pages/Habitats/Biodiversity.htm

3. What kinds of changes in the habitat might affect these organisms?

Think about and refer to the following when answering this question:

Climate

Human activity

Introduction of nonnative species (new food or new predators)

Changes in population size

Include information from the Quick Time Video “Biological Invaders” at:

http://www.teachersdomain.org/9-12/sci/life/eco/bioinvaders/index.html
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4. What might cause the size of the populations of these microorganisms to change?

Think about and refer to the following when answering this question:

Initial population size

Rates of birth

Immigration

Emigration

Death

How humans impact ecosystems

5. How do the organisms that you drew fit into their ecosystem? Include each one.

Think about and refer to the following when answering this question:

Producers – photosynthetic and chemosynthetic organisms

Consumers – organisms that do not make their own food

Decomposers- organisms that break down decaying matter for food . Describe trophic levels and energy flows (Refer to Energy diagram below)

Go to the following website, watch the Quick Time video “Decomposers” and

include information from it in your answer:

http://www.teachersdomain.org/3-5/sci/life/oate/decompose/index.html

Go to the following website, watch the Quick Time video “Producers” and

include information from it in your answer:

http://www.teachersdomain.org/3-5/sci/life/oate/deepseavents/index.html

6. Explain what you think the following statements mean:

Stability in an ecosystem is a balance between competing effects.

Organisms both cooperate and compete in ecosystems.

Living organisms have the capacity to produce populations of infinite size, but

environments and resources are finite.

Change is a fundamental characteristic of every ecosystem and ecosystems have

varying capacities for change and recovery

Refer to your data, and the information you have gathered in questions 1-5.

This answer should be longer than the others.

Additional Resources

Lesson Plan: Populations and invasive species

http://www.teachersdomain.org/9-12/sci/life/eco/lp_popgrowth/index.html
Protist Web Research (Period 2, Worksheet 3)

Students will use the Web to learn about various aspects of protists. Encourage students to use the sites listed as well as find some of their own. However, please remind students of the dangers in obtaining information on the Web. Often, sites are not peer-reviewed nor checked for accuracy. The chosen sites are believed to be fairly accurate for the basic questions the students are researching. The answers given in the key below are not exhaustive, but provide some idea as to what each research question implies.

Project Development (Periods 3 and 4, Worksheet 4)

During this planning time, encourage students to review the information they have previously obtained about protists (i.e. Worksheets 1-3). Then, allow them individually or in small groups to brainstorm some interesting questions they have about protists. Tell them to write down anything, no matter how “wild and crazy” it may sound. After they have a list of several items, tell them to pick the most feasible and interesting question they have. Then, they should develop a hypothesis concerning the question and start planning their methods. This worksheet also provides some information about “dependent” and “independent” variables, but you may wish to develop these concepts further.  Finally, be sure to emphasize the importance of creating humane and ethical experiments that cause as little harm to these organisms as possible. 

If students are having trouble coming up with a project idea, have them think carefully about what they have learned about protists: Where do protists live? What do they eat?  What do you think could affect the water in which they live? What changes in their environment (temperature, salinity, pH, oxygen, etc,) do you think might affect them? How are protists similar to or different from each other? Why do you think this is so?

Some examples of student projects from the pilot of this curriculum are: How do changes in viscosity affect protist movement? How do changes in salinity affect protist size/movement? What different types/numbers of protists live in various aquatic environments? How does pollution (e.g. gasoline, pesticide, acid rain) affect protist movement/metabolism? Or, a somewhat unconventional project: Do different types of music effect the speed of protists? 

During Experimentation (Periods 5 and 6, Worksheet 4)

When approving students’ proposed experiments, make sure that they understand their hypotheses. Also, ensure that they are testing only one quantifiable variable at a time and that they are controlling for other variables as much as possible. Finally, make sure that each student has created an appropriate data table and emphasize the importance of proper experimental observation and note taking during behavioral experiments. Students should write down everything they notice – especially if they observe something “weird.” Some of the best discoveries in science have occurred while looking for something else! 

Some tips for data collection: 

· If measuring protist movement: some protists turn frequently so students could measure the number of turns in 30 seconds or 1 minute. Alternatively, they might be able to time how quickly a protist moves in and out of the field of view.

· If measuring protist size: Students who have some knowledge of measuring the size of a microscopic object will find this task much easier. However, motile protists may be difficult to examine as they move quickly out of the field of view. Slower protists such as Stentors and Amoebae may be easier. During the pilot project, one group was successful with Paramecia, although they were very small.

Data Analysis (Periods 5 and 6, Worksheet 4)

Sometimes students’ results may not sufficiently answer their question, but may raise a whole set of new ones! Ensure students that this is common, and often beneficial to scientists as they can learn more and more about their organisms. Encourage students to think critically about their results and what they mean relative to the life of a protist. Also, encourage the students to think of further tests/modifications they could make to improve or expand upon their experiments.

Presentation (Period 7)

Perhaps the most important aspect of the scientific process is presenting your discoveries to others. The method of presentation may be left up to the discretion of the teacher or student. Presentations may be in the form of an oral report, a written article, a poster presentation, a PowerPoint presentation, or something else. Encourage students to be creative and show the world what they have accomplished!

When preparing their presentations, the following is a list of typical items to include:

1) Title – a quick one sentence summary of the study’s main idea

2) Abstract – Usually created last. The abstract is a concise summary of 3-7 below, outlining only the most major points of each section.

3) Introduction – A description of why you did the study, what background information you based it on, and why it is important or interesting. Make sure to state your problem, objectives, and hypotheses here.

4) Materials and Methods – This should be a detailed description of exactly how the study was conducted, including: all supplies used, a description of organisms chosen, control measures taken, and steps in the testing procedure. Much of this can be gleaned from your research and experimentation worksheet (Worksheet 4).

5) Results – A concise description of the experimental results. This should include all graphs, tables, and charts generated as well as the statistical procedures used.

6) Discussion – This is where you discuss the results in detail. Was your hypothesis supported? Why or why not? Discuss potential problems with the methods/experimentation and improvements to the study. Also discuss further studies that could be performed on the topic.

7) Conclusions – This is a short summary of what your study found. An overall conclusion of the problem you studied and a general ending to the presentation.

Answer Key for Worksheet 3:
1) What are the three major types of protists?
Animal-like (protozoa), Fungal-like (slime molds and others), and Plant-like (algae and others) Found on these websites: http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html and http://www.pburg.k12.nj.us/phs/biopages/protista8/anatomy.htm 

Where do protists live?
Protists live in many different types of aquatic habitats including, ponds, lakes, streams, oceans, and even mud puddles (found on various sites)

What do protists eat?
Like their name implies, plant-like protists (e.g. algae) produce their own food.  Animal-like protists ingest bacteria, other protists, and particles they find in the water.  Fungal-like protists feed on dead or decaying organic matter, bacteria, and sometimes other fungal-like protists (found on:  http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html and http://www.microbeworld.org/htm/aboutmicro/microbes/types/protista.htm )
2) How do protists grow?
Some protists grow from spores (such as slime molds).  Others use binary fission and asexual or sexual reproduction. See  http://www.pburg.k12.nj.us/phs/biopages/protista8/kingdom.htm



3) How do protists reproduce?
See above answer.


4) How can protists benefit humans?
Protists are used in toothpaste, scouring pads, filters, puddings, salad dressings, and others.  Found on:  http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html 


5) How can protists harm humans?

Protists cause amoebic dysentery, African sleeping sickness, malaria, plant blights, red tide (from dinoflagellates), and others.  Found on:  

http://www.sirinet.net/~jgjohnso/protista.html and
http://www.lanesville.k12.in.us/LCSYellowpages/Tickit/Carl/protists.html -
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