Grades 4-8

      Cincinnati Nature Center


	A Water Safari: 

Exploring Aquatic Ecosystems

	GOAL: To investigate and gain an understanding of the biotic and abiotic interactions within aquatic ecosystems.
LEARNING OBJECTIVES:

Through direct experience, students will:
1. Describe and evaluate pond, lake, and/or stream habitats, using biotic and abiotic indicators; 

2. Identify aquatic organisms and their adaptations;

3. Explore food webs commonly found in ponds, lakes, and/or streams;

4. Investigate the concept of change in aquatic ecosystems, especially by succession and pollution. 
See Page 5 for Science Standards.
	BACKGROUND INFORMATION

Aquatic Ecosystems, Common Aquatic Invertebrates, LaMotte insect Checklist, and “Beneath the Surface,” Newsleaf, Fall 2006
VOCABULARY

Biotic factors, abiotic factors, habitat, microhabitat, pond, lake, stream, riffle, pool, sediment, detritus, decomposition, erosion, macroinvertebrates, larva, nymph, metamorphosis, food web, dissolved oxygen, turbidity, thermal stratification, eutrophic, oligotrophic, biological indicator species, succession

EQUIPMENT

Preserved invertebrate specimens, thermometers, aquatic nets (two types), specimen collection pans and cups, turbidity tubes, magnifying viewers, hand held microscopes, underwater viewing tubes, Aquatic Data Collection Worksheets, What Lives in a Pond? Worksheets, What Lives in a Stream? worksheets (with Macroinvertebrate Identification Key on reverse), copies of Golden Guide to Ponds 

Large Group Introduction/Conclusion (20 min. total)

During the opening, staff will use a PowerPoint presentation to discuss types of freshwater habitats and life cycles and adaptations of aquatic organisms. In closing, the entire group will be guided to compare and contrast stream and a pond habitat they explored.


	
	Suggestions for Direct Experience

	1. Practice Observation Skills (10 minutes)
	

	Concept: A field experience is enhanced when students are trained to focus and observe.
Procedures:
· Provide an activity to emphasize observation skills.
Activities: 


Kim’s Game Variation or Adjective Game

Preserved Specimen Viewing
	Aquatic habitats are a challenge in which to make observations because many organisms are very small and easily overlooked.  Students tend to focus on large animals such as frogs and to ignore the equally important smaller creatures like fairy shrimp or scuds.


	2. Collect Data at a Stream (60-90 minutes) 
	

	Concept: Abiotic factors influence biotic factors in a stream. 
Procedures:
· Have students sit quietly while thinking of questions related to the stream to guide their exploration.  Share as a group.
· Record observations about the vegetation. 

· Note non-aquatic or non-collectible organisms that use the stream for food, water, or shelter. 

· Record observations about the landforms and general geologic structure.
· Before disturbing the site by sampling, measure temperature and turbidity. Do each reading at least twice. Record the results on the Aquatic Data Collection Worksheet.
· Use the underwater viewing tube to observe organisms in their natural habitat before disturbing them. Then collect and identify stream organisms; record findings on data sheet in their respective microhabitats. Use the magnifying viewer and hand-held microscope to view plankton and other invertebrates.
· Discuss adaptations to stream life for sampled organisms.

· Select at least two organisms for a discussion of pollution tolerance.
Activities:
Reporter’s Questions

Aquatic Data Collection Worksheet (required)                    
	Guide students to observe microhabitats at the stream: riffles; in front of, behind, and under rocks; pools of differing sizes and depths; water surface; detritus; fallen logs; riparian zone.  

Vegetation will vary according to its relationship to sun or shade, steepness of banks, and season (wildflowers in spring). Look for plants that like “wet feet” (sycamore, willow, ferns, mosses, horsetails). Observe evidence of other organisms using this habitat (birds, turtles, raccoons, deer, etc.) Help your group find such physical features as erosion in the riparian zone; rock strata; waterfalls; differences in water levels; particle and rock size in stream bed.
Collect by dipping, netting, and turning over rocks (scrape gently). View organisms with underwater viewing tube, magnifying viewer and hand held microscope. Concentrate 
on smaller organisms. When possible, describe movement 
and behavior (as clingers, crawlers, swimmers, burrowers, or skaters) and feeding techniques (as scraper/grazers, shredders, gatherer/filterers, or predators). 
Ask why an aquatic environment is well suited for the larval or nymph stage of a flying insect. Discuss differences in metamorphosis (complete versus incomplete) of species you find.
Connect pollution tolerance to observations. Why does a sensitive species like a water penny live in riffles? Why might mosquito larvae live in almost any pool of water? Discuss sources of aquatic contaminants. Ask why we would care if a species disappears from an ecosystem.


	3. Eat lunch  (45 minutes)
	

	Concept: Aquatic ecosystems have unique food webs.
Procedures:
· Eat lunch and participate in a food web from the top.

· Discuss the complexity associated with making observations about aquatic food webs.
Activities:
Pond Food Web activity

Flex-cam Viewing (of morning water sample)
	Plankton is the most abundant energy source in a pond. Discuss the sun as the source of energy for the phytoplankton/algae. Since eating/feeding often cannot be observed directly in a stream or pond, use the food web activity to give examples of what-eats-what.
Use the flexcam to look at microscopic creatures in the 
water sample: rotifers, cyclops, daphnia, amoebae.
 Is there a micro-food chain in the water sample?

	4.  Collect Data at Pond (60 minutes)
	

	Concept: Abiotic factors influence biotic factors in a pond. 

Procedures: (repeat steps for #2 above)
· Pose questions for investigation.

· Record vegetation. 

· Note non-aquatic or non-collectible organisms. 

· Record landforms.

· Before sampling, measure temperature and turbidity (at least two readings each).

· Sample, identify, and record pond organisms.

· Discuss adaptations unique to pond life.

· Observe succession level in this pond.
Activities:
Reporter’s Questions

Aquatic Data Collection Worksheet (required)             
	Guide students to observe different microhabitats at the pond. Vegetation will vary according to its relationship to sun and shade, the level of succession at this pond, and the season. Note differences between emergent (cattails, lotus), floating (duckweed), and submerged (algae, pondweed) plants. Observe water-loving and succession tree species (sycamore, willow, black locust, box elder). Notice birds, frogs, turtles, snakes, and tracks of deer, mink, and raccoons. 

Depth is often variable in a pond. Ask what abiotic or biotic features give clues about possible silting levels (size of shoreline trees, absence of fish, appearance of water, reflection or absorption of light, vegetation or mud along the banks).

Concentrate on the smallest organisms, with attention to the complex food web in a pond. Observe flying insects, which 
may have had earlier life phases in the pond. Lead
 discussions on adaptations, metamorphosis,
 and pollution tolerance as above (#2). 


	      Aquatic Ecosystems - Vocabulary


ABIOTIC FACTORS—things that are not and were never alive (rocks, water, air) unlike 
BIOTIC FACTORS—things that are or were once alive
BIOLOGICAL INDICATOR SPECIES—species whose presence, absence, or relative well-being in a given environment gives clues to the health of the ecosystem as a whole
DECOMPOSITION—the breaking down of organic matter from dead organisms into simpler substances such as minerals and elements that can be used by plants 

DETRITUS—dead, decomposing organic material 
DISSOLVED OXYGEN—the amount of free oxygen dissolved between molecules of water in an aquatic ecosystem that is available to organisms for respiration / breathing
EROSION—the process by which sediments from the surface of the earth are worn away and carried downstream by the action of water in an aquatic ecosystem
EUTROPHIC—having an abundant accumulation of nutrients that support a dense growth of organisms (especially algae in aquatic ecosystems)
FOOD CHAIN—the transfer of energy from the sun and through a series of organisms (producers, consumers, and decomposers) each of which provides food for the next (interlinked food chains make up a food web)
LAKE—a large body of water, bigger than a pond and deep enough to undergo seasonal turnover
MACROINVERTEBRATES—large aquatic invertebrates (animals without a backbone) that live in the water column or near the bottom of aquatic ecosystems (especially streams) during all or part of their life cycle
METAMORPHOSIS—dramatic change in an organism’s body plan, most often seen when insects change from larvae or pupae to adults (metamorphosis is frequently one of two types: complete or incomplete metamorphosis)
MICROHABITAT—a specific area with unique conditions within a larger habitat

NICHE—how an animal secures its life needs; how it fits in the community; the functional role of a species

OLIGOTROPHIC—having a low accumulation of dissolved nutrient salts, supporting only a sparse growth of algae and other organisms, and having a high oxygen content, as a result of the low organic content in the system
POND—a body of standing water smaller and more shallow than a lake
POOL—an area of slowly moving or standing water, within a stream ecosystem
RIFFLE—an area of rapidly flowing water within a stream ecosystem
STREAM—an ecosystem represented by a moderately small body of water that actively flows in a channel or watercourse
SUCCESSION—the following of one ecological community after another in an area, in specific order / sequence, until a climax community is reached
THERMAL STRATIFICATION—formation of distinct layers or water in a habitat, based on density differences between the waters (cooling / heating of the waters breaks down the stratification and allows mixing)
	Aquatic Ecosystems – 

Follow-Up Activities


Borrow a pond video from a local library or from Cincinnati Nature Center to see underwater organisms up close that students might recognize from their field trip.
Have students search local newspapers for issues involving water quality (pollution, construction, wetland mitigation, etc.).
Discuss potential sources of pollution input to stream and pond ecosystems and how humans can reduce their negative impacts on pond/ stream ecosystems.

Assign groups of students the task of researching a specific contaminant and its impact on aquatic ecosystems.

Identify and discuss two events or human activities that could have positive effects on aquatic ecosystems and / or the riparian zone. Make a commitment as a class to do something positive for a local body of water.

The Aquatic Project Wild book offers several useful activities, including “Marsh Munchers,” “Watershed,” “Deadly Waters,” “Water Canaries,” and “Blue Ribbon Niche.”  

Assign each student an aquatic organism to research and present to the class. Include information such as life stages, microhabitat, predators, diet, and physical adaptations, as well as taxonomy. Create a mural of pond and stream habitats, complete with microhabitats, and place pictures of the organisms in their correct place on the mural.
As a class, adopt a stream through the Greenacres water quality program.  Contact: Anne Lyon at Greenacres Foundation, 8255 Spooky Hollow, Cincinnati, Ohio 45242   513-891-4227 or email alyon@green-acres.org.  Web page is http://www.green-acres.org/waterquality.php.  

Take the class for an aquarium or zoo field trip to compare and contrast saltwater to freshwater organisms. Can the students find parallel organisms to fill microhabitats with similar adaptations?

	Aquatic Ecosystems - Standards 
(4TH –8TH Grade)


Science Standard 3-5 LS, Benchmark A: Differentiate between the life cycles of different plants and animals. 

GR 3 Indicator 1: Compare the life cycles of different animals including birth to adulthood, reproduction and death.
GR 4 Indicator 5: Describe how organisms interact with one another in various ways.

Science Standard 3-5 LS, Benchmark B: Analyze plant and animal structures and functions needed for survival and describe the flow of energy through a system that all organisms use to survive.

GR3 Indicator 2: Relate animal structures to their specific survival functions.
GR 5 Indicator 3: Trace the organization of simple food chains and food webs. 

Science Standard 6-8 LS, Benchmark C: Explain how energy entering the ecosystems as sunlight supports the life of organisms through photosynthesis and the transfer of energy through the interactions of organisms and the environment.

GR 6 Indicator 8: Describe how organisms may interact with one another. 

GR 7 Indicator 3: Explain how the number of organisms an ecosystem can support depends on adequate biotic (living) resources (e.g. plants and animals) and abiotic (nonliving) resources (e.g. light, water, and soil). 

GR 7 Indicator 6: Summarize the ways that natural occurrences and human activity affect the transfer of energy in earth's ecosystems (e.g. fire, hurricanes, roads, and oil spills).

Science Standard 6-8 LS, Benchmark D: Explain how the extinction of a species occurs when the environment changes and individuals' adaptive characteristics are insufficient to allow survival (as seen in evidence within the fossil record). 

GR 7 Indicator 5: Explain that some environmental changes occur slowly while others occur rapidly (e.g. forest and pond succession, fires and decomposition). 

Science Standard 6-8 SI, Benchmark A: Students develop scientific habits of mind as they use the processes of scientific inquiry to ask valid questions and to gather and analyze information. They understand how to develop hypotheses and make predictions. They are able to reflect on scientific practices as they develop plans of action to create and evaluate a variety of conclusions. Students are also able to demonstrate the ability to communicate their findings to others. 

GR 7 Indicator 3: Formulate and identify questions to guide scientific investigations that connect to science concepts, and can be answered through scientific observations. 
GR 7 Indicator 4: Choose the appropriate tools and instruments, and use relevant safety procedures, to complete scientific investigations.

	Aquatic Ecosystems - Activities


Adjective Game: Explain that this activity will help students learn to look closely at an object and practice describing what they see. Sit in a circle and pass around a natural object from the outdoor touch table (pinecone, rock, twig, skull, acorn, etc.). Have each child take a turn touching and looking at the object and then offering a one or two-word description of it. Lead the first example: “This object is smooth.” When the object has been passed around the circle once or twice, explain that sometimes we might not all have an opportunity to see the same things during a hike, but an accurate and thorough description will help everyone else know what someone has seen.  

Kim’s Game Variation:  Use animal mounts related to water such as the muskrat, duck, or goose, or other natural objects for this activity. Cover a mount, skull, or other object of visual interest with a bandana or tablecloth. Explain that students should look very closely at the details when you unveil the object. Lift the cloth for 5 seconds and then re-cover (expose the object longer for younger children). Ask observation questions, beginning with easy ones like “What did you see?” or “What was under the cloth?” Move on to more detailed questions such as “What color was this bird’s beak” or “How many toes did you see on this animal’s feet?” Explain that in nature, we may only get a quick glimpse of an animal, so we need to be good observers to identify what we see.

Preserved Specimen Viewing: To help students gain some perspective regarding the actual size of organisms they will be collecting, spend some time looking at the preserved specimens in tubes which will be brought into the auditorium by the lead instructor. Have the kids compare sizes of various specimens and see if they can recognize any from the introductory PowerPoint presentation.
Reporter’s Questions (Adapted to aquatic ecosystems): When you arrive at the aquatic site, have students find a spot to sit alone (rock or boardwalk). In about five minutes, during which they are not talking, have them think of several questions about the general habitat. Each question must begin with one of the words Who, What, When, Where, Why, and How. To set the stage, suggest that they are “interviewing” the pond or stream or lake and that they are interested in the science of the habitat. By giving an example of a question, you could show them what you as leader are interested in discovering. At the end of this exercise, ask students to share their questions and write them on the data collection worksheet. These ideas will allow you to tailor the investigation of the site to answer many of their questions and will cause each student to be invested in the outcome of the group’s research of the site. Examples of questions you might encounter are “What lives beneath the surface of the water?” and “Why does the water in a stream have different speeds?” and “Does anything in a stream make noise?”
How To Use the Turbidity Tube: One student is assigned to operate the drain tube. This student should squeeze the crimp to make sure it’s closed. A second student is assigned the task of filling the tube with water. To do this, the student must use the blue collection bins to scoop up water without disturbing the bottom sediment. If duckweed or other floating material is present, a third student should place a net over the top of the tube as the second student pours the water into the tube, up to the top. A fourth student will look in the top of the tube while the first student releases the crimp on the drain hose. When the fourth student sees the faint image of the black and white “Secchi” pattern on the bottom of the tube, he/she should tell the first student to stop the flow by crimping the tube. The group then decides what level to record based on the marks on the side of the tube. Turbidity level is read in NTUs (nephelometric turbidity units), a measurement of the cloudiness of water. This test can be repeated up to three times so all students have a chance to participate. 

How To Use Nets and Magnifying Equipment: Two kinds of nets may be used in this lesson plan. The aluminum or long wooden handled nets have larger openings and are good for netting tadpoles, salamanders, and larger invertebrates. The short wooden handled nets have fine mesh and are good for netting large plankton and smaller invertebrates. Each group should take one of each on their hike. In addition, bring along one collection bucket/bin and enough collection cups (margarine cups) for each student. Leaders and students must remain on the boardwalk when collecting at a pond or lake, preventing shoreline erosion and assuring safety. (While dipping with cups, students should lie on their stomachs on the boardwalk.) In the stream, long-handled nets should not be used, but collection cups and the short-handled fine mesh net will work well. Students should avoid walking on the stream bed and should use rocks as walkways when possible.  

Nets should not be dragged along the bottom, and they should be swished in the pond water to remove most large items before leaving the area. Students should be taught to hold the nets upright in front of them while hiking, to avoid hitting others with the handle or snagging the net in trailside briars. 

The underwater viewers are a good way to observe an organism in its natural habitat without disturbance. Students must be careful not to place the tube so close as to squash the organism. Guide the students to look closely by asking questions while they look through the tube: “What does the organism look like? What is it doing? Can you see gills, legs, mouthparts?”

Once organisms are collected, specimens can be placed in the green magnifying viewers to help students focus their attention on small organisms such as daphnia and cyclops. Although the magnification is only 4X, it is a useful tool. The hand-held microscopes offer 25X magnification and will provide even better examination of tiny organisms. A sample of pond or stream water can be brought back to the building for more intense magnification using the flexcam. This equipment will be set up by the lead instructor.   

Pond Food Web Activity: 

This activity requires eight people.  Assign roles so that each child participates; if there are more than eight students, pair some together. If fewer than eight students are in the group, involve adults. Give each person a card, upon which one or more color-coded clothespins are attached (with the exception of the detritus/phytoplankton/plant card). On the back of each card is a list of food items this organism may eat (this is not a comprehensive list). Have each student use a plain clothespin to attach their card to their clothing. Now they have “become” the organism on their card. Students will stand in a circle to see the cards of their classmates. On your command to begin, students must attach their color-coded clothespins onto the clothing of each of the food items listed on the back of their cards. (Delineate boundaries before the children run too far away.) When all clothespins have been distributed, draw the group together. Starting at the bottom of the food chain, have students identify who has eaten them (the organisms are named on the clothespins). Use the food web chart on the following page to guide the discussion (do not show them this chart before playing the game). Who is the top predator in this food chain?
Data Collection Sheets:

Completing this worksheet is a required part of the lesson plan, because it holds students responsible for recording their observations in the field. Explain to the group that accurate record keeping is critical for all scientists, and that our observations might help others, maybe years from now, to know how these habitats have changed over time. Use these sheets to guide the exploration of each site. Begin with quiet time for students to form questions, which they will share and record on the data sheet. Follow the procedures in the lesson plan to collect all other data on each sheet. Turn these in to the lead instructor for use during the large group wrap-up.
	CNC ROWE WOODS 

AQUATIC DATA COLLECTION WORKSHEET—STREAM SITE


Date: ________ Educator: __________________________ School: ________________________
Name or location of site: ___________________________________________
	Reporter’s questions


	

	Observed vegetation

	

	Observed mammals, birds, reptiles, fish, amphibians, and other non-collectible species (or evidence of same)
	

	Landform/geologic observations

	

	READINGS
	#1
	#2
	#3

	Temperature

(in degrees F.)
	
	
	

	Turbidity

(in NTUs)
	
	
	

	MICROHABITATS
	Shallow pool
	Riffles
	Channel

	Sampled organisms

	
	
	

	CNC ROWE WOODS 

AQUATIC DATA COLLECTION WORKSHEET—POND SITE


Date: ________ Educator: ____________________________ School: ________________________
Name or location of site: _____________________________________________
	Reporter’s questions


	

	Observed vegetation

	

	Observed mammals, birds, reptiles, fish, amphibians, and other non-collectible species (or evidence of same)
	

	Landform/geologic observations

	

	READINGS
	#1
	#2
	#3

	Temperature

(in degrees F.)
	
	
	

	Turbidity

(in NTUs)
	
	
	

	MICROHABITATS
	Shallow edge (sunny)
	Shallow edge (shady)
	Deep center

	Sampled organisms
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