	Pond Ecology:
Comparing Aquatic Communities
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Background Information
This laboratory is intended to familiarize you with the aquatic ecosystems of ponds and/or streams and the diversity of life found in them.  You will also measure some physical and chemical characteristics of the ecosystems and consider their possible roles in determining the distribution and abundance of organisms.

PART I:  Measurement of Abiotic Characteristics
Supplies
•
waders or hip boots (optional)
•
30 m or 50 m tape measure

•
meter stick
•
thermometer

•
stopwatch
•
orange or other visible floating object

•
Secchi disc on calibrated line
•
water sampling bottle on calibrated line

•
pH meter
•
TDS meter

•
various chemical test kits (D.O., CO2, 

     phosphate, nitrate, sulfate)

Procedure
As completely as possible, record the site information requested in the top part of Data Sheet 1:  Site Characteristics.  Use the equipment provided to measure the following physical and chemical characteristics of your site.

1.
Dimensions


For a pond site, estimate the surface area.  If the pond is roughly circular, measure or estimate the diameter and calculate a corresponding area.  If the pond is roughly rectangular, estimate or measure the length and width and calculate the corresponding area.  Using a calibrated line with a weight attached (the Secchi disc line may be suitable) to determine the depth at the deepest point.  Record your results under Site Characteristics on Data Sheet 1.


For a stream site, use a tape measure to measure the width of the stream at 5 points within the area you wish to refer to as your “site.”  Take an average of the 5 to determine average width.  Record the measurements and the average in the appropriate place on Data Sheet 1.  Along one of these 5 transects across the stream, use a meter stick to measure the depth at 5 equally spaced points.  Average these 5 measurements and record the measurements and an average depth on Data Sheet 1.  Multiply average width by average depth to determine average cross section.  Record this on Data Sheet 1. 

2.
Temperature:  Use a thermometer to record the temperature of the air and the surface water at your site.  Remember that all temperatures must be measured “in the shade,” so, if your site is a sunny one, hold your hand over the thermometer bulb as you record temperatures.  Air temperature must be measured with a dry thermometer bulb.


At stream sites you need to record only one water temperature.  At pond sites, however, you must record temperatures from the surface to the bottom at 0.5 m intervals.  You may be able to use a dock to reach deeper areas of the pond, or you may need a boat.  If you have an electronic thermometer with a long probe, lower the probe 0.5 m into the pond, allow the temperature reading to equilibrate (i.e., become constant), and record the temperature in Data Sheet 2:  Depth Profile.  Lower the probe another 0.5 m, wait about 30 sec. for equilibration, and record another temperature.


If you do not have an electronic thermometer with a long probe, use a standard mercury thermometer to record the temperature of water retrieved from depth with the sampling bottle as you collect water for other tests.  (See below.)

3.
Transparency:  At stream sites or shallow ponds, where the bottom can be viewed from the surface, record the maximum depth visible.  In deeper ponds, use a Secchi disc to determine transparency.  On a line marked at least in 0.5 m units, lower the disc over the shady side of the boat or dock.  When the disc just disappears, record the depth.  Lower the disc slightly and then retrieve it slowly.  When you can first see it reappear, record that depth.  The Secchi disc reading of transparency is the average of these two readings.  Record the transparency on Data Sheet 1 under site characteristics.

4.
Stream Velocity and Discharge Rate (Streams Only):  Have 2 team members wade into the stream, one a measured 10 m downstream of the other.  The upstream member, holding a stopwatch, may then toss an orange or other easily visible, floating object slightly upstream, and, as the orange drifts by, that member says, “go,” and starts the stopwatch.  When the orange passes the downstream member of the team, that member shouts, “stop,” and the upstream member stops the stopwatch.  Record the time, in seconds, for each of 5 such trials on Data Sheet 1.  Take an average of the 5 measurements, and record the average in the space provided.  Finally, the average stream velocity, in m/sec., can be calculated by dividing the average time into 10 m.


The discharge rate, in m3/sec., can be calculated by multiplying the average stream velocity by the average cross section.  Your instructor may ask you to modify this reading by multiplying your result by a friction coefficient that depends on the nature of the stream bottom.

Chemical Characteristics:  These need to be measured only once at each stream site, because the water movements keep the chemicals mixed up through all depths.  At pond sites, however, the water may be stratified (i.e., layered) by temperature, with warm, lighter water lying over colder, heavier water.  Here you may be asked to construct a temperature and chemical depth profile on Data Sheet 2.  You may only have time or supplies enough to measure some of these factors at two depths -- the surface and near the bottom.  When taking samples near the bottom, take care not to include mud or other sediments in your water sample.

To sample below the surface, you will need to use a water sampling bottle on a calibrated line.  There are a number of different types of sampling bottle (e.g., Kemmerer bottle, Nansen bottle), and your instructor will give you specific instructions on the use of your type.  These samplers all have a mechanism that allows them to be lowered in open position to a predetermined depth and then closed, usually by sending a weight, called a messenger, down the line to trip the closing mechanism.

5.
pH:  If it has not already been done, standardize the pH meter using a standard buffer in the pH 7.0 range.  Follow instructions for the use of the meter to record the pH.  


Alternatively, you may be asked to measure pH using a chemical test kit or pH recording tape.

6.
Dissolved Oxygen (O2, D.O.):  It is important that you avoid allowing air to bubble through water samples that will be used to measure dissolved gasses.  After the sampling bottle is retrieved, insert the discharge tube to the bottom of the small bottle that will be used for D.O. determination.  Open the valve on the sampler and allow water to flow into the glass bottle, counting at a constant rate as you do so.  Note how long it takes to just fill the bottle and allow the water to overflow as you count to the same number two more times.  Do not put the stopper in the test bottle, but follow directions for the D.O. chemical test kit, adding the first reagent before closing the bottle.  At all steps, try to avoid getting air bubbles mixed in with the sample.

7.
Carbon Dioxide (CO2):  Follow the procedure for sampling for D.O. and try to keep out air bubbles.  Follow instructions for the chemical test kit with which you are provided.

8.
Total Dissolved Solids (TDS):  Follow directions for the Pocket Tester to measure the TDS of a sample of surface water or water drawn from depth.

9.
Nitrate (NO3), Phosphate (PO4-3), and Sulfate (SO3-):  Follow directions for the individual chemical test kits to measure the concentrations of these ions in your sample(s).

Record the results of these measurements in Data Sheet 1:  Site Characteristics (for streams) or in Data Sheet 2:  Depth Profile (for ponds).

PART II:  Collecting Invertebrates from a Pond or Stream 
Supplies
Each group should have the following:

•
1 dip net (D-net) or kitchen strainer (6-10" diameter)

•
20 plastic containers with lids (e.g., margarine tubs)

•
1 white-bottomed pan or basin
•
cheesecloth

•
2 small (6") polyethylene pipettes
•
rubber bands

•
2 plastic spoons or soft forceps
•
waders of hip boots (optional)

Procedure
Work in groups of two or three, as your instructor directs.

1.
Put about 2 to 4 cm of clear water in the pan and all the containers.  (The water is put in the pan to allow any organisms to swim or crawl free of the debris and become more visible to you.)

2a.
(For ponds.)  From the shore, reach out with the net and pull it toward you through the water, gently scraping along the bottom and through any plants.  Several sweeps with the net should be made before emptying it into the pan, and any large plant pieces should be rinsed in the pan and removed for ease in sorting.  Avoid large globs of mud -- it is too difficult to sort through.

2b.
(For streams.)  Wade into the stream with your net and place the net on the bottom with the opening facing upstream.  Estimate an area of stream bottom approximately square in front of the net and kick with your feet to disturb the bottom, allowing the current to carry dislodged organism into the net.  Alternatively, you may use your hands to turn over rocks on the bottom and wipe them clean of attached organisms.  Keep sampling for a standard period of time as directed by your instructor -- 30 sec. to 1 min.


If the stream is flowing very slowly or the bottom is vegetated or muddy, use the collecting technique for ponds in 2a above.  

3.
Sort out the invertebrates from the debris in the pan, placing them in plastic containers.  USE CAUTION: SOME AQUATIC INSECTS MAY BITE, so use forceps when handling them.  Use the forceps for the larger creatures and the pipette for the smallest.  Keep only invertebrates greater than 1 mm in length.

4.
Place each different kind of invertebrate you find into a different container.  Don’t worry too much that two organisms look slightly different from one another, or that one is twice the size of another; go by general body shape.  


For instance, swimming beetles can be lumped in one container, worms in another, insect larvae with cases of plant material in another, etc.  But don’t crowd too many in one container.  If you think there are too many, get an extra or a bigger container.

5.
VERY IMPORTANT:  Separate out all the invertebrates from the pan before going out again with the net.  This way a true count of each type of invertebrate can be made later in the classroom. Try to avoid picking out the largest creatures first; go from one end of the pan to other systematically until it is empty.  You may then take another sample with the net.

All vertebrates (fish, frogs, tadpoles, salamanders, amphibian egg masses, etc.) must be returned to the pond.
6.
If you are not through sorting a sample when it is time to go back to the classroom, return the unsorted material to the water.  Rinse the net and the pan in the pond and cap all your containers.  Keep some green plant material from the pond, enough to put in each container.

7.
Back in the classroom, be sure to take the lid off your containers for better aeration of the water.  If you are concerned that a particular organism may escape from its container, cover the container with cheesecloth and a rubber band.

PART III:  Identification, Enumeration, and Diversity
In this part, you will be using a dichotomous key to identify the invertebrates you’ve collected, and making a count of each type.  You will then calculate various indices used to describe the ecological community.

A key is a tool used to identify an organism on the basis of things that you can observe.  You will be using a short dichotomous key.  This means that at each step in the key, there will be two choices.  Each choice leads to a different identification.  In a dichotomous key, each set of two choices is called a couplet.

Example:  Look at the first couplet in the key to common pond invertebrates.  Starting with couplet 1, if you decided your organism was more like 1A than 1B, you would go on to couplet 2.  If you decided your organism better matched choice 2B than 2A, you would go on to couplet 3.  If choice 3A matched your organism better than 3B, then you have a spider or a mite.

The organisms that interact with each other in an environment such as a pond are called its community.  One way to characterize any community is by the diversity of organisms found within it.  The diversity of a community depends on two things:  community richness (the number of different types of organisms present) and community dominance (the number of individuals of each type of organism present).

Diverse communities have many different types of organisms and few individuals of each type (high richness and low dominance).  Less diverse communities have only a few different types of organisms and many individuals of each type (low richness and high dominance).

Diversity seems to vary with the harshness of the environment.  Pollution and other disturbances to communities (such as floods, fires, etc.) reduce the diversity of communities.  Since fewer types of organisms are able to tolerate the conditions of a harsh or disturbed environment, the total number of types will be less and therefore the diversity will be low.  However, at the same time, organisms that are tolerant of harsh conditions will have less competition for resources and their numbers will expand, thereby increasing the dominance of a few types of organisms in that environment.

Supplies
Each group should have the following:

•
invertebrates collected in the field
•
dichotomous key

Procedure
1.
Using the dichotomous key provided, key the organisms you have brought back from the pond as described above.  Note that there are 3 keys provided.  Hemiptera and Coleoptera are in separate keys.  If you have specimens from these two groups, the general key will direct you to the appropriate key.

2.
Do not key out every single individual invertebrate from each container you’ve brought back.  If you are satisfied that all the organisms in a container will key out to the same thing, even if they look slightly different, call them all the same type of organism (with your teacher’s approval).

3.
Remember, this is a key to common invertebrates.  Every so often you may come across an organism that does not key out at all.  In this situation, put it in the “other” category.

4.
Record your final results in the ENUMERATION TABLE provided, including the type of organism and number collected.

Putting It Together
1.
Fill out the attached enumeration table with your data.

2.
After you and your partner have completed your list, pool your data with the class.  You will use these pooled data in making dominance-diversity curves.

3.
Dominance-Diversity Curve.  As an example of how this method is used, consider the following community (Table 1) which has ten types of organisms occurring in the numbers of individuals shown:

Table 1.  Sampling data for a hypothetical aquatic community with ten different types of organisms

Type of Organism
/Number of Individuals

1.  Fly larvae
25

2.  Caddisfly larvae
12

3.  Backswimmers
1

4.  True Bug nymphs
50

5.  Crustaceans
6

6.  Dragonfly nymphs
1

7.  Damselfly nymphs
2

8.  Hydra
2

9.  Water Striders
4

10.  Scavenger Beetles
12

Total Number Collected
115 


To determine diversity, calculate the relative abundance of each type of organism.  To do this, follow the equation below:

number of individuals of a species  X  100%  =  relative abundance


total number collected
of each species


Example:  Fly Larvae:  (25 individuals/115 total)  X  100%   =  22%


Example: Caddisfly larvae:  (12 individuals/115 total)  X  100%   =  10%

3a.
Calculate the relative abundance for your class data.  Write the values on the data sheet.
Next, the types of organisms need to be ranked from most abundant to least abundant.  For example, from Table 1:

Type of Organism
/Relative Abundance

4.  True Bug nymphs
43 %

1.  Fly larvae
22 %

2.  Caddisfly larvae
10 %

10.  Scavenger Beetles
10 %

5.  Crustaceans
5 %

9.  Water Striders
3 %

7.  Damselfly nymphs
2 %

8.  Hydra
2 %

3.  Backswimmers
<1 %

6.  Dragonfly nymphs
<1 %

3b.
Rank the types of organisms from most abundant to least abundant for your class data.

Now we can graph relative abundance vs. organism type:
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3c.
Use the pooled class data to construct your own graph on the data sheet provided at the end of this section.
4.
Community richness (number of different types of organisms) is related to the length of the resulting curve; community dominance (number of individuals of each type of organism) is expressed by the steepness of the curve.  A steep, short curve indicates a community with high dominance and low richness (= low diversity); a gentle, long curve indicates a community with low dominance and high richness (= high diversity).


In the graph below, draw the dominance-diversity curve for community A (high community dominance) and community B (low community dominance).
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5.
Compare diversity curve among the different sites sampled by the class.  You may also compare your benthic aquatic communities with those provided by your instructor for open water and bottom sediment regions.  Which shows the highest community richness?


The lowest community richness?


Which shows the highest community dominance?


The lowest community dominance?


Which shows the highest diversity?


The lowest diversity?

If you or others in the class studied a pond site, was the water stratified by temperature and density?

Was it stratified by chemical factors?  Was the pH, dissolved oxygen, or carbon dioxide concentration different at depth than it was on the surface?

How might this affect the organisms?

If more than one site was studied, which was the most productive, i.e., which supported the most photosynthesis?

With reference to the physical and chemical factors you measured at the various sites, what environmental factors may explain the patterns of abundance or of diversity that you observed?

Pond Ecology:  Comparing Aquatic Communities
Biology Team Members:
_____________________________________________  (you)

__________________________________________________


__________________________________________________


__________________________________________________


Data Sheet 1:  Site Characteristics
Site Number:  _________
Locality:  _________________________________

State:  _______________
County:  __________________________ 

Date:  _______________
Time:  ____________

Water Name:  ___________________________________ 

Sky Conditions:  ______________
Vegetation:  ______________________________

Bottom:  _____________________

Air Temp:  _________(C______(F
Surface Water Temp:  ________(C _______(F

Transparency:  ______________
Color:  _________________________

Max. Depth (pond):  ___________meters
Stratified:     yes (  )     no (  )

Thermocline depth________m.

Stream Width (m):  1_____,  2_____, 3_____, 4_____, 5_____.
Ave. Width:  ________

Stream Depth (m):  1_____,  2_____, 3_____, 4_____, 5_____.
Ave. Depth:  ________

Stream Cross Section (m):  __________

Velocity of Flow (distance = 10 m):

Trial 1:  __________ sec.
Trail 5:  __________ sec.

Trial 2:  __________ sec.
Ave. ___________ sec.

Trial 3:  __________ sec.
Ave. ___________ m/sec.

Trail 4:  __________ sec.

Discharge Rate (ave. cross section x ave. velocity):  __________m3/sec.

Data Sheet 2:  Depth Profile
	Depth
	Temp.
	pH
	D.O.
	CO2
	NO3-
	PO4-3
	SO4-
	TDS
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Data Sheet 3:  Enumeration Table
	Type of Organism
	Number You Collected
	Class Totals
	Relative Abundance

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	


Figure 1:  Depth Profile Graph

Date:  ______________

Your Name:  ________________________________________________

Graph the class data from Data Sheet 2:  Depth Profile on the axes below.
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Figure 2:  Diversity Graph

Date:  ______________

Your Name:  ________________________________________________

Use the pooled class data to construct your own graph on the data sheet below (see lab text for instructions).
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Key to the Common Pond Invertebrates of New York State

(best used on animals >1 mm in length)
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1a.
3 or more pairs of jointed legs2

1b.
Fewer than 3 pairs of jointed legs, or none12

2a.
More than 4 pairs of jointed legs -- Crustaceans (crayfish, sideswimmers, sowbugs, etc.) (Crustacea)

2b.
3 or 4 pairs of jointed legs 3

3a.
4 pairs of jointed legs -- Arachnids (spiders, mites) (Arachnida)

3b.
3 pairs of jointed legs -- Insects (Insecta)

4a.
With large functional wings, or with shell-like wings (as in beetles)5

4b.
Wingless, or with developing wings (wing pads)6

5a.
Front wings hard and shell-like; mouth not beak-like -- Beetles, adults (Coleoptera), See Coleoptera Key, p. 5

5b.
Front wings soft or leathery; mouth beak-like -- True Bugs, adults (Hemiptera), See Hemiptera Key, p. 4
6a.
With developing wings (wing pads)7

[image: image5.wmf]6b. 
Wingless10

7a.
With 2 or 3 long tail appendages8

7b.
Tail appendages very short or absent 9

8a. 
Tail appendages leaf-like and flattened; tail motion when swimming is side-to-side -- Damselflies, nymphs.  (Odonata)

8b.
Tail appendages thread-like; tail motion when swimming is up-and-down -- Mayflies, nymphs.  (Ephemeroptera)

9a.
Mouth beak-like -- True Bugs, nymphs.  (Hemiptera)

9b
Mouth an elbowed, spoon-like grasping organ -- Dragonflies, nymphs.  (Odonata)

[image: image6.emf]
10a.
Minute (<1 mm); on water surface, jumping -- Springtails.  (Collembola)

10b.
Larger than 1 mm; underwater11

11a. 
Usually with a case; antennae nearly invisible -- Caddisflies, larvae (Trichoptera)

11b.
Caseless; antennae visible -- Beetles, larvae (Coleoptera) and Fishflies and Alderflies, larvae (Megaloptera)

12a.
Body with a sucker on one or both ends, wormlike -- Leeches (Hirudinea)

12b.
Body without suckers13

13a.
Body with tentacles at one end -- Hydra (Coelenterata)

13b.
Body without tentacles14

14a.
Body with a hard shell -- Mollusks (snails and clams) (Mollusca)

14b.
Body without a hard shell
15

15a.
Body flat; animal glides along bottom --  Flatworms (Platyhelminthes)

15b. 
Body tubular; animal does not glide along bottom16

16a.
Body extremely elongate, extensible -- Aquatic Earthworms (Oligochaeta)

16b.
Body not extremely elongate, rarely extensible -- Flies, larvae (Diptera)

Key to the Hemiptera Adults

[image: image7.emf]
1a.
With 2 long tail appendages -- Water Scorpions (Nepidae)

1b.
Tail appendages short or absent2

2a.
Wings and/or area in front of wings nearly white; swim belly-up -- Backswimmers (Notonectidae)

2b.
Back dark or patterned, never white3

3a. 
Very small (<3 mm); swim belly-up -- Pygmy Backswimmers (Pleidae)

3b. 
>3 mm; swim belly-down

4a.
Large, >18 mm -- Giant Water Bugs  (Belostomatidae)

4b.
Smaller, <18 mm5

5a.  Extremely thin and delicate; water surface -- Water Measurers (Hydrometridae)

5b.  Not so thin and delicate6

6a.  Marbled pattern on wings; very short beak -- Water Boatmen (Corixidae)

6b.  No marbled pattern on wings; beak at least longer than wide  7
7a.  Front legs extremely thickened -- Creeping WaterBugs (Naucoridae)

7b.  Front legs not thickened; water surface -- Water Striders (Gerridae, Veliidae, Mesoveliidae)

Key to the Coleoptera Adults
[image: image8.emf]1a.
Two pairs of eyes; two hind pairs of legs short and extremely flattened; usually on water surface -- Whirligig Beetles (Gyrinidae)

1b.
One pair of eyes; hind pairs of legs long, notextremely flattened

2a.
Head very small, not in a smooth outline with therest of the body; body usually with yellow andblack pattern, 2.5 to 5 mm -- Crawling WaterBeetles (Haliplidae)

2b.
Head larger, making a smooth outline with rest ofbody; pattern and size variable  3

3a. 
Underside not silvery when in water (living beetles only); hind legs stroke backward together --  Diving Beetles (Dytiscidae)

3b.
Underside silvery when in water (living beetlesonly); hind legs stroke backward alternately -- Water Scavenger Beetles (Hydrophilidae)
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