EFB 524 – LIMNOLOGY – PROBLEM SET 2 – FALL 2004
DUE BY 5 PM ON WEDNESDAY, 3 NOVEMBER

1. You graduate from ESF and decide to make your fortune by harvesting algae from small culture ponds, drying them, and selling them as health food supplements (similar to the current Spirulina industry).  You realize that one of your main challenges will be to keep the algae suspended in the tanks so that they are continually exposed to light and don’t sediment out at the bottom of the tank.  You thus want to figure out which of your potential culture species will sink the slowest, since the slowest sinking species will require the least turbulence (energy) to re-suspend, and you’ll need to buy fewer bubblers and spend less money on electricity. 

You go to the phycology literature and find the following information for the genera of algae that you are considering culturing:

Genus

Density(kg/m-3)

Radius (m)

Form Resistance
Chlorella

1,089


3


1.06

Synedra

1,221


15


4.15

Oscillatoria

1,060


32


2.22

Scenedesmus

1,112


11


1.27

You are going to culture your algae in 25 degree C water with a viscosity of 
0.01 g/cm sec.  (Use your water density chart from the first problem set, if necessary).
a. How long will it take each of these algae to sink through your 1 meter deep tank?  Based on this answer, which algae would be easiest to culture from the sinking standpoint?

b. You also start thinking about how shape affects nutrient uptake.  You will be using the least amount of energy possible to resuspend your algae, so they won’t be exposed to lots of turbulence, and may therefore end up experiencing local nutrient depletion.  You really don’t want to have to purchase more nutrient supplements (always thinking of profits) than you need to get good algal growth. While looking for information on how good these algae are at utilizing nutrients, you find the following values:

Genus

Volume (m3)

Surface Area (m2)


Chlorella

77


45


Synedra

4910


2880


Oscillatoria

46,625


24200



Scenedesmus

1010


918


You remember from Limnology class that you can get a rough estimate of how easily these cells will become nutrient limited from these parameters.  

i. What parameter can you derive from these values that might give you a clue about nutrient limitation – why?

ii. Do the calculation.  Which algae should experience the least nutrient limitation in the containers, all else equal?

c. Describe two other factors that you might want to consider when making the decision about which algae will be the source of your future fortune.
2. You are swimming in your local pond on a warm fall afternoon, glad that you finished the physical and chemical part of Limnology.  As you kick, you notice the waves and ripples that you are creating and that when you stop you continue to glide slowly across the pond.  To your great distress, all of this gets you thinking about laminar versus turbulent flow, and how the various organisms in the pond are swimming about.  You vaguely remember from that dreaded first part of class that some small animals live in laminar not turbulent flow, and you start wondering about fish, larval fish, and zooplankton.  

When you arrive home you find the following swimming speeds and lengths of some common aquatic organisms in an old textbook (see table below).
If you assume that the water temperature of your pond is 26oC (0.9968128 g cm-3) and the viscosity of water is 0.01 g cm-1sec-1, you realize that you can answer your questions about how these organisms experience turbulence.

note different units!
	Organism
	Length
	Speed

	Big pike
	2.6 feet
	3.1 meters/second

	Minnow
	3 cm
	90 cm/second

	Larval herring at burst speed when escaping from predator
	0.7 cm
	30 cm/sec

	Larval herring at typical cruising speed
	0.7 cm
	3 cm/sec

	Copepod (common zooplankton) at burst speed
	3 mm
	5 cm/sec


a. Calculate Reynold’s numbers for these organisms at the measured swimming speeds.

b. Which organisms are experiencing turbulent flow and which are experiencing laminar flow?

c. What are the implications of these calculations for these organisms?  How do they perceive the pond – is it the same way that you do?  What does this tell us about the larval fish?


3. You decide to test the river continuum concept’s assumptions about the balance of production and respiration in streams.  You take a bunch of light and dark bottles, head out to Critical Test Stream in Canada, and set up three sites for some productivity measurements.  Site 1 is in a first order stream; site 2 is in a third order stream, and site 3 is a fifth order stream near where Critical Test Stream enters Lake Ontario.  You fill some BOD (biological oxygen demand) bottles at each site with stream water.  In three you measure the initial oxygen concentration.  You then take 3 replicate light and 3 replicate dark bottles at each site, and incubate them for 6 hours during daylight.  After the incubations, you measure the final oxygen concentrations in each bottle, knowing that you can use these values to estimate production and respiration.  At the time you are measuring productivity, there are 18 hours of daylight and 6 hours of darkness. (Remember, photosynthesis occurs only during the day, while respiration occurs during day and night.)
(all values are oxygen in mg/L).  

	Treatment
	Site 1
	Site 2
	Site 3

	Initial
	7.30, 7.60, 7.45
	6.92, 7.15, 6.96
	7.21, 7.42, 7.20

	Light bottle
	7.94, 8.01, 8.04
	9.63, 9.54, 9.47
	7.99, 8.00, 8.07

	Dark bottle
	4.45, 4.50, 4.56
	4.93, 5.11, 5.05
	3.45, 3.62, 3.46


For the purposes of this problem set, assume that 1 molecule of CO2 liberated or consumed is equivalent to 1 molecule of O2 liberated or consumed (you will need to account for the different molecular weights – think about how many moles of O2 are in 1 mg/L, and then how many mg of C are in one mole of CO2).
a. What are the rates of gross production, net production and respiration at each of the sites (in units mg C / L / day)?

b. Did the river continuum concept’s hypotheses about production hold for this stream?  Why or why not?

c. If a sewage plant started releasing poorly treated wastewater on a fourth order stream in this system, how specifically would you expect this to affect production and respiration at each of your sites?
d. What other aspects of the stream might you want to measure to evaluate the river continuum concept?

4. You are advising some homeowners around a local pond about how they should fertilize their lawns to avoid an algal build-up.  They used to have diatom blooms all summer, which promoted zooplankton and fish growth, but now the pond is starting to get buildups of stinky blue-green algae, and they are concerned about odor and effects on fish.  You would like to recommend that they avoid lawn fertilization at all, but that doesn’t seem to be acceptable to them.  You remember the discussions about phytoplankton competition, and decide to recommend the ratio of nutrients that should be in their fertilizer, so if some enters the lake it won’t favor the blue-green algae.

The pond mixes thoroughly all summer.

You decide to culture the dominant algae and look at their nutrient needs.  You run one set of experiments with P as the limiting nutrient (all other nutrients in sufficient quantities), and another set with N as the limiting nutrient (all other nutrients in sufficient quantities).  You find:

Experiment with P limiting:


Experiment with N limiting:
	Conc. P ()
	 (growth rate) blue-green (per day) on P
	 (growth rate) diatom (per day) on P
	Conc. N ()
	 (growth rate) blue-green (per day) on N
	 (growth rate) diatom (per day) on N

	0
	0
	0
	0
	0.1
	0

	0.25
	0.07
	0.14
	2.5
	0.22
	0.08

	0.5
	0.13
	0.19
	5
	0.27
	0.15

	0.75
	0.18
	0.21
	7.5
	0.3
	0.21

	1.0
	0.23
	0.23
	10
	0.32
	0.27

	1.25
	0.26
	0.24
	12.5
	0.32
	0.32

	1.5
	0.275
	0.25
	15
	0.33
	0.36

	1.75
	0.285
	0.26
	17.5
	0.33
	0.39

	2.0
	0.285
	0.26
	20
	0.33
	0.4


a. Plot the growth curves for both of the algae on Nitrogen and Phosphorus (one graph for N and one graph for P, with both algal responses on the same plot).

b. Given the above, which algae type would win competition at low N?  Which algae type would win competition at low P?  Why?

c. If the natural death rate (due to zooplankton grazing) for both kinds of algae in the lake is d=0.15 per day, then plot a zero net growth isocline (ZNGI) graph for the algae, showing minimum resource concentrations necessary for growth of each alga.  On your ZNGI graph, show in which regions of the graph each algal type would dominate the lake.

d. Describe one other parameter that you might want to monitor to help ensure diatom dominance – justify your answer.

5. You are hired to determine the possible effects of a road construction project on a small deep lake.  The main effect of the project will be to increase the suspended sediment load in the lake.  Because there are no sediment-sensitive species in the lake, the construction firm believes that the road will have minimal impact on the lake.  You wonder, however, whether the decreased light penetration will be serious enough to cause the phytoplankton to exceed the critical mixing depth.  You decide to investigate this theoretically.

You find that the following data from the lake before road construction:


Thermocline depth: 9 meters


Phytoplankton respiration at all depths: 180 mg C m-3 day-1
Depth
      Photosynthesis rate (mg C m-3 day-1)

	1
	665.0

	2
	854.0

	3
	632.7

	4
	468.7

	5
	347.2

	6
	257.2

	7
	190.6

	8
	141.2

	9
	104.6

	10
	77.5

	11
	57.4

	12
	42.5

	13
	31.5

	14
	23.3

	15
	17.3

	16
	12.8

	17
	9.5

	18
	7.0

	19
	5.2

	20
	3.9

	21
	2.9

	22
	2.1

	23
	1.6

	24
	1.2

	25
	0.9


a. Plot the current measured rates of photosynthesis and respiration in your lake (Remember those backwards limnological graphs).

b. What is the current compensation depth?

c. Approximately what is the current critical mixing depth?

d. The run-off models estimate that increased sediment load from the road will cause the 1% light level depth to be decreased by half, but the thermocline depth should not change.  What effects might this have on both compensation depth and critical mixing depth?
e. Your consulting firm wonders why you be worried about critical mixing depth in the first place – explain in understandable terms what the consequences of exceeding critical mixing depth would be, and why this might be important for the lake and for people living near the lake.

