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BIS 358 


    
          EXAM II: Future Washington


      March 10, 2008
This exam is worth 80 points.  The number of points possible for each question is given near the start of each question.  Limit your answer to the spaces provided (material outside of those spaces will not be read). 
1. Changes in temperature alone are expected to have effects on the amount and timing of water in streams. (22 Pts)
A. Create a graph that illustrates the amount of water flowing (streamflow) in the Stillaguamish River through the entire year. Your graph should have two curves on it: (1) the current pattern of streamflow and (2) the streamflow that would be expected with regional climate warming (assuming no change in total precipitation).  Label the curves and graph axes (though the amount of streamflow does not need units or actual numbers). Below the graph explain the patterns of streamflow, with particular attention to comparing the two curves. 







B. Follow the same instructions as for part A, using Swamp Creek as the stream.



1. C. Discuss the possible ecological impacts on salmon in the Stillaguamish River from the effects of climate warming on streamflow that you presented in part A.  (6 points)

2. Sandberg’s bluegrass is a native bunchgrass in the shrub steppe of Eastern Washington. Over the past decade of warming climate, this grass has exhibited increased annual growth and earlier spring activity. Along with this occurred significant decreases in soil nitrogen and organic matter. Further increases in atmospheric CO2 concentrations and warming are expected in the coming years. Would you expect future growth of this species to (1) remain at its presently increased state, or (2) increase even further, or (3) decline to levels shown before warming (or even lower)? Support your conclusion based upon information provided here and with evidence from other studies we have examined on long term effects of changes in CO2 & temperature.  (10 Pts)


3. Respond to the following common criticisms of long term climate predictions. (10 Pts)
A. How can we predict climate 100 years from now when we cannot even confidently predict weather two weeks from today?


B. Climate always varies from year to year. The general climate warming that we are seeing now is just a reflection of short term climate fluctuations.


4. With climate warming, would you expect that present-day silver fir ecosystems will simply shift upward into available landscapes? Analyze that idea using evidence from changes in ecosystems with past climate change. (10 Pts)
 

5. A management option with climate change is to simply let organisms track change by allowing them to move themselves to habitats that retain their original climate (e.g., moving north with a warming climate). List three fundamentally different limitations of this approach. (8 Pts)

6.  Matching.  Use each letter only once!  Be careful to find the best matches.   (2 Pts each - 20 Pts)
1.   E     positive feedback

A. ecosystem threatened by insect herbivore range shift with warming

2.   G     silver fir forest

B. attribute of some keystone species changing with temperature
3.   J      plant chemistry 

C. enhanced growth of alpine plants under warmer conditions

4.    B     predation rate

D. observed response for plants to recent climate shifts

5.   C     negative feedback

E. thawing permafrost emits carbon dioxide

6.   A     subalpine fir forest

F. organisms at high risk under climate change

7.    I    prairie plants

G. ecosystem whose growing season will lengthen with warming

8.    D    timing of reproduction

H. observed response for butterflies to recent climate shifts

9.    H     range shifts

I. organisms expected to increase in the Puget Basin with climate change

10.    F     alpine plants

J. organism attribute changing with climate that could alter disturbances
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I would expect choice 3 to hold.  Evidence from the Alaskan tundra and eastern North American forests show that initial increases in photosynthesis, growth, and productivity do not get maintained over more than a few years in ecosystems where other soil limitations quickly come into play. This is especially true in soils where Nitrogen is in short supply, as is the case in cold desert basins such as the shrub-steppe of Eastern Washington.





Increases in carbon dioxide and temperature caused rises in the first 2 years in the Alaskan tundra. In the third year, this declined to pre-experiment levels if only CO2 had been increased. If both CO2 and temperature had been increased, the enhancement of photosynthesis and productivity lasted longer. This is because warmer soils increased mineralization and delayed the onset of Nitrogen limitations, but eventually this set in even under warmer conditions.





I would expect nitrogen to become limiting soon in this system, as evidenced by the decline in soil nitrogen and organic matter (the source for soil N). Then, photosynthesis and productivity will decline to former levels or even below.








 Swamp Creek originates in south Everett and empties into Lake Washington near Bothell   (8 points)





This stream basin is dominated by rain fed flows, as little to no snow falls or accumulates at these low elevations. Thus, current peak flows occur when rain events are greatest – from late fall to early spring. As climate change is not expected to shift the timing of precipitation, we would expect no substantial shift in the timing of peak flow. Nor would we expect a change in the amount of stream flow as models do not show appreciable changes in the amount of precipitation.
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(1)	Species often move slower than expected climate change – can’t keep up		


(2) 	Barriers to move in present day slow movement						


(3) 	Needed associates will not move alongside (pollinators, mutualists, food items, etc.)	


	Full range of environ needs will not be there (e.g., soils slow to develop)												
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Earlier peak in maximum flow may have positive effects (greater oxygenation, more help moving downstream for early hatchlings) and negative effects (scouring of gravels and removal of eggs, smothering of eggs by earlier sediment transport)


Lower streamflow in late spring means less water for migrating fish (up or down stream)


Lower streamflow means higher water temperatures and less oxygen


Lower streamflow means greater exposure to predators


Lower peak flows may be positive in not scouring out spawning beds and causing less erosion (less suspended sediment in water)


A number of other effects were mentioned.
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The Stillaguamish River originates in the high Cascades and empties into Puget Sound  (8 points)





This basin is snow-dominated in flow. The peak flows occur in late spring and early summer when accumulated snow in the mountains is melting rapidly. Less snow is expected while more of the fall-winter-spring precipitation will be come as rain, placing it more immediately in streams. Thus, stream flow will peak sooner (late winter – early spring) and peaks will be lower





Weather is a day-to-day phenomenon while climate is a set of long-term statistical trends such as averages (often over larger spatial scales as well). We can talk about the probability of it not raining on any particular day in August but it is a statistical probability based upon long term trends, not the exact result for any one particular day. The exact conditions on any one day will vary, but the longer term average will remain (i.e., we cannot tellwhich 5 days it might rain in August but we know that on the average it will rain five days in August).  Thus, we can predict long term trends and probabilities even while our ability to be certain about specific days iun the near future remains limited.





Shoter term variation (e.g., PDO, ENSO-driven changes) creates considerable changes in climate. Long term trends in one direction are still possible, just more difficult to detetct against the background of short term variation. General climate warming is in reference to such long term trends, and any one or two years that deviate from that trend do not eliminate the possibility of its existence.The 3 graphs that Sarah Strode presented on variability, long-term trends, and their combination are good illustrations of this.





Paleoecological studies of western WA (and other places) have revealed assemblages of species that do not currently exist, and changes in those assemblages through time that suggest species respond to environmental changes on an independent basis, rather than as cohesive units like ecosystems. Thus, I would not expect entire ecosystems to shift, such as silver fir shifting upward. However, it is reasonable to expect elements (species) of that ecosystem to shift upward – probably at differential rates dependening upon the individual species’ characteristics (life span, life history, dependence upon associated species, specific required environmental conditions, etc.). Additionally, barriers may be present differentially for different species. The presence of current long-lived assemblages of forests at higher elevations will present environments that may be differently resistant to the movement of silver-fir ecosystem species for quite some time.
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