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October 25, 2006

      BES 312
     EXAM # 1 KEY     
     Score  =    
90  / 90
This exam is worth 90 points.  The total number of points possible for each question is given near the start of each question.  Limit answers to the spaces provided (material outside of those spaces will not be read). 

1. Matching.  Use each letter only once! Find the BEST combination of matches.   [10 Points]
1.    D      Convection
A. organism whose body temperature varies directly with its environment
2.    H      Tropical Rain Forest
B. organism using behavior to regulate body temperature as roughly constant
3.     I     Longwave radiation
C. autumn increase in frost tolerance in plants is an example of this process
4.     J     Growing season length
D. dominant mode of plant thermal energy loss in desert under drought
5.    A      Poikilotherm
E. biome with high global carbon balance importance due to large size
6.    F     Latent heat transfer
F. dominant mode of plant thermal energy loss in wet grassland during daytime
7.    B      Ectotherm
G. summer availability of this factor distinguishes deciduous from evergreen forests
8.    G      Precipitation
H. biome with high global carbon balance importance due to high NPP
9.     E      Savanna
I. dominant mode of nighttime energy exchange in a dense forest understory
10.    C      Acclimation
J. environmental factor primarily responsible of NPP difference between boreal forest and arctic tundra
2. [15 Pts]  A. What agent (or mechanism) of evolution results in increasing adaptation of organisms to their local environment? [3]






Natural Selection






B. Briefly explain how that agent of evolution causes increasing adaptation. [6]
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1. Phenotypic variation occurs in any population.

2. Every population produces more offspring than will survive (life is tough). This may come about from competition, predation, disease, or stress from the physical and chemical environment.

3. Among those offspring, the individuals best able to obtain and use those resources and withstand rigors of the biotic and abiotic environments will survive & reproduce more than other individuals.

4. If the characteristics of those favored individuals that allow them to reproduce more successfully are heritable, those favored traits will be passed along to their own offspring and thus become more frequent in the next generation. This results in a removal of phenotypic traits from the population that are less well tuned to the local environment and hence an overall increasingly well-adapted population for that local environment.


C. Can evolution happen without natural selection?  

YES

NO  
     Circle one [2]
Explain your answer above and include an example. [4]
Evolution is simply a change in allele frequencies within a population from one generation to the next. There are a number of evolutionary agents that cause allele frequencies to change; natural selection is only one of them. Other agents you could use in your answer include non-random mating, genetic drift, mutation, and migration. For full credit, you should explain how this other evolutionary agent causes a change in population genetics (the “explain” portion of the question).
3.  Contrast these two biomes: (1) Chaparral and (2) Cold Desert. Describe the differences in (1) vegetation physiognomy and annual net primary productivity (NPP); (2) abiotic environmental factors of moisture, temperature, and growing season length and their relationship to the differences in vegetation physiognomy and net primary productivity.     [20 Points]

4. There is increasing concern about rising CO2 levels and global warming. We know that the Net Primary Productivity (NPP – g/m2/yr) of swamps and marshes is much higher than that of boreal forests. Thus, is it reasonable to conclude that we should be more concerned about conserving swamp and marshland than boreal forests if we are simply concerned with global warming? Why or why not?     8 Pts

For global warming you need to be concerned with the role that a biome plays in overall carbon balance of the globe. This incorporates both the NPP and the amount of area that a biome occupies. Swamps and marshes may be very productive but because they occupy so much smaller area than the boreal forest they (swamps & marshes) become less important than boreal forests in overall global carbon balance – and hence global warming. Thus, the premise presented is not reasonable.
NOTE: The question states that we are purely concerned with global warming – not the conservation of species or ecosystems of any kind.
5. The graph shows the average daily temperature of Dryas integrifolia, a cushion plant (dotted line) and the air temperature at the same height as the cushion (solid line) over an Arctic growing season.  Using energy budget analysis explain the following (you can use equations but they are not mandatory – text only is fine):
A. Why is cushion temperature greatly elevated above air temperature for most days from early July to early Aug?
Cushions absorb solar radiation and heat up. They also absorb thermal energy from conduction with surrounding warm ground surfaces. The cushions are able to maintain plant temperatures above air temperatures by reducing convective heat loss because they are close to the ground where wind is minimal and compact in form to deflect wind over the cushion.

B. Why is cushion temperature not different from air temperature on July 18? Be sure to explain why the energy balance components may be different in this case from most other days.
The major factor BY FAR in elevating cushion temperatures above air temperature (part A) is solar radiation. In order for cushion temperatures to NOT be elevated above air temperature, solar radiation must be greatly reduced or eliminated. Thus, cushion temperature is similar to air temperature on July 18 most likely because it was a cloudy day – reducing solar radiation to low levels. Thus the thermal inputs are minimal and elevation above air temperature is not possible.
C.  Why does the difference in cushion temperature and air temperature become increasingly small after early August? Be sure to explain why the energy balance components may be changing. Note that this happens every August, regardless of weather. (Hint: consider what happens seasonally in the Arctic at the end of the summer – we touched on this in the Biomes material)

As August goes on, the Arctic biome shifts from experiencing 24-hour sunlight to days with increasingly less daylight hours. The only time cushion temperatures are elevated are when they can gather solar radiation to stay above air temperature. As the daylength shortens, the number of hours the cushion is above air temperature shortens. At night without solar input, cushion temperature would approach air temperature. Thus as one approaches autumn with increasing nighttime, the average daily temperature difference between the cushion and air becomes increasingly small.

6. Purple Saxifrage is an arctic plant species that also occurs in the Cascade Mountains. Individuals in arctic populations display some striking differences when compared to individuals in alpine populations.  To understand the basis for adaptation (genetic vs. plastic) of arctic and alpine populations to their environments, we measured plant morphology and physiology in their respective field sites and performed a common garden experiment in growth chambers in Seattle. [18 Points]   

Here are some results:









Arctic Population
Alpine Population








Seattle
      Field
Seattle
      Field


Mean leaf surface area (mm2)


12.5
       9.1

12.5
       12.5



Leaf thickness (mm)


 
 2.5
       1.4
 
 2.5
         2.5


Light-saturated Photosynthesis Rate

13.9
      13.9

18.7
       18.7



Photosynthesis Light Saturation Point 

800
      800

1200
       1200


A) Would you consider these populations ecotypes?   
 
Circle ONE:       YES
NO
[3]
     Why or Why not? [7]
The measurements of photosynthetic physiology are different in the field for these populations and they remain different to the same degree when grown under common environmental conditions at Seattle.  This CONSTANCY OF DIFFERENCE in the growth chambers despite the convergence of environmental conditions indicates a genetic, rather than plastic (phenotypic), basis for these traits - thus meeting the basic criteria for being ecotypes (which are genetic responses of local populations to local environments leading to phenotypic differences).

Clarifying note (not part of the expected answer): one cannot expect ecotypes to be genetically differentiated on the basis of every phenotypical trait (they’d likely be different species if that was the case). Genetic differences in one trait that has adaptive consequences is sufficient to call them “ecotypes” (so genetic differentiation in photosynthetic traits is sufficient to call these ecotypes even though the differences in morphology alone do not allow that conclusion).

B) How is the fundamental basis (genetic vs. plastic) of the morphological adjustments (leaf area, thickness) different from the physiological adaptations (photosynthesis)?  Explain your answer on the basis of trends in these data. [8]
The physiological measurements appear to have a genetic basis because the difference observed in the field populations remain constant when grown under common conditions (see above), while the morphological traits appear to have a plastic (phenotypic) basis.  The differences seen in these morphological traits in the field populations converge to the same values when plants from these two populations are grown under commons conditions.  This indicates that the differences in these morphological traits we see in the field are plastic responses.

Clarification (not part of expected answer):

It is important to note that the issue of ecotypes is focused on genetic differentiation between populations! One cannot tell anything about this by just examining trends in ONE of the populations. All traits have some degree of plasticity and may change as the environment changes. Both populations can show changes in a trait when moved into a common garden and differences seen in this trait in the field can still have a genetic basis – the key is whether a difference in the trait is maintained between the populations in the common garden. For instance, the data below still show genetic differentiation despite changes in either (both) population from the field to the garden.  



Light-saturated Photosynthesis Rate

23.9
      13.9
28.7
       18.7



Photosynthesis Light Saturation Point 

1000
      800

1400
       1200

(1) Briefly compare vegetation physiognomy & NPP


Chaparral is characterized by a dense tangle of 8-12 foot tall shrubs while the cold desert is dominated by scattered shrubs and grasses of lower stature (overall cover is lower).  NPP is lower in the cold desert, as evidenced by the lower cover and stature of the vegetation.





(2) Compare abiotic factors and relate them to differences described in part (1) of your answer above


Temperature & Precipitation: The chaparral biome has a Mediterranean style climate, with warm-dry seasons alternating with cold-wet seasons. Cold deserts can sometimes follow a similar pattern but more often have precipitation spread more evenly through the year. Temperature fluctuations are less extreme in chaparral due to the coastal location (milder winters and cooler summers). Overall annual precipitation overlaps in the two biomes but is usually lower in cold desert locations. 


Milder winter temperatures play a big part in why chaparral has higher NPP. When most of the precipitation falls (cool period) it falls as rain in the chaparral where it is immediately useable and growth can take place. In the cold desert, precipitation falls as snow in the wet season and it is too cold to be used for growth. When it is warm in the cold desert, it is usually too dry to support much growth.


Growing season: growing season is longer in chaparral due to coastal location. Possibility of growth extended into wet season due to mild temperatures allows chaparral to have higher NPP than cold desert (see above). 






































[19 Points]
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