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This exam is worth 100 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. Matching.  Use each letter only once!  Be careful to find the best matches.   (8 Pts)
1.   F       Cheatgrass
A.  Fire maintains highly limited vertical structure in this forested ecoregion

2.   E       Succession
B.  Common non-native wetland plant species

3.    G     Oak woodland
C.  Palouse Prairie characteristic enhancing primary productivity

4.    B    Reed canarygrass
D.  Common native wetland plant species

5.   C     Loess
E.  Process that has increased the number of rare species in Puget Prairies

6.   A    Ponderosa pine
F.  An invasive species that expands its range following fire

7.   H      Subalpine fir
G.  Ecosystem occurring on both west and east side of the Cascades

8.   D      Douglas spirea
H.  Fire creates a meadow-forest mosaic in this ecoregion

2. Species diversity in our freshwater wetlands is strongly influenced by topography and disturbance. Explain in detail why these 2 factors are important for diversity of both plants and animals, including how topography and disturbance influence environmental factors that DIRECTLY affect how organisms function. (14 Pts)

3. In some years the ocean productivity in the northern Pacific is low. Why might this influence the productivity of forests along rivers many miles upstream from estuaries? (10 Pts)

4. The Fraser Glacier retreated from the Puget Sound area landscape around 16,000 years ago. Over time, most of the landscape became dominated by towering evergreen forests. Beside some non-forested wetlands and woodland associations, one other type of ecosystem developed that was not dominated by forests. (24 Pts)
A. What type of ecosystem is this? 

Prairie






B. List 3 distinct locations around western Washington that this general type of ecosystem developed.
1. 
South Puget Prairies








2. 
Islands & NE Olympic Peninsula






3. 
Rocky Balds









C. All three locations of this ecosystem have one general environmental condition in common that results in a lack of forest communities. Explain briefly what this is and why it results in a lack of forests.

D. The environmental factor responsible for these ecosystems (part C) is fundamentally different from the factors that we usually identify as responsible for boundaries between ecoregions in the Northwest. Explain, being sure to clearly identify the specific factors responsible for ecoregion boundaries.

E. Select one of your ecosystem locations from part B above and explain how it developed following glaciation (up to but not including Euro-American colonization) and why it is not currently dominated by forests.

5. (24 Pts) A. Briefly explain why Sitka spruce and western hemlock ecoregion forests harbor such a diversity of animal species in terms of the characteristics of the forests or their environment given below:

Overall physical structure


Important structural elements


Primary productivity


Natural (non-human) disturbance types and frequencies


B. Despite the great diversity, relatively few species are endemic to these forests (only occur there). 

What types of animals have many species that are endemic to these forests? 


What types of animals have very few species that are endemic? 


Briefly explain why some types of animals have many endemic species and others have few.


6.  There are expectations that the future climate will become warmer all year and slightly wetter in the winter months in our region. Although the warmer temperatures may shift a considerable amount of precipitation from snow to rain at elevations of around 2,000-4,200 feet, elevations above 4,200 feet should still remain cool enough that winter precipitation will still be dominated by snow.  (20 Pts)
For each of these forest ecoregions, discuss what you think would happen to (A) overall forest net primary productivity (NPP) and (B) the upper elevation extent of the forest range (would it move upward? downward?). 
Explain your reasoning in both parts based upon how the climate change would affect SPECIFIC environmental factors that control productivity and range. In some instances, rather than concluding that NPP or range will go in a certain direction - you may want to discuss how each of the different environmental factors might alter productivity or elevation ranges in different directions for the same forest type. For instance, warmer temperatures may change one factor that increases NPP but may change another factor that lowers NPP. 
I am more interested in a logical analysis than your final conclusions on NPP and forest ranges.


















Topography changes the hydrology which influences which plants can exist in a site. A variety of hydrology will beget a variety of wetland plants species, whose varied productivity and structure will beget varied animal species. In addition the change in hydrology will directly influence what animal species can exist (e.g., amphibians that require standing water).





Periodic disturbance in space and time will create a mosaic of habitat patches that are at different stages of succession – and thus will contain different plant communities and concomitantly different animal communities. Disturbances such as flooding will replenish soil nutrients, increasing NPP, increasing the plant community productivity and structural complexity which will enhance animal diversity. Frequent disturbance can also affect diversity of NATIVE species (versus non-native) as some of you pointed out.








Ecosystem: 		South Puget Prairie						


Glacial retreat left areas of coarse rubble that was well-drained. The inability of this material to hold moisture reduced plant colonization and organic matter accumulation. Slowly soil built up, but by the time it got good enough to support trees, the climate shifted (about 10,000 years ago) to warmer and drier – precluding trees from there largely due to climate. When the climate shifted back a few thousand years later, Native American showed up on the scene, burning the prairies to maintain them for food (trees killed by burning but not prairie plants). At present the prairies are not forests due to remnant effects of Native American burning and our management.




















Salmon collect nutrients from the ocean in the year(s) they spend out there. They transport these upstream and their carcasses provide nutrients to the riparian forests (directly through decomposition or indirectly following predation). If ocean productivity is low, fewer ocean nutrients will be accumulated and moved up into riparian forests, potentially lower forest soil nutrient pools and limiting NPP.








Ecoregions are distinguished by precipitation, temperature, and the interaction of these two factors in influencing growing season length and moisture availability. These are all climatic factors. These prairies, in contrast, are distinguished not by climate, but by soil conditions.





Coarse, well-drained soils that result in a lack of moisture despite high precipitation. Trees (forests) need more moisture to flourish.




















Animals that are mobile can get around –especially those that can move long distances – can easily get to other forest types and have historically colonized over broader geographic areas. These are less likely to be endemic. Critters like amphibians don’t get around and are more specialized in very wet areas like these forests. They cannot bridge large geographic gaps and speciation is more possible.


Others pointed out specific examples (some of which countered this generality).





Birds & large mammals





Amphibians (& some reptiles)





These forests see fires rarely. Wind disturbance is one of the primary natural agents and it is patchy and infrequent. Low disturbance frequencies and extents leads to mature forests with an accumulation of lots of woody debris and snags, leading to habitat diversity and animal species diversity.





These forests have very high primary productivity due to the mild, wet climate. This great primary productivity supports a wide array and abundance of herbivores and detritivores, which support a rich array of carnivores (longer and more diverse trophic webs).





These forests also have critical habitat features in abundance such as down woody debris (terrestrial or aquatic), snags and live old trees. These elements harbor a rich variety of habitats and thus many different animal species. Snags are used by a variety of bird and small mammal species, while woody debris (in water and on land) are critical habitat features for amphibians, small mammals, and others.





The number of vertical layers and horizontal gaps of different sizes (vertical and horizontal complexity) is directly related to the number of different habitats available and thus the number of different species that will likely occur. Gaps will be warmer and sunnier than under the trees; low forest layers will be cooler and shadier than upper forest layers. These forests have very complex vertical and horizontal structure.





Mountain hemlock forests





Greater snowfall at these elevations should result in even shorter growing seasons, lowering NPP. However, warmer summer temperatures should increase NPP of this very cold forest type during the growing season that is present, offsetting the growing season decrease. There is sufficient precipitation that warmer temperatures should not constrain NPP through greater evaporative loss of water. The change from snow to rain should greatly lengthen the growing season and this would likely be the principal reason for greater NPP (rather than just more precipitation). Warmer, wetter, and more snow could lead to more frequent avalanche disturbance which could lower NPP in those particular sites. Fire is uncommon here but may also increase in frequency with warmer summers – leading to more meadows in the upper part of these forests. The warmer winter temperatures would likely serve to shift the upper boundary of silver fir higher in elevation, but the increased winter snowfall would counteract that by inhibiting tree growth up high (shorter growing seasons).





Silver fir forests





Warmer temperatures should increase NPP of this relatively cold forest type. There is sufficient precipitation that warmer temperatures should not constrain NPP through greater evaporative loss of water. The change from snow to rain should greatly lengthen the growing season and this would likely be the principal reason for greater NPP (rather than just more precipitation). Warmer temperatures during the summer could lead to some restriction on the rate of primary productivity and even a possible increase in fire frequency (lowering overall NPP in such cases). Warmer summer temperatures could also accelerate decomposition (increased nutrient cycling) which could boost NPP. The warmer winter temperatures would likely shift the upper boundary of silver fir higher in elevation to a climatalogical equivalent of the present boundary with mountain hemlock. 
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