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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 answers to the spaces provided - material outside of those spaces won’t be read! 
1. (18 Points) You have been asked by the Washington Department of Natural Resources to quickly assess the habitat potential for animal biodiversity of old growth forests in the Selkirk Mountains of northeastern Washington. Unfortunately you know very little about the kinds of organisms that use the forests in that part of the state. Given that you know nothing about what species are present and do not have the time or instrumentation to measure climate parameters:

A. What would you measure about the overall stand structure of the forest plant community to give you an idea of the potential level of animal diversity and why?   (8 Pts)

B. What would you measure in terms of structural elements of the forest plant community to give you an idea of the potential level of animal diversity and why? (10 Pts)


2. When the first European settlers arrived in western Washington, the low elevation land from Seattle north to Bellingham appeared to be covered by a continuous sea of climax evergreen forest.  (15 Pts)
A) What are the three evergreen tree species that dominated these forests? (common names are okay)

1. 
Western hemlock
  2. 
Western red cedar
  3. 
Douglas-fir
(1 Pt each)
B) Which two of these species (from part A above) are regional climax species? (common names okay)
1. 
Western hemlock
(1 Pt)

  2. 
Western red cedar
(1 Pt)

  

C) What adaptation to lowland old growth forest environments make these 2 species (answers in part B) "climax" species?


D) For the non-climax species of the three you listed in part A, explain why it was maintained as a prominent component in lowland northwestern Washington forests, even before European settlement.


3. The northern spotted owl and red huckleberry are both commonly found in lowland western hemlock old growth forests, yet only the owls are obligate to those forests. Explain why the owls are obligate to this type of forest but the huckleberry is not. 8 Points


4. (10 Pts) As a wetland biologist, you are asked to review a development proposal for Snohomish County to determine its potential long-term impacts on wetland ecosystems. The proposal includes plans to convert 50 acres of upland forest in the upper north Creek watershed to a mixed residential and retail center, along with the necessary road and parking facilities. Fortunately there are no wetlands on this property itself.

Given the fact that no wetlands are being destroyed on the property, would this development have any effects on biodiversity of wetlands within the North Creek watershed?   

Explain using what you’ve learned about biodiversity in Puget Sound wetlands.

5. (13 Pts) What was the class definition for an “old growth forest” for the Western Hemlock Ecoregion?

Explain the basis behind this definition (including some alternative ways to consider something “old growth”.


6. (18 Pts) A. In the Puget Sound region lowlands it is common to find elevational gradients that contain an array of different types of freshwater wetland ecosystems. One such gradient is drawn below, with ecosystems ranging from deepwater wetlands in a pond up to an upland ecosystem at the top of a nearby slope. Fill in the blanks with the names of the other four typical freshwater wetland ecosystem types you would expect to find based upon physiognomic categories of wetlands discussed in class.








B. Explain why the dominant plant form (physiognomy) is adapted to the environment for each of the four freshwater wetland ecosystems you named above. 

 

7. Name a common mutualism between fungi and trees in lowland western Washington and explain its importance to forest productivity – including why it might be especially important in our region. 8 Pts

8. There are naturally non-forested areas within the Western Hemlock ecoregion, such as prairies (10 Pts)
A. Identify two geographic locations of prairies within this ecoregion (1 north of Seattle and 1 south of Seattle).

Location: 
North of Seattle: San Juan Islands, Whidbey Island




Location: 
South of Seattle: south Puget Prairies near Tacoma & Olympia



B. Discuss the reasons why each of these prairies exist. 

Aquatic bed











Yes, building in the upper watershed would increase the impervious surfaces of that watershed, leading to “flashier” hydrology (increased peak flows and flooding frequency and increased flooding duration. The data we examined in class showed that the potential for high plant species diversity in a wetland declines with increases in impervious surfaces – because the extent of wet meadow type of habitat (high diversity; low water level fluctuation wetlands) declines as the extent and duration of floodwater inundation increases with impervious surface increases. Pollution could also be mentioned, though it is not always clear how pollution might affect diversity and our focus (“what we’ve learned”) was on the tie between biodiversity and water level fluctuations.





NO





Edaphic Prairies (S Puget Sd): Coarse material carried by glacial rivers during their retreat deposited cobbles and gravels upon which the soil developed. The soil was derived from this mineral material source and the slow accumulation of organic matter from biotic colonists (usually drought-tolerant grasses and forbs). This was especially slow during the warm-dry Hypsithermal period (7-10,000 YBP). Thus, forests didn’t develop on these because of coarse soil and consequent soil drought. This was prolonged by a slowing of better soil conditions due to climate.





 When climate cooled and got wetter, Native Americans had already arrived and burned these sites to maintain the bulb plants for food (killing any trees that would be encroaching on the prairies). This management maintained prairies for thousands of years. Active management is necessary today to prevent succession to forests. 





Edaphic / Climate Prairies: Some prairies are not forests also because they are too dry – but not solely because of poor soil (coarse texture) – principally due to a lack of moisture input (and to some degree due to moisture loss to wind). The NE Olympics, San Juans and northern Puget Sound islands sit in the winter rainshadow of the Olympic Mountains – making these the driest locations in western Washington. Many sites are also shoreline and exposed to the drying effects of wind.The added stresses of wind andlow precipitation (rainshadow) deters tree encroachment in these prairies even without fire at the present time.








The definition was developed to indicate when a forest stand was mature enough to have accrued the kind of physical structure that is important for a forest to possess to supply habitat to animals that depend upon mature forest conditions. It takes at least this amount of time for the forest stand to undergo canopy closure, self thinning and the accumulation of snags and woody debris as well as the development of complex vertical structure (multiple canopy layers) and complex horizontal structure (gaps, patches of forest in different successional stages). Other definitions of “old growth” may depend more upon reaching a final climax stage of succession with a species mix that will be sustained indefinitely in the absence of disturbance.In our western hemlock forests this could take many hundreds of years, as Douglas-fir is so long-lived. Such a definition would require much longer time periods to be satisfied. Others might define “old growth” based upon early attributes of stand development, such as canopy closure.





A forest stand that had not been disturbed for at least 175 years.





Owls require the physical structural characteristics of the entire stand that takes much time to develop – that is, the cool shaded microclimate of the understory combined with low enough stem density (takes time for this to be achieved) for hunting. Younger forests do not have these characters. Huckleberry requires the shade and woody debris that is present in old forests but can also be present in young forests. This plant’s environment is much more local and those conditions can be met in a younger stand while the owl integrates conditions over a large area.





Douglas –fir seedlings are not shade tolerant. They require (and do well in) open areas of high light. Because our forests are generally evergreen, high light areas are not typical. Fire is the most common major disturbance that creates these necessary conditions of high light. However, in our wet climate fires are not very frequent. Thus, DF must be long-lived in order for some of its progeny to happen to land in a site that is recently opened up by one of these infrequent fires. Hence, it must be long-lived relative to the fire frequency. It was also maintained on dry, rocky south-facing sites where it is a climax component due to edaphic circumstances.


(7 Pts)





YES





CIRCLE ONE





Seedlings and saplings are shade tolerant (climax forest species MUST have shade tolerant seedling as they must replace themselves)  (3 Pts)





1. Density (number) of large, live trees


Live trees create the food (chemical energy) and structural habitats necessary of a variety of organisms


They also create the basic microenvironment and variation in microclimate given the non-uniformity of their canopies and resource use.





2. Snags


Snags provide considerable habitat sites (homes, perches, etc.) for organisms


The presence of snags provide for gaps in the canopy – critical for horizontal diversity as discussed above





3. Terrestrial Woody Debris


Terrestrial Woody Debris provides considerable habitat sites (homes, caches, etc.) for organisms


It also provides food and nutrient input





4. Woody Debris in Streams


Aquatic Woody Debris provides considerable habitat sites (homes, travel corridors, etc.) for organisms


It also provides food and nutrient input and shelter from predators








I would measure aspects of the stand structure:


Gaps (horizontal structure) – the frequency and size of gaps. Gaps provide areas of high light (environ heterogeneity) that are important for attracting a diversity of animals (some that are not tolerant of shaded, cool conditions).


Canopy layers (vertical structure) – the number of canopy layers corresponds to the diversity of animals in a forested system. Each layer has a distinctive microclimate that is appropriate to different animals


These are two things that could be quickly (note you were time limited in the above scenario) and easily measured without knowledge of the species present.








Upland





		





	  	





		





Deepwater wetlands
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Terrestrial





Emergent





Scrub Shrub





Forested





Aquatic bed wetlands are dominated by plants with floating leaves. This uses the buoyancy of the aqueous medium present to hold the leaves up and reduces structural support costs for the plants, allowing them to invest in leaves which pay back their costs (produce sugar). These plants also have other adaptations which could be mentioned that allow them to survive in anoxic soil environments.


Emergent wetlands are also dominated by herbaceous species, though these tend to have a little more structure to hold themselves upright, as the water is not as deep nor ever-present. As with aquatic bed plants, the anoxic soils make it difficult to obtain nutrients so sugar production is limited – making wood an unlikely luxury.


Scrub Shrub wetlands are dominated by woody shrubs that are elevated above many of the emergent species, outcompeting them for light. However, saturated soils once again limit root function and growth, and thus the sugar available for larger support structures (thus few trees).


Forested wetlands are those areas where root growth and function are no longer limited to the extent where investment in considerable woody support structures is prohibitive. Thus, the tree form, which competes well for available light is possible.





Mycorrhizae are mutualistic relationships between living plant roots and fungi. Fungi get access to carbohydrates while their extensive network of fibrous hyphae allow for enhanced transport of nutrients (esp P) and water to the plant. 





This allows plant growth to be maintained especially in our dry summer season where water and nutrient uptake is restricted 





and is important here because of our acidic, nutrient-poor soils that have poor nutrient status





The restrictions of water and nutrient availability limit primary productivity in our region.
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