Handout 14.1

Examination -- Sessions 9 - 13

Time:  15 – 20 minutes

Susan Bolton PhD, PE 

Scope:

The objectives of the exam is to help evaluate the progress of individual students progress and to determine if there is material that has not been understood and should be reviewed. 

Most activities to this point have been preformed in teams and there may be students that may support team actives, by being knowledgeable in specific areas or have needed skills, but are not grasping the range of concepts presented.  

Student will be given 15 – 20 minutes to take the midterm exam. The instructor could also choose to give the examination to the students at the end of session 12 and have the students complete the exam at home bringing their results to session 13.  

The instructor may ask the students to correct their own exams.  

The instructor may lead a discussion of the examination questions allowing students to grade or correct their own examination. 20 – 30 minutes should be allowed for this discussion. 

SESSION 9:  Introductions to Ecological Principles and Ecoregions  

WHAT – key concepts

This session explains major ecological principles as they relate to watersheds as ecosystems, including energy flow and nutrient cycling.

QUESTIONS:

Explain major ecological principles as they relate to watersheds as ecosystems.

Describe, in general, how energy flows though an ecosystem compared to how nutrients are cycled through ecosystems. 

Emphasize how these two processes work in stream/watershed ecosystems and include the concepts of food webs.

ANSWER:  

Solar energy is the ultimate source of energy in floodplain ecosystems. Photosynthesis captures solar energy and creates food in the form of carbohydrates. Depending on the type of stream, energy may come directly from the sun in the form of algae and other aquatic plants, or it may enter the system from the surrounding area in the form of leaves and wood. 

Energy can be tracked through a system assessing carbon transformation. The most basic food web consists of producers (plants), consumers (animals) and decomposers (often fungi and bacteria). Energy is lost in the form of heat as it travels through the ecosystem. New energy is always needed to keep the system functioning. 

Nutrients are recycled within a system by organisms that make up the food webs in the system. Producers take nutrients from the air and the soil and incorporate them in their tissues. Consumers get nutrients from eating plants and other organisms. Decomposers break down organic tissue and put nutrients back into the soil and the air. In stream ecosystems, different organisms specialize breaking down different forms of organic matter from large, coarse particulate organic matter (CPOM) to dissolved organic matter (DOM). 

QUESTION:

Various criteria have been used to divide the United States into ecoregions. Describe the types of criteria that are usually used to partition the country into different ecoregions. 

ANSWER: 

Ecoregions are typically defined by a set of physical and biological characteristics that include physiciography, climate, and potential or actual vegetation. 

SO WHAT – Implications and impacts

QUESTION: 

How would the flow of energy and the cycling of nutrients change if a floodplain forest were replaced with a city? 

ANSWER:

The amount of energy (organic matter) entering the system in the form of plant material would greatly decrease. Solar energy would provide more of the energy through aquatic plant production. Organisms that relied on CPOM and FPOM would decrease in number. Organisms that could use algae and other plant material growing on the stream bead would increase. The input of nutrients from the floodplain forest would be replaced with sediments and potentially harmful chemical runoff from cars and industries. The entire biodiversity of the stream and floodplain would likely decrease. 

NOW WHAT – Management measures and tools

QUESTION:

Now that you can describe the ecological changes that occur when a floodplain forest is changed to an urban area, how would you use this information to develop management measures and tools?

ANSWER:  

Management measures and tools must include a range of options, such as physical and biological modifications of the landscape to help maintain and sustain the natural ecological processes that operate in the system. 

SESSION 10: Stream and River Ecology 

WHAT – key concepts

QUESTIONS:

Explain major ecological principles as they relate to watersheds as ecosystems.

Many scientists talk about the 4 dimensions of a river ecosystem. Briefly, name and describe each dimension. 

ANSWER:  

The four dimensions are:

Longitudinal

Rivers are gravity driven and change character from upstream downstream. 

Lateral or horizontal 

Rivers, especially rivers in floodplains naturally move back and forth (side to side) across the floodplain. This creates islands, oxbows and other habitat complexity across the floodplain. 

Vertical 

Not all of the water in a river is visible above ground. Rivers interact with subsurface waters including ground water and the hyporheic zone. This surface/subsurface interaction results in the exchange of nutrients, oxygen and organisms. 

Time is the fourth dimension.

Rivers are not static over time and change daily, seasonally, annually and over longer time periods. 

QUESTION:

Explain how the Biodiversity Concept (one of the major stream ecosystem theories) incorporates ideas from the other theories that were discussed. 

ANSWER: 

The Biodiversity Concept attempts to integrate the many scales (temporal 
and spatial) of river process, function, and species community diversity in one integrated theme. The Biodiversity Concept links the four dimensions of the river with the distribution of species in space and time to create an integrative theory of stream ecology.

The River Continuum Concept (RCC) emphasized the longitudinal dimension of the river and how the ecology change from upstream to downstream. The flood-pulse theory recognized that the lateral extent of the ecosystem was frequently altered by flood events. 

The Serial-Discontinuity Concept recognized that longitudinal changes were not always as predicted by the RCC. Major or minor stream tributaries or dams can strongly affect communities in fashions that are not consistent with the RCC. 

The Hyporheic Corridor Concept recognized that the lateral changes in the stream were not limited to surface water expression of floods. There is extensive subsurface activity that affects energy flow and nutrient cycling in stream ecosystems. 

SO WHAT – Implications and impacts

QUESTION:

How would the distribution of species change if a floodplain forest were replaced with a city? 

ANSWER:

As illustrated in PPT 20, the types of organisms most affected would probably be macrophytes and amphibians. They rely on the spotty distribution of shallow slow, moving water that used to occur at the edges of the floodplain. This habitat would be lost with typical urbanization. 

Fish biodiversity would probably also decrease because off-channel habitat would disappear. Only fish that could survive in the deeper, faster water of the main stem would persist. Many native tree and shrub species might also disappear as humans planted ornamentals and exotics. 

NOW WHAT – Management measures and tools

QUESTION:

Now that you can describe the biodiversity changes that occur when a floodplain forest is changed to an urban area, how would you use this information to develop management measures and tools?

ANSWER:  

Management measures and tools must include a range of options, such as physical and biological modifications of the landscape, to help maintain and sustain the natural ecological processes that operate in the system. Any techniques that helped to maintain habitat complexity and diversity would help to maintain species diversity. Discouraging the use of non-native plants and animals would help maintain native species.

SESSION 11   Water Quality 

WHAT – Key concepts
QUESTION:

What are the most commonly sampled and evaluated water quality constituents? 

ANSWER:  

a. light

b. temperature 

c. dissolved ions 

d. suspended solids 

e. nutrients and gases. 

SO WHAT – Implications and impacts

QUESTION:

For each of the constituents listed in QUESTION 1, discuss how their presence/absence/concentration affects stream ecology. 

ANSWER:

Light comes from solar energy and is necessary for energy inputs. Light affects the kinds of plants that can grow in the water and to what depth 

Temperature plays a major role is species distribution. Most species are either adapted to cool/cold water or to warm/hot water. Temperature also affects growth rates, respiration rates of poikilothermic organisms, and decomposition rates. This can end up affecting the rate of flow of energy and the rate of nutrient recycling. 

Dissolved ions include both macro and micro nutrients needed by plants and animals in stream and floodplain ecosystems. If a critical nutrient is lacking, it becomes a limiting factor and growth may cease. If a nutrient is overabundant, it may create excess growth of certain organisms that can alter community composition or lead to oxygen depletion.

Suspended solids affect the transmission of light through the water and when they settle out can affect the substrate (bed) of the river. Different organisms are adapted to different light levels and rely on different types and sizes of substrate. Excess amount of suspended solids (quantities and or sizes different than those to which the system has evolved) can affect spawning habitat and organism survival.  

Nutrients and gases. Nitrogen and phosphorus are the most critical nutrients in most stream systems. The relative amounts of these two nutrients along with carbon tend to control stream production. Too much nitrogen or phosphorus can lead to excessive production and the depletion of oxygen that can lead to die off of other stream animals. Oxygen and carbon dioxide are critical gases in stream systems. Oxygen is necessary for the survival of aerobic stream organisms. 

NOW WHAT – Management measures and tools

QUESTION:

How can your knowledge of water quality be used to evaluate stream conditions? 

ANSWER:  

Various organizations have adopted techniques to evaluate the condition of their streams. Many of these techniques rely on various biological indicators. For biological organisms to live and reproduce in streams, the water quality has to be suitable for their life cycle. Water quality can change quickly for short periods of time, but by using organisms that have longer life spans, the condition of the stream over time can be evaluation. By knowing which organisms need which kind of water quality, stream condition can be assessed. In addition, any construction activities must not degrade water quality. 

SESSION 12:  The effects of land use/land cover changes on stream ecology 

WHAT – key concepts 

QUESTION:

Describe how the removal of vegetation, whether for timber, farming or urbanization, affects the transport of materials through a stream system. 

ANSWER:  

Removal of vegetation affects most components of the hydrological cycle including interception, evapotranspiration, infiltration, and runoff. Changes in the flow paths of water alter the timing, quantity and quality of stream flow. This in turn alters the habitat conditions for aquatic and floodplain species. Typical changes include higher, more frequent and faster stream responses to rainfall events. This alters the transport and storage of water, sediment and organic matter that are the foundations for stream ecosystems. 

SO WHAT – Implications and impacts

QUESTION:

List changes that may occur in ecosystem processes and structure following alteration of the watershed and floodplain vegetation. 

ANSWER:

a. Changes in the efficiency and pathways of nutrient cycling.

b. Alteration or cessation of vegetation successional  sequences.

c. Pronounced changes in species diversity.

d. Increased incidences of disease.

e. Abnormal population fluctuations.

f. Permanent shifts in energy sources.

g. Shifts in stream water temperature, light, nutrients and  suspended sediment.

NOW WHAT – Management measures and tools

QUESTION:

How can you assess historic and current habitat-forming processes in a watershed?

ANSWER:  

Identify the rates of the natural or historically-potential habitat-forming processes in the watershed. 

Identify which processes have been altered by changes in the watershed condition and the origin of the alterations.

Identify the effects of the changes on stream ecology and decide whether to try and correct the changes.

Important aspects of these processes include changes in magnitude, frequency, timing, duration, and range.

SESSION 13: Management and restoration of floodplain ecology
WHAT – Key concepts 

QUESTION:

Describe important concepts of floodplain and watershed restoration. 

ANSWER:  

Identify relationships between human activities and habitat-forming processes. Identify any ecological limitations that affect the type or success of various restoration strategies. Seek to reconnect the four dimensions of the river system: longitudinal, vertical, lateral, and temporal. Avoid addressing symptoms of degradation in restoration actions, but rather seek to eliminate causes of degradation. 
SO WHAT – Implications and impacts

QUESTION:

With your knowledge of ecosystem processes, describe a set of questions to ask before designing a restoration project. 

ANSWER:

a. What is here?

b. What will nature allow us to do here?

c. What will nature help us do here?

d. What can local communities contribute to design awareness?

NOW WHAT – Management measures and tools

QUESTION:

Describe some general ways to improve the ecological condition in floodplains. 

ANSWER:  

a. Control storm water and restore habitat complexity in streams.

b. Remove fish passage barriers.

c. Increase quantity and quality of wetlands.

d. Increase forest cover.

e. Lower, breach or remove riverside embankments. 

f. Alter dam operations to more closely resemble natural flow regime.
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