LITERATURE REVIEW

River Continuum Concept: 

The River Continuum Concept put forth by (Vannote et. Al., 1980) explains the expected dynamics of stream ecosystems based on their position in the watershed and changes in the physical stream channel.  This model provides a framework for understanding and predicting changes in biotic community structure in relation to stream order (Figure 8).

Many headwater streams (orders 1-3) are strongly influenced by their riparian zone. Because headwater streams generally have complete riparian cover and less light penetration, they depend on inputs of allochthonous food resources like leaf litter. Once leaves enter a stream they go through a conditioning process.  This process begins when the leaf (course particulate organic matter [CPOM]) is colonized by hyphomycete fungi.  The fungi break through the leaf’s cuticle opening the leaf to other organisms.  Bacteria then colonize the inside of the leaf feeding on the sugars within. Shredders then eat the coarse particulate organic matter to get the bacteria. Afterwards, small pieces of leaf, bacteria, and feces float downstream, and these residuals constitute fine particulate organic matter, or FPOM. FPOM then serves as the main food source for collectors downstream.

This conditioning process is important because it forms the foundation for the energy pyramid of headwater ecosystems and the ecosystems downstream.  Larger streams rely upon FPOM from their tributaries as an energy source (Figure 8).  

[image: image1..pict]Figure 8: River Continuum Concept Model taken from Vannote et. al., 1980.

Changes in FPOM production in the headwaters significantly impact community structure and diversity in biotic assemblages downstream (Vannote et. al., 1980).

Headwater streams are typically less diverse.  This depressed diversity is primarily a function of three factors: food resource availability, stream geomorphology, and riparian influence.  Less diversity occurs as a result of increased habitat homogeneity, a narrow range of optimum metabolic temperatures for organisms, and a lack of autochthonous food resources (primary productivity) (Vannote et. Al., 1980; Sweeney, 1992). Primary production to respiration ratios are expected to be less than one in these streams (Vannote et. Al., 1980).

As stream size increases (orders 4-6) riparian cover is incomplete (Figure 8). Light penetration increases the range of temperatures in the stream and primary productivity.  The production to respiration ratio increases and is greater than one, which means more food resources are available (allochthonous and autochthonous).  As the stream increases in width and depth, the in-stream structure provides a greater variety of aquatic habitats for organisms.  The combination of these factors maximize the benthic diversity of the stream. More diverse streams are more stable (Vannote et. Al., 1980; Sweeney, 1992).

As water flows into larger streams (orders 7+) the influence of the riparian zone is greatly reduced (Figure 8). Higher order streams (rivers) are generally deeper and more turbid, reducing light penetration decreasing primary productivity.  The productivity to respiration ratio is expected to be less than one.  Therefore, these streams rely on FPOM floating downstream from the headwaters as the primary food resource. Typically these streams are diverse because of their reliance on FPOM and increased homogeneity (Vannote et. al., 1980).

Riparian Forest Buffers

The riparian zone is the plant community adjacent to bodies of water.  Riparian forest buffers serve many important roles in a healthy aquatic ecosystem.  

These vegetated buffers provide allochthonous energy inputs in the form of leaf litter.  Between 75% and 100% of food and nutrients in a small stream come from the riparian (Brandywine Conservancy - CATALYST, Nov. 1992; Alliance for the Chesapeake Bay – White Paper, Jan. 1996).  The overstory of the riparian zone provides shade which helps keep the water cool. The colder temperatures increase dissolved oxygen concentrations in the water and helps maintain them during the summer and fall. When leaves and branches fall into the stream, log jams, debris dams, and leaf mats are formed creating vital habitat for aquatic organisms (Brandywine Conservancy - CATALYST, Nov. 1992; Alliance for the Chesapeake Bay – White Paper, Jan. 1996).

The roots of plants and trees surrounding streams provide stabilization for stream banks as well as habitat for aquatic species.

Forested riparian zones also filter runoff removing sediment and binding harmful chemicals.  Through this process, nutrients are taken up and transformed into plant (Brandywine Conservancy - CATALYST, Nov. 1992; Alliance for the Chesapeake Bay – White Paper, Jan. 1996).

Diversity Index 

The diversity index is a measure of the relationship between the number of species collected and the evenness of their distribution.  This is based on the Shannon-Wiener function of information theory, and describes the uncertainty of predicting the species of a randomly chosen individual from the community (Heister, 1972).  

The diversity index is a good tool for measuring the health of an ecosystem. It measures the stability of an ecosystem, which increases with its diversity.  As diversity increases the number of trophic pathways - the way energy travels through the ecosystem - increases.  When an ecosystem has many trophic pathways, it is less likely to collapse from detrimental stochastic disturbances.  As trophic pathways and diversity increase, ecosystem stability increases.

The strength of the diversity index is its sensitivity to all types of perturbation, pollutants and degradation, and it is relatively independent of sample size. There are two weaknesses of the diversity index.  The index does not always adequately reflect problems with the number of individuals collected if they are evenly distributed and provides no specifics on the causes of perturbation (Heister, 2001).

Biotic Index
The biotic index measures the sensitivity of organisms to changes in water quality specifically their tolerance to low oxygen concentrations.  As a tool, the biotic index reflects, over time, relative oxygen concentrations.  A low biotic index indicates low oxygen concentrations that typically result from organic or thermal pollution. The biotic index is not always affected by other types of pollution (Heister, 1972).

Species are assigned classes based on their tolerances to low oxygen concentrations.  Class I organisms cannot withstand any significant decrease in oxygen.  Class II organisms can withstand small decreases in oxygen for short periods of time.  Class III organisms can tolerate low concentrations of oxygen and can live in grossly polluted waters.  Class IV organisms live independent of oxygen in water.  Organisms are grouped into Class V when their physiological tolerances to oxygen cannot be determined (Heister, 1972).

Algae Pollution Index
The algae pollution index (API) is a measure of organic pollution based on the tolerances of the algae present to organic pollution.  High levels of phosphate and nitrate stimulate blooms of algae.  A high API indicates the presence of organic pollution (James, 1975).  A high API can also be indicative of large diel fluctuations of dissolved oxygen which may affect benthic diversity.  One strength of this index is that in conjunction with other indices, the exact type of pollution in the stream can be determined (James, 1975; Heister, 1972).

Wastewater Management

Heidelberg Township’s 537 Plan proposed a wastewater discharge to Hammer Creek.  This plan was denied by DEP.  On August 3, 2000, the Lebanon County Conservation District expressed its opposition of the Heidelberg Township's 537 Plan.  The Lebanon County Conservation District believed the discharge of sewage effluent into Hammer Creek would degrade the excellent water quality of the stream (Harmon, 2001).  Heidelberg Township proposed a modified 537 Plan to pump treated wastewater to Furnace Run. This Plan was approved on June 11, 2001.

The wastewater treatment plant’s course of treatment will be Extended Aeration and Activated Sludge.  The bacteria will be disinfected using ultraviolet light.  Wastewater entering the treatment plant will come from groundwater removed through individual residents’ wells from the following areas: Schaefferstown, Kleinfeltersville, and Flintville.  The effluent water from the wastewater treatment plant in Hammer Creek Watershed will then be pumped into Furnace Run at a rate of 200,000 gallons a day or, 2.31 gallons per second (Muld, 2001).

The standards of the wastewater treatment plant are:

0.03 ppm Biological Oxygen Demand (BOD)

0.03 ppm suspended solids

0.002 ppm nitrogen

pH 6-9

0.005 ppm Imodium nitrogen

0.0005 ppm Dissolved Oxygen (DO)

0.002 ppm phosphorous

(Muld, 2001).
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