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Chapter I.   Introduction 

Rationale 

Good water quality is of paramount importance for drinking water, wildlife habitat, 

recreation, and aesthetics.  Careless forestry operations have the potential to negatively 

affect water quality.  Road building, tree harvesting, and site preparation are all potential 

problems for stream temperature, stream sedimentation, nutrient enrichment, and 

silvicultural chemical pollution (Correll 1997; Brown 1989).   

States with significant forest cover have adopted forestry Best Management 

Practices (BMPs) to address nonpoint source pollution from forestry activities.  BMPs 

are minimum requirements and specifications for silvicultural activities such as road 

construction, harvesting operations, and site preparation.  BMPs are designed to reduce 

erosion and prevent or control water pollution (Phillips et al. 2000). 

The Streamside Management Zone (SMZ) is a cornerstone of forestry BMPs.  

AN SMZ is an area adjacent to streams designed to protect water quality by trapping 

sediment, providing shade, and uptaking nutrients (Phillips et al. 2000).  Usually, state 

BMPs recommend the width of the SMZ and harvesting intensity that can occur in the 

SMZ.   States have different SMZ recommendations for width and harvesting intensity.   

Although current SMZ widths and harvesting intensities are apparently effective, 

there is little research concerning SMZ width and harvesting intensity.  For commercial 

purposes, land managers would leave the smallest SMZ width and conduct the 

maximum harvesting intensity without sacrificing water quality.  The long-term goal of 



 2

research conducted through this study is to better quantify the influence of SMZ width 

and SMZ harvesting intensity on water quality.    

Objectives 

The objectives of this research can be broken into long-term objectives and 

short-term objectives.  The objective of this study is to characterize pre-harvest SMZ 

and riparian areas.  The characterization of the SMZ and watershed will consist of a 

summary of the present vegetation composition, soil, water, carbon, and monetary 

value in the pre-harvest SMZ and watershed prior to harvest.    
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Chapter II.   Literature Review 

Importance of Riparian Zones 

 The forested riparian zone is the ecotonal transition between aquatic and 

terrestrial ecosystems.  This area is essentially the link between the forest and the 

stream (Odum 1979).  A more complete definition is offered by Illhardt et al. (2000): 

“riparian areas are three-dimensional ecotones of interaction that include terrestrial and 

aquatic ecosystems, that extend down into the groundwater, up above the canopy, 

outward across the floodplain, up the near-slopes that drain to the water, laterally into 

the terrestrial ecosystem, and along the water course at a variable width.”  Forested 

riparian are the most important ecosystems for a number of reasons.  The forested 

riparian zone has many characteristics that make it uniquely valuable and important 

anthropogenically, chemically, physically, and biologically.   

 Anthropogenically, forested riparian areas are utilized in many ways.  Aesthetic 

enjoyment, fishing, hiking, bird-watching, picnicking, rafting, and camping are all typical 

uses of riparian areas (Pert 2000; Brooks et al. 1997). 

 Chemically, forested riparian zones are excellent at improving or maintaining a 

high water quality.  This is accomplished through several processes.  Many nutrients 

are taken up by the riparian vegetation, including nitrogen and phosphorus from point 

and non-point source pollution (Sweeny 1992; Austin 2000; Kuenzler 1989).  Chemical 

processes, such as denitrification, occur in the riparian zone and improve water quality 

(Austin 2000).  As litter, soil, and roots intercept the surface runoff, the water slows and 

the heavier particles fall out (Austin 2000).  In addition, the dissolved oxygen levels in 
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streamwater typically increase in streams flowing through forested riparian areas 

(Brooks et al. 1997).   

 Physically, the riparian vegetation moderates many aspects of the stream.  Plant 

roots bind the soil, stabilize streambanks, and prevent erosion (Sweeny 1992; Brooks et 

al. 1997).  This stable bank creates a less volatile hydrologic system that moderates 

flooding (Austin 2000; Brooks et al. 1997).  The vegetation canopy also shades the 

streamwater and moderates stream temperature (Correll 1997; Sweeny 1992; Austin 

2000; Brooks et al. 1997). 

 Biologically, the forested riparian zone is quite important.  Forested riparian 

zones provide habitat for wildlife species.  Riparian zones dent to have a diverse habitat 

and therefore higher abundance, richness, and density of species (Austin 2000; Crow et 

al. 2000; Odum 1979; Mitsch and Gosselink 2000).  In addition, forested riparian zones 

are frequently utilized as travel and migration corridors (Austin 2000; Mitsch and 

Gosselink 2000).  The elongated riparian zone also has a very high edge to area ratio, 

making them attractive to edge species (Odum 1979).  Much of a stream’s biological 

productivity is controlled by nutrients from litterfall (Brown, 1989).  The riparian 

vegetation provides leaves, twigs, branches, and tree boles to the riparian ecosystem 

(Dolloff and Webster 2000; Sweeny 1992; Austin 2000).  By delivering this organic 

matter and organic carbon, the vegetation provides the basic food resource for the 

aquatic ecosystem’s insects, amphibians, crustaceans, and detritus-producing 

organisms (Sweeny 1992; Austin 2000; Brooks et al. 1997).  In addition, the roots and 

large woody debris stabilize banks and create more surfaces for benthic colonization 

(Sweeny 1992; Sweeny 1993).   
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 These important anthropogenic, chemical, physical, and biological functions and 

values of the riparian zone combine to make this ecosystem significant for 

management.   

Forestry Effects on Water Quality 

 Forestry activities such as road construction, felling, skidding, loading, site 

preparation, and pesticide application can influence water quality (Phillips et al. 2000).  

Forestry activities such as these make managed forests a source of nonpoint source 

pollution.  The major pollutants include sediment, thermal pollution, nutrients, and 

silvicultural chemicals (Correll 1997; Brown 1989). 

Sediment 

One of the most important types of nonpoint source pollution attributable to 

forestry activities is sediment in streams.  Sediment has been identified as the greatest 

water pollutant in the U.S. (Brown 1989; Yoho 1980).  Excess sediment in streams has 

a number of detrimental effects on streams.  Sedimentation of streambeds and 

decreased permeability of gravel beds reduces habitat quality for fish and benthic macro 

invertebrates; fish health and reproduction potential is reduced; primary productivity is 

decreased due to low photosynthesis rates when sunlight cannot penetrate the water; 

the potential of use for domestic water supply is reduced; and recreation opportunities 

are degraded (Stednick 2002; Waters 1995; Binkley and Brown 1993; Brown 1989).   

Many areas of silvicultural operations have the potential to cause increases in 

sediment and erosion.  Site preparation, tree cutting, and skidding are all potential 

sources, but road building is by far the largest source of sedimentation and erosion from 
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forestry activities (Trimble and Sartz 1957; Waters 1995, Brown 1989; Binkley and 

Brown 1993; Elliott 2000; Stednick 2000; Grace 2002; Swank et al. 1989; Patric 1978; 

Sopper 1975; Yoho 1980; Patric 1976).  Roads are especially prone to increasing 

erosion due to the bare soil involved in their construction and to their low infiltration 

rates which divert water as surface runoff (Swank et al. 1989; Elliott 2000; Brown 1989; 

Yoho 1980).  Sedimentation and erosion from forest roads can be prevented through 

the use of BMPs: namely, preharvest planning of road layout, gravel road surfaces, 

closure of roads after harvesting, proper stream crossings, proper water control 

structures, daylighting, and use of buffer strips around streams (Trimble and Sartz 1957; 

Waters1995; Elliott 2000; Grace 2002; Swank et al. 1989).   

To evaluate how forestry operations affect sedimentation and erosion, a number 

of case studies will be examined.  In a study by Martin and Hornbeck (1994) at Hubbard 

Brook in New Hampshire, they found forestry activities can increase sediment yields.  

An area was clearcut with the current BMPs (water control structures, culverts at stream 

crossings, proper landing location, and a buffer strip around the stream).  They found 

sediment yields in the first years after harvest to have increased 10-30 fold over the 

uncut watershed (40 kg/ha/yr).  However, these levels were still considered small and 

did not greatly affect stream water, due to the use of forestry BMPs.   

At the Coweeta Hydrologic Laboratory in the Blue Ridge Physiographic Province, 

a study was conducted on a clearcut and cable logged stand (Swank et al. 2001).  The 

BMPs implemented included broad based dips, culverts at stream crossings, buffer 

strips, and roads seeded after harvest.  Pretreatment sediment yields averaged 135-230 

kg/ha.  During forestry operations, large increases in sediment yield were observed due 



 7

to road building and unusually large storm events during road building.  Fifteen years 

after harvest, the sediment yields were still elevated by 50%.  These increases are due 

to the unusual storm events during road building and are thought to be in the upper 

range of sedimentation that can be expected from harvests of this type.  This 

underscores the importance of proper building—here, road construction was disrupted 

by storms and the effects can still be seen fifteen years later.   

A clearcut occurring in the Fernow Experimental Forest in West Virginia was 

studied by Patric (1980).  Here, a stand was harvested using 20 m buffer strips along 

the stream.  Short-term increases in sedimentation and erosion were seen.  Turbidity 

measurements indicated a 50% greater loss of particulates when compared to pre-

treatment levels.  In addition, the erosion rate increased 50%.  However, the erosion 

rate and turbidity levels returned to pre-harvest levels within five years after the harvest 

occurred.  Proper road management and the buffer strip moderated these short-term 

effects.   

In the Ouachita Mountains of Arkansas, a clearcut watershed was compared to a 

control watershed to determine harvesting and site preparation effects on erosion and 

sedimentation (Miller et al. 1988).  Sediment yield ratios (clearcut to control) in the first 

three years ranged from 20:1 to 2.6:1.  Erosion rates of the clearcut did not exceed 

long-term soil formation rates.  Overall, the sedimentation and erosion losses were 

small and temporary.  In addition, the losses will probably not affect site productivity.   

Stream Temperature 

 Clearcutting directly up to the stream bank causes thermal pollution for streams.  

By removing the vegetation, the stream is no longer shaded and stream temperatures 
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rise (Brown 1989; Patric 1978; Aubertin and Patric 1974; Sopper 1975; Lynch et al. 

1985).  Streamwater temperature may rise 0.5-5.5° C (Patric 1978).   Stream 

temperature fluctuations also increase when riparian vegetation is removed (Sopper 

1975).  The rise in temperature is compounded in smaller streams, since they heat up 

faster than larger streams (Brown 1989).   

There are numerous problems associated with increased water temperatures.  

Warmer water has a lower capacity to hold dissolved oxygen, which is vitally important 

for stream organisms (Brown 1989).  In addition, warmer water is poorer for fish habitat 

(Brown 1989).   

Nutrients 

 Nutrients lost from the watershed during timber harvest can also decrease 

streamwater quality (Patric 1978; Aubertin and Patric 1974; Sopper 1975; Lynch et al. 

1985; Wynn et al. 2000).  Nutrients can be lost in a number of different ways.  Nutrients 

that would normally have been taken up by vegetation can also be lost after vegetation 

is removed.  These lost nutrients can contribute to streamwater enrichment (Patric 

1978).  Storm periods are especially prone to higher concentrations and loadings of 

nutrients in streamwater (Aubertin and Patric 1974; Wynn et al. 2000).  Fertilization 

runoff can be a cause of stream enrichments of nutrients, especially nitrogen (Patric 

1978; Sopper 1975).  It should be noted that in many cases, the effect of clearcutting on 

streamwater quality is small, with the nutrient concentrations still below drinking water 

standards (Sopper 1975).  In addition, nutrient losses are often small, and would not 

affect site productivity (Sopper 1975).   
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Silvicultural Chemicals 

 Silvicultural chemicals are also a potential source of water pollution in managed 

forests.  Herbicides, insecticides, and fertilizers include some of the potential pollutants 

(Brown 1989).  However, if these chemicals are applied carefully and within the 

recommended rates, they are not usually damaging for water quality (Sopper 1975).   

Best Management Practices 

Definitions and Implementation 

To control nonpoint source pollution from forestry activities, many states have 

adopted forestry Best Management Practices (BMPs) recommendations.  BMPs are 

minimum requirements and specifications for silvicultural activities such as road 

construction, harvesting operations, and site preparation.  BMPs are designed to reduce 

erosion and prevent or control water pollution (Phillips et al. 2000). 

The Streamside Management Zone (SMZ) is a cornerstone of forestry BMPs.  

AN SMZ is an area adjacent to streams designed to protect water quality by trapping 

sediment, providing shade, and uptaking nutrients (Phillips et al. 2000).  Usually, BMPs 

recommend the width of the SMZ and harvesting intensity that can occur in the SMZ.   

States have different SMZ recommendations for width and harvesting intensity.   

 In West Virginia, the SMZ is defined by stream type.  AN SMZ of 30.5 m is 

required on each side of perennial and intermittent streams.  A 7.6 m wide SMZ is 

required on each side of ephemeral streams.  According to the West Virginia Division of 

Forestry (2001), a perennial stream is “identified by well defined banks and natural 

channels and having continuously flowing water most years; usually shown on a 
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topographic map as a solid blue line.”  An intermittent channel “has well defined banks 

and natural channels, but typically has flowing water from a headwater source for only a 

portion of the year; usually shown on a topographic map as broken blue lines,” (West 

Virginia Division of Forestry 2001).  An ephemeral stream “flows as a result of wet 

weather conditions when the ground is saturated; not shown on topographic maps,” 

(West Virginia Division of Forestry 2001).   

 According to West Virginia BMPs, the SMZ must be protected to prevent mineral 

soil exposure and erosion during harvesting operations.  Limited equipment operation is 

encouraged.  Harvesting and tree removal are permitted.  However, no specific 

harvesting intensity is specified.  Log landings should be located outside the SMZ when 

appropriate.  Roads and skid trails should not be located within the SMZ.  Any disturbed 

areas within the SMZ should be seeded and mulched as soon as possible following the 

disturbance.   

In Kentucky, SMZs are determined by slope (Kentucky Cooperative Extension 

1998).  For areas with a slope less than 15%, a 7.6 m buffer must be left.  For areas 

with slopes greater than 15%, a 16.8 m buffer must be left.  In an SMZ, 50% of the 

original overstory should be retained.  Stream beds should not be used as roads or for 

skidding.  Minimal disturbance should occur to the understory trees and shrubs.  Roads, 

trails, and landings should be located away from the stream, with the recommended 

distance increasing as slope increases.  If it is not possible to located roads and trails 

outside the recommended distance, they should be constructed to protect water quality.   

 In Virginia, SMZs are recommended for all streams with a defined channel, 

evidence of a scoured channel, or bare rock or soil on the stream bottom (Virginia 
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Department of Forestry 2002).  For these streams, a 15.2 m SMZ is recommended and 

50% of the crown cover can be harvested.  Within the SMZ, forest floor disturbance 

should be avoided.  Large fluctuations in SMZ width should be avoided to prevent 

partial clearcuts of the SMZ.  Decks should not be located within the SMZ.  Roads and 

skid trails can go through the SMZ if necessary, but should utilize the proper drainage 

structures (ditches, waterbars, culverts, broad-based dips, etc.) before entering the 

SMZ.  Significant logging debris should be kept out of the streams.  Stream crossings 

should be avoided whenever possible.   

BMP Effectiveness 

 Forestry BMPs are generally found to be successful in maintaining high water 

quality after a harvest.  The following are examples of studies testing the effectiveness 

of BMPs.   

 In a study conducted by Lynch et al. (1985) and Lynch and Corbett (1989), in the 

Ridge and Valley section of central Pennsylvania, BMPs were found to be very 

effective.  A commercial clearcut was conducted with 30.5 m wide buffers left on each 

side of the stream.  The buffer was predominantly uncut, with selective cutting to 

prevent individual trees from falling into the stream channel.  Streamwater temperature 

increased after harvest, but the increases were slight (1.7° C).  Nitrate and potassium 

concentrations also increased after harvest, but the higher levels were still below 

drinking water standards.  However, the concentration of nitrate and potassium 

remained elevated for eight years after harvest.  Turbidity increased after harvest to 

above drinking water standards, but this was principally due to windblown trees near the 
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stream channel.  Water yield increased after harvest, but was back to normal within four 

years.   

 In the Virginia Coastal Plain, BMPs were found to be effective at mitigating 

negative impacts of logging (Wynn et al. 2000).  In a watershed that was logged without 

BMPs, significant increases in sediment and nutrient concentrations and loadings were 

observed.  During storm events, sediment, nitrogen, and phosphorus loadings 

increased significantly.  The other watershed was logged using 15.2 m wide SMZs, with 

36% of the basal area removed in the SMZ, water bars on the skid trails, and the 

landings were seeded after logging.  In this watershed, and in the control watershed, 

there were few changes in storm pollutants throughout the study.     

 In Florida’s intensive, industrial slash pine (Pinus elliottii) plantations, BMPs were 

found to be effective in protecting aquatic ecosystems (Vowell 2000).  SMZ width was 

10.6 m on the majority of the streams, and a 50% harvest was allowed within the SMZ.  

Roads, skid trails, and site preparation were not conducted in the SMZ.  Stream 

bioassessments were used to measure stream conditions before and after harvest with 

BMPs.  Aquatic habitat, water quality, and stream biota showed no adverse affects from 

the forestry operations with BMPs.   

 A study was conducted in north-central West Virginia to find the effects of logging 

a watershed using BMPs (Kochenderfer et al. 1997).  The road had an average slope of 

5% and used water bars.  The roads were located away from the stream when possible 

and were closed when the logging operations were finished.  Landings were located on 

dry areas.  An uncut area was left at the head of the watershed.  Here, BMPs were 

found to be effective in minimizing adverse effects of logging.  Streamwater temperature 
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increases were negligible.  This is probably due to the trees and vegetation left along 

the stream, which shaded the streamwater.  Suspended sediment export doubled after 

harvest, but the levels were in the range of carefully managed forests in the eastern 

U.S.  Sediment levels had returned to normal within three years.  Nitrate export 

increased after harvest, but this may have been due to road seeding and fertilization.  

Similarly, calcium concentrations increased after harvest, but this may have been due to 

road seeding and liming.   

 In a study conducted by Arthur et al. (1998), the effect of clearcutting with and 

without BMPs was examined.  Three watersheds in eastern Kentucky were used in the 

study: one functioned as a control, one was clearcut with BMPs, and the final was 

clearcut without BMPs.  The watershed that was cut with BMPs had a 15.2 m uncut 

SMZ.  The road grade never exceeded 10%, constructed with water bars, and was 

seeded after logging operations ceased.  There was no clearcutting effect of stream 

temperature.  Streamflow increased 123% on the BMP watershed, and increased 138% 

on the non-BMP watershed.  Streamflow remained elevated for eight years following 

harvest.  Sediment flux was 14 times higher on the BMP watershed, and 30 times 

higher on the non-BMP watershed.  Sediment flux remained high in the years following 

the clearcut.  Nitrate concentrations increased due to clearcutting, and there was a 

higher increase in the non-BMP watershed.  However, this level of increases were 

deemed unlikely to reduce site productivity.  Nitrate levels returned to pre-harvest levels 

within three years.  Overall, the SMZ was effective in reducing the impacts of 

clearcutting.   
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Although SMZ widths and harvesting intensities seem adequate, there is some 

uncertainty concerning SMZ width and harvesting intensity.  Ideally, land managers 

would leave the smallest SMZ width and conduct the maximum harvesting intensity 

without sacrificing water quality.  However, there is very little research for forested 

ecosystems that suggest an ideal SMZ size.  Castelle et al. (1994) found that a range of 

buffer widths from 3 to 200 m to be effective, depending on site conditions.  In addition, 

a 15 m buffer was necessary to protect streams under most conditions.  Most 

commonly, the recommended width for buffers is 30.5 m (Clinnick 1985).  However, 

scientific studies should be conducted to determine SMZ width and harvesting level that 

best protect water quality.   

The long-term objective of this study is to characterize SMZs and watersheds 

before and after harvest with different SMZ widths and harvesting intensities in the 

Allegheny Plateau of West Virginia.  The short-term objective of this study and this 

paper is to present the pre-harvest SMZ and watershed characterization.   
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Chapter III.   Methods and Materials 

Site Description 

 The eighteen study sites are located in east-central West Virginia, in Randolph 

County (Figure III-1).  The area is classified as the Allegheny Mountain and Plateau 

Physiographic province.  The sites are industrial forests and are found on four Mead-

Westvaco tracts: Rich Mountain Tract, Beaver Creek Tract, Rocky Run Tract, and 

Wuchner Tract.  These tracts are near the communities of Lee Bell, Cassity, Mabie, 

Blue Rock, and Adolph.   

 The elevation of the study watersheds range from 670 m to 1000 m.  These 

watersheds are characterized by steep side slopes, broad ridges, and narrow and deep 

valleys with steep streams.  Small (< 2.5 ha), localized landslides and slumps are also 

common in the study sites (Smith 1995).   

 Climatic data for the study watersheds was obtained from the Randolph County, 

West Virginia Soil Survey (Pyle et al. 1982).  The average air temperature in Randolph 

County is 10° C.  The average winter air temperature is –0.5° C, with an average daily 

minimum of –6° C.  The average summer air temperature is 19° C, with an average 

daily maximum of 26° C.  To evaluate growing season, daily minimum temperature was 

assessed.  In Randolph County, the daily minimum temperature is greater than freezing 

118 days per year in nine out of ten years.  Rainfall is evenly distributed throughout the 

year, with an average total precipitation of 107 cm per year.  The predominant winds  
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Figure III-1.  General study site locations in West Virginia, USA. 

 

 



 17

are from the northwest, which causes significantly higher precipitation on windward 

facing slopes than in the valleys.  Average yearly snowfall is 150 cm.   

 Using the Society of American Foresters Forest Cover Types (Eyre, 1980), the 

study sites are classified as a combination of the Sugar Maple-Beech-Yellow Birch 

cover type and the Sugar Maple cover type.  Another classification system, the Regional 

Silviculture of the United States categorizes the sites as Red Oak-Sugar Maple type 

group within the Southern Appalachian Hardwood Region (Smith 1995).   

 The study sites were heavily influenced by historic forestry activities.  Most timber 

in the area was harvested in the early 1900’s, with selective harvest continuing until the 

1970’s when Westvaco purchased the tracts (Keyser et al. www.mwerf.org. August 19, 

2002).   The result is a forest that is multi-aged, and with abundant roads, skid trails, 

and haul roads.  The watersheds are currently managed as industrial forests by 

MeadWestvaco.   

 Streams were selected that had similar watershed area, vegetation, and soils.  

Within blocks, streams were grouped by similar location, soils, and geology.  Also, 

streams were selected in areas that had not been significantly disturbed within the past 

five years and which would not receive any additional harvest for five to ten years after 

treatment establishment.   

 To better characterize the watershed study areas, the slope, watershed area, 

percent of watershed to be harvested, and stream lengths to be harvested were all 

examined (Table III-1).   The average slope of the study sites is 39%.  
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Table III-1.  Average slope, area, harvest area, and stream length to be cut of study sites.  B1W1 
indicates Block 1 Watershed 1, and so on.  C1 indicates Control 1, and so on.   

Block and 
Watershed 

Average 
Slope (%) 

Watershed 
Area (ha) 

Percent of 
Watershed 
Harvested 

Stream Length 
to be Cut (km) 

B1W1 42 42 40 0.84 
B1W2 45 39 31 0.63 
B1W3 30 31 22 0.58 
B1W4 27 42 18 0.83 
B2W1 22 42 33 0.48 
B2W2 30 22 41 0.58 
B2W3 42 40 40 0.64 
B2W4 48 25 40 0.92 
B3W1 54 61 17 0.36 
B3W2 43 64 14 0.56 
B3W3 39 63 11 0.54 
B3W4 50 42 31 0.39 
B4W1 21 18 43 0.33 
B4W2 30 28 13 0.52 
B4W3 29 52 30 0.85 
B4W4 23 20 25 0.48 
Control 1 29 27 50 0.67 
Control 2 44 57 12 0.52 
Average 39 38 31 0.65 
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The average watershed area is 38 ha.  The average percentage of watersheds that will 

be harvested is 31%.   

 The study sites are located in two major soil associations: the Berks-Calvin-

Weikert association and the Gilpin-Dekalb-Buchanan association (Pyle et al. 1982).   

Treatments 

 Five treatments will eventually be applied to the eighteen study watersheds in 

Spring and Summer 2003.  Treatment one will consist of a harvest conducted in a 

watershed with an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment 

two will consist of a harvest conducted in a watershed with an SMZ width of 15.3 m, and 

no SMZ harvesting. Treatment three will consist of a harvest conducted in a watershed 

with an SMZ width of 15.3 m and a residual harvest level of 50%. Treatment four will 

consist of a harvest conducted in a watershed with a 4.5 m uncut stringer left along the 

stream.  The control will consist of a harvest conducted in a watershed with an SMZ 

width of 30.5 m, and no SMZ harvest.  The harvests will be conducted on only one side 

of the stream for all treatments.   

 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.   

Field Methods 

A variety of field methods were used to characterize the watershed, stream, and 

SMZ before harvest.  Three transects were established across each watershed SMZ, 

perpendicular to the stream and equally spaced along the length of the stream in the 



 20

area to be harvested (Figure III-2).  The transects were 10 m wide and extended 

proposed SMZ.  All field measurements were taken within the transects.  The 

watersheds will only be harvested on one side of the stream, and the transects were 

located within the future harvest.   

Techniques and methods in the field can be broken down into two main areas: in-

stream measurements and watershed measurements.   

In-Stream Measurements  

 The streams were classified according to Rosgen (1994), a classification system 

in which stream type and stability is determined by the stream’s morphology.  This 

classification is often used to estimate the relative stability and sediment supply from 

streambanks following disturbances.  The classification system was also used this to 

capture key features of stream morphology, including channel type, entrenchment ratio, 

width to depth ratio, slope, channel material, and sinuosity.       

 In order to estimate streamflow discharge, the Manning-Chezy equation was 

used.  The Manning-Chezy equation is an empirical method of estimating streamflow in 

open channels (Brooks et al. 1997).  It uses stream cross-sectional area, channel 

roughness, wetted perimeter, channel slope, and sinuosity to estimate water yield under 

assumed conditions.  Roughness coefficients for the Manning-Chezy equation were 

estimated from Chow (1959).  The Manning-Chezy equation was applied once on each 

watershed at the lower transect.   
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Figure III-2.  Idealized map of study watershed showing harvest area, SMZ, and transect. 
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 In each stream, large woody debris (LWD) was measured in all transects.  LWD 

was defined as dead woody material, with a lower size limit of 10 cm diameter on the 

smaller end, and 1.5 m in length (Dolloff and Webster 2000).  Diameter at the smaller 

end and length were recorded on each piece of LWD.  Decay was estimated on a scale 

of one to seven, as per Hyatt and Naiman (2001) (Table III-2).   

 Canopy cover over the streams was measured once at each transect with a 

concave spherical densiometer (Comeau et al. 1998).  This measurement was taken in 

the summer and represents maximum shading.   

 Stream temperature was measured with a Hobo continuous temperature 

recording gauge, at the middle transect of each watershed.    Temperature readings 

were taken every thirty minutes.  Streamwater temperature was monitored from March 

until November, 2002.  After November, the sites became inaccessible due to deep 

snows.  During periods of high streamflow, temperature gauges were sometimes 

washed onto the streambank.  When this occurred, it was not feasible to determine the 

time the temperature gauge was washed ashore.  Therefore, it is assumed that the 

difference between streamwater temperature and the air temperature immediately 

adjacent to streams was negligible, and the data were included for analysis (Lewis et al. 

2000).    

 Leaf litter inputs to the stream were estimated by collection with litter baskets.  

Litter baskets, measuring 40.6 cm in diameter were attached to the ground near the 

streams.  One litter basket was placed in each transect.  The litter baskets collected 

litter from March until November 2002.  The litter was collected in November, and was 

dried and weighed to determine inputs.    
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Table III-2.  Decay classes and descriptions for large woody debris, taken from Hyatt and Naiman 
(2001).   

Decay Class Description 
Decay Class 1 Bark intact, limbs and twigs present 
Decay Class 2 Bark intact, limbs and twigs absent 
Decay Class 3 Bark loose, or 5% absent 
Decay Class 4 Bark 95% absent, surface firm 
Decay Class 5 Surface deteriorating, center solid 
Decay Class 6 Surface deteriorating, center patchy 
Decay Class 7 Surface deteriorating, center rotten 
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Streamwater quality samples were taken during spring, summer, and autumn of 

2002 in the lower transect of each watershed.  A Horiba U-22 multiparameter water 

meter (Horiba Instruments, Inc., Irvine, CA) was used to measure pH, conductivity, 

turbidity, dissolved oxygen (DO), temperature, and total dissolved solids (TDS).  Grab 

samples were taken to measure calcium, magnesium, nitrate, and ammonia.  The grab 

samples were frozen at –17.7° C until they could be analyzed in the laboratory.   

Watershed Measurements 

 Tree species in the rectangular transects were inventoried (Wenger, 1984).  

Their species, DBH (diameter at 1.4 m), and height to a 10.2 cm top were recorded.  

The number of usable 4.9 m logs was also recorded.  One dominant tree in each 

transect were bored to determine approximate stand age.   

 The lowerstory vegetation in the SMZ transect was inventoried in Summer, 2002.  

Lowerstory vegetation was defined as live vegetation under 1.22 m in height.  A 0.6 m2 

plot sample was randomly selected (Wenger 1984) and all lowerstory vegetation in the 

area was identified and counted.  For the watersheds with a 30.5 m SMZ, six lowerstory 

plots per transect were used; for the watersheds with a 15.3 m SMZ, four lowerstory 

plots per transect were used; for the watersheds with a 4.5 m SMZ, two lowerstory plots 

per transect were used.   

The midstory vegetation in the SMZ transect was inventoried in Summer, 2002.  

The midstory was defined as live vegetation taller than 1.2 m in height, and with a DBH 

less than 10.2 cm.  A 7.3 m2 plot sample was randomly selected (Wenger 1984), and all 

midstory vegetation in the area was identified and counted.  For the watersheds with a 



 25

30.5 m SMZ, 3 midstory plots were used; for the watersheds with a 15.3 m SMZ, two 

midstory plots were used; for the watersheds with a 4.5 m SMZ, one midstory plot was 

used.   

 Canopy cover in each transect was measured once with a concave spherical 

densiometer (Comeau et al. 1998).  This measurement was taken in the summer and 

represents maximum shading.   

 Sediment rods were used to estimate erosion and deposition (Brooks et al. 1997) 

using iron rebar stakes.  The rods were 61 cm long and 1.9 cm in diameter.  Six 

sediment rods were set up in each transect by driving them approximately 30 cm into 

the ground.  The rods were spaced at 2.3, 4.6, 7.6, 15.6, 30.5, and 38.1 meters away 

from the stream.  The distance between the top of the rod and the soil surface was 

measured nine months after initial installation.  To convert the difference in height to soil 

weight, a bulk density of 1.47 g/cm3 was assumed.         

 The Universal Soil Loss Equation (USLE) was also used to estimate erosion in 

each transect, using A Guide for Predicting Sheet and Rill Erosion on Forest Land 

(Dissmeyer and Foster 1984) as a guidebook.  To estimate the soil erodibility factor, a 

soil sample of the top 30 cm was taken in each watershed at the middle transect.   

 A soil sample of the top 30 cm was taken in the middle transect of each 

watershed to determine organic matter, particle size analysis, coarse fragments, and 

the soil erodibility factor for the USLE.   

 Large woody debris was examined within the transects. LWD was defined as any 

dead woody material, with a lower size limit of 10 cm diameter on the smaller end, and 

1.5 m in length (Dolloff and Webster 2000).  Along a 38.1 m line running perpendicular 
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to the stream, each intersecting piece of LWD was measured.  Diameter at the smaller 

end and length were recorded on each piece of LWD.  Decay was estimated on a scale 

of one to seven, as per Hyatt and Naiman (2001) (Table III-2).    

 Litter depth was measured in each transect.  For the watersheds with a 30.5 m 

SMZ, six depth measurements per transect were made; for the watersheds with a 15.3 

m SMZ, four measurements plots per transect were made; for the watersheds with a 4.5 

m SMZ, two depth measurements per transect were made.  The OI and OE layers of the 

soil were measured.   

Lab Methods 

Water Quality Samples 

 To determine calcium and magnesium concentrations in streamwater, grab 

samples were sent to the MeadWestvaco Laboratory in Summerville, SC.  The samples 

were processed using a Perkin-Elmer Optima 300 inductively coupled plasma emission 

spectrophotometer (ICP-OES).   

 To determine nitrate and ammonium concentrations in streamwater, grab 

samples were processed using the Bran & Luebbe TRAACS 2000 Continuous Flow 

Analyzer, which utilizes a colorimetric procedure.   

Soil Samples 

 To determine the soil erodibility factor for USLE calculations, particle size 

analysis was preformed via the hydrometer method (Klute 1986).  Organic matter 

content was determined using the Loss on Ignition procedure (Page et al. 1982). 
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Calculations 

Large Woody Debris 

 Large woody debris volumes were calculated with the use of taper equations.  

Small-end diameters was measured and large-end diameters were estimated via 

existing equations.  Taper equations, from Kozak (1969), as per Martin (1981) were 

used to obtain a large-end diameter using the following equation to solve for DBH:  

 

D2/DBH2 = b1(H/TH –1) + b2(H2/TH2 – 1), where 

D = small end diameter  

DBH = diameter at breast height 

H = length of LWD 

TH = total tree height  

b1  = taper coefficient = -2.5116 

b2 = taper coefficient = 1.1587. 

 

Since the taper equation was created for standing trees, two assumptions were 

made in order to apply the equation to LWD.  First, large end diameter was substituted 

for the DBH in the equation.  Also, taper coefficients that represented a variety of 

eastern hardwoods were chosen (Kozak 1969).   

After DBH was estimated, the small-end diameter and large-end diameter were 

used to solve for the volume of a frustum of a cone.   

If the length of the piece of LWD is less than 3.65 m, the equation in unable to 

estimate DBH, and produces DBH values that are less than the small end diameter.  In 
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this case, it is assumed that these pieces of LWD are cylinders, and volumes are 

obtained as such.   

To obtain volumes on an area basis, a plot size was determined based on the 

length of the LWD.  For each watershed, the average length of LWD was determined.  

This was used as the plot’s width.  The plot’s length was 38.1 m for the watershed 

measurements and 10 m for the in-stream measurements, corresponding to the length 

along which LWD was measured.   

Importance Value 

 Importance Values were used to assess the significance of overstory tree 

species (Mueller-Dombois and Ellenberg 1974).  Relative abundance, relative 

frequency, and relative dominance of a tree species are combined into a single value, 

the Importance Value.  Relative abundance is the proportion of trees that were of a 

particular species (number of individuals of species / total number of individuals).  

Relative frequency is the proportion of plots where a certain species is present 

(frequency of a species / sum frequency of all species).  Relative dominance is the 

proportion of a site’s basal area represented by a certain species (dominance of a 

species / dominance of all species).  Relative abundance, relative frequency, and 

relative dominance each have a maximum value of one and a minimum value of zero.  

These three features are summed to calculate the Importance Value, with a maximum 

value of three and a minimum value of zero.  Importance Values were calculated on a 

watershed basis.   
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Monetary Value 

 To calculate the monetary value of the timber located within the SMZ, the trees 

were divided into two groups: sawtimber (trees with usable logs) and pulpwood (trees 

without usable logs).   

Pulpwood volume was calculated in cords using the following equation:  cords = 

0.00905 + 0.000038D2H4, where D2 is the diameter at breast height (DBH, or diameter 

at 1.4 m) (in inches) and H4 is the height to a 10.2 cm top (in feet) (Oderwald 1999).  

The average price per cord for pulpwood for West Virginia is listed as $3/cord (West 

Virginia University Division of Forestry.  www.ahc.caf.wvu.edu.  January 15, 2003.) 

(Table III-3).    

Sawtimber values were obtained using International FC 78 Board-Foot Volumes.  

Prices per MBF (thousand board feet) were determined by species, according to the 

West Virginia University Division of Forestry (West Virginia University Division of 

Forestry.  www.ahc.caf.wvu.edu.  January 15, 2003.)  (Table III-3).  Prices for three 

species groups were not found in this report (miscellaneous hardwoods, mixed oaks, 

and hemlock) and their prices were found in Pennsylvania Woodlands Timber Market 

Report (Southwest Region) (The Pennsylvania Woodlands Timber Market Report, 

http://www.sfr.cas. psu.edu/TMR/. December 17, 2002).   

Statistical Methods 

 Five treatments will eventually be applied to the eighteen study watersheds in 

Spring and Summer, 2003.  Treatment one will consist of a harvest conducted in a 

watershed with an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment 

two will consist of a harvest conducted in a watershed with an SMZ width of 15.3 m, and  
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Table III-3.  Stumpage values for selected species.  All information taken from WVU Division of 
Forestry, except those marked a, which are taken from the Pennsylvania Woodlands Report.  
Stumpage values calculated on the International Quarter Rule.   

Species Stumpage Value 
($/MBF)

Stumpage Value
($/cord)

Red Oak 554 3
Black Cherry 1,125 3
Hard Maple 445 3
Ash 158 3
Yellow Poplar 162 3
Misc. Hardwoods a 88 3
Mixed Oak a 193 3
White Oak 184 3
Soft Maple 176 3
Hickory 53 3
Hemlock a 52 3
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no SMZ harvesting. Treatment three will consist of a harvest conducted in a watershed 

with an SMZ width of 15.3 m and a residual harvest level of 50%.  Treatment four will 

consist of a harvest conducted in a watershed with a 4.5 m uncut stringer left along the 

stream.  Treatment five will consist of a harvest conducted in a watershed with an SMZ 

width of 30.5 m, and no SMZ harvest.   

 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.   

All statistical methods were preformed using SAS statistical software (SAS 

Institute, Inc., Cary, NC).  To detect statistical differences between blocks and 

watersheds for response variables, Analysis of Variances was used, specifically “proc 

glm” (alpha = 0.05).  Fisher’s Protected Least Significant Difference was used to 

determine differences in blocks and watersheds for response variables (alpha = 0.05).  

Linear regression was also preformed using SAS statistical software.   
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Chapter IV.    Vegetation Characteristics Within Streamside 
Management Zones in the Allegheny Plateau of West Virginia 

Abstract 

 Streamside Management Zones (SMZs) are one of the most useful tools 

recommended by forestry Best Management Practices for preventing non-point source 

pollution from silvicultural activities.  However, there is limited research concerning the 

size and harvesting intensities of SMZs that best protect water quality, or how 

silvicultural activities affect the vegetation characteristics within SMZs.   

The objective of this paper is to characterize the vegetation within the SMZs to 

predict how partial harvests of SMZs will affect the future stands.   

 The eighteen study watersheds were located in the Allegheny Plateau in 

Randolph County, West Virginia.  The watersheds are in industrial forests, with 

abundant roads, skid trails, and haul roads.   

The SMZs in the study sites are characterized as the Acer saccharum-Fagus 

grandifolia-Betula lutea cover type and the Acer saccharum cover type (Eyre, 1980), or 

as the Quercus spp.-Acer saccharum type in the Southern Appalachian Hardwood 

Region (Smith, 1995).  The major overstory tree species found in the study sites are 

Acer saccharum, Liriodendron tulipifera, Fagus grandifolia, Tilia americana, Betula 

lenta, snags, Betula lutea, Fraxinus spp., and Acer rubrum.  The average age of the 

overstory is 69 years.  The midstory is composed of Fagus grandifolia, Acer saccharum, 

Hamamelis virginiana, Acer pennsylvanicum, Tilia americana, and Prunus serotina.  

Common lowerstory species are Laportea canadensis, Viola spp., Acer saccharum, 

Aster spp., Cimicifuga racemosa, Galium spp., Athyrium angustum, Mitchella repens, 
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Polygonatum spp., Acer rubrum, and Prunus serotina.  The average canopy cover is 

89% in the summer.   

Similar successional changes will occur in both the uncut SMZs and the partially 

harvested SMZs.  The SMZs species composition will become increasingly composed 

of shade tolerant species such as Acer saccharum, Fagus grandifolia, Tilia americana, 

Betula spp., Fraxinus spp., and Acer rubrum.  Shade intolerants (such as Prunus 

serotina, Quercus rubra, Liriodendron tulipifera) will decline due to the decreasing 

sunlight available for regeneration.    

Introduction 

States with significant forest cover have adopted forestry Best Management 

Practices (BMPs) to address nonpoint source pollution from forestry activities,.  BMPs 

are minimum requirements and specifications for silvicultural activities such as road 

construction, harvesting operations, and site preparation.  BMPs are designed to reduce 

erosion and prevent or control water pollution (Phillips et al. 2000). 

The Streamside Management Zone (SMZ) is a cornerstone of forestry BMPs.  

AN SMZ is an area adjacent to streams designed to protect water quality by trapping 

sediment, providing shade, and uptaking nutrients (Phillips et al. 2000).  Usually, state 

BMPs recommend the width of the SMZ and harvesting intensity that can occur in the 

SMZ.   States have different SMZ recommendations for width and harvesting intensity.   

Although current SMZ widths and harvesting intensities are apparently effective, 

there is little research concerning SMZ width and harvesting intensity.  For commercial 

purposes, land managers would leave the smallest SMZ width and conduct the 

maximum harvesting intensity without sacrificing water quality.  The long-term goal of 
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research conducted through this study is to better quantify the influence of SMZ width 

and SMZ harvesting intensity on water quality.    

Another issue of concern is how the species composition in a partially harvested 

SMZ or unharvested SMZ will change.  Species composition affects future stand 

development, quality, and value for timber and non-timber products.  Therefore, 

understanding how SMZ management affects the species is of paramount concern.   

Miller (1993) found that in partially harvested stands in the Central Appalachians, 

shade-tolerants (such as sugar maple and red maple) began to dominate the stands, 

with shade-intolerant species (such as black cherry and yellow poplar) becoming less 

important.  These tolerant species typically had slower growth rates and lower value, 

when compared to the shade-intolerant species.  Eventually, the partially harvested 

stands will be composed primarily of sugar maple and other shade-tolerant species, 

with all the commercial value coming from sugar maple. 

Shelterwood harvesting systems, another form of partial harvesting, are also not 

able to regenerate shade-intolerants on mesic sites in West Virginia (Schuler and Miller 

1995).  They found that by using shelterwood harvests, there was insufficient oak 

regeneration, and that shade-tolerants dominated the stands.   

Heavy thinning in the Allegheny hardwoods also seems to favor shade-tolerants 

(Yanai et al. 1998).  Shade-intolerants and shade-intermediate species were unable to 

gain dominance in the midstory or the overstory canopy, and thus the sites became 

dominated by shade-tolerants.   

Marquis and Ernst (1991) found that thinning from above in the Allegheny 

hardwoods usually had a detrimental effect on stand structure.  Generally, thinning from 
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above removes the fastest-growing largest trees, and stand growth thus decreases.  In 

addition, stand growth is redistributed to the slower growing shade-tolerants.  All of 

these factors ultimately mean that the future commercial value of the stand will be 

reduced.   

In examining two-aged stands in the central Appalachian hardwoods, Miller and 

Schuler (1995) found that shade-intolerant regeneration was not achieved until the 

stand basal area was reduced to 20 ft2/ac, which is much lower than the partial harvests 

that will occur in the SMZs.   

The first step in understanding how species composition will change is to 

adequately describe the existing vegetation structures before harvest.  The objective of 

this paper is to characterize the overstory, midstory, and lowerstory species of the SMZ 

in order to predict how silvicultural manipulations may affect the future SMZ stands and 

efficacy.    

Methods and Materials 

Site Description 

 The eighteen study sites are located in east-central West Virginia, in Randolph 

County (Figure IV-1).  The area is classified as the Allegheny Mountain and Plateau 

Physiographic province.  The sites are found on four Mead-Westvaco tracts: Rich 

Mountain Tract, Beaver Creek Tract, Rocky Run Tract, and Wuchner Tract.  These 

tracts are near the communities of Lee Bell, Cassity, Mabie, Blue Rock, and Adolph.   
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Figure IV-1.  General study site locations in West Virginia, USA. 
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 The elevation of the watersheds ranges from 670 m to 1000 m.  These 

watersheds are characterized by steep side slopes, broad ridges, and narrow valleys 

with steep streams. 

 Climatic data for the study area was obtained from the Randolph County, West 

Virginia Soil Survey (Pyle et al. 1982).  The average air temperature in Randolph 

County is 10° C.  The average winter air temperature is –0.5° C, with an average daily 

minimum of –6° C.  The average summer air temperature is 19° C, with an average 

daily maximum of 26° C.  To evaluate growing season, daily minimum temperature was 

assessed.  In Randolph County, the daily minimum temperature is greater than freezing 

118 days per year in nine out of ten years. Rainfall is evenly distributed throughout the 

year.  Average total precipitation is 107 cm per year.  The predominant winds are from 

the northwest, which causes significantly higher precipitation on windward facing slopes 

than in the valleys.  Average yearly snowfall is 150 cm.   

 Using the Society of American Foresters Forest Cover Types (Eyre, 1980), the 

study sites are classified as a combination of the Sugar Maple-Beech-Yellow Birch 

cover type and the Sugar Maple cover type.  Another classification system, the Regional 

Silviculture of the United States categorizes the sites as Red Oak-Sugar Maple type 

group within the Southern Appalachian Hardwood Region (Smith 1995).   

 The study sites were heavily influenced by historic forestry activities.  Most timber 

in the area was harvested in the early 1900’s, with selective harvest continuing until the 

1970’s when Westvaco purchased the tracts (Keyser et al. www.mwerf.org. August 19, 

2002).   The result is a forest that is multi-aged, and with abundant roads, skid trails, 
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and haul roads.  The watersheds are currently managed as industrial forests by 

MeadWestvaco.   

 Streams were selected that had similar watershed area, vegetation, and soils.  

Within blocks, streams were grouped by similar location, soils, and geology.  Also, 

streams were selected in areas that had not been significantly disturbed within the past 

five years and which would not receive any additional harvest for five to ten years after 

treatment establishment.   

To better characterize the watershed study areas, the slope, watershed area, 

percent of watershed to be harvested, and stream lengths to be harvested were all 

examined (Table IV-1).  The average slope of the study sites is 39%. The average 

watershed area is 38 ha.  The average percentage of watersheds that will be harvested 

is 31%.   

The study sites are located in two major soil associations: the Berks-Calvin-

Weikert association and the Gilpin-Dekalb-Buchanan association (Pyle et al. 1982). 

Treatments 

Five treatments will eventually be applied to the study watersheds in Spring and 

Summer 2003.  Treatment one will consist of a harvest conducted in a watershed with 

an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment two will consist 

of a harvest conducted in a watershed with an SMZ width of 15.3 m, and no SMZ 

harvesting. Treatment three will consist of a harvest conducted in a watershed with an 

SMZ width of 15.3 m and a residual harvest level of 50%. Treatment four will consist of 

a harvest conducted in a watershed with a 4.5 m uncut stringer left along the stream.  

The control will consist of a harvest conducted in a watershed with an SMZ width of  
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Table IV-1.  Average slope, watershed area, percent of watershed harvested, and stream length to 
be cut of study sites.  B1W1 indicates Block 1 Watershed 1, and so on.  C1 indicates Control 1, 
and so on.   

Block and 
Watershed 

Average 
Slope (%) 

Watershed 
Area (ha) 

B1W1 42 42 
B1W2 45 39 
B1W3 30 31 
B1W4 27 42 
B2W1 22 42 
B2W2 30 22 
B2W3 42 40 
B2W4 48 25 
B3W1 54 61 
B3W2 43 64 
B3W3 39 63 
B3W4 50 42 
B4W1 21 18 
B4W2 30 28 
B4W3 29 52 
B4W4 23 20 
C1 29 27 
C2 44 57 
Average 39 38 
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30.5 m, and no SMZ harvest.  The harvests will be conducted on only one side of the 

stream for all treatments.   

The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.   

Field Measurements 

A variety of field methods were used to characterize the watershed, stream, and 

SMZ before harvest.  Three transects were established across each watershed SMZ, 

perpendicular to the stream and equally spaced along the length of the stream in the 

area to be harvested (Figure IV-2).  The transects were 10 m wide and extended across 

the treatment distance.  All field measurements were taken within the transects.  The 

watersheds will only be harvested on one side of the stream, and the transects were 

located within the future harvest.   

 Tree species in the rectangular transects were inventoried (Wenger, 1984).  

Their species, DBH (diameter at 1.4 m), and height to a 10.2 cm top were recorded.  

The number of usable 4.9 m logs was also recorded.  Two to three trees in each 

transect were bored to determine approximate stand age.   

 The lowerstory vegetation in the SMZ transect was inventoried in Summer, 2002.  

Lowerstory vegetation was defined as live vegetation under 1.22 m in height.  A 0.6 m2 

plot sample was randomly selected (Wenger 1984) and all lowerstory vegetation in the 

area was identified and counted.  For the watersheds with a 30.5 m SMZ, six lowerstory 

plots per transect were used; for the watersheds with a 15.3 m SMZ, four lowerstory  
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Figure IV-2.  Idealized map of study watershed, showing harvest area, SMZ, and transects.   
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plots per transect were used; for the watersheds with a 4.5 m SMZ, two lowerstory plots 

per transect were used.   

The midstory vegetation in the SMZ transect was inventoried.  The midstory was 

defined as live vegetation taller than 1.2 m in height, and with a DBH less than 10.2 cm.  

A 7.3 m2 plot sample was randomly selected (Wenger 1984), and all midstory 

vegetation in the area was identified and counted.  For the watersheds with a 30.5 m 

SMZ, 3 midstory plots were used; for the watersheds with a 15.3 m SMZ, two midstory 

plots were used; for the watersheds with a 4.5 m SMZ, one midstory plot was used.   

 Canopy cover in each transect was measured once with a concave spherical 

densiometer (Comeau et al. 1998).  This measurement was taken in the summer and 

represents maximum shading.   

Calculations 

Importance Value 

 Importance Values were used to assess the significance of overstory tree 

species (Mueller-Dombois and Ellenberg 1974).  Relative abundance, relative 

frequency, and relative dominance of a tree species are combined into a single value, 

the Importance Value.  Relative abundance is the proportion of trees that were of a 

particular species (number of individuals of species / total number of individuals).  

Relative frequency is the proportion of plots where a certain species is present 

(frequency of a species / sum frequency of all species).  Relative dominance is the 

proportion of a site’s basal area represented by a certain species (dominance of a 

species / dominance of all species).  Relative abundance, relative frequency, and 

relative dominance each have a maximum value of one and a minimum value of zero.  



 43

These three features are summed to calculate the Importance Value, with a maximum 

value of three and a minimum value of zero.  Importance Values were calculated on a 

watershed basis.     

Statistical Methods 

 Five treatments will eventually be applied to the eighteen study watersheds in 

Spring and Summer, 2003.  Treatment one will consist of a harvest conducted in a 

watershed with an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment 

two will consist of a harvest conducted in a watershed with an SMZ width of 15.3 m, and 

no SMZ harvesting. Treatment three will consist of a harvest conducted in a watershed 

with an SMZ width of 15.3 m and a residual harvest level of 50%.  Treatment four will 

consist of a harvest conducted in a watershed with a 4.5 m uncut stringer left along the 

stream.  Treatment five will consist of a harvest conducted in a watershed with an SMZ 

width of 30.5 m, and no SMZ harvest.  The harvests will be conducted on only one side 

of the stream for all treatments.   

 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.   

 In order to compare the different sites, block differences were analyzed.  

Therefore, all data presented are block averages.  Individual watershed data is 

presented in Appendix A.   

All statistical methods were preformed using SAS statistical software (SAS 

Institute, Inc., Cary, NC).  To detect statistical differences between blocks for response 

variables, Analysis of Variances was used, specifically “proc glm” (alpha = 0.05).  
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Fisher’s Protected Least Significant Difference was used to determine differences in 

blocks for response variables (alpha = 0.05).   

Results 

Overstory Species 

 Twenty-seven overstory tree species were inventoried in the SMZs.  These 

species were analyzed using Importance Value because it takes into account many 

principal attributes of species significance—its frequency of occurrence, abundance, 

and basal area dominance.  Importance Value has a maximum value of three and a 

minimum value of zero.   

 The most significant (Importance Value > 0.20) overstory tree species are Acer 

saccharum (sugar maple), Liriodendron tulipifera (yellow poplar), Fagus grandifolia 

(American beech), Tilia spp. (basswood), Betula lenta (black birch), snags, Betula lutea 

(yellow birch), Fraxinus spp. (ash), and Acer rubrum (red maple) (Table IV-2).  Trees of 

intermediate significance (Importance Value 0.05 – 0.20) are Tsuga canadensis 

(eastern hemlock), Quercus rubra (northern red oak), Prunus serotina (black cherry), 

Magnolia acuminata (cucumber tree), Quercus alba (white oak), Oxydendrum aboreum 

(sourwood), and Carya ovata (shagbark hickory) (Table IV-2).   

Of all the overstory species, sugar maple by far has the highest relative 

frequency, relative abundance, and relative dominance.  In short, sugar maple is found 

in the most sites, is the most abundant species, and comprises the largest portion of 

basal area (Table IV-2).   
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Table IV-2.  Relative frequency, relative abundance, relative dominance, and Importance Value of 
tree species found within all SMZs.  Letters indicate a significant difference at alpha=0.05 in each 
column. 

Species 

Average 
Relative 

Frequency 

Average 
Relative 

Abundance

Average 
Relative 

Dominance
Importance 

Value

Range of 
Importance 
Values for 

Watersheds
Sugar Maple  0.481   a 0.171   a 0.168  a 0.821    a 0-2.02
Yellow Poplar  0.296    b 0.104  bc 0.107 ab 0.508   ab 0-2.33
American Beech  0.278  bc 0.080 cde 0.145 ab 0.502    b 0-1.22
Basswood  0.241  bc 0.147  ab 0.071cde 0.459   bc 0-1.90
Black Birch  0.296 bcd 0.110  bc 0.049 de  0.455   bc 0-1.65
Snag  0.222bcde 0.058 cde 0.070cde 0.350   cd 0-0.88
Yellow Birch  0.185cdef 0.067 cde 0.055 de 0.308  cde 0-1.48
Ash 0.148defg 0.024defg 0.110cde 0.282   cde 0-1.11
Red Maple  0.167cdef 0.049defg 0.021cde 0.237cdef 0-1.13
Northern Red Oak  0.130cdef 0.034defg 0.075cde 0.220  def 0-1.29
Black Cherry  0.111 efg 0.024defg 0.042 de 0.178  def 0-1.53
Eastern Hemlock  0.093 efg 0.024defg 0.023 de 0.140  def 0-1.28
Cucumber Tree 0.074 efg 0.018  efg 0.026 de 0.118  def 0-0.51
White Oak  0.056  fg 0.018  efg 0.009 de 0.083  efg 0-0.91
Sourwood  0.037  fg 0.012   fg 0.005 de 0.054    f 0-0.51
Pignut Hickory  0.019   g 0.012   fg 0.002  e 0.032    g 0-0.50
Shagbark Hickory  0.037  fg 0.009   fg 0.004  e 0.032    g 0-0.50
Scarlet Oak  0.019   g 0.006   fg 0.005  e 0.029    g 0-0.47
American Elm  0.019   g 0.006   fg 0.001  e 0.026    g 0-0.40
Black Locust  0.019   g 0.003   fg 0.004  e 0.025    g 0-0.45
Chestnut Oak  0.019   g 0.003   fg 0.003  e 0.024    g 0-0.40
Rock Elm  0.019   g 0.003   fg 0.001  e 0.023    g 0-0.46
Musclewood  0.019   g 0.003   fg 0.001  e 0.023    g 0-0.40
Hornbeam  0.019   g 0.003   fg 0.001  e 0.022    g 0-0.37
Earleaf Magnolia 0.019   g 0.003   fg 0.001  e 0.022    g 0-0.37
Mockernut Hickory  0.019   g 0.003   fg 0.001  e 0.022    g 0-0.37
Flowering Dogwood 0.019   g 0.003   fg 0.001  e 0.022    g 0-0.37
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 All of the species were analyzed to find block differences to see if the species 

were approximately equal in distribution.  None of the species were found to have block 

differences except hornbeam, mockernut hickory, and northern red oak.  Hornbeam and 

mockernut hickory were only found in Control 2, which caused the block differences.  

However, northern red oak was found in four blocks, with a higher Importance Value in 

Control 2 (Table IV-3).   

 The diameter distribution of the overstory tree species shows that 61% of the 

trees are in the 10 to 25 cm DBH classes (Figure IV-3).   

Midstory Species 

 Thirty-three midstory species were inventoried in the SMZs.  However, not all of 

these species were analyzed, as some of the species were not widely found, or not of 

great economic importance.  Fourteen species were chosen to be analyzed because of 

their extensive presence and economic importance.  These were Fagus grandifolia 

(American beech), sugar maple, Hamamelis virginiana (witch hazel), Acer 

pennsylvanicum (striped maple), basswood, black cherry, ashes, yellow poplar, 

musclewood, eastern hemlock, yellow birch, black birch, sourwood, and northern red 

oak.   

 Over all watersheds, beech and sugar maple were the most abundant midstory 

species, at 1390 and 650 per hectare, respectively (Table IV-4).  Sourwood and 

northern red oak were the least abundant of the species analyzed, at 77 and 17 per 

hectare, respectively (Table IV-4).   

 No block differences were found for most species, showing that these species 

are approximately equally distributed throughout the watersheds.  However, block  
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Table IV-3.  Importance Value for northern red oak for all blocks.  Letters indicate a significant 
difference at alpha=0.05.   

Site Northern Red Oak
Importance Value

Importance Value 
Block Range

Block 1 0.10b 0-0.39
Block 2 0.18b 0.0.73
Block 3 0.22b 0-0.88
Block 4 0.00b 0-0
Control 1 0.00b 

Control 2 1.29a 
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Figure IV-3.  Diameter distribution of all overstory species found in the SMZ.   
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Table IV-4.  Midstory vegetation density for selected species in the SMZs over all blocks and 
watersheds.  Letters indicate a significant difference at alpha=0.05.   

Midstory  
Species 

Average Density
(number/ha)

Density Range for 
All Watersheds

Beech 1,391   a 0-4,566
Sugar Maple 651   b 0-3,044
Witch Hazel 617  bc 0-2,740
Striped Maple 537 bcd 0-2,283
Basswood 288bcde 0-2,740
Black Cherry 203 cde 0-3,196
Ash 161  de 0-685
Musclewood 152  de 0-913
Yellow Poplar 152  de 0-1,370
Hemlock 127  de 0-1,142
Yellow Birch 118  de 0-685
Black Birch 110  de 0-1,370
Sourwood 76   e 0-685
Northern Red Oak 17   e 0-152
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differences were found for basswood, striped maple, witch hazel, and yellow birch 

(Table IV-5).   

Lowerstory Species 

 Sixty-seven species were inventoried in the study site SMZs.  However, not all of 

these species were analyzed, as some of the species were not widely found, or not of 

great economic importance.  Fifteen species were chosen to be analyzed because of 

their extensive presence and economic importance.  These were Laportea canadensis 

(wood nettle), Viola spp. (violets), sugar maple, Aster spp. (asters), Cimicifuga 

racemosa (black cohosh), Galium spp. (bedstraws), Athyrium angustum  (northeastern 

lady fern), Mitchella repens (partridgeberry), Polygonatum spp. (Solomon’s seal), red 

maple, black cherry, Rhododendron maximum (rhododendron), yellow poplar, ashes, 

and northern red oak.   

 Over all watersheds, wood nettle and violets are the most ubiquitous species, 

with 110,167/ha and 91,170/ha, respectively (Table IV-6).   Species with the lowest 

density are northern red oak, ashes, yellow poplar, and rhododendron.  The remainder 

of the species have intermediate numbers.   

 None of the fifteen analyzed lowerstory species had statistical differences among 

the blocks.  Therefore, it can be assumed that these species are found in approximately 

equal numbers throughout the blocks.  

Canopy Cover 

 The average canopy cover of the watersheds in the summer was 88.7%.  

Average block canopy covers ranged from 83.9% to 92.1% (Table IV-7).   
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Table IV-5.  Block differences for selected midstory species.  Letters indicate a significant 
difference at alpha=0.05 for each species.   

Site Basswood 
(number/ha) 

Striped Maple 
(number/ha)

Witch Hazel 
(number/ha)

Yellow Birch 
(number/ha) 

Block 1 514  b 57 cd 285  b 0 b 
Block 2 57 bc 1,351  a 190  b 0 b 
Block 3 0  c 0 cd 1,769  a 0 b 
Block 4 0  c 894 ab 114  b 419 a 

Control 1 2,740  a 304  b 609 ab 152 a 
Control 2 152 bc 152 bc 1,065 ab 304 a 
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Table IV-6.  Lowerstory layer vegetation density for selected species in the SMZs over all blocks 
and watersheds.  Letters indicate a significant difference at alpha=0.05.   

Herbaceous Layer 
Species 

Average Density
(number/ha)

Range of Density 
for All Watersheds

(number/ha)
Wood Nettle 110,167 a 0-120,735
Violet spp. 91,170 a 0-83,990
Sugar Maple 31,347 b 0-60,367
Aster spp. 23,843bc 0-76,115
Black cohosh 19,323 bc 0-34,996
Bedstraw spp. 18,644 bc 0-19,685
Northeastern Lady Fern 12,972 bc 0-26,247
Partridgeberry 12,222 bc 0-34,121
Solomon’s Seal 11,117 bc 0-12,248
Red Maple 9,418 bc 0-17,498
Black Cherry 7,924 bc 0-28,871
Rhododendron 2,401 c 0-10,449
Yellow Poplar 2,179 c 0-2,625
Ash spp. 1,759 c 0-2,652
Northern Red Oak 0 c 0-0
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Table IV-7.  Average block canopy cover for all blocks.  Letters indicate a significant difference at 
alpha=0.05.    

Site Canopy Cover (%) 

Range of Canopy 
Cover for Blocks

(%)
Block 1 89.0ab 83.9-94.3
Block 2 89.9ab 81.3-93.8
Block 3 84.3bn 80.3-94.0
Block 4 91.8an 89.6-94.3
Control 1 92.1an 90.1-94.0
Control 2 83.9bn 81.5-85.7
Overall Average 88.7bn 

 



 54

 

Age 

 Age of the dominant trees in the SMZs range from 45-88 years old, with an 

average age of 68.5 (Table IV-8).  Not all watershed SMZs could be aged, due to lack of 

trees in the SMZ or the exclusive presence of diffuse-porous species in the SMZ.   

Discussion 

Vegetation Characterization  

 The major overstory tree species found in the study sites are sugar maple, yellow 

poplar, beech, basswood, black birch, snags, yellow birch, ash, and red maple.  The 

average age of the overstory is 69 years.  The midstory is composed of beech, sugar 

maple, witch hazel, striped maple, basswood, and black cherry.  Common lowerstory 

species are wood nettle, violets, sugar maple, asters, black cohosh, bedstraws, 

northeastern lady fern, partridgeberry, Solomon’s seal, red maple, and black cherry.  

The average canopy cover is 89% in the summer.   

 According to the Society of American Foresters Forest Cover Types (Eyre 1980), 

these sites most closely match the Sugar Maple-Beech-Yellow Birch cover type and the 

Sugar Maple cover type.  According to the Regional Silviculture of the United States, 

these sites match the Red Oak-Sugar Maple type in the Southern Appalachian 

Hardwood Region (Smith 1995).   
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Table IV-8.  Age of overstory trees in the SMZs.   

Site Age
Block 1 Watershed 3 60
Block 2 Watershed 1 76
Block 2 Watershed 2 60
Block 2 Watershed 3 88
Block 2 Watershed 4 68
Block 3 Watershed 1 47
Block 3 Watershed 2 70
Block 3 Watershed 3 76
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Successional Changes Resulting from Silviculture 

 In approximately three quarters of the study sites SMZs, a partial harvest will 

occur, removing half of the basal area.  In these sites, a number of successional 

changes will occur.  The species that will dominate these sites need to be able to cope 

with the changed light regime.  The sites will have small areas of increased light, but not 

enough for commercially valuable shade intolerants and intermediates, such as black 

cherry, northern red oak, and yellow poplar to thrive (Smith 1995; Miller 1993; Schuler 

and Miller 1995; Yanai et al. 1998).  Instead, advanced regeneration and overstory 

species that are tolerant of shade will succeed, such as basswood, and sugar maple 

(Smith 1995).  Sugar maple is the most important of these shade-tolerant species, as it 

has the highest Importance Value, and is the most commercially valuable of these 

shade-tolerants.  

 In view of the species that will thrive in the silviculture of the SMZ, important 

successional changes can be predicted.  As the partial basal area reduction is 

implemented, the fast-growing shade intolerants (such as black cherry, northern red 

oak, yellow poplar) will begin to decline in health and numbers (Smith 1995; Miller 1993; 

Schuler and Miller 1995; Yanai et al. 1998).  However, the slower-growing shade 

tolerants will thrive (such as sugar maple, beech, basswood, and red maple), with sugar 

maple being the most important because of its high commercial value.  Regeneration of 

these species will not likely be problematic, as all of the hardwood species will produce 

stump sprouts and advance regeneration present in the midstory (Smith 1995).  
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Therefore, the future SMZs are likely to be a self-perpetuating stand of shade tolerant 

species.   

 In the remaining quarter of the SMZs, no harvesting will occur at all.  The 

successional changes these sites go through will be the same as the partially harvested 

sites.  The uncut sites will continue to favor shade tolerant regeneration, thus supporting 

increasingly shade tolerant species.   

Wildlife Considerations   

SMZs are often noted for their high wildlife value.  The SMZs in this study may be 

useful to wildlife as a wildlife corridor, but overall will not be of high value for traditional 

wildlife species of interest due to a lack of mast producing species.  None of these 

shade tolerant species (sugar maple, basswood, red maple, etc.) that will dominate the 

SMZ have high value for wildlife (Smith 1995).  However, most of the shade intolerant 

species (black cherry and northern red oak) that will decline in the SMZ have a higher 

wildlife value, due to mast production.  Despite the lack of high wildlife value species in 

the SMZ, there will be a high number of shade intolerants in the rest of the watershed, 

which will be clearcut.  The clearcut provides enough light for the shade intolerants to 

thrive.   

Conclusions 

The SMZs in the study sites are characterized as the Sugar Maple-Beech-Yellow 

Birch cover type and the Sugar Maple cover type (Eyre 1980), or as the Red Oak-Sugar 

Maple type in the Southern Appalachian Hardwood Region (Smith 1995).   
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Similar successional changes will occur in both the uncut SMZs and the partially 

harvested SMZs.  The SMZs species composition will become increasingly composed 

of shade tolerant species such as sugar maple, beech, basswood, and red maple 

(Smith 1995; Miller 1993; Schuler and Miller 1995; Yanai et al. 1998).  Shade intolerants 

(such as black cherry, northern red oak, yellow poplar) will decline due to the 

decreasing sunlight available for regeneration.    

The SMZs in this study may not be of very high value for wildlife, due to a lack of 

mast producing species.   
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Chapter V.   Characterization of Water, Soil, and Carbon in 
First Order Watersheds in the Allegheny Plateau of West 
Virginia 

Abstract 

 Streamside Management Zones (SMZs) are one of the most useful tools 

recommended by forestry Best Management Practices for preventing non-point source 

pollution from silvicultural activities.  However, there is limited research concerning the 

size and harvesting intensities of SMZs that best protect water quality, or how 

silvicultural activities affect the water quality, soil, or carbon characteristics within SMZs.   

The objective of this paper is to characterize the water, soil, and carbon within 

the SMZs to predict how silvicultural treatments will affect the future stands.   

 The eighteen study watersheds were located in the Allegheny Plateau in 

Randolph County, West Virginia.  The watersheds are in industrial forests, with 

abundant roads, skid trails, and haul roads.   

Water quality was described with seasonal water chemistry samples, a 

streamwater temperature-monitoring regime, a Rosgen (1994) classification, and 

streamflow prediction.  Soil characteristics were detailed with two erosion estimates, 

coarse fragment measurement, texture, and organic matter content.  SMZ carbon inputs 

were examined through large woody debris characterization, litter input estimation, litter 

depth measurement, and by an inventory of the snags with the SMZs.   

 The overall average streamwater temperature is 13° C.  Highest daily 

temperature occurred in the mid-afternoon and lowest temperatures occurred just 

before sunrise.  Streamwater temperature was highest in summer at 17° C and lower in 
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autumn and spring (12° C and 11° C, respectively).  Streamwater quality was good.  

The average streamwater pH was 6.43.  The amount of nitrogen in the streamwater was 

low (average nitrate content was 0.20 mg/L and average ammonia content was 0.47 

mg/L).  DO content was also high with an average of 10.20 mg/L.   

 The streams are classified mostly as A3/A4 (Rosgen 1994), meaning the streams 

are high-gradient, with cascading step-pool riffles and runs, and located in areas of high 

relief.  The stream sensitivity to disturbance is very high to extreme, with a poor 

recovery potential.  The sediment supply is very high and the streambank erosion 

potential is high.   

 Soil parameters were equivalent among all blocks.  The soils were sandy loams 

and silt loams, with 29% coarse fragments, and with 5.1% organic matter.  USLE 

erosion estimates predicted an erosion rate of 2.9 Mg/ha/yr.  However, the sediment 

rods showed an overall accumulation of soil in the SMZ, averaging 121 Mg/ha/yr.  This 

soil accumulated evenly within the SMZ, without regard to distance to stream.   

 In-stream and SMZ LWD volume was approximately equal at 28 and 33 kg/ha.  

LWD was more decayed in the SMZ than in-stream LWD.  Average litter depth was 2.90 

cm.  Leaf litter inputs to the stream averaged 2392 kg/ha.  Snags were dominant in the 

SMZs, averaging 17.9 per hectare.   

Introduction 

States with significant forest cover have adopted forestry Best Management 

Practices (BMPs) to control nonpoint source pollution from forestry activities.  BMPs are 

minimum requirements and specifications for silvicultural activities such as road 
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construction, harvesting operations, and site preparation.  BMPs are designed to reduce 

erosion and prevent or control water pollution (Phillips et al. 2000). 

The Streamside Management Zone (SMZ) is a cornerstone of forestry BMPs.  

AN SMZ is an area adjacent to streams designed to protect water quality by trapping 

sediment, providing shade, and uptaking nutrients (Phillips et al. 2000).  Usually, state 

BMPs recommend the width of the SMZ and harvesting intensity that can occur in the 

SMZ.   States have different SMZ recommendations for width and harvesting intensity.   

Although current SMZ widths and harvesting intensities are apparently effective, 

there is little research concerning SMZ width and harvesting intensity.  For commercial 

purposes, land managers would leave the smallest SMZ width and conduct the 

maximum harvesting intensity without sacrificing water quality.  The long-term research 

conducted through this study aims to better quantify the influence of SMZ width and 

harvesting intensity on water quality.   

Another issue of concern is how a partially harvested SMZ or unharvested SMZ 

will change in terms of water quality, soil characteristics, and carbon inputs.   Water 

quality can affect the use of water downstream.  Soil could be affected by topsoil 

erosion, thereby reducing site quality, and reducing water quality.  Carbon inputs, in the 

form of large woody debris, leaf litter, and snags, are one of the most important inputs of 

energy into the ecosystem.  Therefore, understanding how SMZ management affects 

the SMZ is of paramount concern.   

The objectives of this study are two-fold.  The first and short-term objectives are 

to characterize the water, soil, and carbon within SMZs to predict how impending 
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silvicultural treatments will affect the future stands.  The second and long-term objective 

is to predict the effectiveness of different-sized SMZs in protecting water quality. 

Methods and Materials 

Site Description 

 The eighteen study sites are located in east-central West Virginia, in Randolph 

County (Figure V-1).  The area is classified as the Allegheny Mountain and Plateau 

Physiographic province.  The sites are found on four Mead-Westvaco tracts: Rich 

Mountain Tract, Beaver Creek Tract, Rocky Run Tract, and Wuchner Tract.  These 

tracts are near the communities of Lee Bell, Cassity, Mabie, Blue Rock, and Adolph.   

 The elevation of the study watersheds range from 670 m to 1000 m.  These 

watersheds are characterized by steep side slopes, broad ridges, and narrow and deep 

valleys with steep streams.  Small (< 2.5 ha), localized landslides and slumps are also 

common in the study sites (Smith 1995).   

 Climatic data for the study watersheds was obtained from the Randolph County, 

West Virginia Soil Survey (Pyle et al. 1982).  The average air temperature in Randolph 

County is 10° C.  The average winter air temperature is –0.5° C, with an average daily 

minimum of –6° C.  The average summer air temperature is 19° C, with an average 

daily maximum of 26° C.  To evaluate growing season, daily minimum temperature was 

assessed.  In Randolph County, the daily minimum temperature is greater than freezing 

118 days per year in nine out of ten years.  Rainfall is evenly distributed throughout the 

year.  Average total precipitation is 107 cm per year.  The predominant winds are from  
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Figure V-1.  General study site locations in West Virginia, USA. 
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the northwest, which causes significantly higher precipitation on windward facing slopes 

than in the valleys.  Average yearly snowfall is 150 cm.   

 Using the Society of American Foresters Forest Cover Types (Eyre, 1980), the 

study sites are classified as a combination of the Sugar Maple-Beech-Yellow Birch 

cover type and the Sugar Maple cover type.  Another classification system, the Regional 

Silviculture of the United States categorizes the sites as Red Oak-Sugar Maple type 

group within the Southern Appalachian Hardwood Region (Smith 1995).   

 The study sites were heavily influenced by historic forestry activities.  Most timber 

in the area was harvested in the early 1900’s, with selective harvest continuing until the 

1970’s when Westvaco purchased the tracts (Keyser et al. www.mwerf.org. August 19, 

2002).   The result is a forest that is multi-aged, and with abundant roads, skid trails, 

and haul roads.  The watersheds are currently managed as industrial forests by 

MeadWestvaco.   

 Streams were selected that had similar watershed area, vegetation, and soils.  

Within blocks, streams were grouped by similar location, soils, and geology.  Also, 

streams were selected in areas that had not been significantly disturbed within the past 

five years and which would not receive any additional harvest for five to ten years after 

treatment establishment.   

 To better characterize the watershed study areas, the slope, watershed area, 

percent of watershed to be harvested, and stream lengths to be harvested were all 

examined (Table V-1).   The average slope of the study sites is 39%. The average 

watershed area is 38 ha.  The average percentage of watersheds that will be harvested 

is 31%.   
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Table V-1.  Average slope, watershed area, percent of watershed harvested, and stream length to 
be cut of study sites.  B1W1 indicates Block 1 Watershed 1, and so on.  C1 indicates Control 1, 
and so on.   

Block and 
Watershed 

Average 
Slope (%) 

Watershed 
Area (ha) 

Percent of 
Watershed 
Harvested 

Stream Length 
to be Cut (km) 

B1W1 42 42 40 0.84 
B1W2 45 39 31 0.63 
B1W3 30 31 22 0.58 
B1W4 27 42 18 0.83 
B2W1 22 42 33 0.48 
B2W2 30 22 41 0.58 
B2W3 42 40 40 0.64 
B2W4 48 25 40 0.92 
B3W1 54 61 17 0.36 
B3W2 43 64 14 0.56 
B3W3 39 63 11 0.54 
B3W4 50 42 31 0.39 
B4W1 21 18 43 0.33 
B4W2 30 28 13 0.52 
B4W3 29 52 30 0.85 
B4W4 23 20 25 0.48 
C1 29 27 50 0.67 
C2 44 57 12 0.52 
Average 39 38 31 0.65 
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 The study sites are located in two major soil associations: the Berks-Calvin-

Weikert association and the Gilpin-Dekalb-Buchanan association (Pyle et al. 1982).   

Treatments 

Five treatments will eventually be applied to the study watersheds in Spring and 

Summer 2003.  Treatment one will consist of a harvest conducted in a watershed with 

an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment two will consist 

of a harvest conducted in a watershed with an SMZ width of 15.3 m, and no SMZ 

harvesting. Treatment three will consist of a harvest conducted in a watershed with an 

SMZ width of 15.3 m and a residual harvest level of 50%. Treatment four will consist of 

a harvest conducted in a watershed with a 4.5 m uncut stringer left along the stream.  

The control will consist of a harvest conducted in a watershed with an SMZ width of 

30.5 m, and no SMZ harvest.  The harvests will be conducted on only one side of the 

stream for all treatments.   

The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.   

Soils 

 The study sites are located in two major soil associations: the Berks-Calvin-

Weikert association and the Gilpin-Dekalb-Buchanan association (Pyle et al. 1982) 

 The Berks-Calvin-Weikert association are steep, well-drained, acid soils located 

in uplands.  The association is found adjacent to terraces and floodplains of the Tygart 
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Valley River, and on rounded hills at the foot of higher slopes.  Bedrock outcrops are 

common, especially in the very steep areas.  The erosion risk is moderate to severe. 

 Berks soils are loamy-skeletal, mixed, mesic Typic Dystrochrepts Loamy-

skeletal, mixed, active, mesic Typic Dystrudepts.  They are moderately deep and well-

drained.  The parent material is interbedded shale, siltstone, and fine-grained 

sandstone.  The solum depth is 46-91 cm, and the depth to bedrock is 51-102 cm.  The 

soils are channery throughout the profile.   

 Calvin soils are loamy-skeletal, mixed, active, mesic Typic Dystrudepts.  They 

are moderately deep and well-drained.  The parent material is interbedded shale, 

siltstone, and fine-grained sandstone.  The solum depth is 51-89 cm, and the depth to 

bedrock is 51-102 cm.  The soils are channery throughout the profile.   

The Weikert soils are loamy-skeletal, mixed, active, mesic Lithic Dystrudepts.  

They are shallow and well-drained.  The parent material is interbedded shale and 

siltstone.  The solum depth is 20-51 cm, and the depth to bedrock is 25-51 cm.  The 

soils are shaly throughout the profile.   

The Gilpin-Dekalb-Buchanan association soils are composed of steep, well-

drained, acid soils.  The association is found on broad ridge-tops, steep hillsides, 

sloping foot slopes, and narrow flood plains.  Exposed bedrock and stones on the soil 

surface are common.  The erosion risk for these soils is moderate to severe.   

The Gilpin soils are fine-loamy, mixed, active, mesic, Typic Hapludults. They are 

found on steep, upland areas.  The soils are moderately deep and well-drained.  The 

parent material is interbedded shale, siltstone, and fine-grained sandstone.  The solum 
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depth is 51-91 cm, and the depth to bedrock is 51-102 cm.  The soils are channery 

throughout the profile.   

The Dekalb soils are loamy-skeletal, siliceous, active, mesic Typic Dystrudepts.  

They are found on steep, upland areas.  The soils are moderately deep and well-

drained.  The parent material is sandstone.  The solum depth is 51-102 cm, and the 

depth to bedrock is 51-102 cm.  The soils are channery throughout the profile.   

The Buchanan soils are fine-loamy, mixed, semi-active, mesic Aquic Fragiudults.  

They are found on steep footslopes.  The soils are deep and moderately well-drained.  

The soils are derived from colluvial material that has moved downslope.  The solum 

depth is 102-150 cm, and the depth to bedrock is greater than 150 cm.  The subsoils 

are channery.   

Field Methods 

A variety of field methods were used to characterize the watershed, stream, and 

SMZ before harvest.  Three transects were established across each watershed SMZ, 

perpendicular to the stream and equally spaced along the length of the stream in the 

area to be harvested (Figure V-2).  The transects were 10 m wide and extended across 

the treatment distance.  All field measurements were taken within the transects.  The 

watersheds will only be harvested on one side of the stream, and the transects were 

located within the future harvest.   

Techniques and methods in the field can be broken down into two main areas: in-

stream measurements and watershed measurements.   
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Figure V-2.  Idealized map of study watershed showing harvest area, SMZ, and transects. 



 70

 

In-Stream Measurements  

 The streams were classified according to Rosgen (1994), a classification system 

in which stream type and stability is determined by the stream’s morphology.  This 

classification is often used to estimate the relative stability and sediment supply from 

streambanks following disturbances.  The classification system was also used this to 

capture key features of stream morphology, including channel type, entrenchment ratio, 

width to depth ratio, slope, channel material, and sinuosity.       

 In order to estimate streamflow discharge, the Manning-Chezy equation was 

used.  The Manning-Chezy equation is an empirical method of estimating  

streamflow in open channels (Brooks et al. 1997).  It uses stream cross-sectional area, 

channel roughness, wetted perimeter, channel slope, and sinuosity to estimate water 

yield under assumed conditions.  Roughness coefficients for the Manning-Chezy 

equation were estimated from Chow (1959).  The Manning-Chezy equation was applied 

once on each watershed.   

 In each stream, large woody debris (LWD) was measured in all transects.  LWD 

was defined as dead woody material in the stream, with a lower size limit of 10 cm 

diameter on the smaller end, and 1.5 m in length (Dolloff and Webster 2000).  Diameter 

at the smaller end and length were recorded on each piece of LWD.  Decay was 

estimated on a scale of one to seven, as per Hyatt and Naiman (2001) (Table V-2).   

 Stream temperature was measured with a Hobo continuous temperature 

recording gauge, at the middle transect of each watershed.  Temperature readings were 

taken every thirty minutes.  Streamwater temperature was monitored from March until  
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Table V-2.  Decay classes and descriptions for large woody debris, taken from Hyatt and Naiman 
(2001).   

Decay Class Description 
Decay Class 1 Bark intact, limbs and twigs present 
Decay Class 2 Bark intact, limbs and twigs absent 
Decay Class 3 Bark loose, or 5% absent 
Decay Class 4 Bark 95% absent, surface firm 
Decay Class 5 Surface deteriorating, center solid 
Decay Class 6 Surface deteriorating, center patchy 
Decay Class 7 Surface deteriorating, center rotten 

 



 72

November, 2002.  After November, the sties became inaccessible due to deep snows.  

During periods of high streamflow, temperature gauges were sometimes washed onto 

the streambank.  When this occurred, it was not feasible to determine the time the 

temperature gauge was washed ashore.  Therefore, it is assumed that the difference 

between streamwater temperature and the air temperature immediately adjacent to 

streams was negligible, and the data were included for analysis (Lewis et al. 2000).    

 Leaf litter inputs to the stream were estimated by collection with litter baskets.  

Litter baskets, measuring 40.6 cm in diameter were attached to the ground near the 

streams.  One litter basket was placed in each transect.  The litter baskets collected 

litter from March until November 2002.  The litter was dried and weighed to determine 

inputs.    

Streamwater quality samples were taken during spring, summer, and autumn of 

2002.  A Horiba U-22 multiparameter water meter (Horiba Instruments, Inc., Irvine, CA) 

was used to measure pH, conductivity, turbidity, dissolved oxygen (DO), temperature, 

and total dissolved solids (TDS).  Grab samples were taken to measure calcium, 

magnesium, nitrate, and ammonia.  The grab samples were frozen at –17.7° C until 

they could be analyzed in the laboratory.   

Canopy cover in each stream was measured once with a concave spherical 

densiometer (Comeau et al. 1998).  This measurement was taken in the summer and 

represents maximum shading.   

Watershed Measurements 

 Sediment rods were used to estimate erosion and deposition (Brooks et al. 1997) 

using 1.9 cm iron rebar stakes.  Six sediment rods were set up in each transect.  The 
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rods were spaced at 2.3, 4.6, 7.6, 15.6, 30.5, and 38.1 meters away from the stream.  

The distance between the top of the rod and the soil surface was measured nine 

months after initial installation.  To convert the difference in height to soil weight, a bulk 

density of 1.47 g/cm3 was assumed.         

 The Universal Soil Loss Equation (USLE) was also used to estimate erosion in 

each transect, using A Guide for Predicting Sheet and Rill Erosion on Forest Land 

(Dissmeyer and Foster 1984) as a guidebook.  To estimate the soil erodibility factor, a 

soil sample of the top 30 cm was taken in each watershed at the middle transect.   

 A soil sample of the top 30 cm was taken in the middle transect of each 

watershed to determine organic matter, particle size analysis, coarse fragments, and 

the soil erodibility factor for the USLE.    

Large woody debris was examined within the transects. LWD was defined as 

dead woody material, with a lower size limit of 10 cm diameter on the smaller end, and 

1.5 m in length (Dolloff and Webster 2000).  Along a 38.1 m line running perpendicular 

to the stream, each intersecting piece of LWD was measured.  Diameter at the smaller 

end and length were recorded on each piece of LWD.  Decay was estimated on a scale 

of one to seven, as per Hyatt and Naiman (2001) (Table V-2).    

 Litter depth was measured in each transect.  For the watersheds with a 30.5 m 

SMZ, six depth measurements per transect were made; for the watersheds with a 15.3 

m SMZ, four measurements plots per transect were made; for the watersheds with a 4.5 

m SMZ, two depth measurements per transect were made.  The OI and OE layers of the 

soil were measured.   
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 Canopy cover in each transect was measured once with a concave spherical 

densiometer (Comeau et al. 1998).  This measurement was taken in the summer and 

represents maximum shading.   

Lab Methods 

Water Quality Samples 

 Grab samples were sent to the MeadWestvaco Laboratory in Summerville, SC to 

determine calcium and magnesium concentrations in streamwater.  The samples were 

processed using a Perkin-Elmer Optima 300 inductively coupled plasma emission 

spectrophotometer (ICP-OES).   

 To determine nitrate and ammonia concentrations in streamwater, grab samples 

were processed using the Bran & Luebbe TRAACS 2000 Continuous Flow Analyzer, 

which utilizes a colorimetric procedure.   

Soil Samples 

 To determine the soil erodibility factor for USLE calculations, particle size 

analysis was preformed via the hydrometer method (Klute 1986).  Organic matter 

content was determined using the Loss on Ignition procedure (Page et al. 1982). 

Calculations 

Large Woody Debris 

 Large woody debris volumes were calculated with the use of taper equations.  

Small-end diameters was measured and large-end diameters were estimated via 
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existing equations.  Taper equations, from Kozak (1969), as per Martin (1981) were 

used to obtain a large-end diameter using the following equation to solve for DBH:  

 

D2/DBH2 = b1(H/TH –1) + b2(H2/TH2 – 1), where 

D = small end diameter  

DBH = diameter at breast height 

H = length of LWD 

TH = total tree height  

b1  = taper coefficient = -2.5116 

b2 = taper coefficient = 1.1587. 

 

Since the taper equation was created for standing trees, two assumptions were 

made in order to apply the equation to LWD.  First, large-end diameter was substituted 

for the DBH in the equation.  Also, taper coefficients that represented a variety of 

eastern hardwoods were chosen (Kozak 1969).   

After DBH was estimated, the small-end diameter and large-end diameter were 

used to solve for the volume of a frustum of a cone.   

If the length of the piece of LWD is less than 3.65 m, the equation in unable to 

estimate DBH, and produces DBH values that are less than the small end diameter.  In 

this case, it is assumed that these pieces of LWD are cylinders, and volumes are 

obtained as such.   

To obtain volumes on an area basis, a plot size was determined based on the 

length of the LWD.  For each watershed, the average length of LWD was determined.  
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This was used as the plot’s width.  The plot’s length was 38.1 m for the watershed 

measurements and 10 m for the in-stream measurements, corresponding to the length 

along which LWD was measured.   

Statistical Methods 

 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.    

All statistical methods were preformed using SAS statistical software (SAS 

Institute, Inc., Cary, NC).  To detect statistical differences between blocks and 

watersheds for response variables, Analysis of Variances was used, specifically “proc 

glm” (alpha = 0.05).  Fisher’s Protected Least Significant Difference was used to 

determine differences in blocks and watersheds for response variables (alpha = 0.05).  

Linear regression was also preformed using SAS statistical software.   

Site Designation 

In order to present watershed or site level data, it is useful to explain the 

terminology for site designation.  B1W1 indicates site Block 1 Watershed 1, B1W2 

indicates Block 1 Watershed 2, and so on.  C1 indicates site Control 1 and so on.   



 77

Results and Discussion 

Water 

Streamwater Temperature 

 The average temperature of streamwater over all streams was 13° C for the 

months of March through November.   Streams in Blocks 1, 3, and Control 2 had the 

highest temperature and Block 4 had the lowest temperature overall (Table V-3).  In 

terms of individual watersheds, B1W2, B3W1 and B3W3 had the highest temperatures, 

while B4W1, B4W2, and B4W3 had the lowest temperatures (Table V-3).  The average 

streamwater temperature for the same months over a forty-year period at the Fernow 

Experimental Forest was 11° C (Adams et al. 1994).   

Streamwater temperature varied by season.  Summer had the highest average 

temperature at 17° C, followed by autumn (12° C) and spring had the lowest 

temperature (11° C).  All seasonal temperatures were significantly different (Table V-3).  

During all three monitored seasons, Block 3 and Control 2 had the highest streamwater 

temperature and Block 4 had the lowest temperature (Table V-3).  Similar long-term 

seasonal temperature trends were observed at the Fernow Experimental Forest (Adams 

et al. 1994). 

In examining hourly temperature changes, highest temperatures occurred in the 

mid-afternoon and lowest temperatures occurred just before sunrise, with only one to 

three degrees difference in daily maximum and minimum temperatures (Figure V-3).  

This low daily temperature fluctuation is similar to that seen in streams in Hubbard 

Brook Experimental Forest (Likens and Bormann 1995).  Spring and summer had the  
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Table V-3.  Overall, spring, summer, and autumn average streamwater temperature.  Letters 
indicate a significant difference at alpha=0.05 in each column for both blocks and watersheds.   

 

Site Overall 
Streamwater 
Temperature 

(°C) 

Spring 
Streamwater 
Temperature 

(°C)

Summer 
Streamwater 
Temperature  

(°C) 

Autumn 
Streamwater 
Temperature 

(°C)
Block 1 Average 13.8   a 11.5   a 17.1     a 11.5   d 

Block 2 Average 13.2   b 10.5   c 16.6     b 12.1   a 

Block 3 Average 13.8   a 11.2  ab 17.4     a 11.9  bc 

Block 4 Average 12.5   c 9.5   d 16.1     c 11.2   e 

Control 1 13.2   b 10.5  bc 16.6     b 11.7  cd 

Control 2 13.7  ab 10.8 abc 17.3     a 12.1  ab 

B1W1 13.3  def 10.9  bc 16.8  defg 11.1  gh 

B1W2 14.7    a 13.0   a 17.1 bcde 11.5   ef 

B1W3 13.6 cdef 10.9  bc 17.0  cde 12.0   cd 

B1W4 13.8  bcd 11.1  bc 17.6   ab 11.5   ef 

B2W1 13.2    ef 10.5 cde 16.4    fg 12.2  ab 

B2W2 13.6   def 10.5 cde 16.8  def 11.7  de 

B2W3 N/A N/A N/A N/A
B2W4 13.2    ef 10.4 cde 16.4   fg 12.3    a 

B3W1 14.2    ab 11.5    b 18.0    a 12.0   bc 

B3W2 13.3   def 10.5   cd 17.0 cdef 11.7   de 

B3W3 14.0    bc 11.5    b 17.5   bc 12.3   ab 

B3W4 13.6  cdef 11.0   bc 17.1bcde 11.7   de 

B4W1 11.9     g 8.9    g 15.1    i 11.7   de 

B4W2 12.4     g 9.7   ef 15.8   h 11.0    hi 

B4W3 12.4     g 9.4   fg 16.2  gh 10.9     i 
B4W4 13.1     f 10.0  def 17.2 bcd 11.3   fg 

C1 13.2    ef 10.5 cde 16.6 efg 11.7  de 

C2 13.7 bcde 10.8  bc 17.3  bc 12.0 abc 

Overall Average   13.3    00  10.7 000 16.8   0 11.7  00 
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Figure V-3.  Seasonal and daily streamwater temperature average for all blocks and watersheds.  
Error bars represent +/- 1 Standard Deviation.   
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most pronounced daily fluctuations.  Autumn had a similar hourly temperature regime, 

but was much less pronounced (Figure V-3).    

Streamwater temperature in the summer is negatively correlated to summer in-

stream canopy cover, with the highest in-stream canopy cover resulting in the lowest 

summer streamwater temperature (y = -0.2012x + 34.618, r2 = 0.4334) (Figure V-4).  

With a higher canopy cover, less sunlight reaches the streamwater and the water is 

therefore cooler.  This is apparent with the data, as Block 4 has the lowest temperatures 

and the highest canopy cover while Block 3 has the lowest canopy cover and the 

highest temperature.   

Water Chemistry 

 A number of water quality parameters were examined (pH, calcium, magnesium, 

nitrogen, dissolved oxygen, total dissolved solids, and turbidity).  All of the constituents 

were examined for block differences and seasonal differences.   

 The average pH of the streams was 6.34, and ranged from 5.31 to 7.27 (Table 

V-4).  No seasonal differences were found.  However, the blocks were significantly 

different.  Control 1, Control 2, Block 1, and Block 2 had the highest pH of the streams.  

Block 4 had the lowest pH of the blocks, at 5.31 (Table V-4).  In terms of watershed 

differences, C1, B1W4, B4W2, and C2 had the highest pH, while B4W4, B4W1, and 

B4W3 had the lowest pH (Table V-4).  The average amount of calcium in streamwater 

was 4.61 mg/L, with a range of 9.81 to 2.31 mg/L (Table V-4).  Individual streams with 

higher calcium were B1W2, B1W4, B4W2, C1, and C2, while B4W4, B4W3, and B4W1 

had lower calcium (Table V-4).  The average amount of magnesium in streamwater was 

0.99 mg/L, with a range of 1.54 to 0.41 mg/L (Table V-4).  High magnesium was found  
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Figure V-4.  Linear regression relating average summer in-stream canopy cover to average 
summer streamwater temperature, with each data point representing one watershed.   
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Table V-4.  Selected stream water quality parameters for blocks.  Letters indicate a significant 
difference at alpha=0.05 for each column for both blocks and watersheds.   

 

Site pH Calcium 
(mg/L)

Magnesium 
(mg/L)

Total Dissolved 
Solids (g/L) 

Turbidity 
(NTU)

Block 1  6.80   ab 7.20  a 1.25       a 0.07 4   a 37.92  b 

Block 2 6.52   ab 3.15  b 1.14      ab 0.043    b 49.00  b 

Block 3 6.36    b 2.31  b 0.90       b 0.032    b 20.17  c 

Block 4 5.31    c 3.32  b 0.41       c 0.033    b 28.25 bc 

Control 1 7.27    a 9.81  a 1.25      ab 0.103    a 91.33  a 

Control 2 6.92   ab 8.89  a 1.54        a 0.077    a 16.33  c 

B1W1 6.43   de 2.51 bc 0.82  cdefgh 0.040 cde 55.67  abc 

B1W2 7.37       a 11.66  a 1.33      abc 0.120   a 41.33   bc 

B1W3 6.24     e 3.70 bc 1.09    bcdef 0.033 cde 11.67    c 

B1W4 7.18     ab 10.94  a 1.78        a 0.103    a   43.00   bc 

B2W1 6.43    de 2.15 bc 0.95   bcdef 0.033 cde 84.00   ab 

B2W2 6.64 bcde 4.10  b 1.25    abcd 0.050    c 49.33  abc 

B2W3 6.44    de 3.68 bc 1.41     abc 0.043  cd 38.00   bc 

B2W4 6.60   cde 2.66 bc 0.93 bcdefg 0.043  cd 24.67    c 

B3W1 6.32     e 3.18 bc 1.11   bcde 0.033 cde 11.00    c 

B3W2 6.43   de 2.24 bc 0.76 cdefgh 0.033 cde 28.33    c 

B3W3 6.40   de 2.23 bc 1.11   bcde 0.033 cde 21.33    c 

B3W4 6.27    e 1.51 bc 0.62  defgh 0.027  de 20.00    c 

B4W1 4.56    g 0.52  c 0.14       h 0.020    e 45.33 abc 

B4W2 7.14  abc 9.95  a 0.45     fgh 0.073    b 24.00    c 

B4W3 4.35    g 0.92  c 0.38     gh 0.073    b 26.00    c 

B4W4 5.18     f 0.95  c 0.58   efgh 0.020    e 17.67    c 

C1 7.27      a 9.81  a 1.25    bcd 0.103    a 91.33   a 

C2 6.92abcd 8.89  a 1.54     ab 0.077    b 

Average 6.34  00 4.61 0 0.99     00 0.050    0 36.06 00  
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in B1W4, C2, B2W3, B1W2, and B2W2, while B2W2, B4W3, and B4W1 had lower 

magnesium (Table V-4).   

 Calcium and magnesium had very similar patterns within the study sites.  Neither 

cation had seasonal differences, but both showed block differences (Table V-4).  

Control 1, Control 2, and Block 1 showed significantly higher ion concentrations, with 

lower values found in Blocks 3 and 4.   

 The average nitrate content of the streams was 0.20 mg/L.  No block or 

watershed differences were found.  Differences were significant in seasonal averages.  

Spring had significantly higher nitrate content than summer and autumn (Table V-5).   

 The average ammonia content of the study streams was 0.47 mg/L.  No block or 

watershed differences were found, but seasonal averages were significantly different.  

Spring had significantly lower NH4+ content than summer and autumn (Table V-5).   

 The average amount of dissolved oxygen (DO) in the streams was 10.20 mg/L.  

No block or watershed differences were found, but seasonal differences were significant 

(Table V-5).  Autumn had the highest DO content and summer had the lowest (Table 

V-5).   

 Total dissolved solids (TDS) averaged 0.05 g/L in the study streams.  No 

seasonal differences were found, but block differences in TDS were significant.  Control 

1, Control 2, and Block 1 had higher TDS than Blocks 2, 3, and 4 (Table V-4).  In terms 

of individual watersheds, B1W1, C1, and B1W4 had the highest TDS, while B3W4, 

B4W3, and B4W1 had the lowest TDS (Table V-4).   

 The average turbidity in the streams was 36.06 NTU.  No seasonal differences 

were found, but turbidity content varied significantly by block.  Control 1 had the highest  
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Table V-5.  Selected stream water quality parameters for seasons.  Letters indicate a significant 
difference at alpha=0.05 for season and for site.   

 

 Dissolved Oxygen 
(mg/L)

Nitrate-Nitrogen 
(mg/L)

Ammonium 
(mg/L)

Spring 9.56 b 0.28 a 0.14 b 

Summer 7.64 c 0.18 b 0.68 a 

Autumn 13.41 a 0.15 b 0.60 a 

B1W1 12.47 a 0.20 a 0.96 a 

B1W2 14.01 a 0.15 a 0.42 a 

B1W3 12.59 a 0.15 a 0.66 a 

B1W4 14.11 a 0.15 a 0.41 a 

B2W1 14.74 a 0.15 a 0.42 a 

B2W2 14.07 a 0.16 a 0.31 a 

B2W3 13.32 a 0.15 a 0.79 a 

B2W4 14.00 a 0.14 a 0.90 a 

B3W1 13.89 a 0.14 a 0.49 a 

B3W2 13.86 a 0.14 a 0.89 a 

B3W3 13.85 a 0.15 a 0.40 a 

B3W4 13.40 a 0.14 a 0.47 a 

B4W1 12.57 a 0.17 a 0.82 a 

B4W2 12.15 a 0.14 a 0.46 a 

B4W3 12.75 a 0.14 a 0.46 a 

B4W4 12.17 a 0.14 a 0.87 a 

C1 13.40 a 0.15 a 0.82 a 

C2 14.11 a 0.15 a 0.23 a 

Overall Average 10.20 0 0.20 c 0.47 c 
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turbidity at 91 NTU, and Block 3 and Control 2 had the lowest turbidity at 20 and 16 

NTU (Table V-4).  C1 and B2W1 had the highest turbidity, and B3W2, B4W3, B2W4, 

B4W2, B3W3, B3W4, B4W4, C2, and B1W3 had the lowest turbidity (Table V-4).   

 Compared to other forested watershed studies at Coweeta Hydrologic 

Laboratory, the Hubbard Brook Experimental Forest, and the Fernow Experimental 

Forest, my streams had higher pH, calcium, magnesium, and ammonium 

concentrations and low nitrate content (Swank and Waide 1988; Likens and Bormann 

1995; Adams et al. 1994) (Table V-6).   

 In the Coweeta Hydrologic Laboratory and the Hubbard Brook Experimental 

Forest, seasonal trends are observed in streamwater pH and cation concentrations 

(Swank and Waide 1988; Likens and Bormann 1995).  However, at the Fernow 

Experimental Forest, there was little seasonal variation in streamwater chemistry.  My 

watersheds were similar, with pH and cation concentrations showing no seasonal 

variation.     

The pH, cations (calcium and magnesium), and TDS were consistently lowest in 

Block 4.   This is most likely due to the parent material of the soils found in the Block 4 

watersheds.  In all of the other Blocks and Controls, the Belmont soil series, a soil with 

limestone parent material, is common on the ridgetops of the watersheds.  The Belmont 

series is neutral to mildly alkaline in the lower horizons, while all of the other soil series 

found in the watersheds are strongly acid to very strongly acid throughout their profile 

(Pyle et al. 1982).  The absence of the Belmont soils in Block 4 accounts for the lower 

pH and lower cations in streamwater.    
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Table V-6.  Streamwater chemistry of four similar forested watersheds.   

 

 
Site  

Fernow  
Experimental 
Forest 

Hubbard Brook  
Experimental Forest 

Coweeta Hydrologic  
Laboratory  

MeadWestvaco  
Forests 

Location 
Allegheny  
Plateau,  
West Virginia 

New England  
Province,  
New Hampshire 

Blue Ridge  
Province,  
North Carolina 

Allegheny 
Plateau,  
West Virginia 

pH 5.94 4.92 4.68 6.34 
Calcium 1.41 1.65 0.58 4.61 
Magnesium 0.61 0.38 0.33 0.99 
Nitrate 2.64 1.93 0.003 0.2 
Ammonium 0.098 0.04 0.002 0.47 

Source Adams et al. 
1994 

Likens and Bormann 
1995 

Swank and Waide 
1988 This study 
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 The acidic nature of Block 4 is even more pronounced considering that one of the 

streams in the block has been limed by MeadWestvaco to improve water quality.  

Watershed 2 has a higher than average pH and calcium concentration, and much 

higher values than the rest of Block 4 (Table V-7).   

TDS was positively correlated to watershed erosion, as estimated by the USLE.  

As watershed erosion increased, TDS increased as well (y = -0.0012x2 + 0.0189x + 

0.0316, r2 = 0.3873) (Figure V-5).  As erosion increases in a watershed, the amount of 

sediment found in the streamwater also increases.   

 As opposed to pH, cations, and TDS, DO and nitrogen concentrations were 

seasonal in nature.  DO content changes with the seasons, due to streamwater 

temperature, as the solubility of oxygen decreases with temperature increases (Brooks 

et al. 1997).  In the summer when streamwater temperature is highest, DO content is 

lowest.  In spring and autumn, when streamwater temperature is lower, DO content is 

higher.   

 Nitrate content is lowest in summer and in autumn, due to an increased biological 

demand in the watershed, which is not present in spring when nitrate content is higher 

(Likens and Bormann 1995).  The seasonal ammonium content is quite different than 

the nitrate seasonal regime.  Ammonium content was higher in the summer and 

autumn, possibly due to higher N fixation by vegetation in the watershed, or to leaf litter 

decomposition in the autumn (Likens and Bormann 1995).  Conversely, research at the 

Coweeta Hydrologic Laboratory and the Fernow Experimental Forest did not find any 

seasonal nitrogen patterns (Swank and Waide 1988; Adams et al. 1994).   
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Table V-7.  Average pH and calcium concentrations in all watersheds, in Block 4, and in Block 4 
Watershed 2, which was limed.   

 pH Calcium (mg/L) 
Average for All Blocks and Watersheds 6.30 4.5 
Block 4 Average, excluding Watershed 2 4.70 0.8 
Block 4 Watershed 2 Average 7.14 9.9 
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Figure V-5.  Regression relating average erosion estimated by the Universal Soil Loss Equation to 
average Total Dissolved Solids in streamwater, with each data point representing one watershed. 
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Rosgen Classification 

 Most of the streams in the study sites (78%) were classified as A3/A4 (Table 

V-8).  The remaining 22% of the streams were classified as A3a+/A4a+.  According to 

Rosgen (1994), the A3/A4 streams are steep, entrenched, cascading, step/pool 

streams.  In terms of landform, the areas have high relief.  The A3a+/A4a+ streams 

have very high relief, are deeply entrenched, and have debris flow potential.  The 

streams have vertical steps with deep pools and waterfalls.  For both stream types, the 

sensitivity to disturbance is very high to extreme, with a poor recovery potential.  The 

sediment supply is very high and the streambank erosion potential is high.   

Manning-Chezy Streamflow Estimate 

 The average bankfull streamflow as estimated by the Manning-Chezy equation 

was 49 m3/sec, with an average block range of 34 to 90 m3/sec (Table V-9).  None of 

the blocks had significantly different streamflow estimates.   

Stream Canopy Cover 

The average canopy cover over the stream is 88%, with a range of 86%-91% 

(Table V-10).  Block 4 had the highest stream canopy cover and Block 3 had the lowest 

canopy cover.  Sites B3W3, B3W2, B3W4, and B1W3 had the lowest canopy cover, 

while B2W2, B4W2, B4W3, and B4W1 had the highest canopy cover (Table V-10).   

Again, streamwater temperature in the summer is negatively correlated to 

summer in-stream canopy cover, with the highest in-stream canopy cover resulting in 

the lowest summer streamwater temperature (y = -0.2012x + 34.618, r2 = 0.4334)  
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Table V-8.  The Rosgen classification for all blocks and watersheds, including the components 
used in determining classification. 

 

Site Channel 
Type Sinuosity  

Width to 
Depth 
Ratio 

Entrench-
ment  
Ratio 

Channel  
Material 

Channel  
Slope 

Rosgen  
Class- 
ification 

Block 1  
Watershed 1 

Single 
Channel  1.05 9.8 1.6 Gravel, cobble 5% A3, A4 

Block 1  
Watershed 2 

Single 
Channel 1.07 11.3 1.7 Gravel, cobble 13% A3a+,  

A4a+ 
Block 1  
Watershed 3 

Single 
Channel 1.08 9.5 1.2 Gravel, cobble 6% A3, A4 

Block 1  
Watershed 4 

Single 
Channel 1.11 8.1 1.4 Gravel, cobble 4% A3, A4 

Block 2  
Watershed 1 

Single 
Channel 1.25 12.0 1.9 Gravel, cobble 4% A3, A4 

Block 2  
Watershed 2 

Single 
Channel 1.00 10.7 3.2 Gravel, cobble 7% A3, A4 

Block 2  
Watershed 3 

Single 
Channel 1.10 22.4 2.3 Gravel, cobble 7% A3a+,  

A4a+ 
Block 2  
Watershed 4 

Single 
Channel 1.13 10.7 3.0 Gravel, cobble 7% A3, A4 

Block 3  
Watershed 1 

Single 
Channel 1.00 9.8 3.3 Gravel, cobble 4% A3, A4 

Block 3  
Watershed 2 

Single 
Channel 1.06 5.1 2.8 Gravel, cobble 7% A3, A4 

Block 3 
Watershed 3 

Single 
Channel 1.00 5.0 1.8 Gravel, cobble 7% A3, A4 

Block 3  
Watershed 4 

Single 
Channel 1.11 5.8 3.3 Gravel, cobble 5% A3, A4 

Block 4  
Watershed 1 

Single 
Channel 1.00 7.7 1.8 Gravel, cobble 40% A3a+,  

A4a+ 
Block 4  
Watershed 2 

Single 
Channel 1.05 9.6 3.9 Gravel, cobble 6% A3, A4 

Block 4  
Watershed 3 

Single 
Channel 1.16 7.7 2.4 Gravel, cobble 7% A3, A4 

Block 4  
Watershed 4 

Single 
Channel 1.08 14.6 1.7 Gravel, cobble 9% A3, A4 

Control 1 Single 
Channel 1.07 8.7 1.6 Gravel, cobble 14% A3a+,  

A4a+ 

Control 2 Single 
Channel 1.08 9.3 2.4 Gravel, cobble 3% A3, A4 
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Table V-9.  The average bankfull streamflow as estimated by the Manning-Chezy equation.  Letters 
indicate a significant difference at alpha=0.05.   

Site Average Bankfull 
Streamflow Estimate 

(m3/sec)

Range of Streamflow 
for Blocks

(m3/sec)
Block 1 38a 9-69
Block 2 34a 11-57
Block 3 90a 26-140
Block 4 37a 9-53
Control 1 39a 

Control 2 47a 

Average 49 
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Table V-10.  The average stream canopy cover for blocks and watersheds.  Letters indicate a 
significant difference at alpha=0.05 for blocks and for watersheds.   

Site Average 
Stream 
Canopy 
Cover (%) 

Block 1 Average 88.9    ab 

Block 2 Average 88.6    ab 

Block 3 Average 85.7     c 

Block 4 Average 90.6     a 

Control 1 89.3    ab 

Control 2 86.8     b 

B1W1 88.0    bcd 

B1W2 92.6   bcd 

B1W3 84.5      ab 

B1W4 90.9    bcd 

B2W1 91.4    abc 

B2W2 92.2   bcd 

B2W3 85.0    abc 

B2W4 91.2    bcd 

B3W1 88.1    abc 

B3W2 83.9      ab 

B3W3 80.3     a 

B3W4 85.0     ab 

B4W1 92.9       d 

B4W2 90.6     dc 

B4W3 91.1     cd 

B4W4 92.6   abc 

C1 92.1   bcd 

C2 83.9   abc 

Overall Average 88.3     b   
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 (Figure V-4).  With a higher canopy cover, less sunlight reaches the streamwater and 

the water is therefore cooler.   

Soil 

Organic Matter 

 Average block organic matter content in the top 30 cm of soil range from 3.47% 

to 6.73%, with an overall average of 5.17% (Table V-11).  None of the blocks had 

significantly different organic matter content.  These values are approximately 

equivalent to the organic matter content found in the top layer of forest soils at the 

Coweeta Hydrologic Laboratory, which range from 4.6%-7.4% organic matter (Waide et 

al.  1988).   

Particle Size Analysis  

 The textures of the soils in the top 30 cm were predominantly sandy loam and silt 

loam (Figure V-6).   

Coarse Fragments 

Average block coarse fragment in the top 30 cm range from 4% to 45%, with an 

overall average of 29% (Table V-12).  None of the blocks had significantly different 

coarse fragment content.   

Erosion Estimates 

 Average block erosion estimates from the USLE range from 1.12 to 7.30 

Mg/ha/yr, with an overall average erosion rate of 2.93 Mg/ha/yr (Table V-13).   None of 

the blocks or watersheds had significantly different USLE erosion estimate rates.   
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Table V-11.   The average organic matter percent for sites.  Letters indicate a significant difference 
at alpha=0.05.   

Site Organic Matter 
Content (%) 

Range of Organic 
Matter Content for 

Blocks (%)
Block 1 3.47 a 3.37-3.56
Block 2 6.62 a 2.80-12.15
Block 3 6.73 a 2.72-11.90
Block 4 3.81 a 2.71-6.38
Control 1 3.82 a 

Control 2 4.91 a 

Average 5.17 0 
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Figure V-6.  The percentage of the watersheds with soil textures of sandy loam, silt loam, loamy 
sand, loam, and silt clay loam. 
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Table V-12.  Average coarse fragment content of each block.  Letters indicate a significant 
difference at alpha=0.05. 

Site Coarse Fragment 
Content (%)

Range of Coarse 
Fragment Content  

for Blocks (%)
Block 1 42.1 a 18-79
Block 2 45.7 a 29-59
Block 3 27.7 a 11-49
Block 4 16.6 a 7-33
Control 1 28.3 a 

Control 2 3.9 a 

Overall Average 30.7 a 
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Table V-13.  The average erosion rate, as estimated by the USLE.  Letters indicate a significant 
difference at alpha=0.05.   

Site Erosion Rate  
(Mg/ha/yr) 

Range of 
Erosion Rate 

for Blocks
(Mg/ha/yr)

Block 1 7.30 a 1.3-16.9
Block 2 1.22 a 0.8-2.5
Block 3 2.06 a 0.1-6.8
Block 4 1.12 a 0.41-1.8
Control 1 4.36 a 

Control 2 1.55 a 

Average 2.93 0 
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 Erosion estimates from the sediment rods showed an overall accumulation of 

soil, rather than erosion.  Block soil accumulation rates ranged from 86.1 Mg/ha/yr to 

269.2 Mg/ha/yr, with an overall average accumulation of 172.7 Mg/ha/yr in the Riparian 

Zone (Table V-14).  Block 1 has the highest erosion rate at 269 Mg/ha/yr, while Control 

1 has the lowest erosion rate at 34 Mg/ha/yr (Table V-14).   

This high rate of accumulation of soil in the riparian zone could be due to erosion 

from the upland, non-SMZ portions of the watershed.  The soil eroded from the upland 

areas of the watershed most likely accumulates in the riparian zone.  172.9 Mg/ha/yr of 

sedimentation accumulating in the riparian zone equates to an average of 10.9 Mg/ha/yr 

of soil eroding from the non-SMZ portion of the watershed (Table V-15).   

To assess where the soil accumulated in the riparian zone, the average soil 

accumulation for each distance from stream was compared (the rods were spaced at 

2.3, 4.6, 7.6, 15.6, 30.5, and 38.1 m away from the stream).  However, none of the 

distances showed any significant differences, indicating that soil accumulated evenly in 

the riparian zone.   

Most studies find forested ecosystems have erosion rates ranging from 0.03-0.72 

Mg/ha/yr, which is noticeably less erosion than is occurring within my watersheds (Yoho 

1980; Patric 1976; Patric et al. 1984; Bormann et al. 1974).  However, Gianessi et al. 

(1986) found forest erosion in West Virginia to be 4.6 Mg/ha/yr, which is closer to the 

erosion estimates found in my watersheds.    

 The USLE estimates show normal soil erosion occurring in the SMZs, while the 

sediment rods show an overall soil accumulation in the SMZs.  This could be explained 

by the fact that the USLE is only an estimation of soil erosion, while the sediment rods  
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Table V-14.  Average soil accumulation in the riparian zones, as determined by the sediment rods.  
Negative numbers indicate soil erosion, rather than soil accumulation.  Letters indicate a 
significant difference at alpha=0.05 for blocks and for watersheds.   

Block Soil Accumulation 
(Mg/ha/yr) 

Block 1 269     a 

Block 2 86 abc 

Block 3 232 abc 

Block 4 159 abc 

Control 1 34     c 

Control 2 93 abc 

B1W1 251 bcd 

B1W2 153bcde 

B1W3 400     a 

B1W4 273abcd 

B2W1 49   de 

B2W2 87   de 

B2W3 213bcde 

B2W4 -5     e 

B3W1 352   ab 

B3W2 338   ac 

B3W3 81  de 

B3W4 156 cde 

B4W1 87  de 

B4W2 63  de 

B4W3 245bcd 

B4W4 239bde 

C1 34  de 

C2 93  de 

Average 173   b 
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Table V-15. Calculations showing sediment accumulation in the riparian zone and the associated 
upland erosion.   

Site 

Riparian 
Zone  
size 
(ha) 

Total  
Watershed 

size 
(ha) 

Upland  
Portion  
of the  

Watershed 
(ha) 

Riparian 
Zone  

Accumu-
lation  
Rate  

(Mg/ha) 

Riparian  
Zone  

Accumu- 
lation  
(Mg) 

Upland  
Portion  
of the  

Watershed  
Erosion  

(Mg) 

Upland  
Portion  
of the  

Watershed 
Erosion Rate 

(Mg/ha) 
B1W1 3.2 42.2 39.0 250.6 798.3 798.3 20.5 
B1W2 2.2 38.7 36.5 153.0 337.0 337.0 9.2 
B1W3 2.4 31.0 28.7 399.7 957.3 957.3 33.4 
B1W4 3.2 42.4 39.2 273.5 864.6 864.6 22.0 
B2W1 3.5 41.9 38.4 49.4 172.7 172.7 4.5 
B2W2 1.8 22.4 20.6 86.6 157.7 157.7 7.7 
B2W3 2.2 40.3 38.1 213.5 470.4 470.4 12.3 
B2W4 2.4 24.6 22.1 -5.2 -12.7 -12.7 -0.6 
B3W1 1.4 61.4 60.1 352.2 476.9 476.9 7.9 
B3W2 2.1 64.1 61.9 337.5 721.1 721.1 11.6 
B3W3 2.1 62.6 60.6 80.6 165.9 165.9 2.7 
B3W4 1.5 42.0 40.5 155.9 231.5 231.5 5.7 
B4W1 1.2 17.6 16.4 86.8 108.1 108.1 6.6 
B4W2 2.0 27.6 25.6 62.5 122.8 122.8 4.8 
B4W3 3.2 51.6 48.4 245.4 793.5 793.5 16.4 
B4W4 1.8 20.2 18.4 239.3 435.6 435.6 23.7 

C1 2.5 27.2 24.7 34.2 86.9 86.9 3.5 
C2 2.0 56.9 55.0 93.5 185.8 185.8 3.4 

Average 2.3 39.7 37.4 172.7 390.9 393.0 10.9 

   

=Watershed 
Size- 
SMZ Size 

Data Taken 
From  
Sediment  
Rods  
Erosion  
Estimation 

=Riparian  
Zone  
Accumulation 
Rate *  
Riparian  
Zone Size 

Set Equal  
to Riparian  
Zone  
Accumu- 
lation  

=Upland 
Portion   
Erosion /  
Upland 
Portion  
Size 
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actually measure soil movement.  The large amount of soil accumulating in the SMZs is 

the accretion of soil eroded from the rest of the watershed.   Soil slumps, landslides, 

and debris avalanches could account for the high erosion rates in these areas (Smith 

1995; Eschner and Patric 1982; Neary et al. 1986).  A high percentage of roads and 

skid trails in the watershed is another potential source of sediment.   

Carbon Inputs  

In-Stream Large Woody Debris 

The average in-stream LWD volume is 28 kg/ha, with a range of 5 to 65 kg/ha 

(Table V-16).  None of the blocks or watersheds were found to have significantly 

different LWD volumes.  The average decay value was 5.1.   

SMZ Large Woody Debris 

 The average volume of LWD in the SMZs was 33 kg/ha, with a range from 13 to 

104 kg/ha (Table V-17).  Only Block 4 had significantly higher LWD volume, at 104 

kg/ha.  In terms of individual watersheds, C1 and B3W4 have the highest volume, while 

B2W3 and B3W3 have the lowest (Table V-17).  In general, deciduous forests have 

LWD volumes ranging from 46-132 kg/ha (Harmon et al. 1986), which shows that my 

streams have a very low amount of LWD.   

The average decay value of LWD in SMZs was 5.4, which was significantly 

higher than the average decay value for in-stream LWD (5.1).   
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Table V-16.  Average in-stream large woody debris volume by block.  Letters indicate a significant 
difference at alpha=0.05.   

Site Volume of In-stream 
Large Woody Debris 

(m3/ha)

Range of Large 
Woody Debris for 

Blocks (m3/ha)
Block 1 5 a 1-8
Block 2 17 a 10-20
Block 3 11 a 0-22
Block 4 44 a 14-83
Control 1 29 a 

Control 2 65 a 

Average 28 0 
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Table V-17. Average SMZ large woody debris volume by block.  Letters indicate a significant 
difference in the blocks and in the watersheds at alpha=0.05.   

 

Site Volume of Large 
Woody Debris 

in SMZ (m3/ha)
Block 1 Average 23  b 

Block 2 Average 13  b 

Block 3 Average 24  b 

Block 4 Average  22  b 

Control 1 104  a 

Control 2 15  b 

B1W1 8   cd 

B1W2 5   cd 

B1W3 36 bcd 

B1W4 43   bc 

B2W1 15  cd 

B2W2 22 bcd 

B2W3 3    d 

B2W4 12   cd 

B3W1 8   cd 

B3W2 16   cd 

B3W3 1     d 

B3W4 72    b 

B4W1 21  cd 

B4W2 18   cd 

B4W3 12   cd 

B4W4 36 bcd 

C1 104    a 

C2 15   cd 

Average 33   0 
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Litter Depth 

 The average litter depth of the OI and OE layers of the soil found in the 

watersheds was 2.90 cm, with average block litter depths ranging from 2.36 to 3.62 cm 

(Table V-18).  None of the blocks or watersheds had significantly different litter depths.   

Litter depth was positively correlated to the transect canopy cover, with the deepest 

litter found in the sites with the highest canopy cover (y = -0.0176x2 + 3.1549x – 138.06, 

r2 = 0.1896) (Figure V-7).  This is intuitive, as the greater canopy cover creates a deeper 

litter layer.   

Litter Inputs to the Stream 

 Litter inputs to the stream averaged 2,392 kg/ha, with a range of 2,131 to 2,970 

kg/ha (Table V-19).  This is lower than the amount of leaf litter inputs to streams in the 

Coweeta Hydrologic Laboratory at 4400 kg/ha (Monk and Day 1988).  None of the 

blocks or watersheds showed significantly different stream litter inputs.   

 Litter inputs to the stream were positively correlated to in-stream canopy cover (y 

= 71.058x – 3883.1, r2 = 0.1862) (Figure V-8).  The streams with the highest in-stream 

canopy had the highest litter inputs.  When streams have a high canopy cover, there is 

a higher supply of litter inputs to that stream.   

Snags 

 Snags are a prominent feature in the study sites, with an overall average of 17.9 

snags per hectare (Table V-20).  Block averages range from 0 to 40 snags per hectare,  
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Table V-18.  Average litter depth by block of the OI and OE layers of the soil.  Letters indicate a 
significant difference at alpha=0.05.   

 

Site Average Litter  
Depth (cm) 

Range of Litter 
Depth for 

Blocks (cm)
Block 1 2.80 a 2.6-3.1
Block 2 3.05 a 2.0-3.9
Block 3 2.36 a 1.0-2.9
Block 4 2.91 a 1.8-4.5
Control 1 2.64 a 

Control 2 3.62 a 

Average 2.90 0 
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Figure V-7.  Regression relating average transect canopy cover to average litter depth, with each 
data point representing one watershed. 
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Table V-19.  Average block stream litter inputs, as determined by litter baskets.  Letters indicate a 
significant difference at alpha=0.05.   

 

Site Stream Litter  
Inputs (kg/ha) 

Range of 
Inputs for 

Blocks (kg/ha)
Block 1 2,525 a 1,906-2,895
Block 2 2,251 a 1,951-2,525
Block 3 2,131 a 1,912-2,336
Block 4 2,548 a 1,899-2,929
Control 1 2,970 a 

Control 2 2,271 a 

Average 2,392 6 
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Figure V-8.  Linear regression relating average in-stream canopy cover to leaf litter inputs to the 
stream, with each data point representing one watershed.   
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Table V-20.  Average block density of snags.  Letters indicate a significant difference at 
alpha=0.05.   

 

Site Average Number of 
Snags (number/ha)

Range of Snags 
for Blocks 

(number/ha)
Block 1 8.2 a 0-21.7
Block 2 39.9 a 0-72.5
Block 3 13.6 a 0-21.7
Block 4 16.3 a 0-43.5
Control 1 0 a 

Control 2 10.9 a 

Average 17.9 o 
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with none of the block averages being significantly different.  No watershed differences 

were found.   

Conclusions 

 In order to see how unharvested and partially harvested SMZs change in 

response to watershed harvesting, the first step is to accurately portray the pre-harvest 

characterization.  This paper characterizes the SMZ water quality, SMZ soil, and carbon 

inputs.  The water quality of the streams is good.  The soils are mostly sandy loams and 

silt loams, with 29% coarse fragments, and with 5.1% organic matter.  Within the SMZ, 

there is an overall accumulation of soil, averaging 173 Mg/ha/yr.  In terms of carbon 

inputs, in-stream and SMZ LWD volume was approximately equal, but LWD was more 

decayed in the SMZ than in-stream LWD.  Snags were dominant in the SMZs, 

averaging 17.9 per hectare.  
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Chapter VI.    Commercial Value of Timber Located Within 
Streamside Management Zones in the Allegheny Plateau of 
West Virginia 

Abstract 

  Streamside Management Zones (SMZs) are one of the most useful tools 

recommended by forestry Best Management Practices for protecting against non-point 

source pollution from silvicultural activities.  However, there is limited research 

concerning the size and harvesting intensities of SMZs that best protect water quality, or 

how silvicultural activities affect the commercial value within SMZs.   

The objective of this paper is to portray the monetary value that is present in 

SMZs for the Allegheny Plateau region, and consequently what the potential cost of 

SMZs are in terms of unharvested timber.   

 The eighteen study watersheds were located in the Allegheny Plateau in 

Randolph County, West Virginia.  The watersheds are in industrial forests, with 

abundant roads, skid trails, and haul roads. 

The overstory, midstory, and lowerstory vegetation were inventoried to 

characterize all aspects of vegetation within the study watersheds’ SMZs.  Volumes and 

stumpage values were calculated from the overstory tree data, and midstory and 

lowerstory data were used to evaluate potential regeneration.   

 The average stumpage value of the study sites was $3551/ha.  The commercial 

value of timber is heavily dependent on five species in particular: Acer saccharum, 

Quercus alba, Prunus serotina, Liriodendron tulipifera, and Fraxinus spp.  
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The commercial value of species within SMZs in the study sites can be broken 

into two main groups: those with high stumpage value and low density (Prunus serotina 

and Quercus alba) and those with lower stumpage value and high density (Liriodendron 

tulipifera).  However, Acer saccharum has both a high stumpage value and high density.  

In addition, Acer saccharum has the highest density, highest Importance Value, and the 

highest regeneration potential.  Acer saccharum is therefore considered the most 

commercially important species on these study sites.   

In the partially harvested SMZs, a 50% reduction in basal area will occur.  In 

these SMZs, on average, 89% of the stumpage value can be attained with the partial 

harvest.   

Introduction  

States with significant forest cover have adopted forestry Best Management 

Practices (BMPs) to address nonpoint source pollution from forestry activities.  BMPs 

are minimum requirements and specifications for silvicultural activities such as road 

construction, harvesting operations, and site preparation.  BMPs are designed to reduce 

erosion and prevent or control water pollution (Phillips et al. 2000). 

The Streamside Management Zone (SMZ) is a cornerstone of forestry BMPs.  

AN SMZ is an area adjacent to streams designed to protect water quality by trapping 

sediment, providing shade, and uptaking nutrients (Phillips et al. 2000).  Usually, state 

BMPs recommend the width of the SMZ and harvesting intensity that can occur in the 

SMZ.   States have different SMZ recommendations for width and harvesting intensity.   

Although current SMZ widths and harvesting intensities are apparently effective, 

there is little research concerning SMZ width and harvesting intensity.  For commercial 
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purposes, land managers would leave the smallest SMZ width and conduct the 

maximum harvesting intensity without sacrificing water quality.  The long-term research 

conducted through this study aims to better quantify the influence of SMZ width and 

harvesting intensity on water quality.   

One of the principle reasons for this concern is the typically high commercial 

value of timber located within the riparian area or SMZ.  Because of the close proximity 

to the stream and landscape features, riparian areas can have very high site quality, 

and therefore very high quality timber.   

In addition, BMPs and SMZs have a cost associated with their implementation.  

For example, Shaffer et al. (1998) found that the median cost of BMP implementation in 

the mountain region of Virginia was $72.30 per harvested hectare.  In another study of 

the harvesting cost in the Midwest, Ellefson and Miles (1985) found that net revenue 

reductions averaged 26% for meeting buffer strip requirements, and that buffer strips 

were typically the most expensive harvesting cost.   

In this chapter, I will estimate the commercial value of timber present in SMZs in 

the Appalachian Plateau of West Virginia, and consequently the cost of SMZs in terms 

of unharvested timber.   

Methods and Materials 

Site Description 

 The eighteen study sites are located in east-central West Virginia, in Randolph 

County (Figure VI-1).  The area is classified as the Allegheny Mountain and Plateau  
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Figure VI-1.  General study site locations in West Virginia, USA. 
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Physiographic province.  The sites are found on four Mead-Westvaco tracts: Rich  

Mountain Tract, Beaver Creek Tract, Rocky Run Tract, and Wuchner Tract.  These 

tracts are near the communities of Lee Bell, Cassity, Mabie, Blue Rock, and Adolph.   

 The elevation of the study sites ranges from 670 m to 1000 m.  The study sites 

are characterized by steep side slopes, broad ridges, and narrow valleys with steep 

streams. 

 Climatic data for the study area was taken from the Randolph County, West 

Virginia Soil Survey (Pyle et al. 1982).  The average air temperature in Randolph 

County is 10° C.  The average air winter temperature is –0.5° C, with an average daily 

minimum of –6° C.  The average summer air temperature is 19° C, with an average 

daily maximum of 26° C.  To evaluate growing season, daily minimum temperature was 

assessed.  In Randolph County, the daily minimum temperature is greater than freezing 

118 days per year in nine out of ten years. Rainfall is evenly distributed throughout the 

year.  Average total precipitation is 107 cm per year.  The predominant winds are from 

the northwest, which causes significantly higher precipitation on windward facing slopes 

than in the valleys.  Average yearly snowfall is 150 cm.   

 Using the Society of American Foresters Forest Cover Types (Eyre, 1980), the 

study sites are classified as a combination of the Sugar Maple-Beech-Yellow Birch 

cover type and the Sugar Maple cover type.  Another classification system, the Regional 

Silviculture of the United States categorizes the sites as Red Oak-Sugar Maple type 

group within the Southern Appalachian Hardwood Region (Smith 1995).   

 The study sites were heavily influenced by historic forestry activities.  Most timber 

in the area was harvested in the early 1900’s, with selective harvest continuing until the 
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1970’s when Westvaco purchased the tracts (Keyser et al. www.mwerf.org. August 19, 

2002).   The result is a forest that is multi-aged, and with abundant roads, skid trails, 

and haul roads.  The sites are currently managed as an industrial forest by 

MeadWestvaco.   

 Streams were selected that had similar watershed area, vegetation, and soils.  

Within blocks, streams were grouped by similar location, soils, and geology.  Also, 

streams were selected in areas that had not been significantly disturbed within the past 

five years and which would not receive any additional harvest for five to ten years after 

treatment establishment.   

The study sites are located in two major soil associations: the Berks-Calvin-

Weikert association and the Gilpin-Dekalb-Buchanan association (Pyle et al. 1982). 

Treatments 

 Five treatments will be applied to the eighteen study watersheds.  Treatment one 

will consist of a harvest conducted in a watershed with an SMZ width of 30.5 m and a 

residual harvest level of 50%.  Treatment two will consist of a harvest conducted in a 

watershed with an SMZ width of 15.3 m, and no SMZ harvesting. Treatment three will 

consist of a harvest conducted in a watershed with an SMZ width of 15.3 m and a 

residual harvest level of 50%. Treatment four will consist of a harvest conducted in a 

watershed with a 4.5 m uncut stringer left along the stream.  The control will consist of a 

harvest conducted in a watershed with an SMZ width of 30.5 m, and no SMZ harvest.  

The harvests will be conducted on only one side of the stream for all treatments.   
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 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.    

Field Measurements 

A variety of field methods were used to characterize the watershed, stream, and 

SMZ before harvest.  Three transects were established across each watershed SMZ, 

perpendicular to the stream and equally spaced along the length of the stream in the 

area to be harvested (Figure VI-2).  The transects were 10 m wide and extended across 

the treatment distance.  All field measurements were taken within the transects.  The 

watersheds will only be harvested on one side of the stream, and the transects were 

located within the future harvest.   

 Tree species in the rectangular transects were inventoried (Wenger, 1984).  

Their species, DBH (diameter at 1.4 m), and height to a 10.2 cm top were recorded.  

The number of usable 4.9 m logs was also recorded.  One dominant tree in each 

transect was bored to determine approximate stand age.   

 The lowerstory vegetation in the SMZ transect was inventoried in Summer, 2002.  

Lowerstory vegetation was defined as live vegetation under 1.22 m in height.  A 0.6 m2 

plot sample was randomly selected (Wenger 1984) and all lowerstory vegetation in the 

area was identified and counted.  For the watersheds with a 30.5 m SMZ, six lowerstory 

plots per transect were used; for the watersheds with a 15.3 m SMZ, four lowerstory 

plots per transect were used; for the watersheds with a 4.5 m SMZ, two lowerstory plots 

per transect were used.   
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Figure VI-2.  Idealized map of study watershed, showing harvest area, SMZ, and transects. 
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The midstory vegetation in the SMZ transect was inventoried.  The midstory was 

defined as live vegetation taller than 1.2 m in height, and with a DBH less than 10.2 cm.  

A 7.3 m2 plot sample was randomly selected (Wenger 1984), and all midstory 

vegetation in the area was identified and counted.  For the watersheds with a 30.5 m 

SMZ, 3 midstory plots were used; for the watersheds with a 15.3 m SMZ, two midstory 

plots were used; for the watersheds with a 4.5 m SMZ, one midstory plot was used.   

Calculations 

Monetary Value 

 To calculate the stumpage value of the timber located within the SMZ, the trees 

were divided into two groups: sawtimber (trees with usable logs) and pulpwood (trees 

without usable logs).   

Pulpwood volume was calculated in cords using the following equation:  cords = 

0.00905 + 0.000038D2H4, where D2 is the diameter at breast height (DBH, or diameter 

at 1.4 m) (in inches) and H4 is the height to a 10.2 cm top (in feet) (Oderwald 1999).  

The average price per cord for pulpwood in West Virginia is listed as $3/cord (West 

Virginia University Division of Forestry.  www.ahc.caf.wvu.edu.  January 15, 2003.) 

(Table VI-1).    

Sawtimber values were obtained using International FC 78 Board-Foot Volumes.  

Prices per MBF (thousand board feet) were determined by species, according to the 

West Virginia University Division of Forestry (West Virginia University Division of 

Forestry.  www.ahc.caf.wvu.edu.  January 15, 2003.) (Table VI-1).  Prices for three 

species groups were not found in this report (miscellaneous hardwoods, mixed oaks,  
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Table VI-1.  Stumpage values for selected species.  All information taken from WVU Division of 
Forestry, except those marked a, which are taken from the Pennsylvania Woodlands Report.  
Stumpage values calculated on the International Quarter Rule.   

Species Stumpage Value
($/MBF)

Stumpage Value 
($/cord)

Red Oak 554 3
Black Cherry 1,125 3
Hard Maple 445 3
Ash 158 3
Yellow Poplar 162 3
Misc. Hardwoods a 88 3
Mixed Oak a 193 3
White Oak 184 3
Soft Maple 176 3
Hickory 53 3
Hemlock a 52 3
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and hemlock) and their prices were found in Pennsylvania Woodlands Timber Market 

Report (Southwest Region) (The Pennsylvania Woodlands Timber Market Report, 

http://www.sfr.cas. psu.edu/TMR/. December 17, 2002).   

The SMZs were also examined to determine what percent of stumpage value 

could be attained with a 50% reduction in basal area.  To accomplish this,  

50% of the basal area of all three transects was chosen for maximum stumpage value.   

Importance Values 

 Importance Values were used to assess the significance of overstory tree 

species (Mueller-Dombois and Ellenberg 1974).  Relative abundance, relative 

frequency, and relative dominance of a tree species are combined into a single value, 

the Importance Value.  Relative abundance is the proportion of trees that were of a 

particular species (number of individuals of species / total number of individuals).  

Relative frequency is the proportion of plots where a certain species is present 

(frequency of a species / sum frequency of all species).  Relative dominance is the 

proportion of a site’s basal area represented by a certain species (dominance of a 

species / dominance of all species).  Relative abundance, relative frequency, and 

relative dominance each have a maximum value of one and a minimum value of zero.  

These three features are summed to calculate the Importance Value, with a maximum 

value of three and a minimum value of zero.  Importance Values were calculated on a 

watershed basis.   
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Statistical Methods 

 Five treatments will eventually be applied to the eighteen study watersheds in 

Spring and Summer, 2003.  Treatment one will consist of a harvest conducted in a 

watershed with an SMZ width of 30.5 m and a residual harvest level of 50%.  Treatment 

two will consist of a harvest conducted in a watershed with an SMZ width of 15.3 m, and 

no SMZ harvesting. Treatment three will consist of a harvest conducted in a watershed 

with an SMZ width of 15.3 m and a residual harvest level of 50%.  Treatment four will 

consist of a harvest conducted in a watershed with a 4.5 m uncut stringer left along the 

stream.  Treatment five will consist of a harvest conducted in a watershed with an SMZ 

width of 30.5 m, and no SMZ harvest.   

 The study sites are organized into four blocks, consisting of treatments one, two, 

three, and four.  Two controls will receive treatment five.  Blocks were grouped together 

based on similar location, soils, and geology.    

All statistical methods were preformed using SAS statistical software (SAS 

Institute, Inc., Cary, NC).  To detect statistical differences between blocks and 

treatments for response variables, Analysis of Variances was used, specifically “proc 

glm” (alpha = 0.05).  Fisher’s Protected Least Significant Difference was used to 

determine differences in blocks and treatments for response variables (alpha = 0.05).   
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Results  

Stumpage Value 

 Stumpage values were calculated in each block on a per acre basis.  The 

average stumpage value was $3551/ha.  The block averages range from $1,032/ha to 

$13,579/ha, none of which were significantly different (Table VI-2).   

 The total value of timber within the SMZ was calculated for each SMZ width.  The 

average stumpage value was $795 per 100 m of SMZ.  The 30.5 m wide SMZs had the 

highest value at $1665 per 100 m of 30.5 wide SMZ (Table VI-3).  The 4.5 m wide SMZ 

had the lowest value at $46 per 100 m of 4.5 wide SMZ.   

 The SMZs were also examined to determine what percent of stumpage value 

could be attained with a 50% reduction in basal area.  On the partially harvested SMZs, 

you could attain an average of 89% of the stumpage value with a 50% reduction in 

basal area (Table VI-4).       

Valuable Species 

Of the 26 overstory species present in the study sites, five were of special 

interest in terms of SMZ stumpage values.  Acer saccharum (sugar maple), 

Liriodendron tulipifera (yellow poplar), Quercus alba (northern red oak), Fraxinus spp. 

(ash), and Prunus serotina (black cherry) are the five most valuable species commonly 

found in the study sites.  These species are valuable for a combination of two main 

reasons: high stumpage value for a species, or high density of a species.   Over all 

blocks, these five species comprise an average of 83% of the SMZ’s stumpage value 

(Figure VI-3). 
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Table VI-2.  Average stumpage values in the SMZs for blocks and watersheds.  Letters indicate a 
significant difference at alpha=0.05 for the blocks.   

Site  
Site Stumpage 

Values ($/ha)

Average Block 
Stumpage Value 

($/ha)
Block 1 Watershed 1 $658
Block 1 Watershed 2 $391
Block 1 Watershed 3 $2,367
Block 1 Watershed 4 $712

$1,032a

Block 2 Watershed 1 $2,623
Block 2 Watershed 2 $56
Block 2 Watershed 3 $7,098
Block 2 Watershed 4 $4,734

$3,628a

Block 3 Watershed 1 $1,273
Block 3 Watershed 2 $2,415
Block 3 Watershed 3 $8,541
Block 3 Watershed 4 $296

$3,131a

Block 4 Watershed 1 $546
Block 4 Watershed 2 $403
Block 4 Watershed 3 $11,147
Block 4 Watershed 4 $3,901

$3,999a

Control 1 $3,185 $3,185a

Control 2 $13,579 $13,579a

Overall Average $3,551 $3,551
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Table VI-3.  Stumpage value within SMZs by prescription.  Letters indicate a significant difference 
at alpha=0.05.   

 

Site SMZ Width (m)
Stumpage Value 

per 100 m of SMZ Average
Block 1 Watershed 1 4.5 $30
Block 2 Watershed 2 4.5 $18
Block 3 Watershed 3 4.5 $107
Block 4 Watershed 1 4.5 $32

$46b

Block 1 Watershed 2 15.3 $401
Block 1 Watershed 3 15.3 $9
Block 2 Watershed 3  15.3 $1,086
Block 2 Watershed 4 15.3 $724
Block 3 Watershed 1 15.3 $195
Block 3 Watershed 4 15.3 $369
Block 4 Watershed 3 15.3 $1,307
Block 4 Watershed 4 15.3 $45

$517ab

Block 1 Watershed 4 30.5 $166
Block 2 Watershed 1 30.5 $123
Block 3 Watershed 2 30.5 $3,400
Block 4 Watershed 2 30.5 $1,190
Control 1 30.5 $972
Control 2 30.5 $4,142

$1,665a
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Table VI-4.  Percent of stumpage value in SMZ attained by prescriptions.  Letters indicate a 
significant difference at alpha=0.05.   

SMZ Prescription 
Percent of Stumpage

Value Attained

Average Percent of 
Stumpage Value 

Attained
4.5 m Uncut SMZ, Replication 1 0%
4.5 m Uncut SMZ, Replication 2 0%
4.5 m Uncut SMZ, Replication 3 0%
4.5 m Uncut SMZ, Replication 4 0%

0%b

15.3 m Cut SMZ, Replication 1 72%
15.3 m Cut SMZ, Replication 2 98%
15.3 m Cut SMZ, Replication 3 91%
15.3 m Cut SMZ, Replication 4 96%

89%a

15.3 m Uncut SMZ, Replication 1 0%
15.3 m Uncut SMZ, Replication 2 0%
15.3 m Uncut SMZ, Replication 3 0%
15.3 m Uncut SMZ, Replication 4 0%

0%b

30.5 m Cut SMZ, Replication 1 89%
30.5 m Cut SMZ, Replication 2 96%
30.5 m Cut SMZ, Replication 3 96%
30.5 m Cut SMZ, Replication 4 71%

88%a

30.5 m Uncut SMZ, Replication 1 0%
30.5 m Uncut SMZ, Replication 2 0%

0%b
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Figure VI-3.  Percentage of SMZ’s stumpage value represented by five commercially valuable 
species. 
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Figure VI-3 displays the percentage of stumpage value represented by each of these 

five species, overall and by block.  None of the species were found to have significant 

differences in their stumpage value percentage between blocks.  Over all watersheds, 

no significant differences in percentages of stumpage value were found between 

species.  No differences were found in stumpage value percentages for the five 

treatments.   

Characterization of Valuable Species 

 The diameter distribution of the five commercially important species shows that 

62% of these trees in the SMZ are in the 10 to 30 cm dbh class (Figure VI-4).  

Generally, the smaller trees are of pulpwood quality, while the larger trees are 

sawtimber quality (Figure VI-4).   

To ascertain if certain species were widespread over all study sites, density over 

all blocks and watersheds was examined.  Over all blocks and watersheds, sugar maple 

has the highest density of the five most valuable species, at 20.7 trees per hectare 

(Table VI-5).    

The basal area of these five species is also found in Table VI-5.  Sugar maple 

has the highest average basal area, with yellow poplar and ash having intermediate 

values, and black cherry and northern red oak having the lowest basal areas.   

The average dbh of these five species ranges from 23.8 to 45.7 cm (Table VI-5).  

Northern red oak, black cherry, and ash have the largest dbh.   

The average volume of the five species ranges from 137 to 358 board feet/tree, 

none of which were found significantly different (Table VI-5).   
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Figure VI-4.  Diameter distribution for 5 commercially valuable species (sugar maple, yellow 
poplar, ash, black cherry, and northern red oak). 
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Table VI-5.  Average density, basal area, DBH, and volume of five commercially valuable species 
in SMZs.  Letters indicate a significant difference at alpha = 0.05 for each column.  Ranges given 
in parenthesis.   

Species Average Density 
(number/ha) 

Average Basal Area 
(m2/ha)

Average DBH 
(cm)

Average Volume 
(board feet/tree) 

17.1b 1.93ab 35.2a 187a 
Ash 

(0-72) (0-11) (13-64) (48-574) 
6.0b 0.66 b 35.6a 358a 

Black Cherry 
(0-54) (0-7) (12-54) (0-358) 

7.2b 1.46 b 45.7a 323a 
Northern Red Oak 

(0-65) (0-17) (23-93) (90-622) 
63.8a 3.83 a 23.8b 137a 

Sugar Maple 
(0-217) (0-13) (10-53) (46-296) 

29.6b 2.85ab 30.7b 156a 
Yellow Poplar 

(0-54) (0-9) (10-54) (36-332) 
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 To determine if certain blocks have higher density of commercially valuable 

species, block differences in species density were examined.  For most species (black 

cherry, ash, and yellow poplar), there were no block differences for species (Figure 

VI-5).  However, block differences were found in northern red oak and sugar maple.  

Most notably, Control 2 was found to have statistically higher density for these two 

species (Figure VI-5).    

 Importance Values can also be used to determine the significance of these five 

species (Table VI-6).   Sugar maple and yellow poplar have the highest Importance 

Values not only of the five most commercially valuable species, but of all the species 

found on the watersheds.   

Regeneration Potential 

 Regeneration potential can be examined through the density of these five 

valuable species in the midstory and the lowerstory layer.  Over all watersheds, sugar 

maple has the highest density of the five species in both midstory and the lowerstory 

layer (Table VI-7).  In the midstory and the lowerstory layer, black cherry, yellow poplar, 

and ash had intermediate density, and northern red oak had the lowest density.   

Discussion 

 In the following section, four main areas will be discussed.  First, the factors 

affecting the monetary value of species will be examined; specifically how species 

become valuable in different ways.  Second, the five most commercially valuable 

species will be characterized.  Third, the most commercially important species in the 

study sites, sugar maple, will be discussed in terms of value and management.  Last,  
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Figure VI-5.  Density of five commercially valuable species, by block.  Letters indicate a significant 
difference at alpha=0.05.   
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Table VI-6.  Importance Value of selected overstory species.  Letters indicate a significant 
difference at alpha=0.05.   

Species Importance Value Range of 
Importance Values 
for all Watersheds

Sugar Maple 0.81 a 0-2.02
Yellow Poplar 0.64 a 0-2.04
Ash 0.26 b 0-1.11
Northern Red Oak 0.18 b 0-1.09
Black Cherry 0.16 b 0-1.53
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Table VI-7.  Lowerstory and midstory layer density for selected species.  Letters indicate a 
significant difference at alpha=0.05 for each column.  Ranges for all watersheds given in 
parenthesis.   

Species Lowerstory Layer
(number/ha)

Midstory Layer
(number/ha)

31,347 a 651 a 
Sugar Maple (0-60,367) (0-3,044)

7,924 b 203 b 
Black Cherry (0-28,871) (0-3,196)

2,179 b 152 b 
Yellow Poplar (0-6,124) (0-1,370)

1,759 b 161 b 
Ash (0-2,625) (0-685)

0 b 17 bNorthern Red Oak (0-0) (0-152)
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how the value of timber within SMZs can be attained with harvesting will be analyzed, 

and how the value within the SMZ is not evenly distributed among trees.   

Factors Affecting the Monetary Value of Species 

The monetary value of timber within the SMZ is determined in a number of ways, 

most typically by density or high stumpage prices. Some of these species are very 

valuable because of their high stumpage values rather than their high density, such as 

black cherry and northern red oak.  For example, black cherry has a very high 

stumpage value of $1,125/MBF (Table VI-1), but a low density of 2.5 trees per hectare 

(Table VI-5).  On the other hand, some species have lower stumpage values, but are 

very plentiful in the study area.  For example, yellow poplar has a lower stumpage value 

of $162/MBF (only 15% of the stumpage value of black cherry), but a density of 10.1 

trees per hectare (four times higher than black cherry).   Sugar maple is a species that 

has both a high stumpage value ($445/MBF) and a high density (20.7 trees per 

hectare).   

Most Commercially Important Species 

 Sugar maple is the most commercially valuable tree species in these SMZs.  The 

stumpage value of sugar maple is the third highest of the five commercially valuable 

species (Table VI-1).  The percent of stumpage value represented by sugar maple 

(23%) is very high.  Sugar maple also has the highest density and basal area of any of 

the other five commercially important species.  In addition, the Importance Value of 

sugar maple is the highest of all species found in the watersheds.    
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Perhaps most importantly is the regeneration potential of sugar maple in these 

stands.  Sugar maple has the highest density in both the lowerstory and midstory layer.  

In addition, the silvics of sugar maple make it a very appropriate species, considering 

the silviculture that will be occurring in the SMZ.  In the SMZs that will be harvested, 

only 50% of the basal area will be removed.  Sugar maple is uniquely suited to take 

advantage of this shady environment.  The species that will dominate these sites need 

to be able to cope with the changed light regime.  The sites will have small areas of 

increased light, but not enough for commercially valuable shade intolerants and 

intermediates, such as black cherry, northern red oak, and yellow poplar to thrive (Smith 

1995; Miller 1993; Schuler and Miller 1995; Yanai et al. 1998).  Instead, advanced 

regeneration and overstory species that are tolerant of shade will succeed, such as 

basswood and sugar maple (Smith 1995; Miller 1993; Schuler and Miller 1995; Yanai et 

al. 1998).  Sugar maple is the most important of these species, as it has the highest 

Importance Value, and is the most commercially valuable of the shade tolerant species.  

In short, the partially harvested SMZs will favor shade tolerant species.  Sugar 

maples are very shade tolerant, and respond vigorously to release (Smith 1995; Miller 

1993; Schuler and Miller 1995; Yanai et al. 1998).  Other commercially valuable 

species, such as black cherry, northern red oak, and yellow poplar, will be out-

competed since they are shade intolerant (Smith 1995; Miller 1993; Schuler and Miller 

1995; Yanai et al. 1998).   

Management for sugar maple has two main disadvantages.  First, it should be 

noted that this species has a low value for wildlife.  Although sugar maple provides 

browse for deer, it is not nearly as valuable as mast-producing species such as oaks or 
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cherrys (Smith 1995).   In addition, sugar maple is especially susceptible to logging 

damage causing injuries and rot, which reduce commercial value.    

Attaining the Value of Timber in SMZs 

Over all of the partially harvested watersheds, an average of 89% of the 

stumpage value could be attained with a 50% basal area reduction were significantly 

different.   

This point illustrates one of the most important aspects of SMZs.  Nearly all of the 

stumpage value can be attained while staying within the basal area guidelines.  

Therefore, protecting water quality with SMZs does not necessarily preclude 

accomplishing commercial goals.  However, the main disadvantage of harvesting the 

most valuable species in the SMZ is that this will likely be carried out as a selective 

harvest, with the associated weaknesses.  In this case, the most desirable trees, in 

terms of species, size, and form will be removed.  This leaves the stand with the less 

desirable trees to regenerate and grow larger—in short, a less valuable stand.  This is 

especially true if the most valuable species are shade intolerant such as black cherry 

and northern red oak.  However, if sugar maple is considered to be the overall most 

valuable species in the study sites, sugar maple could be successfully managed in the 

SMZ as a shade tolerant species.   

One more important aspect to consider in assessing the value of the timber in 

these study sites, and in particular Control 2, is the harvest prescription.  While Control 

2 has the highest stumpage value of all the study sites, it is designated as an uncut 

SMZ.  This means that none of the stumpage value will be realized, and that the 
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associated gains in water quality should be comparable to this monetary loss to justify 

leaving the SMZ uncut.   

Conclusions 

The average stumpage value of the study sites was $3551/ha, or $795 per 100 m 

of SMZ.   

Five species—sugar maple, northern red oak, black cherry, yellow poplar, and 

ash—comprise the majority of the sites’ stumpage value.  These species can be broken 

into two main groups: those with high stumpage value and low density (black cherry and 

northern red oak) and those with lower stumpage value and high density (yellow 

poplar).  Sugar maple is a very commercially important species in the study sites.  It has 

both a high stumpage value and high density.  Also, it has the highest density, basal 

area, Importance Value, and regeneration potential.   

One important factor to consider is how much of the stumpage value in the SMZs 

will be realized with a partial harvest.  Most of the watersheds will receive a 50% basal 

area reduction in the SMZs.  On average, this will yield 89% of the standing stumpage 

value.  This illustrates one of the most important aspects of SMZs; that protecting water 

quality with SMZs does not preclude attaining the commercial value of the riparian zone.     
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Summary 

 In order to see how unharvested and partially harvested SMZs change in 

response to watershed harvesting, the first step is to accurately portray the pre-harvest 

characterization.  This paper characterizes the SMZ vegetation, water quality, SMZ soil, 

carbon inputs, and commercial value of timber within the SMZ.   

The major components of the overstory vegetation are sugar maple, yellow 

poplar, beech, basswood, black birch, snags, yellow birch, ash, and red maple.  The 

watersheds are characterized as the Sugar Maple-Beech-Yellow Birch cover type and 

the Sugar Maple cover type (Eyre, 1980), or as the Red Oak-Sugar Maple type in the 

Southern Appalachian Hardwood Region (Smith 1995).   

 The water quality of the streams is good, with a near neutral pH, low nitrogen 

content, and high dissolved oxygen.  Average streamwater temperature is 13° C.   

The soils are mostly sandy loams and silt loams, with 29% coarse fragments, 

and with 5.1% organic matter.  Within the SMZ, there is an overall accumulation of soil, 

averaging 173 Mg/ha/yr.   

In terms of carbon inputs, in-stream and SMZ LWD volume was approximately 

equal, but LWD was more decayed in the SMZ than in-stream LWD.  Snags were 

dominant in the SMZs, averaging 17.9 per acre.   

Similar successional changes will occur in both the uncut SMZs and the partially 

harvested SMZs.  The SMZs species composition will become increasingly composed 

of shade tolerant species such as sugar maple, beech, basswood, birches, ashes, and 
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red maple.  Shade intolerants (such as black cherry, northern red oak, yellow poplar) 

will decline due to the decreasing sunlight available for regeneration.    

 The commercial value of species within SMZs is highly dependent on the 

presence of sugar maple, due to its high stumpage value and ubiquitous presence.  In 

addition, sugar maple has the highest density, highest Importance Value, and highest 

regeneration potential of all the species in the watersheds.  Finally, its ability to 

regenerate in partial shade assures its continued presence.   

 This paper has characterized the SMZ vegetation, water quality, soil, carbon 

inputs, and its commercial value for the study watersheds in the Allegheny Plateau of 

West Virginia.  This pre-harvest characterization will serve as a contrast in a future 

study when the sites have been harvested with different SMZ sizes and harvesting 

intensities.   
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