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Abstract 

While it is generally believed that forest harvesting adversely impacts stream 
water quality and biodiversity and that the severity of these impacts is proportional to 
harvest intensity, the impacts of forest harvesting on stream water quality are highly 
variable within and among forest systems. Much of this variability is attributable to 
differences in site conditions such as soils and topography and differences in harvesting 
methods such as clear cutting or selection cutting.  The purpose of this study is to 
determine if significant and measurable impacts exist between and among forest 
management practices and water quality in upland headwater watersheds within the 
Missouri Ozarks. This study combines high-intensity measurement of sediment and 
nutrient concentrations in stream water with co-occurring low-intensity, extensive 
measurement of sedimentation.  Monitoring of largely first and second order ephemeral 
streams (3 to 7 hectares) will be conducted during pre- and post-harvest periods.  State 
specified Best Management Practices (BMPs) will be followed during clear cutting of 
timber at ten study sites while five control sites will remain unharvested.  The unique 
combination of geology, soils and management history of the Missouri Ozarks requires a 
study that focuses on this region.     
 
Introduction 

The Missouri Ozarks, like many other underdeveloped and sparsely-populated 
areas of the country, has undergone several significant changes in landuse.  Many acres 
of low value hardwood timber land have been cleared and converted to pasture by an 
increasing number of private cattle speculators (Settergren, 1972).  Chip mills can 
provide a market for low-quality timbers thinned from current hardwood stands; some 
landowners practiced large-scale complete removals and, often, site conversions to 
pasture.  With the second growth oak-hickory and pine forests rapidly reaching 
commercial maturity, several relatively large blocks of land have been opened through 
clearcutting (Settergren, 1972).   

Nearly every state with significant commercial forest operations, including 
Missouri, has Best Management Practices (BMPs) to protect water quality (Ice et al. 
1997).  Operational experiences suggest that timber harvesting conducted in accordance 
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with BMPs does not have a long-term deleterious effect on stream ecosystems, but there 
have been few quantitative studies of harvesting and water quality.  The Ozark region has 
no long-term, instrumental record of hydrologic, water quality and sediment impacts at 
the scales of operable timber harvests.   

An understanding of the physical and chemical processes in ephemeral streams 
adjacent to harvested areas is critical to developing management guidelines for private 
and public landowners that provides protection for the biodiversity of the stream 
ecosystem.   This project will not only test the efficacy of current BMPs, but will also 
provide the foundation to further examine harvesting effects on species richness and 
competitive ability in sites where active forest management occurs.  
  
Physical Setting and Site Selection 

Fifteen sites have been selected for this study.   All sites are located on forested 
land managed by the Missouri Department of Conservation (MDC) within the Angeline 
and Current River conservation areas (Figure 1) in Missouri, USA.  The prevalent 
secondary growth hardwood forests are situated within the Interior Highlands of the oak-
hickory region.  Precipitation averages approximately 115 cm annually with an average 
of 22 percent of the total in annual runoff (Settergren, 1986). 

 

 
Figure 1. Study Area, Shannon and Reynolds Counties, Missouri, USA 

 
The study area lies in the Current River drainage basin within the Ozark 

Highlands and is characterized by rugged, deeply dissected lands with topographic relief 
ranging from 45 to 150 m.  Study sites are restricted to small upland headwater 
watersheds where timber quality and yield is generally considered to be the highest 
within the landscape.  All sites are located on low-order, ephemeral streams (according to 
Strahler 1952).  Study site areas range from 6 to 15 hectares with planned harvest areas 
ranging from 3 to 7 hectares.  A typical study site is illustrated in Figure 2.   

The regional geology consists of horizontally bedded dolomite and sandstone 
bedrock units.  All materials within this thick sequence of carbonate rocks are soluble and 
create karst topography, including some very large springs and caverns, sinkholes, and 
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dry valleys (Nigh and Schroeder, 2002).  Stream flow in upland ephemeral channels 
generally occurs only during intense precipitation events.  Surficial materials are clayey 
with numerous rock fragments, chiefly insoluble chert left behind as the carbonate rocks 
are dissolved.  Soils are closely related to bedrock lithology and landscape position.  Soils 
formed in bedrock residuum are typically low in soluble bases such as calcium and 
magnesium and may contain a root-restricting fragipan in the subsoil (Nigh and 
Schroeder, 2002).  A thin veneer of hillslope sediments (reworked loess) may exist 
throughout the landscape. 
 
Instrumentation and Monitoring Plan 

During the study ten sites will be harvested while five will remain as unharvested 
control sites.  All sites will be either “intensively” or “extensively” monitored.  Four 
intensively monitored sites are instrumented with a combination of automated and 
manual devices including: 
 

• ISCO® water samplers (automated); 
• sediment traps;  
• rising gauge water samplers; 
• rain gauges; and, 
• stream crest gauges.  

   

 
Figure 2.  A typical study site located within an upland headwater watershed 

 
For intensive monitoring, four sites are located in close proximity on similar landforms 
and soils.  For extensive monitoring, four sites will be co-located on the intensive sites to 
provide a correlative relationship between the intensive and extensive methodologies, 
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while the remaining eleven sites will be located on similar watersheds throughout the 
study area.  The eleven extensively monitored sites are instrumented entirely with manual 
instrumentation and are intended to collect “coarse” data for validation of results from 
intensively monitored sites.   

ISCO® and/or rising gauge water samplers are installed in ephemeral stream 
channels in upstream and downstream monitoring locations with respect to harvest plots.   
As the water rises the sample bottles fill when the water level reaches the height of the 
inlet tubes.  Samples are thus taken just below the surface of the water.  In addition to 
these devices, simple crest gauges will be utilized to estimate the maximum gauge height 
and discharge rate of ephemeral streams.  Sediment traps installed on side slopes will 
provide a measure of sedimentation, sediment composition, and overland flow.  Each trap 
or “plot” is approximately 1.25 m wide and 3 m long, with the long axis oriented with the 
slope of the site.  The top and sides of the plot are bordered with aluminum flashing 
placed in filled trenches in the ground to a depth of approximately 10 cm.  The flashing 
prevents surface flow originating from outside of the plot being collected.  Surface flow 
from inside the plot will be collected in a trough at the lower end and diverted through a 
debris filter into a catchment for measurement and sample collection.  Runoff and 
sediment accumulation will be calculated by measuring the volume of water/solids 
accumulated in the catchment.  Sediment trap plots will also be used to sample the aspect, 
soil series, percent cover and composition of the cover (leaves, rocks, vegetation, coarse 
woody debris) during the study.  Each sediment trap will be instrumented with a rain 
gauge to measure throughfall.   The sediment trap and associated equipment is shown in 
Figure 3.  The rising gauge water sampler is shown in Figure 4.  A schematic of a typical 
instrumentation layout for an extensively monitored site is shown if Figure 5. 
 

 
Figure 3.  A sediment trap installed on a side slope 
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Figure 4.  A rising gauge water sampler installed in an ephemeral channel 

 

 
Figure 5.  Site instrumentation layout of an extensively monitored site 
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Testing, Analysis and Anticipated Results 
 Monitoring of sediment and water quality will be performed for one to three years 
prior to timber harvest in order to quantify the baseline variability in measured 
parameters.  The parameters to be monitored include: total nitrogen, suspended solids, 
nitrogen (NH4+, NO3-), cations (Ca2+, Mg2+), nutrients (K, P), conductivity and pH.  
Pre-harvest baseline monitoring duration is a function of the programmed timber harvest 
cycle.  Sites programmed for harvest further in the future will have a longer baseline 
period.  All five non-harvested sites will provide long-term baseline data. 
 The pre-harvest data provides an opportunity to quantify the behavior of the 
sediment and water quality parameters as a function of season, precipitation intensity, 
vegetation, density, site slope and aspect and will be evaluated for correlations.  In 
addition, pre-harvest data will be used to compare in-stream results to hill-slope sediment 
trap results.  Findings from the intensively instrumented sites will be compared with 
those from the extensively instrumented sites.  Post-harvest data will be evaluated in light 
of both the pre-harvest results and the on-going results from the five control sites.     
 
Conclusions 

Water quality is influenced by healthy forests.  State BMPs derive at least part of 
their purpose from the desire to protect stream ecosystems from anthropogenic influences 
such as timber harvesting.  Missouri will better fulfill its mission of protecting State 
resources and addressing public concerns if it can demonstrate that it has examined the 
impacts of timber harvesting and taken appropriate action.  This research is important to 
ascertain the cause and effect relationships of harvesting upon water quality at the local 
level and is the first step in determining if further study and/or modification of the BMPs 
is necessary.  
 
Acknowledgements 
 The research described in this paper is supported by the Missouri Department of 
Conservation and the Missouri Department of Natural Resources.  This support is 
gratefully acknowledged.  Craig Bunger and Abraham Smith, graduate research assistants 
at the University of Missouri – Columbia, are responsible for the instrumentation and 
sample analyses respectively.  Invaluable field expertise and project guidance has been 
provided by Dr. R. David Hammer, University of Missouri – Columbia, Dennis Meinert, 
Missouri Department of Natural Resources, and Mike Morris and Lorren Leatherman, 
District Foresters of the Ellington and Eminence offices of MDC respectively.  Technical 
support was expertly provided by B.J. Gorlinsky, Craig Scroggins and Tim Nigh; GIS 
specialists with MDC. 
 
References 
 
Ice, G.G., Stuart, G.W., Waide, J.B., Irland, L.C., Ellefson, P.V., 1997.  25-Years of the 

CleanWater Act:  How Clean are Forest Practices?  Journal of Forestry 95(7):9-
13. 

Nigh, T.A., Schroeder, W.A. 2002. Atlas of Missouri Ecoregions, Missouri Department  
of Conservation. 



 7

Settergren, C.D., 1972.  Deep Seepage Management on Headwater Karst Watersheds. In:  
Proceedings Series - American Water Resources Association, 1972, Vol. 14,  
pp.361-364. 

Settergren, C.D., 1980.  Timber Harvest and Water Yields in the Ozarks.  In: Symposium  
on Watershed Management – American Society of Civil Engineers, Vol. 2, pp.  
661-668. 

Strahler, A.N.  1952.  Hypsometric (area-altitude) analysis of erosional topography.  Bull 
Geological Society of America 63: 1117-1142.  
 

 
 
 


