
30100 Town Center Dr., #O-349  • Laguna Niguel, CA 92677
949-443-0171  •  www.DocumentAllstars.com

Scientific Documents Samples
Technical Reports and Research Papers
USDA Forest Service

Editorial assistance to USDA Forest Service, Southern Research Station authors; 
MS Word track changes; GPO Style Manual

 

Flat Branch Monitoring Project: Stream Water  
Temperature and Sediment Responses to Forest  
Cutting in the Riparian Zone 

Barton D. Clinton, James M. Vose, and Dick L. Fowler

Abstract

Stream water protection during timber-harvesting activities is of primary 
interest to forest managers. In this study, we examine the potential impacts 
of riparian zone tree cutting on water temperature and total suspended solids. 
We monitored stream water temperature and total suspended solids before and 
after timber harvesting along a second-order tributary of the Coleman River in 
northeastern Georgia, where logging with rubber-tired skidders was conducted 
in the riparian area along alternating 60-m stream reaches on the east side of 
the stream. We monitored temperature above the management unit (reference), 
at a location within the cut area (within cut), and at a third site 150 m below 
the cut area (below cut). We measured total suspended solids during base 
�ow and storm �ow, taking weekly stream water grab samples above the site 
and above and below each riparian area, for a total of six sampling locations. 
We found that stream water temperature following harvest increased within 
the cut area relative to the reference but decreased at the below sample site 
back to reference conditions. Overall, total suspended solids responses were 
minimal or nonexistent during base and storm �ows within the cut relative 
to the reference site, and temperature responses were minimal. Unusually 
warm and dry weather existed for most of the logging period, which may have 
minimized the potential for runoff, erosion, and sediment; however, low �ows 
may have contributed to the small increases in water temperature. Hence, we 
observed only marginal effects of riparian zone cutting on water temperature 
and total suspended solids in this study. 

Keywords: Forest cutting, streamside management zones, stream water 
temperature, total suspended solids. 

Introduction

Researchers have long been interested in the effects of timber-
harvesting activities on water quality (Knoepp and Clinton 
2009, Lieberman and Hoover 1948, Moore and others 2005, 
Swank and others 2001, Tebo 1955). For example, early 
studies at the Coweeta Hydrologic Laboratory focused on 
the impacts of historical land uses such as exploitive logging 
practices and mountain farming on stream water quality. The 
exploitive logging experiment at the Coweeta Hydrologic 
Laboratory (Lieberman and Hoover 1948) resulted in total 
suspended solids (TSS) values 20-fold greater than in an 
adjacent control watershed. Swift and Messer (1971) measured 
stream water temperature responses to forest removal on 
six small watersheds and reported no change in maximum 

summer temperature to as much as a 7 °C increase in streams 
draining the mountain farm. 

One key factor regulating water quality responses to 
management is how forest management impacts structural and 
functional processes in the riparian zones. Forested riparian 
areas mediate a number of terrestrial-aquatic linkages (Karr 
and Schlosser 1978) by in�uencing physical, chemical, 
and biological dimensions of materials that move from the 
terrestrial system to streams. Many studies have quanti�ed the 
impacts of riparian zone management on aquatic resources in 
the Southern Appalachians (Greene 1950, Jones and others 
1999, Swift and Messer 1971, Webster and others 1992) 
with most of the studies focusing on the effects of removing 
(partially or completely) the vegetation from riparian zones. 
Results varied but, in general, indicated that manipulation of 
vegetation in steep mountain watersheds can alter thermal, 
sediment, and discharge regimes of the affected stream 
through reduced shading, soil disturbance, and water uptake. 

Streamside management zones (SMZs) implement some of 
the more commonly recommended best management practices 
(BMPs) for water resource protection (Klapproth 1999). 
Development of SMZ practices was based primarily on two 
erosion-related issues: water quality and site productivity 
(Lakel and others 2006). Even though a wide range in 
requirements or recommendations exists across jurisdictions 
(Lee and others 2004), most States provide BMPs for forest-
management activities that protect water quality and aquatic 
habitat. For example, guidelines for Georgia are published in 
“Georgia’s Best Management Practices for Forestry” by the 
Georgia Forestry Commission (1999). Numerous studies have 
examined the usefulness of BMPs in a variety of settings. 
Arthur and others (1998) compared the effectiveness of BMPs 
used during riparian and upland forest harvest in the Central 
Appalachians and found that properly implemented BMPs 
resulted in signi�cantly lower amounts of post-harvest sediment 
compared with not using BMPs. Similarly, Kochenderfer 

Abstract

The hemlock woolly adelgid (HWA,  Annand) is 
causing widespread decline and mortality of eastern hemlock trees 
(  (L.) Carr.). Stem injection of insecticide is widely 
used as a control measure, but its effectiveness depends on individual 
tree hydraulic characteristics. Recent work has shown that eastern 
hemlock daily water use is exponentially related to tree diameter, 
with smaller-diameter trees using signi�cantly less water than larger-
diameter trees. In this study we modeled daily water use for 20 eastern 
hemlock trees across a range of diameters. Based on expected daily 
water use and, thus, potential xylem transport of insecticide, we 
applied a dosage estimated to achieve a lethal and uniform xylem 
sap concentration of imidacloprid to half the trees (xylem transport 
treatment), and treated the remaining half based on the manufacturer-
recommended dosage (MFR treatment), which is a linear function 
of tree diameter. At 4 and 56 weeks after treatment, we assessed all 
trees for the presence or absence of new shoot growth and live HWA 
population density. We found that both treatment dosages signi�cantly 
reduced live HWA populations; however, 4 weeks after treatment, 
live HWA population density was 32 percent lower (LSMEANS) on 
xylem transport treatment trees compared with MFR treatment trees 
(treatment by time interaction, P = 0.006). Both treatment dosages also 
signi�cantly increased the proportion of new shoot growth; however, 
over time xylem transport treatment trees had a signi�cantly greater 
increase in new shoot production compared with MFR treatment trees. 
We conclude that dosages based on a xylem transport model not only 
signi�cantly improved tree health more than the trees receiving the 
current recommended dosage, but also caused greater reductions in 
the live HWA population. Improving treatment dosages would reduce 
treatment cost, nontargeted effects, and would allow land managers to 
treat a greater number of trees.

Keywords: Eastern hemlock, hemlock woolly adelgid, imidacloprid, 
insecticide ef�cacy, sap �ow, systemic insecticide, transpiration.

Introduction

Eastern hemlock (  (L.) Carr.) trees of all 
ages and sizes in the eastern and southernmost portion of 
their range are declining and dying as a result of attack by 
a nonnative invasive insect, the hemlock woolly adelgid 
(HWA,  Annand) (Orwig and others 2002, 
U.S. Department of Agriculture 2006). Eastern hemlock 

decline and mortality has been rapid especially in the 
Southern Appalachians of Virginia and North Carolina 
(Nuckolls and others 2009, Skinner and others 2003). 
Because eastern hemlock has no known resistance to HWA, 
mortality can occur after 3 or more years of infestation 
(Nuckolls and others 2009, Orwig and others 2002). Eastern 
hemlock trees infested with HWA display progressive 
canopy thinning from decreased needle, bud, and new shoot 
production (Cobb and others 2006, Eschtruth and others 
2006, Jenkins and others 1999, McClure 1991, McClure 
and Cheah 1999, Orwig and Foster 1998, Stadler and 
others 2005). 

Chemical treatments have been effective in controlling HWA 
on individual trees, and application methods include foliar 
sprays and soil and stem application of systemic insecticides 
(e.g., imidacloprid, a chloronicotinyl (1-[(6-chloro-3-
pyridinyl) methyl]-N-nitro-2-imidazolidinimine) insecticide) 
(Cowles 2009, Cowles and others 2006, Fidgen and others 
2002, McAvoy and others 2005, Steward and Horner 1994, 
Webb and others 2003). The effectiveness of soil and stem 
applications, however, has varied based on injection method, 
timing of application, and other tree-speci�c characteristics 
(Cowles and others 2006, Doccola and others 2003, McAvoy 
and others 2005, Tattar and others 1998). Because uptake 
and transport of systemic insecticides occur via mass �ow 
in the transpiration stream (Byrne and Toscano 2006, Castle 
and others 2006, Tattar and others 1998), treatment ef�cacy 
may be linked to the volume and velocity of xylem water 
movement, and thus the concentration of the insecticide in 
the xylem sap. 

Differences in tree size and climate affect the amount and 
timing of water use among trees. For example, recent work 
(Ford and Vose 2007, Ford and others 2007) has shown 
that eastern hemlock daily water use is exponentially 
related to tree diameter, with smaller-diameter trees using 
signi�cantly less water than larger-diameter trees. In 
addition, models have been developed that predict daily 
tree water use (and thus potential imidacloprid uptake and 
transport) from climatic variables (average daytime air 
temperature and vapor pressure de�cit), day of the year, 
and tree diameter at breast height (d.b.h.) (Ford and others 
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Logging Description and Layout 

Logging operations used a ground-based system that included rubber-tired grapple and cable skidders, rubber-tired 
feller and chainsaw felling, a knuckleboom log loader, and tractor trailer tree-length hauling. In figure 1, areas 
shown in red were designated for shelterwood harvest, and areas in blue are streamside management zones (SMZs). 
Equipment was not permitted in the SMZ, and chainsaw-felled timber in these areas was removed by cabling to 
nearby shelterwood areas. Additionally, two 60-m strips along the east side of the stream, separated by 60 m of 
riparian zone management, were designated to receive shelterwood area timber harvest levels. The objective of this 
additional treatment was to produce streamside early-successional habitat within the SMZ, and to examine potential 
impacts of this prescription on water quality. 

Timber harvesting began in October 2007 and ended in July 2008. A primary objective of the timber-harvesting 
project was to create habitat for species of wildlife dependent on high-elevation and early-successional (< 20 years 
old) forest habitat, such as the golden-winged warbler (Vermivora chrystoptera) and ruffed grouse (Bonasa 
umbellus), as well as other game and nongame species of wildlife. Secondary project objectives included improving 
native brook trout habitat and reducing risk of southern pine beetle (Dendroctonus frontalis) attacks.1

Streamwater Temperature 

Hourly streamwater temperature (°C) was measured continuously throughout the spring, summer, and fall of 2006, 
2007, and 2008. Hourly measurements were taken by submersible temperature sensors (HOBO® Pro v2 Data
Loggers, Onset Computer Corporation) placed above the timber harvest area at the midpoint within the harvest area, 
and at a location 150 m below the cut. Care was taken to ensure that all temperature sensors remained submerged 
during the study period. 

Suspended Solids 

Streamwater grab samples were collected weekly adjacent to each water temperature data collection station and at 
four additional stations along the stream reach within the cut area. Samples were collected with 1-L Nalgene®
sample bottles. Sample stations within the cut area included all but the upper and lower stations (fig. 1). To 
minimize the impacts on TSS that might come from disturbing the stream bottom while walking in the stream, grab 
samples were taken by beginning each collection at the most downstream sample location and then working 
upstream, i.e., samples were taken while walking upstream. In addition, care was taken to ensure that no contact was 
made between the lip of the sample bottle and submerged objects. Bottles were clearly labeled with the sample 
location (i.e., reference, within cut, below cut) and the collection date. Storm samples were collected using the 
sampling design above, and as soon after storm initiation as possible. Because of the remote nature of the study site, 
it was not always known at what point during storm flow (i.e., increasing or decreasing discharge) samples were 
actually retrieved, and only one sample was taken at each collection station for each storm event. Previous studies in 
the region suggest that TSS can be higher on the rising limb of the hydrograph versus the recession limb (Riedel and 
others 2004). Our sampling took about 45 minutes to complete, so it is likely that storm-flow sampling sometimes 
occurred on the rising limb of the hydrograph and sometimes occurred on the falling limb of the hydrograph (Riedel 
and others 2004). While this introduces variability into the storm flow TSS data, it does not bias the sampling 
results, because we averaged across sample collections, thereby including samples collected on both rising and 
falling limbs of the hydrograph (see Data Analysis section). All weekly sample collections were refrigerated until 
analyzed. Filtration of stream samples for estimating concentrations of TSS (mg L-1) were conducted at the 
analytical lab of the Coweeta Hydrologic Laboratory in accordance with established Coweeta QA/QC Laboratory 
protocols (Coweeta QA/QC Manual, Analytical Laboratory Publication).   

Data Analysis 

Values for TSS within the cut area (all locations excluding the upper and lower locations, see fig. 1) were averaged 
to determine an overall within-cut value for both base-flow and storm-flow conditions. Comparisons were made 
among the three sample/monitoring locations (reference, within-cut, below-cut) to test for treatment effects on TSS 
using a repeated measures analysis given AR(1) covariance structure (PROC MIXED, SAS Institute 2008). TSS 
data were analyzed for differences between sites before and after harvest for base-flow and storm-flow conditions. 
Streamwater temperature data were analyzed for treatment effects using PROC GLM (SAS Institute 2008). Where 
                                                           
1 Personal communication. ______ [add date]. D. Jensen, _____ [add job title], _____ [add complete address].
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