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Abstract: Stream restoration projects in coldwater streams have become increasingly common in North Carolina. Many of these projects are undertaken 
to reduce streambank erosion; however, improving aquatic habitat for fish is often a secondary goal. In an effort to evaluate the impact of stream resto-
ration work on trout, the North Carolina Wildlife Resources Commission monitored trout abundance and biomass within two North Carolina streams. 
Trout were monitored one year prior to and for four years following restoration with backpack electrofishing gear. The data collected from each resto-
ration reach was compared with data collected from an un-restored upstream control reach. Annual variation in relative trout abundance was similar 
between the restoration and control reach on both streams, suggesting that the changes observed were a result of natural variability. Other changes, 
such as a decline in trout biomass and the loss of brook trout (Salvelinus fontinalis) within the Laurel Creek restoration reach may be due in part to the 
restoration work. Although improvements in trout abundance and biomass resulting from the restoration work were not detected, both restorations 
likely met the primary goal of improving water quality by reducing streambank erosion, reconnecting the streams to the floodplain, and establishing 
permanent riparian buffers.
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Worldwide, streams are experiencing severe anthropogenic 
degradation at a greater rate than at any other time in history 
(NRC 1992). Logging, agriculture, and development have contrib-
uted to increased sediment loads and subsequent aquatic habitat 
loss throughout the United States. In western North Carolina, wild 
trout populations reside on both public and private lands. Trout 
populations on public lands, such as national forests and state 
parks, are primarily in good condition due to protected riparian 
buffers and limited land disturbing activities and development. In 
contrast, streams located on private lands in western North Caro-
lina are often impacted through the loss of riparian buffers, storm-
water runoff, sedimentation, and increased water temperatures. 

Stream restorations are often used as a mitigation tool for im-
pacted stream segments (Roni et al. 2002), and have become in-
creasingly common in western North Carolina during the past de-
cade. These projects are primarily implemented to stabilize stream 
channels, modify stream locations, and to improve water quality; 
however, improvement of aquatic habitats for fish is a secondary 
objective. Trout are sensitive bioindicators and have the ability to 
provide information about water quality and habitat impairments 
(Lyons et al. 1996). Currently, assessments of the efficacy of stream 
restoration projects on trout and other fish species in North Caro-
lina are lacking, as has been reported for other areas of the United 
States (Kondolf 1998, Roni et al. 2002, Moerke and Lamberti 2003, 

Palmer and Allan 2006). A review of instream habitat restorations 
on trout populations provided both positive (White 1975, Schular 
et al. 1994, Glover 1994, Quinn and Kwak 2000, Binns 2004) and 
negative results (Iversen et al. 1993, Frissell and Nawa 1992, Kon-
dolf et al. 1996, Kondolf 1998, Pattenden et al. 1998). 

The North Carolina Wildlife Resources Commission (NCWRC) 
received information that stream restoration activities were to oc-
cur on two streams known to contain wild trout in northwestern 
North Carolina. These stream restorations were to be completed 
by private firms funded through grants with no association to 
NCWRC. The primary goal of both restorations was to improve 
water quality by repairing eroding streambanks and to enhance 
instream habitat. Both restorations involved natural channel de-
sign (channel pattern, profile, and dimension were all modified) 
and permanent conservation easements to protect riparian habi-
tat. The objective of this study was to determine the response of 
trout to these restoration actions. 

Study Areas
Sharp Creek

Sharp Creek (3617N, 8146W) is a third order tributary of Cove 
Creek, Watauga County, North Carolina, and is in the Watauga 
River drainage. The study site on Sharp Creek had a mean stream 
width (wetted perimeter) of 2.1 m, a 9-km2 drainage area, and 
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ranged in elevation from 854–859 meters. The restoration reach 
was 317 m in length, low gradient (1%), and meandered through 
a grassy field. Prior to restoration work in spring 2002, the stream 
was characterized as having steep banks covered primarily with 
grasses and shrubs, with few trees. The stream was incised, limit-
ing access to the flood plain. Areas of erosion were evident, pri-
marily in the form of steep undercut banks <1 m in height. The 
stream was composed primarily of riffle and run habitat, with few 
pools. 

During summer 2002, restoration activities were conducted 
on Sharp Creek, which included placement of instream structures 
(rootwads, n = 6; crossvanes, n = 8) and streambank modification 
to alter hydrology and enhance instream habitat. The majority of 
the undercut banks that were once prominent in the reach were 
removed during the restoration. Upon completion of the resto-
ration work, erosion control fabric and live-stake plantings were 
used to stabilize the banks.

The 175-m control reach was located immediately upstream of 
the restoration reach and was characterized as low gradient (1%) 
with narrow, steep banks. In contrast to the restoration reach, the 
control reach had very limited undercut bank habitat and erosion. 
The main habitat types were riffle and run, with few pools, and 
much of the stream reach was covered in grasses and shrubs. The 
watershed land use upstream of the control is primarily agricultur-
al (row crops and livestock) and residential with very little forest.

Laurel Creek
Laurel Creek, (3613N, 8150W) is a second order tributary to 

the Watauga River, Watauga County, North Carolina, and is in 
the Watauga River drainage. The study site on Laurel Creek had 
a mean stream width (wetted perimeter) of 3.6 m, a 6-km2 drain-
age area, and ranged in elevation from 1,042–1,065 m. The resto-
ration reach was 433 m in length, moderate gradient (3%), and 
bordered by a large grassy field on one side and forest on the oth-
er. Evidence of historical sand and gravel mining operations was 
visible with much of the floodplain restricted by large berms and 
frequent eroding banks on each side of the stream. Unlike Sharp 
Creek, Laurel Creek had few undercut banks and a good diversity 
of riffle, run, and pool habitat.

The Laurel Creek restoration took place during the summer 
2003. The restoration involved streambank modification and the 
placement of instream structures (rootwads, n = 2; crossvanes, n = 
2; j-hooks, n = 2) to alter hydrology and enhance instream habitat. 
Erosion control matting and live-stakes were used to help stabilize 
the newly excavated banks. 

The 200-m control reach was located immediately upstream of 
the restoration reach, and was characterized as moderate gradient 

(3%), with multiple 1–2 m falls. The reach had little to no erosion 
and good floodplain access, and the riparian area was entirely for-
ested. A good diversity of riffle, pool, and run habitats was present. 
The watershed above the control is primarily forest and field, with 
limited agricultural (primarily livestock) and residential land use.

During September 2004, flooding associated with Hurricane 
Ivan and Hurricane Francis (approximately 51 cm of rain received 
in 10 days) caused extensive damage to the Laurel Creek water-
shed. The floods displaced nearly all of the instream structures 
constructed during the restoration; however, annual monitoring 
continued within the restoration reach.

Methods
Trout surveys were conducted in the restoration and control 

reaches prior to restoration work in Sharp Creek (June 2002) and 
Laurel Creek (April 2003), during June for four consecutive years 
following the completion of the restoration work. Three sites, 50–
70 m in length within the restoration and control reaches of each 
stream, were selected. All sites contained a representation of the 
available habitats and were completely wadeable (<1 m maximum 
depth). 

Backpack electrofishing units (Smith Root Model 12-B) set at 
a frequency of 70 Hz and a pulsed DC output of 8 ms were used 
to sample trout. Voltage output was adjusted between 600 and 900 
volts depending on stream conductivity. Three passes were made 
through each site, and all trout were collected, weighed (g), and 
measured for total length (TL, mm).

Relative trout abundance (n/ha) and biomass (kg/ha) was de-
termined annually for each of the three sites within each stream 
reach by summing the total number and weight of trout captured 
during the three passes. Age 0 trout, determined by length-fre-
quency analysis, were excluded from all abundance and biomass 
estimates because their numbers often fluctuate widely from year 
to year (Borawa et al. 2001) and have lower capture efficiencies 
compared to larger trout (Peterson et al. 2004, Rosenberger and 
Dunham 2005). The annual mean relative trout abundance and 
biomass values from the restoration and control reach of each 
stream was obtained by averaging the three sites sampled in each 
reach. Standard errors (SE) of the annual mean abundance and 
biomass values were calculated. Confidence intervals (95%) for 
annual abundance and biomass values were compared between 
the restoration and control reach each year for each stream. Fi-
nally, Pearson correlation coefficients (r) were calculated to deter-
mine the relationship in annual variability between the restoration 
and control reaches for trout abundance and biomass. 
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Results 
Abundance

Brown trout (Salmo trutta) were the only salmonid encoun-
tered in Sharp Creek, while Laurel Creek had both brown and 
brook trout (Salvelinus fontinalis). Trout abundance prior to the 
restoration work in Sharp Creek (restoration = 978 fish/ha, SE = 
445; control = 1,184 fish/ha, SE = 594) exceeded the overall mean 
abundance estimate of trout obtained from 16 wild trout streams 
in North Carolina (611 fish/ha) monitored from 1989 to1996 (Bo-
rawa et al. 2001). Laurel Creek trout abundance prior to restora-
tion work (restoration = 566 fish/ha, SE = 121; control = 506 fish/
ha, SE = 85) was slightly less than the long-term average reported 
by Borawa et al. (2001). 

Overlapping 95% confidence intervals indicated that mean 
trout abundance did not differ significantly between the restora-
tion and control reach over all sample dates for Sharp Creek or 
Laurel Creek. Trout abundance declined within both the restora-
tion and control reaches of Sharp Creek during this study (Figure 
1). In contrast, trout abundance increased in both the restoration 
and control reaches within Laurel Creek. The Pearson correlation 
coefficient showed a strong relationship in the number of trout 
captured from the two reaches of Sharp Creek (r = 0.73) and Lau-
rel Creek (r = 0.79) over the five years of sampling, suggesting that 
the variability in trout abundance observed between years was 
more likely a result of natural variability rather than an effect of 
the restoration work. 

In Laurel Creek, prior to restoration work, the trout assemblage 
was composed primarily of brook trout in the restoration (65%) 
and control reach (59%). By 2007, the trout assemblage in the con-
trol reach had shifted to primarily brown trout (83%) and brook 
trout were not observed within the restoration reach.

Biomass
Mean trout biomass for Sharp Creek (restoration = 143 kg/ha, 

SE = 61; control = 137 kg/ha, SE = 73) prior to restoration work 
exceeded the long-term average for trout biomass reported for 
other wild trout streams in North Carolina (Borawa et al. 2001) 
as well as the southern Appalachians (<34 kg/ha) (Durniak and 
England 1986, Bivens et al. 1995). Trout biomass in the restoration 
reach of Laurel Creek (69 kg/ha, SE = 52) prior to the restoration 
work also exceeded reported rates for southern Appalachian trout 
populations; however, biomass in the control reach (18 kg/ha, SE 
= 2) was much lower.

Comparison of 95% confidence intervals for mean trout bio-
mass indicated that there was no significant difference between 
the restoration and control reach for Sharp Creek or Laurel Creek. 
Trout biomass declined 71% from 2002 (pre-restoration) to 2003 

Figure 1. Mean trout abundance (±1 SE) in a restored and upstream control 
reach of Sharp Creek and Laurel Creek, Watauga County, North Carolina, from 
2002 to 2007. The bold arrow on the x-axis indicates when the restoration work 
took place. 
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Figure 2. Mean trout biomass (±1 SE) in a restored and upstream control reach 
of Sharp Creek and Laurel Creek, Watauga County, North Carolina, from 2002 
to 2007. The bold arrow on the x-axis indicates when the restoration work took 
place. 
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(1 year post-restoration) within the Sharp Creek restoration reach, 
while trout biomass in the control reach declined 28% (Figure 2). 
However, Sharp Creek trout biomass in the restoration reach (98 
kg/ha, SE = 28) was nearly identical to the control reach (100 kg/
ha, SE = 38) by the end of the study in 2006. Trout biomass in 
the restoration reach of Laurel Creek declined to 46 kg/ha (SE = 
14) between 2003 and 2007, while the control reach improved to 
80 kg/ha (SE = 27). The Pearson correlation coefficient for trout 
biomass within the Sharp Creek restoration and control reach re-
vealed a moderately close association (r = 0.66), suggesting that 
most of the annual variation between the two reaches was due to 
natural variability. In contrast, variation observed between the res-
toration and control reach in Laurel Creek appeared to have very 
little association (r = 0.23), suggesting that the decline in trout 
biomass within the restoration site may be more likely a result of 
differences in stream habitat between the two reaches rather than 
natural variability. 

Discussion 
sharp Creek

Trout populations in the southern Appalachians have been 
shown to be highly variable (Borowa et al. 2001, Kulp and Moore 
2005). The cause of the decline in abundance and biomass within 
the Sharp Creek restoration is unclear, but the close association 
of annual variability within the restoration reach and the control 
reach suggests it was due primarily to natural variability within 
the watershed and not specifically the restoration work. However, 
undercut bank habitat was reduced during the Sharp Creek resto-
ration, primarily as a result of bank modification in order to re-
duce erosion. The decline observed in trout biomass within the 
restoration, immediately following the completion of the project, 
may be a result of the removal of this habitat type. By 2004, trout 
biomass had improved, and likewise, undercut bank habitats had 
increased within the restoration reach as a result of new stream-
bank erosion (NCSU WQG 2007a). 

While undercut banks are often a source of erosion, the im-
portance of overhead cover that undercut banks provide for trout 
has been well documented (Lewis 1969, White 1973, Devore and 
White 1978, Thorn 1988). As a result, the need to remove this fea-
ture from a stream reach should be evaluated with respect to the 
reduction in sediment that will occur (Thorn 1988). When the re-
moval of undercut bank habitat is necessary, restoration designs 
should attempt to incorporate structures that provide overhead 
cover, such as woody debris installations, to offset the overall loss 
of this habitat type. In addition to the loss of undercut banks in 
Sharp Creek, pool habitat increased while riffle habitat decreased 
following the restoration (NCSU WQG 2007a). Although pools 

are a source of cover for trout, Wesche et al. (1978) reported that 
an increase in pool area did not improve the cover rating of small 
streams in Wyoming, and Thorn (1998) suggested that creating 
pool habitats that involved the loss of riffle habitats may actually 
reduce brown trout biomass. 

Laurel Creek
Natural variability in trout populations in the southern Ap-

palachians is commonly associated with droughts and floods 
(Kulp and Moore 2005). The substantial decline in trout biomass 
within the Laurel Creek restoration reach compared to the con-
trol reach suggests that habitat quality may have declined in the 
restored reach following the restoration work. While it is only 
possible to speculate on factors responsible for the shift in trout 
biomass between the Laurel Creek restoration and control reach-
es, the hurricane-related floods that occurred during fall 2004 are 
likely responsible. Within the Laurel Creek restoration reach, the 
2004 floods removed practically all of the newly-created instream 
structures, and eroded much of the riparian vegetation along the 
streambanks, exposing large outcroppings of cobble (NCSU WQG 
2007b). In contrast, the control reach of Laurel Creek experienced 
some shifting of riffle and pool habitat as large boulders were re-
positioned, but overall, the instream habitat and riparian vegeta-
tion remained intact. 

Regardless of whether or not the observed changes in trout bio-
mass within the Laurel Creek restoration are due to habitat altera-
tions or natural variability, streams are dynamic systems and chan-
nel modifications by floods are natural. Given the expense and 
reported failure of instream restoration work (Frissell and Nawa 
1992, Beschta et al. 1994, Roper et al. 1994, Pretty et al. 2003), the 
use of instream structures in moderate to high gradient streams 
such as Laurel Creek should be exercised with caution. Further-
more, recent studies suggest that riparian restoration alone, with-
out the construction of instream structures, can produce more 
comprehensive, sustainable, and cost-effective habitat benefits for 
fish (Roni et al. 2002, Opperman and Merenlender 2004).

The loss of brook trout from the Laurel Creek restoration 
reach is a concern since brook trout are the only native salmo-
nid to this region and are a high conservation priority for fish and 
game agencies in the eastern United States (NCWRC 1989, Hudy 
et al. 2005). It is unclear whether the change in the trout assem-
blage was due to the restoration, possibly altering habitat to condi-
tions more favorable to brown trout, or if the loss of brook trout is 
due entirely to natural variability. In recent years, survey data has 
shown that many historical brook trout populations have been ex-
tirpated and current populations are dwindling (Hudy et al. 2005). 
Possible reasons for this loss include agriculture, loss of riparian 
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forests, urbanization, acid precipitation, and competition with in-
vasive species (Hudy et al. 2005) such as brown and rainbow trout 
(Oncorhynchus mykiss). However, studies have suggested that the 
distributional limits of brook trout in the southern Appalachians 
will often ebb and flow longitudinally in a stream over time when 
sympatric with other trout species (Larson et al. 1995, Strange and 
Habera 1998). Efforts to sample this section of Laurel Creek in fu-
ture years will determine if brook trout have re-established in the 
restoration reach or if the sympatric brook and brown trout as-
semblage has shifted to an allopatric brown trout population. 

Summary
The unusually high trout abundance and biomass observed in 

this study compared to data obtained from other southern Ap-
palachian trout streams suggests that instream restoration work 
was not warranted at these sites if improving trout habitat was 
a primary goal. However, improving water quality by reducing 
streambank erosion was the primary objective of both restora-
tions (NCSU WQG 2007a, NCSU WQG 2007b). Despite no mea-
surable improvements in trout abundance and biomass, both res-
torations reduced erosion and included permanent conservation 
easements to protect riparian buffers within the restored reaches. 
The establishment of conservation easements should lead to trout 
habitat improvements in the future as vegetation further establish-
es along the streambanks, helping to prevent erosion during high 
flow events and providing shaded stream segments. As a result, 
future sampling of trout within these two restorations may reveal 
improvements. 

The elevated trout abundance and biomass data obtained prior 
to restoration work in Sharp Creek and Laurel Creek reveals the 
importance of collecting fish assemblage data within proposed 
restorations before planning and implementing stream restoration 
work, especially if improved fish habitat and fish metrics are a goal 
of the restoration activities. Currently, there are few pre-construc-
tion requirements to sample biological data prior to implement-
ing stream restoration projects. The requirement of fish or other 
biological survey data as a component of stream restoration grant 
applications, particularly when economically important species 
such as trout may be present, could help focus restoration activi-
ties where they are most beneficial. 

Southern Appalachian streams are naturally nutrient poor 
(Kulp and Moore 2005) and estimates similar to the ones obtained 
for Sharp Creek and to a lesser extent Laurel Creek during this 
study suggest unnaturally high nutrient levels. While elevated 
abundance and biomass estimates for trout and other fish species 
are often viewed as a positive attribute by fish managers, they may 
indicate stream impairments such as nutrient enrichment (Lyons 

et al. 1996). Potential sources of nutrient enrichment were pres-
ent in both watersheds, including livestock enclosures, agricul-
tural fields, and residential developments. Given the naturally low 
levels of nutrients in southern Appalachian streams, streams that 
receive nutrient rich runoff may provide elevated abundance and 
biomass estimates for trout. Stream restorations that take place at 
the watershed scale, unlike the relatively small site-specific resto-
rations monitored in this study, will likely involve a reduction in 
nutrients through livestock fencing, establishment of vegetated ri-
parian buffers, and improved sewage and stormwater runoff from 
developed areas. These activities, while important for improving 
water quality parameters, may reduce the abundance and biomass 
of trout and other fish, as well as overall fish species diversity, in 
coldwater streams. This information is important if monitoring 
fish abundance and biomass estimates are part of a stream restora-
tion evaluation. 

Finally, a potential shortcoming of this study was the lack of 
information on the changes that occurred to stream features as a 
result of the restoration work. Neither the Laurel Creek or Sharp 
Creek restoration project required monitoring of the stream fea-
tures following the restoration work. As a result, limited data was 
available on stream pattern and profile changes for either stream 
during this study. Inclusion of this data in future studies may be 
helpful in explaining the changes observed in the fish species of 
interest. As stream restoration activities increase, the use of multi-
disciplinary teams to evaluate physical and biological changes 
within restoration sites could help ensure the overall product will 
be more suitable for fish, while meeting the primary goals of sedi-
ment reduction and stream stability.
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