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Abstract. This study was conducted to learn more about brook trout, Salvelinus fontinalis, 
distribution throughout the Upper Tuckasegee watershed and determine predictors of brook trout 
presence in a given stream in the watershed. For each stream sampled, we gathered water quality 
data, physical stream habitat characteristics, collected benthic macroinvertebrates, and 
electroshocked for fish. The presence of brook trout can serve as an indicator of the health of 
headwater streams and tributaries. We collected brook trout at 10 of the 17 sites that we sampled. 
Using an information theoretic approach, we found that the type of bottom substrate was the best 
predictor for brook trout detection, and the presence of collector-gatherer macroinvertebrates, 
predator macroinvertebrates, and the abundance of low pollution-tolerant macroinvertebrates were 
the strongest predictors of brook trout occupancy. Our findings can be applied to sustainable land 
management practices by both land owners and land managers. 
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INTRODUCTION 

 
Brook trout (Salvelinus fontinalis) are members of the Salmonidae family, belonging to the 

char subgroup. The fish are characterized by a dark-colored ventral side speckled with light spots, 
a red dorsal side, and small scales. Colloquially known as “speckled trout” and “brook char,” this 
game fish requires cool water to survive. Brook trout are found in headwater streams, generally 
within pool habitats and in slow-flowing sections of streams (Ecret and Mihuc 2013). The trout 
prey on a wide array of macroinvertebrates and are important population regulators in a functional 
river ecosystem. In terms of chemical composition of habitat, brook trout tolerate a water pH range 
of about 4.1 - 9.5 without any apparent preference for a particular pH within this range (Creaser 
1930). Brook trout are sensitive to water temperature and generally are not present in streams with 
water temperatures above 19 degrees Celsius (Creaser 1930). As a bioindicator species that thrives 
in cold, highly-oxygenated water with low levels of pollution, brook trout presence or absence 
provides valuable insight into the ecology of the area and health of stream habitats (Trout 
Unlimited For the Eastern Brook Trout Joint Venture 2006).  

Within the S. fontinalis species are two genetically distinct populations: the northern brook 
trout and the southern brook trout (Hayes et al. 1996). The southern strain, the focus of this study, 
is indigenous to the southern Appalachian Mountains, ranging from northern Georgia and South 
Carolina to Virginia (National Park Service 2015). This range is shrinking, however, as brook trout 
are heavily influenced by anthropogenic disturbances including the introduction of invasive 
species, logging, acid deposition, competition, and increased fishing pressure (Marschall and 
Crowder 1996). Brook trout populations are also threatened due to competition with non-native 
invasive species such as rainbow and brown trout (Hayes et al. 1996). Because of these pressures, 
especially pollution (nutrient runoff from agriculture, sediment from construction projects, 
logging, roads, etc.), brook trout habitats have become largely limited to the uppermost headwaters 
of rivers (Marschall and Crowder 1996, Trout Unlimited For the Eastern Brook Trout Joint 
Venture 2006). Reintroduction efforts in several streams throughout the southern Appalachians 



have had largely negative effects, as these programs stocked the non-native northern brook trout. 
This resulted in displacement and hybridization, ultimately reducing the genetic diversity of the 
southern brook trout populations (Hayes et al. 1996). By categorizing and monitoring the native 
brook trout in their natural range, we can gain a better understanding of how to improve 
conservation and rehabilitation efforts. 

We sampled brook trout at 17 stream sites in the Upper Tuckasegee watershed and 
collected site-specific data on three habitat factors: water chemistry, macroinvertebrate diversity, 
and habitat quality assessment. Each site was evaluated for the presence of brook trout, indicating 
brook trout habitat viability. This allowed for an analysis of trends in brook trout distribution and 
habitat preferences.  

At each site, several water chemistry tests were conducted. Water chemistry parameters 
provide quantitative, numerical data that is useful for statistical analysis and modeling. Taking 
chemistry data can also prove to be critical due to the brook trout’s known sensitivity to pH and 
temperature (Creaser 1930). 

A relationship between brook trout presence and benthic macroinvertebrate diversity was 
explored in first and second-order streams because macroinvertebrates can serve as indicator 
species for presence of fish and pollution levels. Compared to an instantaneous measurement 
provided by chemical testing, population structure of macroinvertebrates can reflect continuous or 
long-term stream health. In addition to providing a more temporally complete assessment of stream 
health, identifying diversity and abundance of macroinvertebrate taxa is faster and more affordable 
than chemical testing (Hocutt 1975).  

The visual habitat assessments provided a quantitative metric representing observational 
data of the stream. This presented an opportunity to look for trends in brook trout presence and 
more nuanced factors such as bottom substrate type, canopy cover, and bank vegetation.  

The goal of this project is to identify and document brook trout populations in the Upper 
Tuckasegee watershed and develop a model that accurately predicts the presence of brook trout 
based on environmental variables. Such a model will be valuable in assisting managers and 
ecologists in identifying prospective habitats suitable for brook trout and managing current habitats 
for population preservation. As a species both ecologically and culturally significant to the 
southern Appalachians, brook trout are essential in preserving the natural heritage of this region.  
 

METHODS 
 

Site Selection 
 
We limited this study to sampling only “blue-line” streams above 3,000 feet (914.4 m) that 

were on private land located in the Upper Tuckasegee watershed (USGS cataloging unit 
06010203). Sampling was done between September 11th and November 6th 2017. 
 

Brook Trout Sampling 
 

To accurately estimate the presence of brook trout, fish samples were collected at various 
sites. Sampling was conducted in three 30-meter sections of the stream sites, each separated by 
10-meter breaks where fish were not sampled (to provide a buffer to reduce disturbance created 
by sampling). Moving upstream, a Halltech Aquatics® HT-2000 backpack electroshocker was 
used to stun all fish within a small radius in the stream. A group with hand-dip nets followed the 



electroshocker, collecting and depositing the fish into a bucket partially filled with water. We 
identified and tallied the fishes, measured head-to-tail length of brook trout to the nearest 
centimeter, and checked for disease, ectoparasites, and physical anomalies. After the 
measurements were completed, all fish were released back into the stream. The average width of 
the stream was also included in the measurements. All possible fish habitats within the sample 
reach were sampled, including pools, undercut banks, and other areas possibly occupied by fish. 
 

Macroinvertebrate Collection 
 
           Benthic macroinvertebrates at stream sites were collected using an adapted version the Qual 
4 Method from the Standard Operating Procedures for Collection and Analysis of Benthic 
Macroinvertebrates by the NC Department of Environmental Quality (2016). The collection 
procedure consisted of one 1-minute riffle-kick sample in approximately two meters reach of 
substrate, one 5-minute sweep-net sample, and one 5-minute leaf-pack sample. Four 5-minute 
visual collections were performed to target habitats that may have been missed or under-sampled 
during the first three sample methods. We put the organic materials from each method into shallow 
white tubs in order to sort for specimens, which we then preserved in glass vials containing 95% 
ethanol for each respective method of collection.   

We identified the collected macroinvertebrates to the family level using dichotomous keys 
from Merritt et al. (2008) and Project Search (McCollum 2009), recorded the families found at 
each stream site along with each families’ tolerance value and functional feeding group, and 
calculated the family-level biotic index (FBI) for each (Hilsenhoff 1988). Using the index, we 
calculated scores for each site from 0.0, indicating more pristine conditions, to 10.0, indicating 
ecological stress and pollution, in order to evaluate the water quality and determine the amount of 
organic pollution likely within each stream site (NC Department of Environmental Quality 2016). 
The score was calculated by multiplying the abundance value (n) of each family (i) by the tolerance 
value (T) for that family (i), summing the products, and dividing by the total arthropods in the 
sample (N).  
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Habitat Assessment 

 
           The North Carolina Habitat Assessment Field Data Sheet included in the Standard Operating 
Procedures for Collection and Analysis of Benthic Macroinvertebrates by the NC Department of 
Environmental Quality (2016) was completed to give each site a quantifiable score representing 
the average condition of the stream. It was conducted over a 100-meter reach and incorporates a 
standardized qualitative approach. Observations included scores for stream bank condition, canopy 
cover, channel modification, bottom substrate, extent of light penetration, and riparian vegetative 
zone width. These values sum to yield a concrete appraisal of the biological, chemical, and physical 
health of the stream. 

Over each sampling area, the Southern Appalachian Stream Visual Assessment Protocol 
(saSVAP) was also implemented to make a preliminary evaluation of stream health. The saSVAP 
is an iteration of the USDA published Stream Visual Assessment Protocol (2009) customized for 
the Southern Appalachian Region by the Land Trust for the Little Tennessee (LTLT) and 



University of Georgia (Sullivan et al. in press). Similar to the NC Habitat Assessment, the saSVAP 
assigns a numerical score to stream health based on a qualitative assessment of eleven elements: 
bank condition, riparian buffer quantity and quality, canopy cover, riffle embeddedness, trash and 
garbage, non-trash/nutrient pollution, livestock, pools, available habitat/cover, and barriers to fish 
movement (saSVAP).  Elements of this score, in conjunction with the North Carolina Habitat 
Assessment Field Data Sheet, were used as an indication of stream health to later correlate with 
Salvelinus fontinalis presence. 
 

Water Chemistry 
 

Measurements for chemical analysis were collected with a YSI Model 85 Handheld 
Oxygen, Conductivity, Salinity, and Temperature System and an Oakton Model 35615-80 PH110 
Meter Kit. To supplement the pH, dissolved oxygen, temperature, and conductivity data, a 
qualitative assessment of water turbidity was also recorded. In the interest of avoiding any 
influence of disturbance from other sampling activities, water chemistry data was measured above 
the uppermost 30-meter sampling section. 
 

Statistical Analysis 
 

Brook trout catch data per each unit were categorized into two states: not detected, 0; or 
present, 1. We evaluated the relative plausibility of over 60 occupancy and detection models for 
brook trout (Table 3); each model represented a priori hypotheses regarding the effects of physical, 
chemical and spatial site-specific covariate effects on detection and occupancy. Estimates were 
given for brook trout presence, defined above, as the probability of capturing a brook trout when 
they are present (p) and the proportion of area occupied by brook trout (Ψ). Detection was modeled 
as constant among all sites, varying among sites due to channel modification, bottom substrate, in-
stream habitat, pool variety, riffle habitats, bank stability and vegetation, light penetration, and 
riparian vegetative zone width. Candidate models also were constructed based on site-specific 
covariate effects on occupancy (Table 3). These models were based on previous studies and 
included occupancy as: constant; a function of the previous listed covariates as well as 
macroinvertebrate related covariates: FBI scores, frequency of low/high tolerance 
macroinvertebrates, and frequency of feeding group types. All of the above covariates were 
modeled on a continuous scale. 

Candidate occupancy models were fit for each species using the occupancy estimator in 
Program MARK (White and Burnham 1999). We used an information theoretic approach 
(Burnham and Anderson 2002), Akaike’s Information Criteria (AIC; Akaike 1973), to evaluate 
the relative fit of candidate models and calculated Akaike weights (𝑤)) that range from 0 to 1, with 
the most plausible model having the greatest weight (Burnham and Anderson 2002). Models with 
weights that were within 1/8th of the value of the best-fitting model were considered in the 
confidence set of candidate models (Royall 1997). We based all inferences on parameter estimates 
from the best-fitting model and assessed precision by calculating 95% confidence intervals. 
 
 
 
 
 



RESULTS 
 
  We sampled a total of 17 stream sites (Table 1), all on private land and above 3,000 feet 
elevation (914.4 m) in the Upper Tuckasegee watershed (Fig. 1). At 14 of the sites, we sampled 
for macroinvertebrates which were categorized based on feeding type including predators (Fig. 2) 
and collector-gatherers (Fig. 3).  

The FBI scores represent the species richness of the macroinvertebrates present and their 
tolerance to water pollution (Table 4).  
 

 
 
 

FIG. 1. Map of the locations of the 17 streams sampled in the Upper Tuckasegee watershed. Areas that are 
shaded yellow, orange, red, and brown are elevations above 3,000 ft. The yellow line delineates the Tuckasegee 
watershed, with the purple line showing 3,000 ft. elevation boundary. (1 Foot = 0.305 Meters). 
 
 
 
 
 



TABLE 1. Sampling sites by stream name and notation used. 
Creek Name Abbreviation 

Hurricane Creek HC 

Little Pine Creek Section 1    LPC1 

Little Pine Creek Section 2 LPC2 

Little Pine Creek Section 3 LPC3 

Wolf Creek Unnamed Tributary UTW 

Neddie Creek NC 

Bear Creek   BC 

Dickson Creek DC 

Knob Creek KC 

Mill Creek MC 

Rough Run RR 

Wolf Creek WC 

Cedar Creek CC 

Glassyrock Creek GC 

Canoe Creek* CaC 

Kiesee Creek* KC 

Cold Creek* CoC 

*Not sampled for macroinvertebrates.  
 

Habitat Assessments and Water Quality 
 

Brook trout were absent from several streams: Hurricane Creek, Dickson Creek, Rough 
Run, Canoe Creek, Kiesee Creek, and Wolf Creek off Cullowhee Mt. Road and an unnamed 
tributary of Wolf Creek. In these streams, the pH ranged from 6.49 to 7.41, and the conductivity 
ranged from 4.3 µS/cm to 33 µS/cm. Brook trout were found at all other sites: Little Pine Creek, 
Neddie Creek, Bear Creek, Knob Creek, Mill Creek, Cold Creek, Cedar Creek, and Glassyrock 
Creek. In these streams, the pH ranged from 5.56 to 8.2, and the conductivity ranged from 1 µS/cm 
to 126 µS/cm. (It should be noted that early in the study the Oakton pH meter kit stopped 
functioning; pH test strips were used for most stream sites, but because the measurements were 
within a biologically meaningful range, we believe this substitution did not incorporate bias.) In 
the brook trout occupied streams, the turbidity varied greatly between the streams, and the 
temperature ranged from 9.17 degrees Celsius to 17.2 degrees Celsius. Brook trout were present 
in streams with a habitat assessment score that ranged from 36.5 to 86, and the saVAP scores 
ranged from 30 to 51.5 (Table 2). At streams where brook trout were present, bottom substrate 



ranged from 1 (substrate nearly all silt or clay) to 15, where the substrate had a good mix of gravel, 
cobble, or boulders and was embedded less than 20%. Streams where brook trout were not present 
had a bottom substrate type of 3, where substrate had a good mix of gravel, cobble, or boulders 
and was embedded less than 80%, or type 8, where the substrate was either gravel that was less 
than 50% embedded or where substrate had a good mix of gravel, cobble, or boulders was 
embedded less than 40% to 80%, or type 11 where the substrate was only gravel and cobble and 
was embedded 20% to 40%. 
 
TABLE 2. saVAP and Habitat Assessment Scores. 

Creek Name saSVAP Habitat Assessment 

Hurricane Creek 35 39 

Little Pine Creek Section 1    49 86 

Little Pine Creek Section 2 46 75 

Little Pine Creek Section 3 45 75 

Wolf Creek Unnamed Tributary 43.5 53 

Neddie Creek 51.5 78 

Bear Creek   50 80 

Dickson Creek 49.5 83 

Knob Creek 30 47.5 

Mill Creek 42.5 63 

Rough Run 38 52 

Wolf Creek 47 75.5 

Cedar Creek 32 36.5 

Glassyrock Creek 43 40 

Canoe Creek* 41 70 

Kiesee Creek* 40 64 

Cold Creek* 42.5 85 

*Not sampled for macroinvertebrates.   
 

Biotic Indices 
 

We identified 41 macroinvertebrate families from the sampled stream sites. We collected 
the most diverse sample of macroinvertebrates from Knob Creek, with 19 different families 
identified and the least diverse sample from Cedar Creek with only six different families identified 
(see table in Appendix A). The FBI scores we calculated for each stream indicate that all the sites 
we sampled had excellent or very good water quality suggesting that organic pollution was 



minimal. The average FBI score was 2.8 and the scores ranged from 1.1 to 4.0 (Fig. 4). The 
macroinvertebrates we collected were categorized into five feeding groups: scraper, predator, 
collector-filterer, collector-gatherer, and shredder.  On average, predators and shredders were the 
most abundant (Fig. 2). 

 

 
FIG. 2. Macroinvertebrates: predator feeding group frequencies (individuals per site). 
 

 
FIG. 3. Macroinvertebrates: collector-gatherer feeding group frequencies (individuals per site). 
 

 
FIG. 4. Family-level biotic index scores with presence or absence of brook trout. Based on the table by 

Hilsenhoff (1988), the water quality of all the streams are excellent or very good, indicating a low presence of pollution 
(Appendix B). 



 
TABLE 3. Covariates of occupancy(Ψ) and detection(p) with the resulting AIC and weighted AIC scores. Dashed line 

represents models within the Confidence Set, having AIC weights within 1/8 of the best fitting model.  

Ρ Ψ AIC AICw  

bottom substrate feeding type, collector-gatherer 55.5471 0.28048  

bottom substrate feeding type, predator 55.5881 0.27479  

bottom substrate tolerance value, low 56.8716 0.14464  

bottom substrate tolerance value, high 57.9610 0.08389  

bottom substrate feeding type, shredder 58.8737 0.05315  

bottom substrate FBI score 59.3032 0.04288  

bottom substrate feeding type, scraper 59.3117 0.04270  

bottom substrate feeding type, collector-filterer 59.3219 0.04248  

bank stability tolerance value, high 61.4351 0.01477  

constant Constant 62.2682 0.00974  

bank stability feeding type, predator 64.1357 0.00383  

bank stability feeding type, collector-gatherer 64.5878 0.00305  

bank stability tolerance value, low 66.2100 0.00136  

bank stability feeding type, shredder 68.2048 0.00050  

bank stability bottom substrate 68.3016 0.00048  

bank stability feeding type, collector-filterer 68.4869 0.00043  

bank stability feeding type, scraper 68.5805 0.00041  

bank stability FBI score 68.6207 0.00041  

 
Statistical Analysis 

 
In Program MARK, we ran over 60 models to determine which physical, chemical, and 

spatial site-specific factors are plausible predictors of detection and occupancy of brook trout. We 
looked at all of our stream parameters as predictors of occupancy and detection including channel 
modification, bank stability, bottom substrate, pool variety, and light penetration. We ran models 
with multiple combinations of parameters to determine the significance of combined factors. Our 
confidence set of models included bottom substrate as a predictor of detection, and occupancy 
being a function of macroinvertebrates. Frequency of collector-gatherers were the best predictor 
for occupancy, with frequency of predatory macroinvertebrates and species with a low tolerance 
to pollution being the other two models included in our confidence set. 

 
 



Detection: 
Bottom substrate was the strongest predictor for detection. All models that included bottom 

substrate as a function of detection came out as a better predictor, regardless of what predictor was 
used for occupancy. Bottom substrate had 19.0 (0.28048/0.01477) times more support than the 
second best approximating model for detection, bank stability (Table 3). 

Bottom substrate values were based on physical habitat observations using the NC Habitat 
Assessment. We categorized bottom substrate into three components, based largely on 
embeddedness. Poor substrates were those with silty soils or areas with approximately 80% 
embedded materials. Moderate substrates had hard substrate material present with roughly 50% 
embeddedness. Good substrates had a well-represented mix of material, such as gravel, cobble, 
and boulders, with low embeddedness. 

Average detection estimates for each category were 42, 67, and 90 percent for poor, 
moderate, and good bottom substrates, respectively (Fig. 5). Keeping in mind that we sampled 
each site three times, we were 1 - (1 − 0.42)	4	= 80.5% certain that we would have captured at 
least one brook trout in that area, if it were present. Compare this to 1 - (1 − 0.9)4 = 99.9% 
certainty of capturing a brook trout, given it is present, at a stream with good bottom substrate. 

 

 
 

FIG. 5. Bottom substrate confidence model based off criteria within the NC Habitat Assessment representing 
the detection estimates of brook trout. Poor scores represent greater than 50% embeddedness of substrate, including 
sand and bedrock. Moderate scores represent around 50% embeddedness of substrate such as gravel, cobble, and 
boulders. Good scores represent less than 50% embeddedness of substrate such as gravel, cobble, and boulders, ideally 
around 20-40%. 
 

Occupancy: 
Naïve occupancy estimates are estimates that do not account for other factors that affect 

occupancy values. It is calculated by determining the sites that where observed brook trout/ the 
total number of sites; (10/17) = 58.8%. However, by accounting for incomplete detection, the 
general occupancy estimate, which is the probability a brook trout is present in any given stream 
within our area, without considering any covariate influences, was 67.1%. This emphasizes the 
need to account for incomplete detection. 



While frequency of collector-gatherers had (0.28048/0.27479) = 1.02 times more evidence 
at predicting occupancy of brook trout over the frequency of predators, we cannot omit the 
plausibility of predators as a factor for occupancy (Table 3). Collector-gatherers were 
(0.28048/0.14464)=1.92 times better predictor over low pollution tolerant macroinvertebrates also 
included in our confidence set of models. 

Occupancy estimates, based on the frequency of collector-gatherers, ranged from 25% to 
90% (Fig. 6). Sites with little to no collector-gatherers, were not likely to hold brook trout, whereas 
sites with greater frequency (20+), had occupancy estimates around 90%. Presence of collector-
gatherer macroinvertebrates, whether as a food source, or as an indicator of water quality, are an 
important predictor of brook trout. 

 

 
 

FIG. 6. Best model representing collector-gatherer macroinvertebrates affecting the occupancy estimates of 
brook trout. 

 
DISCUSSION 

 
The abundance of collector-gatherer macroinvertebrates in streams was the most plausible 

factor in determining the presence of brook trout. We postulate two contributing explanations to 
this result. Macroinvertebrates are a primary component of brook trout diet (Montana Natural 
Heritage Program and Montana Fish, Wildlife and Parks). And as indicator species, 
macroinvertebrates, through the richness of their populations, can be proxies of long-term stream 
health (Hocutt 1975, Wallace and Webster 1996). There were multiple streams without brook trout 
that also had strong FBI scores. This demonstrates how macroinvertebrates population structure 
can persist in streams where brook trout might not. Conversely, no brook trout were found at sites 
without macroinvertebrates. The candidate set of models suggest that for environments to be 
suitable for brook trout, they are likely to be occupied by macroinvertebrates. 

Bottom substrate was the greatest predictor of fish detection in the sampled reaches. Brook 
trout were more likely to be detected in streams where a boulder substrate was predominant over 
finer sand or silt. These findings are consistent with Coggins, Bacheler, and Gwinn (2014) who 
found that fish species are correlated with a preference for a given bottom substrate. In their 



analysis, not only the type of substrate, but the presence of biota such as aquatic plants and 
macroinvertebrates predicted detection of Red Snapper on rock ledges and outcroppings. 
Similarly, in our study it was found that detection values were higher when large, rocky substrate 
was present (Fig. 5). 

We hypothesized that shredder macroinvertebrates, which process leaves and other coarse 
particulate organic matter (CPOM) in the water, would be a predictor within our models because 
the majority of the streams had substantial overhanging canopy (Merritt et al. 2017). Shredder 
macroinvertebrates break down CPOM into fine particulate organic matter (FPOM), which 
collector-gatherers primarily collect from substrate along stream bottoms (Merritt et al. 2017). 
Collector-gatherers tended to be abundant in areas with shredders and greater canopy cover like in 
LPC1 and LPC2 (Table 1). In the areas with less canopy, collector-gatherers were the dominant 
feeding type of macroinvertebrates like in GC, perhaps because they can survive off the FPOM 
that has traveled downstream from areas with higher canopy cover and shredder abundance 
(Stumpf et al. 2009). The presence and abundance of collector-gatherer macroinvertebrates was a 
strong indicator of brook trout occupancy. In sites where brook trout were present and collector-
gatherers were abundant, all but two of these sites (LPC1 and LPC2) possessed gaps in 
overhanging vegetation. While areas heavily shaded by vegetation are typically considered to be 
beneficial habitat features for supporting brook trout, areas with canopy gaps have higher levels 
of light penetration, which increases water visibility and temperature. Another contributing factor 
could be vegetation type; many of the stream sites’ riparian zones were dominated by 
rhododendron, the leaves of which are thick and waxy and more difficult to break down than the 
leaves of a deciduous tree. Therefore, streams heavily shaded with rhododendron may lack the 
ideal CPOM for collector-gatherer macroinvertebrates. The factors explained above may improve 
the brook trout’s ability to locate prey and potentially increase metabolic efficiency (Nislow and 
Lowe 2006).  

The FBI scores indicated that all the stream sites have excellent or very good water quality, 
therefore, they cannot be used as indicators for brook trout presence or absence. Further evaluation 
should be conducted to determine if the water quality of the Upper Tuckasegee headwaters has an 
effect on brook trout presence. 

Based on the results of our study, it would appear that sedimentation and the introduction 
of fine substrate into streams corresponded to fewer fish detected. This could be due to the decrease 
in visibility, thus making it harder to physically see and capture the fish, or this could mean the 
environment cannot physically sustain a larger number of fish, leading to less being detected. Finer 
sediments and sedimentation tend to correlate with lower numbers of macroinvertebrates, which 
would not be able to sustain a larger brook trout population. Many of these streams were within a 
few meters of a gravel road, and given the annual volume of rainfall in Western North Carolina, it 
is inevitable that the dust and small stones that compose these roads will wash into the stream 
during periods of precipitation. This change in substrate appears to negatively impact populations 
of brook trout in the southern Appalachian headwaters. The detection of the fish is directly related 
to its occupancy and abundance; an increase in sedimentation will impede detection and, indirectly, 
abundance. Therefore, we recommend that greater attention be paid to the proximity of streams to 
transportation pathways, be they paved, gravel, or dirt pathways.     

There is no panacea to maintaining fluvial system health. Rivers, more than the 
immediately visible ribbon of blue, are dynamic aggregates of their surrounding environment 
(Ward and Stanford 1995). Our covariates in this study, while quantified individually, were 
intimately linked. For example, habitat vegetation influences bank stability, and varying degrees 



of bank stability determine erosion rates, which influence turbidity and water chemistry levels. 
Due to this complex interplay of factors, our first recommendation towards land proprietors 
interested in maintaining suitable aquatic habitat for brook trout is to observe the present health of 
the river system. Brook trout thrive in cold, clean water. Vegetative buffer zones around the river 
can mitigate contamination from sediment runoff, the leading source of pollution in western North 
Carolina. It is important to take note of impermeable infrastructure nearby, including roads and 
parking lots, as well as logged mountainscapes with loose, easily erodible soil, which further 
perpetuates sediment runoff into riverways. The root systems in vegetative buffers can also act as 
bank stabilizers, especially pertinent when river turbidity is excessively high. 

Management considerations extend beyond the physical landscape to manipulating the 
biotic community itself. Non-native fish species, including rainbow trout and brown trout, can 
outcompete the native brook trout. Their introduction into the water can lead to brook trout being 
pushed out of further habitat. Also, livestock should be kept from grazing up to the water’s edge, 
as this practice perpetuates erosion and, through these animals’ interaction with the water, adds to 
contamination levels. Instead, we recommend livestock owners fence their animals off from the 
banks, and provide them drinking troughs. 

Ultimately, a private landowner can procure an ideal habitat for brook trout, only for a lack 
of proper land management upstream to destabilize the system. Thus, we recommend 
communication and networking between landowners to continue the conversation of land 
management, and further the discussion of preserving the iconic native brook trout. 

Limitations of this study include the number of samples taken. Seventeen sites were 
sampled for fish, with fourteen sampled for macroinvertebrates. More samples would be necessary 
in order to refine the estimates. A low sample size results in uncertainty and high variability of 
results due to decreased statistical power and an increased error margin. Increasing the sample size 
would also serve to reduce random error.  

Other limitations include bias from sampling methods. The macroinvertebrate sampling is 
designed so that we look for the most likely sites to find macroinvertebrates (seeking out leaf 
packs, undercut banks, ideal riffle habitat, etc.). Sampling techniques also vary by individual, 
affecting how samples are taken and how thoroughly the samples are sorted for 
macroinvertebrates. These could alter the abundances of macroinvertebrate functional feeding 
groups collected, which we found was a significant factor in brook trout presence. However, given 
that we had a standardized sampling protocol, the samples were fairly representative and consistent 
between sites. Similarly, the nature of quantifying qualitative aspects of the habitat forms provides 
the potential for error due to the variability of personal observations.  

Other areas that may account for error include weather/sampling conditions. For 
example, water depth and turbidity may be dependent on the intensity of precipitation in the near 
past. Additionally, sampling conditions also include environmental conditions, such as parts of a 
stream we could not access (due to steep grade and/or thick vegetation). This means that 
although our sampling methods were systematic in approach, the stream segments that were 
sampled also relied on convenience. We must also take into account the limitations and failures 
of equipment. The water chemistry meters tended to be problematic in their calibration, such that 
some sites required pH strips to be used instead. 

 
 
 
 



CONCLUSION 
 
We conclude that an abundance of collector-gatherer macroinvertebrates was the greatest 

indicator for the presence of brook trout in the Upper Tuckasegee watershed. All sites sampled 
were found to have good or excellent water quality, as indicated by the family-level biotic index. 
As such, factors that influenced our ability to detect and capture the fish were the substrate 
composition of the stream bed, the stability of the bank, and the quality of the riparian vegetation. 
This study can assist in the design of land management practices to preserve the headwater streams 
for the iconic native brook trout.  
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APPENDIX A. Benthic macroinvertebrate families identified at each site. Creek names are abbreviated (see Table 1). 

 HC LPC1 LPC2 LPC3 UTW NC BC DC KC MC RR WC CC GC 
Aeshnidae  X             
Amphipoda         X      
Arachnida  X        X     
Athericidae          X     
Baetidae  X          X   
Baetiscidae X           X   
Caenidae            X   
Calopterygidae         X  X  X X 
Ceratopogonidae         X      
Chloroperlidae  X  X   X  X   X  X 
Chironimidae  X X   X X  X  X  X X 
Cordulergastridae   X X X  X X  X X    
Dryopidae X              
Dytiscidae    X           
Elmidae  X       X     X 
Entomobryidae  X  X        X   
Ephemerellidae  X  X     X X X    
Ephemeridae   X       X X   X 
Gastropoda            X  X 
Gomphidae  X X X  X   X  X    
Heptageniidae X X X X X X X X X X  X  X 
Hydropsychidae X X X X X X X X X X X X  X 
Isonychiidae  X  X  X         
Lepidostomatidae              X 
Leptophlebiidae   X    X  X X   X  
Leuctridae  X      X X      
Limnephilidae X        X      
Nemouridae            X   
Odontoceridae X    X  X  X X     
Peltoperlidae  X X X  X X X X  X X   
Perlidae  X X X X X X X X X X X  X 
Perlodidae   X   X    X X    
Philopotamidae X  X  X X   X X  X X  
Phryganiidae             X  
Potamanthidae            X   
Psephenidae          X  X X  
Pteronarcyidae   X   X    X     
Simuliidae   X       X X X   
Siphloneuridae   X X     X X X    
Tabanidae          X     
Tipulidae X     X X  X X     
Totals 8 15 14 12 6 10 10 6 19 18 12 15 6 10 

 
 
 
 



 
 
APPENDIX B. Family Biotic Index used to determine water quality and pollution (Hilsenhoff 1988). Refer to Fig. 4. 
 

Family Biotic Index  Water Quality  Degree of Organic Pollution  

0.00-3.75  Excellent  Organic pollution unlikely  

3.76-4.25  Very good  Possible slight organic pollution  

4.26-5.00  Good  Some organic pollution probable  

5.01-5.75  Fair  Fairly substantial pollution likely  

5.76-6.50  Fairly poor  Substantial pollution likely  

6.51-7.25  Poor  Very substantial pollution likely  

7.26-10.00  Very poor  Severe organic pollution likely  

 


