
 

 

ABSTRACT 

 

WEAVER, DANIEL MARC. Effects of Stocked Trout on Native Nongame Riverine Fishes. 

(Under the direction of Thomas J. Kwak.) 

 

Stocking surface waters with hatchery-reared trout species (Salmonidae) is common 

practice among state and federal agencies.  Given the interest and expenditures associated 

with trout angling, fisheries managers are faced with the challenge of striking a balance 

between managing for a recreational fishery, while also conserving native species and 

preserving ecological integrity.  The negative effects that nonnative trout species exert on 

native trout species are well documented and include changes in emigration, competitive 

interactions, habitat use, and production.  However the effects that nonnative trout may have 

on the nongame fish assemblages are not understood.  

Our objectives were to quantify the effects of trout stocking on native nongame fish 

assemblages (1) intensively on one newly stocked river, the North Toe River, North Carolina, 

and (2) extensively on several other North Carolina streams that are annually stocked with 

trout paired with an unstocked reach.  To address objective 1, we utilized a BACI (before-

after-control-impact) experimental design to detect any short term effects on the nongame 

fish assemblage, and we found no significant differences in fish density, species richness, 

species diversity, or fish microhabitat use associated with trout stocking.  However, we 

observed differences in fish microhabitat use between years, suggesting they responded to 

environmental changes, such as the flow regime, which influences available microhabitat.   

We addressed objective 2 by sampling paired stocked and unstocked stream reaches 

to detect any long-term effects from trout stocking; however, we detected no differences in 



fish density, species richness, species diversity, or population size structure between paired 

sites.  Our results reflect high inherent system variation caused by natural and anthropogenic 

factors that appear to overwhelm any effect of stocked trout.  Furthermore, these hatchery-

reared trout may be poor competitors in a natural setting and their impact on native fish 

assemblages is minimal or undetectable.  

We examined the accuracy of snorkeling techniques for estimating fish populations 

using prepositioned areal electrofishing in conjunction with snorkeling in a medium sized 

river during summer and fall seasons.  We found high snorkeling efficiencies with central 

stoneroller Campostoma anomalum and river chub Nocomis micropogon, and lower 

efficiencies with suckers (Catostomidae).  Furthermore, snorkeling efficiencies were overall 

higher in pool and riffle habitats compared to run habitat, and they were higher for all fish 

guilds in the summer compared to the fall.  We found strip-transect count estimates and line-

transect distance sampling estimates to be highly conservative estimates of fish density when 

compared to our adjusted strip-transect counts estimate, which were corrected using our data 

from prepositioned areal electrofishing, our best estimate of the true fish population.  

Transect count or distance sampling estimates may be empirically adjusted using snorkeling 

efficiency estimates according to fish guild.  Our analyses reveal several factors that 

influence snorkeling detection probability, including season, fish guild, and habitat type.  Our 

results demonstrate that while snorkeling, a large percentage of fish go undetected and that 

multiple sampling methods may be required to determine what fishes are being missed.    



These findings provide quantitative results necessary to assist agencies in strategic 

planning and decisions associated with trout fisheries and stream management.  Sound 

management practices with a biological basis are the most efficient means to developing 

sustainable sport fisheries, improving angling opportunities, as well as maintaining the 

highest level of biodiversity in stream ecosystems.
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Introduction 

 

Importance of Trout Fishing 

 

Stocking surface waters with hatchery-reared trout species (Salmonidae) to support 

local recreational fisheries is common practice among state and federal agencies in the 

United States.  Trout fishing is among the most popular freshwater fishing pursuits in the 

United States behind that of black bass and closely tied with panfish and catfish (U.S. Fish 

and Wildlife Service and U.S. Census Bureau 2006).  According to the 2006 National Survey 

of Fishing, Hunting, and Wildlife-Associated Recreation, fishing in the United States is a $42 

billion industry.  Of 30 million anglers in 2006, 25.4 million fished in freshwater.  Trout 

fishing attracted 6.8 million anglers on 76 million angler-days in 2006.  To keep up with the 

demand for recreational angling supplemental fish stocking is common; 70 facilities, 48 

states, and eight Canadian provinces stocked 276 million sport fish during 1995-1996 

(Heidinger 1999).  In North Carolina during 2008, 92,769 mountain trout anglers fished for 

1.42 million angler-days and spent $146 million (NCWRC 2009).  It is clear that trout fishing 

is economically important at both national and state or local scales. 

Fisheries managers in state and federal agencies must consider constituent desires in 

managing recreational fishing.  One such consideration is whether to manage a “natural”, 

self-sustaining trout fishery or one that receives stocking.  With those choices usually come 

caveats that regulate how much harvest a particular fishery can sustain.  In North Carolina, as 

well as much of the Southern Appalachians, for example, native brook trout have been 

extirpated or displaced from many watersheds (Flebbe 1994; Hudy et al. 2005), and areas 
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that could be managed as a natural trout fishery would have to support very low harvest.  

States that desire quality recreational trout fisheries face high angler use demands similar to 

those in North Carolina.  A stocked trout fishery, whether a “put-grow-and-take” (North 

Carolina Wildlife Resources Commission; NCWRC Delayed Harvest designation) or “put-

and-take” (NCWRC Hatchery Supported designation) allows greater harvest and can meet 

the demand for more intensive angler use.  The most important reason anglers gave for trout 

fishing in North Carolina was for “the sport” (37%), and only a small number of anglers 

(10%) cited “catching fish for food” as their primary motivation (NCWRC 2007).  Delayed 

Harvest waters are also popular among nonresident anglers possibly due to the extended 

period of angling opportunities (NCWRC 2009).  Delayed Harvest may be more appealing to 

states and the serious trout angler because its catch-and-release only period before allowing 

harvest offers more diverse sport fishing opportunities, attracting anglers from other states.  

Given the interest and expenditures associated with trout angling, it is of great importance 

that this resource is managed for recreational, as well as conservation purposes.  This 

includes examining how stocked trout may impact the native fish community around them, 

an issue that has not been fully explored in the literature. 

Invasive and Introduced Species 

 Stocking nonnative fishes may force unnatural sympatry between introduced and 

native fish species.  These nonindigenous species have recently received increasing attention 

as their detrimental effects on native fishes are becoming recognized (Lassuy 1995; Wilcove 

et al. 1998; Cambray 2003; Dextrase and Mandrack 2006; Jelks et al. 2008).  According to 
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Lassuy (1995), 83% of the fish introductions affecting threatened or endangered listed fish 

species in the United States were intentional.  Eighty-eight percent of these involved sport 

fishing in some aspect.  Overall, nonindigenous species were the second most prevalent 

threat factor to imperiled fishes, after habitat destruction in the United States (Lassuy 1995; 

Wilcove et al. 1998; Jelks et al. 2008).  Many imperiled species face multiple threat factors 

(i.e., habitat destruction, pollution, and harvest) in addition to nonindigenous species (Lassuy 

1995; Dextrase and Mandrak 2006; Jelks et al. 2008).  With 39% of the described fish 

species on the North American continent imperiled (Jelks et al. 2008), introductions of 

nonnative species such as trout for recreational fishing may need to be thoroughly evaluated 

for potential impact (Li and Moyle 1981). 

Trout Interactions Among Species 

 Many studies have addressed the negative impacts that introduced trout species, such 

as rainbow trout Oncorhynchus mykiss and brown trout Salmo trutta, have had on native 

brook trout Salvelinus fontinalis populations (Nelson 1965; Vincent and Miller 1969; Nyman 

1970; Fausch and White 1981; Waters 1983; Larson and Moore 1985; DeWald and Wilzbach 

1992; Waters 1999).  Declines in brook trout distribution were originally thought to be from 

logging and fishing pressure (Larson and Moore 1985; Strange and Habera 1998).  The 

encroachment of nonnative trout species, however, became a significant contributing factor 

to brook trout declines observed through predation and emigration.  Severe declines or 

elimination of brook trout following the introduction of brown trout have been reported in 

several studies (Nelson 1965; Vincent and Miller 1969; Nyman 1970).   
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 Other studies have also observed the effects of nonnative trout on brook trout through 

competition and habitat use.  Similar diet compositions were reported between allopatric 

brook trout and brown trout as well as similar habitat use (Nyman 1970; Fausch and White 

1981).  Several studies have utilized artificial stream settings to quantify behavioral changes 

and shifts in microhabitat use.  DeWald and Wilzbach (1992) observed brook trout shifts in 

microhabitat followed by weight loss when in close symparty with brown trout.  Fausch and 

White (1986) found coho salmon Oncorhynchus kisutch was competitively superior to 

equivalent sizes of brook trout and brown trout because of their ability to hold energetically 

profitable positions in an artificial stream.  Introduced brown trout may compete with the 

native fish around them, in contrast to native brook trout that co-evolved with native 

assemblages (Zimmerman and Vondracek 2006).  Brook trout often occupy the cold, high 

gradient headwater streams, whereas brown trout are more of a generalist species and can 

occupy the lower elevations of a stream, as well as the upper ones. (King 1943; Jenkins and 

Burkhead 1993).  There is a significant stream longitudinal range where the two species 

overlap and potential interaction can occur. 

 Native trout production can be reduced by nonnative trout introduction.  Waters 

(1983, 1999) examined trout species production in a Minnesota stream over a 21-year period.  

Following the introduction of brown trout, brook trout biomass decreased approximately 

98% and production became just 3% of all trout production, whereas brown trout production 

became 95% of all trout production (Waters 1999).  From a recreational standpoint, higher 
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production allows for more harvest, but from a conservation standpoint, the management of a 

native brook trout fishery may be more desirable.   

 Stocking areas where naturalized wild trout occur have negatively affected trout 

populations (Vincent 1987).  Populations of wild rainbow and brown trout declined 

significantly in number and biomass following the introduction of hatchery-reared rainbow 

trout.  Hatchery trout exhibit more aggression toward wild trout individuals and inefficiently 

expend energy (Kinghorn 1983; Bachman 1984; Mesa 1991); however, other studies have 

found opposite effects, reporting that wild salmonids were competitively superior to their 

hatchery counterparts of whom were less aggressive, and less active (Fleming and Gross 

1992; Alvarez and Nicieza 2003; Shemai et al. 2007). 

 The literature demonstrates that introduced and stocked salmonids have directly 

impacted native salmonid species through predation, emigration, competition, habitat use, 

and production.  An understanding of how stocked trout and native trout species interact and 

the impacts that follow might provide insight into analogous interactions with nongame fish.  

It is important to note that several of these studies were conducted in artificial stream settings 

where individuals were forced in sympatry.  This may not truly reflect responses observed in 

a natural setting. 

Trout and Nongame Fish Interactions 

 Few studies have been conducted on the impact that nonnative trout exert on 

nongame fish species (Garman and Nielsen 1982; Bryan et al. 2002; Robinson et al. 2003; 

Ruetz et al. 2003; Zimmerman and Vondracek 2006).  In general, nongame fish studies are 
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more recent than those that focused primarily on trout species interactions, which suggests 

that nongame fish are receiving increased attention.  This is good evidence that nongame fish 

are receiving increased attention.  Moyle (1977) examined the debate over whether sculpins 

negatively affect salmon, and he concluded that sculpin control would probably not improve 

salmon fisheries.  More importantly, his study may have highlighted the importance of 

nongame fisheries research.   

Robinson et al. (2003) examined the impact that introduced rainbow trout exert on the 

native Little Colorado spinedace Lepidomeda vittata and concluded that the two species can 

coexist at low rainbow trout densities but that potential negative effects of rainbow trout on 

the spinedace are likely to increase with densities.  They explained that the spinedace 

coevolved with Apache trout Oncorhynchus apache and that it may have developed tactics to 

coexist with other salmonids.  A study by Ruetz et al. (2003) examined the interactions 

between slimy sculpin Cottus cognatus, and nonnative brown trout in enclosures in Valley 

Creek, Minnesota.  The results of their study found decreased sculpin growth rates in the 

presence of brown trout.  These results were later confirmed by Zimmerman and Vondracek 

(2006).  Garman and Nielson (1982) examined the predation of nonnative brown trout on 

native fishes.  By extracting stomach contents of brown trout, they found the primary prey 

species to be torrent sucker, Thoburnia rhothoeca. This species is known for thriving in very 

turbulent waters and associated riffled sections of streams.  Their results suggest that brown 

trout piscivory may be species or habitat specific.  
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Previous studies have demonstrated that introduced trout prey upon (Garman and 

Nielsen 1982), indirectly compete with (Ruetz et al. 2003; Zimmerman and Vondracek 

2006), and exert density-dependent effects on nongame fish (Robinson et al. 2003).  Thus 

there is evidence that trout can have lethal and non-lethal effects on nongame fish.  Several 

of these aforementioned studies examined the effects of trout on single nongame fish species.  

While they may provide insight to predict effects on other fish species, they may not be 

extrapolated to infer community-level effects, such as densities of nongame fish and 

resources used by these fish.  Furthermore, many of these studies have examined these 

behaviors in confinement in unnatural sympatry where one species such as a native trout or 

nongame fish is forced to interact with another trout species.  In a field environment, these 

species may segregate or otherwise partition resources to avoid negative effects to either.  

Thus, we quantified the changes in nongame fish assemblages in response to the introduction 

of stocked hatchery-reared trout under a testable experimental design in a natural setting.   

Our objectives were to (1) quantify changes in population density of nongame fishes, 

microhabitat use, and community composition in one river newly stocked with trout; (2) 

extensively sample multiple streams stocked with trout annually paired with a reference 

reach that does not receive trout stocking and determining if there are differences in total 

catch, community composition, and population size structure.  Objective 1 will determine if 

any short-term effects occur on nongame fish assemblage structure, as the study river will be 

newly stocked with trout.  Objective 2 will determine if any long-term effects exist from trout 

stocking, as the streams selected for this have been annually stocked for many years.   
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Study Area 

The North Toe River in the Town of Spruce Pine, North Carolina, was selected in 

consultation with the NCWRC to conduct intensive research to address objective 1.  The 

North Toe River is part of a subbasin to the French Broad River that includes the South Toe 

River and Nolichucky River.  The North Toe River is a mountainous, high-gradient river that 

begins in Avery County, North Carolina, flows through Mitchell County, then alongside 

Yancey County before joining with the Cane River and becoming the Nolichucky River.  The 

North Toe subbasin consists primarily of land within the Pisgah National Forest.  The largest 

community in the subbasin is the town of Spruce Pine in Mitchell County.  The subbasin is 

primarily forests and wetlands, comprising 87% of the land cover, with pastures comprising 

11%, and urban areas, cultivated cropland and surface water areas making up less than 1% 

each (NCDENR 2003).   

An approximate 3.7-km section of the North Toe River was stocked with trout 

beginning upstream at the 226 Bridge and ending at the 19 East Bridge beginning July of 

2008 and later October and November of 2008.  Three 1-km reaches were selected on the 

North Toe River; one reach was located within the designated trout stocking area (treatment), 

and two downstream reaches that did not receive trout stocking (reference 1 and reference 2) 

(Figure 1 and Table 1).  The two reference reaches were located approximately 5.7-km 

downstream of the treatment reach in unincorporated Penland, where Penland Road (SR 

1162) crosses the North Toe River.  Reference 1 extended 1-km downstream of a large 

cascade, and reference 2 extended 1-km upstream of that cascade.  The cascade’s size made 
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it ideal for delineating the two reaches.  The two reference reaches have not been previously 

stocked with trout, nor would be for the duration of this study.   An 18.2-km segment of the 

North Toe River from Grassy Creek to the South Toe River that encompasses the treatment 

reach and two reference reaches was listed as Impaired by the North Carolina Department of 

Water Quality based upon a “fair” bioclassification and turbidity and habitat degradation 

problems (NCDENR 2003).  This area receives runoff from the town of Spruce Pine and 

several dischargers, including municipal, construction, and mining sources. 

In addition associated with objective 2, we sampled a total of seven paired rivers and 

streams among four river basins managed for delayed trout harvest (put-grow-and-take 

fisheries) paired with a reference reach that does not receive trout stocking.  All sites were in 

western North Carolina (Figure 2 and Table 2).  Riparian zone use varied among sites, but we 

attempted to keep variations between site pairs to a minimum in site selection.   

 

Methods 

Intensive Study  

Trout Stocking Schedule.  Trout stocking in the North Toe River followed NCWRC 

procedures for a Delayed Harvest trout fishery and Mountain Heritage Trout Waters initiative 

(Tables 3 and 4).  The first stocking period occurred in July 2008 where 1,000 rainbow trout 

were stocked in the treatment reach in Spruce Pine, and harvest was permitted immediately 

following the stocking.  The second, more intensive, stocking period took place in October 

and November 2008, when 3,800 total trout were stocked each month at a ratio of 2:2:1 of 
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rainbow trout to brook trout to brown trout. Supplemental stockings then occurred in March, 

April, and May 2009 with 3,800 trout each month (Table 4).  Stocking schedules for the 

other Delayed Harvest streams that we extensively sampled for objective 2 followed a similar 

stocking schedule with varying trout densities determined by the width or size of individual 

stream sites.   

Research Approach.  We utilized an experimental paired MBACI (Multiple-Before-

After-Control-Impact; Stewart-Oaten et al. 1986; Underwood 1994; Downes et al. 2002) 

design to assess the changes in nongame fish assemblage structure on the North Toe River 

associated with trout stocking.  The BACI approach has been applied in the past to examine 

effects of habitat rehabilitation on stream trout populations (Quinn and Kwak 2000; Solazzi 

et al. 2000) as well as to monitor adverse effects from chemical or biological impacts (Likens 

et al. 1970).  The small trout stocking of July 2008 was an opportunity to examine acute 

(pulse) changes in the fish assemblage.  The second larger stocking in October and 

November of 2008 and additional stockings in March, April and May of 2009 allowed 

examination of chronic (press) changes in the fish assemblage. 

To quantify these changes, we sampled the nongame fish assemblage before and after 

the small and larger trout stocking events.  We sampled three river reaches in succession 

(within one week) on multiple occasions over a 16-month period to minimize temporal 

environmental variation within sampling occasions (e.g., flow or temperature).  We selected 

reference reaches that we considered outside the potential spatial scale of impact (5.7-km 

downstream) from our impact reach (i.e., the reference nongame fish communities would not 
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be affected by trout stocking in the impact reach), but limited the longitudinal distance 

between reference and impact reaches to minimize ecological variation known to occur 

longitudinally in river systems (Vannote et al. 1980). 

 Fish Density and Habitat Use.  We quantified nongame fish density and habitat use 

over two spring and summer seasons, from May to September in 2008 and May to September 

2009 before and after trout were stocked.  The treatment and two reference reaches were 

sampled using snorkeling techniques and the strip-transect method (Ensign et al 1995; 

Buckland et a. 2001; Hewitt et al. 2009).  We used the farthest fish observed at each reach 

and sampling date as a transect width for quantifying our sampling area and expressing fish 

count per area (fish/ha) (Table 6).  We chose snorkeling because of its versatility in 

collecting detailed information on fish occurrence and microhabitat use and because the 

North Toe River is not suitable for most forms of electrofishing (see chapter 2).  Sampling 

reaches were delineated to ensure that three macrohabitat types, pools, riffles, and runs, were 

proportionately represented (Kwak and Peterson 2007).  Ten transects, 30-m long, were 

randomly chosen as representative subsamples from each site based proportionately on the 

available macrohabitat at the site (Sokal and Rohlf 1981).  During sampling, a lead-line rope 

was laid down parallel to the current followed by a 15-minute waiting period to minimize 

fright bias (Bain et al. 1985).  One snorkeler proceeded upstream along the lead-line rope and 

observed and identified nongame fish to species and recorded their focal depths in relation to 

the water column on a wrist slate. The location of each fish or group of fish along the transect 

was marked by placing a small weight at the exact location. The fish community was 
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grouped into seven fish guilds based upon their habitat use, behavior, and morphological 

traits.  These fish guilds included central stoneroller Campostoma anomalum; river chub 

Nocomis micropogon; shiners, Notropis spp., Cyprinella spp., Luxilus spp.; juvenile 

cyprinids Cyprinidae, suckers Catostomidae, sunfishes Centrarchidae, and darters Percidae. 

Upon conclusion of each strip-transect survey, we measured microhabitat 

characteristics for each individual or group fish point location.  Depth, mean column 

velocity, and focal velocity were measured with a top-set wading rod and a Marsh-McBirney 

Model 2000 digital flowmeter.  Mean column velocity was measured at 60% of the total 

depth from the surface (depths ≤ 1.0 m) or was calculated as the average of measurements at 

20% and 80% of the total depth (depths > 1.0 m).  Focal velocity was measured at the 

observed location of each fish or group of fish corresponding to their observed focal depth in 

the water column.  Substrate composition was determined as the greatest percent coverage of 

a substrate type according to a modified Wentworth particle-size classification at the location 

of each fish or group (Bovee and Milhous 1978).  Substrate was converted to a continuous 

variable (1 – 6) for analysis as (1) silt/clay, (2) sand, (3) gravel, (4) cobble, (5) boulder, and 

(6) bedrock.  The cover type was recorded as the nearest physical object that each fish or 

group was using or may potentially use.  Cover types included small boulders to bedrock, 

fine woody debris, coarse woody debris, overhanging vegetation, rootwads, trash, and 

undercut banks.  Distance to the nearest cover was also measured.  Finally the distance to the 

nearest bank from each fish or group was measured using a digital rangefinder.  At each 

reach we also measured water pH, temperature (ºC), dissolved oxygen (mg/L), specific 
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conductivity (μS/cm), and turbidity (NTU) using a Hydrolab® model MS5 multi-probe 

datasonde and Surveyor 4a display unit. 

Habitat Availability.  During September 2008, we quantified habitat availability in 

cross-sectional instream habitat surveys at each study reach during base flow conditions 

(Simonson et al. 1994).  At each reach, 15 stream width measurements were taken to obtain a 

mean stream width (MSW), and cross-sectional transects were spaced two MSW apart, with 

the location of the first transect selected randomly.  At equally spaced points on each 

transect, we measured total depth, mean column velocity, substrate composition, distance to 

nearest cover, cover type, and distance to nearest bank. 

 Extensive Study.  

We sampled seven Delayed Harvest trout streams located throughout the mountain 

region of the state and paired them with a reference reach located within the same river basin 

located upstream, downstream or adjacent to one another.  Our reference reaches were 

designated NCWRC Wild Trout waters or Undesignated waters, both of which do not receive 

trout stocking (Table 3).  We utilized a one-pass catch-per-unit-effort (CPUE) as an index of 

fish density obtained in the paired reaches to detect biological trends in nongame fish density 

(Simonson and Lyons 1995).  These paired sites were sampled once during July-August 

2009.  During this period, the majority of the stocked trout in the delayed harvest reaches 

have been harvested to near depletion (NCWRC report 2005).  At each site we sampled a 

100-m reach with two Smith Root® direct-current backpack electrofishers and two 

designated dip-netters.  Sampling took place in an upstream direction typically beginning and 
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ending at a riffle habitat.  All fishes were collected during sampling, including any trout, and 

all fish were identified to species and counted.  A maximum of 50 randomly chosen 

individuals per species at each site were weighed (±0.01 g), and measured (± 1mm total 

length, TL), and returned to the stream.  Ten stream widths were measured at 10-m intervals 

along the 100-m reach to obtain a MSW.  Temperature, pH, dissolved oxygen, specific 

conductivity, and turbidity were recorded at each site using a Hydrolab® model MS5 multi-

probe datasonde and Surveyor 4a display unit. 

Statistical Analyses 

We calculated fish density, species richness, and species diversity for each reach and 

date.  We performed a 3-factor analysis of variance (ANOVA) to detect any change in the 

nongame fish assemblage as a result of trout stocking following an MBACI (multiple before-

after-control-impact) statistical design (Downes et al. 2002).  Our three factors included 

reach (treatment or reference), period (before or after trout stocking), and sampling times 

(May through September for 2008 to 2009).  Our model included terms that would test for a 

chronic effect from trout stocking (i.e. press effect), and for acute effects between dates of 

sampling (i.e. pulse effect).  An estimate of within-treatment variation was estimated from 

the two replicated reference reaches, and comparisons between impact and control sites are 

derived from their repeated measurements, and variation is partitioned into model 

components (Downes et al. 2002).  This analysis would detect any trout stocking effect of the 

smaller July 2008 stocking, as well as the larger stockings that spanned October 2008 

through March 2009.   
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Fish microhabitat use and availability were analyzed using a multivariate principal 

component analysis (PCA) of depth, mean column velocity, substrate, distance to cover, and 

distance to bank.  Principal components were developed based on the correlation matrix of 

the variables from the habitat availability surveys for all three reaches.  The PCA extracted 

linear descriptions of the combined univariate parameters that explained the maximum 

amount of variation within the data.  Two principle components were retained with 

eigenvalues greater than 1.0 (Kwak and Peterson 2007).  Fish microhabitat use component 

scores were then calculated using the coefficients derived from the availability components.  

We calculated arithmetic means and 95% confidence intervals of PCA scores for each fish 

guild, which represented microhabitat use by each guild throughout the study period (2008-

2009).  We also sorted mean component scores among fish guild, period (before or after trout 

stocking) and reach (treatment or reference).  These guild-specific means of habitat use were 

then plotted with SE to indicate shifts in use before and after trout stocking between reaches.   

We also calculated univariate arithmetic means and SE of fish guild-specific habitat 

use for water depth, mean column velocity, substrate, distance to bank, and distance to cover.  

We tested these means for each fish guild among each site and period for normality using a 

Shapiro-Wilkes test and found a majority of them were non-normal.  Thus, we conducted 

Wilcoxon sum rank tests comparing each mean variable before and after among each fish 

guild and site.  We considered each fish guild independent and conducted 15 Wilcoxon sum 

rank tests (five univariate variables and three sites).  We adjusted our alpha significance 

value of 0.05 for the 15 tests using a Bonferroni correction to obtain an adjusted alpha of 
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0.0033 (Ott and Longnecker 2001).   If we detected a significant change in any variable in 

the treatment reach that was not detected in either of the reference reaches, then we 

concluded a shift in microhabitat use may be due to trout stocking. 

In our extensive study among paired sites, we calculated fish catch (fish/ha), fish 

weight (g), species richness, and Shannon’s Diversity Index (H') (Kwak and Peterson 2007) 

for each delayed harvest site and its paired reference site.  We tested the differences of each 

paired site for normality using a Shapiro-Wilkes test.  All parameters conformed to a normal 

distribution, therefore, we conducted paired t-tests to determine significant differences 

between delayed harvest sites and paired reference sites at an alpha of 0.05.  We also 

examined sampled trout at the delayed harvest sites and paired reference sites and tested the 

distributions of TL and weight for normality using a Shapiro-Wilkes test.  These parameters 

were not normally distributed, and we analyzed differences in trout TL and weight using a 

Wilcoxon sum rank test.  Finally, we examined the mean relative weight (Wr) of all trout at 

each delayed harvest site and paired reference site (Anderson and Neumann 1996).  

 

Results 

Intensive Study  

We observed a total of 3,489 nongame fishes and 6 individual trout on the North Toe 

River during snorkeling surveys from May 2008 to September 2009, comprising 6 taxonomic 

families and 21 total species (Table 7).  All nongame fishes were included in our density, 

species richness, and species diversity MBACI analyses, and nearly all of those fit into our 
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seven fish guilds (N = 3,448) for principle component microhabitat analyses.  The remaining 

fishes not included in our microhabitat analysis included creek chub Semotilus 

atromaculatus, mountain brook lamprey Ichthyomyzon greelyi, and fatlips minnow 

Phenacobius crassilabrum. 

The North Carolina Department of Environmental and Natural Resources (NCDENR) 

designated our study area from severe to exceptional drought during most of 2008.  During 

the first quarter of 2009, these drought conditions lessened, and eventually were lifted during 

the remainder of the year.  Over the course of the study period, temperature ranged from 

0.58°C to 26.3°C with higher temperatures observed during 2008 compared to 2009 

reflective of the drought conditions (Figure 3).  As a result, we also observed, on average, 

increases in turbidity, and decreases in specific conductivity from 2008 to 2009 (Table 8).   

Fish Density and Community Composition.  Nongame fish density generally 

increased from May to September during each year (Figure 4a).  Fish density, species 

richness, and diversity all appeared more variable in 2009 after trout stocking compared to 

2008 among all reaches.  Before trout stocking, fish density ranged from 623.5 fish/ha - 

2,088.4 fish/ha in the treatment reach and 1,095.2 fish/ha - 2,356.8 fish/ha and 653.6 fish/ha - 

2,758.6 fish/ha in the reference reaches.  After trout stocking, nongame fish density ranged 

from 510.2 fish/ha to 1,680.0 fish/ha in the treatment reach and 0 fish/ha to 1,475.7 fish/ha 

and 0 fish/ha to 3,018.6 fish/ha in the reference reaches (Figure 4a).  Before trout stocking, 

species richness ranged from 6 to 12 in the treatment reach, and from 5 to 13 and 9 to 11 in 

the reference reaches.  After trout stocking, species richness ranged from 4 to 8 in the 
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treatment reach and 0 to 7 and 0 to 10 in the reference reaches.  Species diversity ranged 

from 1.41 to 1.91 in the treatment reach and from 1.07 to 1.99 and 1.57 to 2.02 in the 

reference reaches during 2008.  In 2009, diversity ranged from 0.68 to 1.77 in the treatment 

reach and from 0 to 1.88 and 0 to 1.87 in the reference reaches. 

The MBACI 3-factor ANOVA detected no significant changes in fish density (P = 

0.756), species richness (P = 0.437), and diversity (P=0.119) as a result of trout stocking 

from any acute effects corresponding to the small trout stocking during July of 2008 (Table 

4; Figure 4).  Similarly we detected no significant changes in fish density (P=0.942), species 

richness (P=0.734), and diversity (P=0.943) from any chronic effects corresponding to the 

intensive trout stockings beginning in October and November 2008 (Table 4; Figure 4). 

Overall, fish density, species richness, and species diversity appeared to be higher in 2008 

compared to 2009; however, this trend was statistically significant only for species diversity 

(P= 0.030).   

 Habitat Use.  Our PCA on microhabitat use revealed specific habitats used by each 

fish guild during the entire study period (Figure 5).  Component loadings indicated a habitat 

gradient from the river bank to the thalweg for component 1 and from riffle to run/pool 

habitat for component 2 (Table 9).  Suckers and darters primarily occupied riffle habitat in 

the thalweg characterized by higher velocity and greater depths.  Central stoneroller, river 

chub, and shiners primarily were located in habitat intermediate of the bank and thalweg and 

either favored riffle habitat (river chub and central stoneroller) or an intermediate habitat 
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between riffles and runs/pools (shiners).  Sunfishes and juvenile cyprinids primarily utilized 

run/pool habitat near the bank. 

 Wilcoxon sum rank tests revealed no significant changes in microhabitat use of 

central stoneroller, river chub, shiners, suckers, sunfishes, and darters from before to after 

trout stocking in the treatment reach compared to the reference reaches (Table 10).  Several 

of our sum rank tests were significant; however after examining the direction of change in 

univariate microhabitat variable means, we concluded that this significance may be random 

shifts or a sampling artifact and not biologically meaningful (Table 10).  For example, we 

observed central stonerollers significantly shift towards deeper water in the treatment reach, 

but with low overall magnitude (0.32 to 0.40-m; Table 10).  In the reference reaches, 

however, we observed conflicts in shifts (one shifting deeper and one shallower), but neither 

were not significant due to lower sample sizes.   The significant change revealed in 

microhabitat use of juvenile cyprinids may reflect a differential behavioral shift between 

treatment and reference reaches.  We observed their substrate use shift from silt in 2008 to 

cobble in 2009, characteristic of a shift from slower, calmer waters to swift or deeper water.  

Their microhabitat use shifted toward swifter, deeper water in the treatment reach, and 

toward shallower, slower water in the reference reaches also reflected in component score 

shifts (Figure 6d).  For all other fish guilds, we observed shifts in component scores between 

years, but these shifts also occurred in at least one of the reference reaches (typically 

reference 1) and were confirmed by comparisons of univariate microhabitat variables.   
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Extensive Study 

Analysis of paired electrofished sites revealed no significant differences in catch, 

population size structure, species richness, or species diversity (Table 11).  Mean catch, 

species richness, and diversity were higher in the delayed harvest sites compared to the 

reference sites, whereas fish weight was lower.  We sampled 34 individual trout among all 

Delayed Harvest sites and 47 trout at all reference sites (Table 12).  Mean TL and weight of 

trout were significantly higher in the Delayed Harvest sites compared to the reference sites  

(P < 0.0001).  Mean relative weights among trout in all stocked waters (Wr=90.3) did not 

appear to be different from trout in unstocked waters (Wr=91.9) (Table 12).   

 

Discussion     

We sought to quantify the effects of trout stocking on nongame fish assemblages at 

two scales.  Our intensive research on the North Toe River failed to detect any acute or 

chronic effects of trout stocking on nongame fish, however we did observe their response to 

changing environmental conditions.  Our extensive research failed to detect any long-term 

effects of trout stocking on fish assemblages; however, we did sample larger-sized trout in 

stocked waters compared to unstocked waters.   

Annual variability in weather conditions may reflect the patterns we observed with 

the nongame fish assemblage.  Extreme to exceptional drought conditions existed in 2008, 

and 2009 conditions were normal (NCDENR 2010).  Our estimates of fish density, species 

richness, and species diversity are much more variable in 2009 compared to 2008.  
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Variability in flow regime can determine available habitat and ultimately influence fish 

assemblage structure (Vannote et al. 1980; Moyle and Baltz 1985; Poff and Allan 1995; 

Grossman and Ratajczak 1998).  Drought conditions during 2008 may have favored stable 

fish assemblages, whereas the 2009 high flows and corresponding variable habitat may have 

acted as a short-term disturbance to those assemblages (Bain et al. 1988; Grossman et al. 

1998).     

Increasing fish densities from May to September during each year were largely owing 

to recruitment of juvenile cyprinids.  Spawning, particularly for cyprinids, generally occurs 

during May and June (Etnier and Starnes 1993), and our numbers of observed juveniles 

tended to be higher during the late summer months (i.e., July and August).  We also observed 

slightly higher fish density estimates and species richness and diversity during 2008 

compared to 2009.  These findings concur with those of Grossman et al. (1998), that 

associated drought conditions with higher total numbers of species as well as an increase in 

the number of water-column species.   

 The fish guilds that we studied utilized microhabitat similar to that found in other 

studies.  Aadland (1993) observed central stonerollers and darters occupying moderate to 

swift riffle habitat, while sunfishes typically utilized moderate to deep pools.  We observed 

similar trends with our PCA and univariate analyses (Figure 5; Table 10).  Several fish guilds 

exhibited examples of niche segregation and niche overlap in microhabitat use.  Moyle and 

Vondracek (1985) observed young-of-the-year fishes spatially segregated from the adults, a 

finding similar to what we demonstrated for juvenile and adult cyprinids (Figure 5).  We 
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observed niche overlap between suckers and darters, which is likely a function of their 

benthic adaptations (i.e., large pectoral fins and streamlined body shape).  In addition to 

indicating niche overlap, the size of ellipses for each guild in Figure 5 may provide a general 

description of niche breadth or habitat specificity.  Each fish guild exhibited varying niche 

breadth (ellipse size), and we observed restricted niche breadth with shiners, and broader 

habitat use with suckers and sunfishes.  However, the dispersion of PC scores of these guilds 

is influenced by sample size, as we encountered fewer suckers and sunfishes, leading to 

larger PC score confidence intervals while obtaining relatively higher sample sizes of 

shiners, darters, river chubs, and stonerollers. 

The atypical drought conditions in 2008 may be responsible for the shifts in 

microhabitat use we observed during 2009, as available habitat likely changed (Grossman 

and Ratajczak 1998; Figure 6).  With the exception of juvenile cyprinids, fish generally 

shifted their microhabitat use toward deeper water and run and pool macrohabitats with 

typical flow conditions.  A typical pattern in microhabitat use between years was reference 1 

fish shifted microhabitats in a similar direction as the treatment reach, and reference 2 fish 

shifted in other directions.   Differential among-site habitat availability may have influenced 

this result, as the reference 2 reach was characterized by primarily bedrock substrate and a 

wide range in mean velocity (Table 5), whereas reference 1 and the treatment reach velocities 

were more restricted with smaller dominant substrates.      

Our graph for juvenile cyprind microhabitat use over time and among sites (Figure 

6d), as well as our univariate tests of habitat variable means, show a shift in the treatment 
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reach toward deeper water, while the two reference reaches shift toward shallower habitat 

near the bank.  However, evidence does not suggest this is an effect from trout stocking.  We 

sampled 21 juvenile cyprinids after trout stocking in the treatment reach, and all 21 

observations occurred in August.  Juveniles observed during the later summer months were 

probably hatched earlier in the year (i.e., young-of-the-year; Etnier and Starnes 1993).  

Hatchery reared trout are usually fished to near depletion approximately two weeks after the 

harvest season opens and for delayed harvest waters, such as the treatment reach, we would 

expect trout to be nearly absent by the end of June.  Therefore the juvenile cyprinids that 

were first detected in August may not have had any interaction with stocked trout.  It is 

possible that the trout stockings may have had an effect on nongame fish spawning activities, 

but we did not observe this as trout were scarce in all study reaches, and such negative 

interactions have not been documented for trout in the literature.   

Anthropogenic effects other than trout stocking may be significant influences on fish 

assemblage structure in the North Toe River.  Sediment, riparian degradation, and both point 

and nonpoint source pollutants can reduce primary productivity, benthic fauna, feeding 

guilds and overall species richness and recruitment (Berkman and Rabeni 1987; Ryan 1991; 

Guidetti et al. 2003; Meador and Goldstein 2003).  In addition to cumulative effects of 

watershed land use changes, the North Toe River is impacted not only by the effects of 

urbanization from the town of Spruce Pine, but also industrialization from feldspar and mica 

mining operations, even though basin-wide these land uses cover less than 1% of the 

watershed (DENR 2003).  The “fair” bioclassification of this portion of the river indicate that 



 

25 

 

this small percentage may be disproportionately impacting its quality (DENR 2003).  A point 

source discharge exists at the upstream end of the reference 2 reach, and sporadically 

impacted the downstream areas with elevated turbidity.  This may have influenced fish 

microhabitat use patterns in this reach that differed from those in the other two study reaches 

(Lammert and Allan 1999; Guidetti et al. 2003).  The stochasticity of natural environmental 

and anthropogenic effects can vary spatially and temporally which would reduce our ability 

to detect a fish response, in our case to trout stocking (Minns et al. 1996; Chapman 1998).  

Relative to this high variability in physical environmental conditions, any effect of trout 

stocking appears undetectable, and we conclude that it is minimal or non-existent.   

 We believe hatchery-reared trout are poor competitors in a natural setting (Reimers 

1963; Bachman 1984; Bettinger and Bettoli 2002).  The low numbers of trout we observed 

may be due to multiple factors including sampling efficiency, various sources of mortality 

(fishing and natural), behavior, and spatial retention of these hatchery-reared trout and may 

further explain our inability to detect associated effects on the fish assemblage.  During our 

intensive study, we observed 3 individual trout (2 brown and one brook trout) post-stocking 

in the treatment reach (Table 7).  We assume that these trout were stocked, rather than wild.  

Historically, wild populations of brook, brown, and rainbow trout may have been present in 

that reach of the North Toe River, but due to anthropogenic impacts (e.g., degraded habitat 

and increasing river temperatures), it is unlikely that any remnant resident populations 

remain.  If there is an inherent negative effect of hatchery-reared trout on native nongame 
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fishes, it may be minimal and undetectable with the abbreviated presence and low density of 

trout in any area of the river.   

There may be several contributing factors to the low abundance of trout in the 

treatment study reach.  First, snorkeling efficiency may have biased these numbers.  

Snorkeling efficiency can be influenced by season, stream habitat characteristics, and target 

species (Thurow et al. 2006; see chapter 2).  Thurow et al. (2006) found snorkeling for bull 

trout Salvelinus confluentus to be higher during nighttime (33%) compared to daytime 

(12.5%).  Because we conducted our sampling during daytime only, snorkeling efficiency 

may be reduced due to fright bias or concealment attributed to their diurnal activity.  

 Second, the post-stocking behavior of these hatchery reared trout may further lessen 

their impact and retention in the area of stocking.  Other studies have observed catchable-size 

hatchery trout inefficiently utilizing energy by occupying energetically unprofitable areas in 

rivers, exhibiting unnecessary hostile behaviors and high levels of activity (Bachman 1984; 

Mesa 1991; Berejikian et al. 1996; Bettinger and Betolli 2002), and they generally decline in 

condition factors post-stocking (Reimers 1963; Ersbak and Haase 1983).  Furthermore, 

hatchery-reared stocked trout tend to make long-distance movements unlike resident trout 

that are relatively sedentary; this has been observed in a downstream direction for both brook 

trout and rainbow trout, and in an upstream direction for brown trout (Cresswell 1981; 

Helfrich and Kendall 1982; Bettinger and Bettoli 2002).   In our extensive study, we sampled 

more trout in reference reaches than in stocked reaches.  These trout are likely remnants from 

past stockings from other locations that may have established wild populations.  Trout 
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sampled in the stocked waters were generally of stock-size (mean 207-mm TL).  However, 

the trout in the reference reaches were substantially smaller (mean 134-mm TL) suggesting 

instream reproduction.  In addition, greater movement occurs in hatchery-trout if they are 

allowed to overwinter or if they are stocked in colder waters (Cresswell 1981), as are the 

trout stocked in the North Toe River.  All trout in both stocked and unstocked waters had 

relative weights around 90, indicating relatively healthy condition (Anderson and Neumann 

1996). 

Maximum temperatures on the North Toe River during 2009 ranged from 22.3°C to 

23.5°C from June-August.  These are slightly over the thermal maximum for brook trout 

(22.3°C), and are near those for brown and rainbow trout (approximately 24°C; Eaton et al. 

1995).  Temperatures in 2008 were much warmer, presumably associated with drought 

conditions.  These temperatures are not optimal for sustaining trout, and it is likely that 

during these summer months, any remaining trout (not harvested) experience thermal stress 

impairing metabolic functions and competitive abilities. 

Furthermore, these hatchery-reared trout face other sources of mortality and removal 

(in addition to natural mortality) including catch-and-release hooking mortality and 

poaching, which reduce their numbers and potential impact on the nongame fish assemblage.  

Schisler and Bergersen (1996) found hooking mortality in rainbow trout to range from 3.9% 

to 32.1% among varying bait types.  Poaching is a concern faced by all natural resource law 

enforcement departments, and however difficult it remains to quantify this source of harvest, 

it remains a potential factor contributing to a decline in stocked trout density.  



 

28 

 

Inefficient energy expenditures, unnecessary long-distance movements, declines in 

condition, and warm summer water temperatures are all potential influences on natural 

mortality of hatchery-reared trout, and hooking mortality and poaching can further depress 

stocking numbers.  All of these factors may significantly reduce any potential impact of 

hatchery-reared trout by reducing total trout density, their duration in the stream, and 

potential interactive behaviors with the nongame fish assemblage.  The NCWRC implements 

supplemental stockings during the catch and release period to maintain a suitable density for 

angling, but the survival rate of stocked trout with multiple factors affecting their retention 

will require additional study to quantify and evaluate.  

Our asymmetrical BACI design and associated statistical analyses were important 

tools for assessing the effects of trout stocking, but the inference of this field experiment is 

limited.  Many studies of environmental impacts are faced with limited or no replication 

(Schroeter et al. 1993; Smith et al. 1993; Shafroth et al. 2002).  We were unable to 

incorporate true replication at the impact site, but we were able to replicate the reference 

treatement at two sites, increasing our inference with which to compare nongame fish 

community dynamics of the single impact location (Downes et al. 2002).  Each of our sites 

was sampled as repeated measures through time, resulting in temporal pseudoreplication (See 

Stewart-Oaten 1986; 1992).  Pseudoreplication occurs quite frequently in field experiments 

and is common in assessing ecological impact studies because of the difficulty in replicating 

impacted sites.  Limiting true replication, however, can reduce inference, violate parametric 

assumptions, and ultimately weaken conclusions (Sokal and Rohlf 1981; Hurlbert 1984; 
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Heffner et al. 1996).  Furthermore, results from low sample sizes are likely to detect only 

very large impacts, increasing the probability of Type II errors (Smith et al. 1993).  High 

natural variation between years of our study, coupled with low site numbers, may limit our 

ability to detect subtle changes in the fish community. 

Our assumption of independence among sampling times is based on the dynamics of 

riverine fish assemblages.  Serial correlations between sampling times may exist if the 

organisms of interest are long-lived, sedentary, and recruit sporadically (Stewart-Oaten et al. 

1992; Schroeter et al. 1993).  In that situation, the independence assumption would be 

violated, error terms reduced, and ultimately, conclusions would be weakened.  However, 

riverine fish assemblages are dynamic over long periods (i.e., months) as seasonal variables 

such as temperature and flow determine suitable and available habitat as well as movement 

among reaches and habitats (Bain et al. 1988; Turner et al. 1994).  Furthermore, fish 

assemblage stability is lower in modified systems (e.g., the North Toe River) compared to 

natural systems, and assemblage dynamics may be much more variable among seasons 

(Gorman and Karr 1978).  Thus, we conclude that the duration between sampling times was 

sufficient to assume differing assemblage composition, representing independent sampling as 

a repeated measures design (Downes et al. 2002).   

We did not detect direct effects of trout stocking on the nongame fish community, but 

other indirect effects may be worth considering, such as top-down predator effects, nutrient 

cycle alteration, and linkages in aquatic and terrestrial ecosystems (Eby et al. 2006).  The 

supplementation of consumers in an ecosystem can have cascading effects, and in the case of 
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trout, may reduce prey abundance (i.e., aquatic macroinvertebrates), increase primary 

production, and affect other non-fish species such as amphibians (Schindler et al. 2001; Eby 

et al. 2006; Pope 2008; Pope et al. 2009).  We failed to observe any trout predation or 

agonistic behavior, but very few trout were observed during our study.  The complexities of 

aquatic community and food web dynamics and the consequences of their alteration are not 

well understood and warrant further study (Polis and Strong 1996; Eby et al. 2006).  Finally, 

additional angling pressure associated with trout stocking may also lead to increased 

mortality in native game fish species, such as redbreast sunfish Lepomis auritus and 

smallmouth bass Micropterus dolomieu, that occur in the North Toe River.  These additional 

dynamic factors were not examined in our study and may warrant future research.  

 Finally, a broader theoretical and practical question has not been examined closely in 

the literature: what is the ecological role of these hatchery-reared trout?  Much of the 

Southern Appalachians has experienced wide extirpations of native brook trout populations 

(Hudy et al. 2005), potentially leading to what may be called a “vacant” niche in the 

community (see Herbold and Moyle 1986).  A niche is often defined by the autecological and 

synecological characteristics of the introduced organism.  However, as discussed above, the 

ecological traits of hatchery-reared trout are much different than their wild or native 

counterparts, and they may have different niche requirements.  Furthermore, a recent 

development in trout management is that trout stocked in this study, as well as all trout 

currently being stocked in North Carolina are now triploid and sterile.  Therefore it may be 

difficult to quantify their overall function in the community, as current stockings will exert 
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relatively short-term ecological effects, and the legacy function and duration of past 

stockings of fertile trout remain unknown.   

Ecological and Management Implications 

As stated previously, there is little information concerning the effects of stocked trout 

on nongame fish assemblages.  Furthermore, many studies have been conducted in forced 

sympatry, and the effects may not be inferred to a natural setting.  Our results emphasize the 

utility of statistical designs like the BACI design we employed, as well as the importance of 

multiple reference reaches when attempting to detect a response.  Stochastic environmental 

impacts can happen with little warning and typically researchers and managers lack the 

“before impact” data to successfully utilize a BACI design, and thus conclusions are not as 

strong.  Our interpretation of results and conclusions may have been different with only a 

single reference reach.  Had we only sampled one of the reference reaches, we may have 

falsely concluded a trout stocking effect as the fish assemblage in our reference 2 reach 

generally exhibited different shifts in microhabitat use, not observed in reference 1 or the 

treatment reaches.  It is possible these different shifts in microhabitat use correspond to the 

physical morphology and available habitat of that reach.  Thus we demonstrate the 

importance of multiple reference reaches in detecting environmental impacts.  

Our study extends beyond the North Toe River and North Carolina.  These findings 

provide quantitative results necessary to assist state and federal agencies as well as private 

conservation groups in making decisions about recreational trout fisheries and stream 

management.  The results from our study may guide management decisions and field 
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assessments focusing on the intensity, timing, and location of trout stocking, as there are 

many unresolved questions concerning their retention post-stocking.  Sound management 

practices with a biological basis are the most efficient means to developing sustainable sport 

fisheries, improving angling opportunities, as well as striving to preserve the highest level of 

biodiversity in our stream ecosystems.  
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Table 1.  Reach length, NCWRC trout management designation, and location of intensive study sites on the North Toe River, 

North Carolina.  Latitude and Longitude coordinates refer to the downstream end of each reach. 

Site 

Sampling 

reach 

length (m) 

NCWRC 

designation Latitude Longitude Location 

Treatment 1,000 Delayed harvest
a
 N35°54'59.12" W82° 4'22.55" Highland Avenue bridge, extends 

upstream 1 river km, ending at State 

Road 19 East bridge in Spruce Pine 

Reference 1 1,000 Undesignated N35°55'43.16" W82° 7'12.67" Spans 0.5 river km downstream and 

0.5 river km upstream of State Road 

1162 bridge in Penland 

Reference 2 1,000 Undesignated N35°55'49.10" W82° 6'35.96" Begins 0.5 river km upstream of State 

Road 1162 bridge in Penland 

upstream a large cascade.  Reach 

continues 1 river km upstream   
a 
Delayed harvest designation effective October 1 2008  
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 Table 2.  Stream, river basin, NCWRC trout management designation, location, and stream habitat characteristics on the sampling day  

of electrofished delayed harvest trout waters sites and paired reference sites in western North Carolina.  The reference site (Wild or 

Undesignated) immediately follow the paired treatment site. 

Stream River basin 

NCWRC 

designation County Location Latitude Longitude 

North Mills                          

River 

French broad Delayed harvest Henderson North Mills River Road at National 

Forest Road 

N35°24'23.5" W82°38'40.9" 

South Mills    

River 

French broad Wild Henderson South Mills River Road adjacent to 

National Forest Road 

N35°21'55.2" W82°44'24.8" 

Big Laural Creek French broad Delayed harvest Madison Route 208 past Rout 70 and 25, before 

Route 212 

N35°55'38.7" W82°44'45.0" 

Turkey Creek French broad Undesignated Buncome Crosses Old NC 20 from Route 251 N35°42'17.1" W82°40'08.0" 

Cane Creek French broad Delayed harvest Mitchell Route 226 in community park, 

Bakersville 

N36°00'45.7" W82°09'21.3" 

Cane Creek French broad Undesignated Mitchell Intersection of  Route 226 and Cub Creek 

Road 

N36°01'04.8" W82°10'59.1" 

Curtis Creek Catawba Delayed harvest McDowell Upstream of U.S. 70 bridge on Curtis 

Creek Road 

N35°39'16.8" W82°10'14.2" 

Curtis Creek Catawba Wild McDowell Curtis Creek Road just upstream of 

Newberry Creek 

N35°40'39.6" W82°11'55.8" 

Jacob Fork Catawba Delayed harvest Burke South Mountain Park Avenue just inside 

South Mountain State Park 

N35°39'16.8" W81°35'46.1" 

Little River Catawba Undesignated Burke South Mountain Park Avenue before 

South Mountain State Park 

N35°35'42.7" W81°35'28.7" 

Helton Creek New Delayed harvest Ashe State Route 1536 crossing Highway 16 N36°32'22.7" W81°25'51.9" 

Meat Camp Creek New Undesignated Watauga Intersection of State Route 1332 and 

Roby Green Road 

N36°14'56.0" W81°37'22.6" 

East Prong 

Roaring River 

Yadkin Delayed harvest Wilkes Stone Mountain Road inside Stone 

Mountain State Park 

N36°23'04.0" W81°03'53.4" 

Lovelace Creek Yadkin Wild Wilkes State Route 1730 just after Grassy Gap 

Road 

N36°22'30.4" W81°08'43.8" 
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Table 2 continued.

Stream 

Sampled area 

(ha) 

Temperature 

(ºC) pH 

Specific conductivity 

(μS/cm) 

Turbidity 

(NTU) 

North Mills River 0.0984 16.1 7.0 12.7 3.1 

South Mills River 0.0907 17.4 7.3 12.5 3.9 

Big Laural Creek 0.1130 21.7 8.6 66.1 3.8 

Turkey Creek 0.0710 22.3 8.2 95.8 15.7 

Cane Creek 0.0707 17.6 7.4 69.8 6.2 

Cane Creek 0.0549 23.3 7.9 85.7 5.4 

Curtis Creek 0.0876 19.0 7.4 19.9 2.1 

Curtis Creek 0.0838 18.0 7.1 17.9 4.6 

Jacob Fork 0.0935 19.8 7.1 19.6 3.0 

Little River 0.0734 19.7 7.1 24.5 6.5 

Helton Creek 0.1111 16.4 7.8 53.8 13.8 

Meat Camp Creek 0.0948 19.0 8.3 54.8 8.8 

East Prong 

Roaring River 

0.0789 16.9 7.1 20.2 5.6 

Lovelace Creek 0.0785 17.3 7.3 16.5 4.2 
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Table 3.  NCWRC regulations for selected trout waters management designations in  

North Carolina. Daily creel limits are for all trout species in aggregate. 

NCWRC 

designation 

Harvest 

season 

Daily creel 

limit (number) 

Minimum length 

limit (mm TL) 

Receives 

stocking 

Delayed harvest Oct – May 

Jun – Sep 

0 

7 

None 

None 

Yes 

Yes 

Wild Year round 4 178 No 

Undesignated Year round 7 None No 
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Table 4.  Trout stocking schedule, number of fish stocked, and NCWRC trout 

management designation for the North Toe River, North Carolina during 2008-2009.  

Information concerning the NCWRC designation is located in Table 3.  Mountain 

heritage management regulations on the North Toe River followed delayed harvest 

regulations.

Month 

NCWRC 

designation Brook trout Rainbow trout Brown trout 

2008 

July Mountain heritage  1,000  

October Delayed harvest 1,520 1,520 760 

November Delayed harvest 1,520 1,520 760 

Total  3,040 4,040 1,520 

2009 

March Delayed harvest 1,520 1,520 760 

April Delayed harvest 1,520 1,520 760 

May Delayed harvest 1,520 1,520 760 

Total  4,560 4,560 2,280 
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Table 5.  Microhabitat variable statistics for the treatment and two reference 

reaches on the North Toe River, North Carolina. 

Variable Mean or Mode SE 

Minimum - 

Maximum 

Treatment (N= 163) 

Stream width (m) 24.40 1.40 18.60 – 33.70 

Depth (m) 00.33 0.02 0 – 1.36 

Mean velocity (m/s) 00.20 0.02 0 – 1.06 

Dominant substrate cobble   

Distance to cover (m) 01.37 0.14 0 – 8.00 

Dominant cover type boulder   

Reference 1 (N = 178) 

Stream width (m) 26.80 1.68 19.10 – 37.20 

Depth (m) 00.29 0.02 0 – 1.22 

Mean velocity (m/s) 00.17 0.02 0 – 1.04 

Dominant substrate sand   

Distance to cover (m) 02.70 0.25 0 – 16.00 

Dominant cover type boulder   

Reference 2 (N = 151) 

Stream width (m) 23.60 2.31 10.30 – 38.20 

Depth (m) 00.28 0.02 0 – 1.30 

Mean velocity (m/s) 00.21 0.02 0 – 1.40 

Dominant substrate bedrock   

Distance to cover (m) 01.93 0.17 0 – 8.00 

Dominant cover type boulder, bedrock   
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Table 6.  Distance from the transect line to the farthest observed fish seen (m),  

an estimate of half the snorkeling transect width, during each sampling date before 

and after trout stocking and corresponding total area observed (ha) used to estimate 

fish density during each sampling date according to reach. 

  Farthest fish observed (m)  Total area snorkeled (ha) 

Month  Before After  Before After 

Treatment 

May  2.78 0.98  0.167 0.059 

June  1.24 1.56  0.074 0.094 

July  1.50 1.86  0.090 0.112 

August  2.25 1.26  0.135 0.076 

September  2.45 1.50  0.147 0.090 

       

Reference 1 

May  2.45 n/a  0.147 n/a 

June  1.96 n/a  0.118 n/a 

July  1.28 1.18  0.077 0.071 

August  1.12 0.96  0.067 0.058 

September  1.16 0.92  0.070 0.055 

       

Reference 2 

May  1.80 n/a  0.108 n/a 

June  2.04 1.36  0.122 0.082 

July  2.15 n/a  0.129 n/a 

August  1.60 1.43  0.096 0.086 

September  1.45 1.16  0.087 0.070 
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Table 7.  Total fish counts from six families and 21 species observed in sampling reaches before and after trout stocking on 

the North Toe River, North Carolina. N= 3,497 total observations; 3,448 of those were included in seven fish guilds for 

analyses (central stoneroller, river chub, shiners, juvenile cyprinids, suckers, sunfishes, and darters).

   Treatment  Reference 1  Reference 2 

Family Common name Scientific name Before After  Before After  Before After 

Catostomidae Black redhorse Moxostoma duquesnei 8 2  13 7  43 19 

 Northern hog sucker Hypentelium nigricans 2 1  1 4  9 3 

           

Cyprinidae Central stoneroller Campostoma anomalum 275 42  35 7  53 6 

 Whitetail shiner Cyprinella galatura 36 20  55 6  68 19 

 Creek chub Semotilus atromaculatus 0 0  1 0  2 0 

 Fatlips minnow Phenacobius 

crassilabrum 
31 0 

 
0 0 

 
0 7 

 Mirror shiner Notropis spectrunculus 32 0  87 1  31 35 

 River chub Nocomis micropogon 147 19  53 13  139 14 

 Saffron shiner Notropis rubricroceus 1 0  0 0  10 0 

 Tennessee shiner Notropis leuciodus 40 82  129 21  119 35 

 Warpaint shiner Luxilus coccogenis 73 170  146 5  47 154 

 Juvenile cyprinids Cyprinidae 63 21  106 71  147 163 

           

Centrarchidae Redbreast sunfish Lepomis auritus 3 0  2 0  0 3 

 Smallmouth bass Micropterus dolomieu 4 2  7 3  15 8 
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Table 7 continued.

   Treatment  Reference 1  Reference 2 

Family Common name Scientific name Before After  Before After  Before After 

 Banded darter Etheostoma zonale 0 0  1 0  1 0 

Percidae Gilt darter Percina evides 119 72  149 3  21 7 

 Greenside darter Etheostoma blennioides 39 3  35 0  31 3 

 Tangerine darter Percina aurantiaca 0 0  6 0  2 0 

 Swannanoa darter Etheostoma swannanoa 0 0  1 0  0 0 

           

Petromyzontidae Mountain brook lamprey Ichthyomyzon greeleyi 2 0  0 0  0 0 

           

Salmonidae Brook trout Salvelinus fontinalis 0 1  0 0  0 2 

 Brown trout Salmo trutta 0 2  0 0  1 0 

 Rainbow trout Oncorhynchus mykiss 0 0  0 0  0 0 

           

Total   875 437  827 141  739 478 
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Table 8.  Mean, SE, and range of water quality measurements May-September 2008 (before trout stocking) and May-September 

2009 (after trout stocking) at three sites on the North Toe River, North Carolina. 

 Treatment  Reference 1  Reference 2 

Variable Mean SE 

Minimum-

Maximum 

 

Mean SE 

Minimum-

Maximum 

 

Mean SE 

Minimum-

Maximum 

Before stocking (2008) 

Temperature (ºC) 20.8 1.84 15.5 – 24.2  21.7 1.21 18.3 – 25.0  22.4 1.31 18.3 – 26.2 

pH 07.9 0.20 7.3 – 8.5  8.0 0.14 7.6 – 8.4  8.5 0.21 8.1 – 9.2 

Dissolved oxygen (mg/L) 09.0 0.24 8.6 – 9.7  9.0 0.22 8.5 – 9.6  9.2 0.22 8.5 – 9.7 

Specific conductivity (μS/cm) 148.8 21.25 122.0 – 233.0  165.5 16.27 128.4 – 226.0  159.4 17.98 128.4 – 225.5 

Turbidity (NTU) 004.7 0.94 2.4 – 6.7  5.1 0.59 3.5 – 6.6  5.7 0.57 3.5 – 6.7 

            

After stocking (2009) 

Temperature (ºC) 18.7 2.36 12.4 – 25.3  19.6 1.86 14.0 – 22.8  18.6 1.77 14.0 – 22.8 

pH 8.0 0.31 7.3 – 9.1  7.8 0.13 7.4 – 8.1  7.7 0.14 7.5 – 8.3 

Dissolved oxygen (mg/L) 9.1 0.31 8.2 – 9.9  9.1 0.26 8.2 – 9.7  8.9 0.32 8.0 – 9.6 

Specific conductivity (μS/cm) 69.3 4.84 52.5 – 81.8  76.2 5.50 58.0 – 92.2  77.9 4.89 61.6 – 92.1 

Turbidity (NTU) 6.4 1.17 2.8 – 10.2  6.6 0.86 4.5 – 9.2  7.2 1.01 4.0 – 9.5 
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Table 9.  Principle component (PC) loadings according to habitat  

parameters of two retained components for available habitat on  

the North Toe River, North Carolina, among the treatment and 

 two reference reaches (N=492). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Variable PC1 PC2 

Nearest distance to bank (m) 0.62 0.38 

Depth (m) 0.40 -0.03 

Mean velocity (m/s) 0.54 -0.32 

Substrate 0.37 -0.45 

Distance to cover (m) 0.16 0.74 

Eigenvalue 1.56 1.36 

Variance explained (%) 31.00 27.00 
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Table 10.  Mean (±SE) microhabitat use characteristics of seven fish guilds before and after trout stocking in the treatment reach and two reference reaches 

on the North Toe River, North Carolina. P values correspond to Wilcoxon sum rank tests and are considered significant at adjusted alpha value of 0.0033. 

 Sample size (N)  Total depth (m)  Mean column velocity (m/s)  Substrate 

Fish guild Before After  Before After P  Before After P  Before After P 

Treatment 

Central stoneroller 275 42  0.32 (0.004) 0.40 (0.006) <0.0001  0.49 (0.010) 0.71 (0.024) <0.0001  cobble gravel <0.0001 

River chub 147 19  0.41 (0.014) 0.43 (0.021) 0.0677  0.28 (0.016) 0.55 (0.032) <0.0001  cobble cobble 0.5908 

Shiners 185 272  0.41 (0.013) 0.44 (0.008) 0.0015  0.21 (0.013) 0.26 (0.010) 0.0008  cobble sand <0.0001 

Juvenile cyprinids 63 21  0.45 (0.024) 0.47 (0.018) 0.8652  0.08 (0.013) 0.10 (0.015) 0.0589  silt cobble <0.0001 

Suckers 10 3  0.71 (0.085) 0.46 (0.070) 0.1543  0.18 (0.109) 0.50 (0.041) 0.0409  cobble gravel 0.1208 

Sunfish 7 2  0.67 (0.126) 0.50 (0.100) 0.8831  0.02 (0.008) 0.18 (0.010) 0.055  cobble silt 0.0956 

Darters 158 75  0.27 (0.006) 0.36 (0.013) <0.0001  0.42 (0.015) 0.60 (0.020) <0.0001  cobble gravel <0.0001 

Reference 1 

Central stoneroller 35 7  0.39 (0.011) 0.55 (0.048) 0.0205  0.55 (0.035) 0.40 (0.013) 0.0455  cobble gravel 0.2978 

River chub 53 13  0.40 (0.014) 0.51 (0.028) 0.0012  0.38 (0.028) 0.38 (0.066) 0.6449  cobble gravel 0.8927 

Shiners 417 33  0.47 (0.009) 0.50 (0.030) 0.3185  0.23 (0.009) 0.22 (0.031) 0.4746  cobble sand <0.0001 

Juvenile cyprinids 106 70  0.64 (0.019) 0.34 (0.020) 0.0000  0.15 (0.009) 0.03 (0.004) <0.0001  gravel silt <0.0001 

Suckers 14 11  0.61 (0.044) 0.70 (0.058) 0.2594  0.25 (0.051) 0.48 (0.063) 0.0038  sand gravel 0.2291 

Sunfish 9 3  0.78 (0.058) 0.64 (0.147) 0.3535  0.19 (0.060) 0.16 (0.110) 0.8520  gravel sand 1.0000 

Darters 192 4  0.38 (0.007) 0.42 (0.017) 0.1145  0.51 (0.020) 0.57 (0.159) 0.8902  cobble gravel 0.1241 

Reference 2 

Central stoneroller 53 6  0.67 (0.029) 0.54 (0.028) 0.1679  0.34 (0.018) 0.38 (0.048) 0.1752  bedrock bedrock 0.6841 

River chub 138 14  0.58 (0.021) 0.54 (0.021) 0.7446  0.24 (0.016) 0.36 (0.055) 0.0270  cobble gravel 0.4053 

Shiners 274 243  0.52 (0.014) 0.58 (0.012) 0.0002  0.19 (0.008) 0.19 (0.013) 0.0293  bedrock bedrock 0.6471 

Juvenile cyprinids 147 163  0.68 (0.020) 0.45 (0.010) <0.0001  0.05 (0.005) 0.11 (0.006) <0.0001  boulder bedrock 0.9686 

Suckers 52 22  0.71 (0.024) 0.82 (0.053) 0.069  0.22 (0.012) 0.23 (0.036) 0.8078  sand bedrock 0.0060 

Sunfish 14 11  0.71 (0.072) 0.75 (0.071) 0.4591  0.09 (0.017) 0.12 (0.046) 0.8897  sand sand 0.6391 

Darters 55 10  0.33 (0.019) 0.64 (0.049) <0.0001  0.35 (0.024) 0.46 (0.063) 0.0473  gravel gravel 0.1364 
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Table 10 continued. 

 Sample size  (N) 
 

Distance to cover (m)  Distance to nearest bank (m) 

Fish guild Before After 
 

Before After P  Before After P 

Treatment 

Central stoneroller 275 42  1.05 (0.055) 1.67 (0.187) 0.0125  5.57 (0.340) 3.40 (0.294) 0.0020 

River chub 147 19  1.21 (0.070) 0.98 (0.061) 0.7264  6.36 (0.329) 6.26 (0.898) 0.9244 

Shiners 185 272  0.88 (0.067) 1.21 (0.054) <0.0001  10.64 (0.310) 10.56 (0.246) 0.0596 

Juvenile cyprinids 63 21  0.81 (0.093) 0.29 (0.055) 0.0004  10.38 (0.313) 12.05 (0.291) 0.1410 

Suckers 10 3  0.30 (0.121) 0.83 (0.583) 0.1296  6.70 (1.033) 10.33 (3.180) 0.4237 

Sunfish 7 2  1.13 (0.421) 2.00 (1.00) 0.4605  8.93 (2.351) 8.50 (0.500) 0.8831 

Darters 158 75  1.00 (0.057) 2.31 (0.163) <0.0001  11.19 (0.593) 7.74 (0.449) 0.0722 

Reference 1 

Central stoneroller 35 7  0.93 (0.123) 1.64 (0.092) 0.0017  4.31 (0.210) 7.71 (0.184) <0.0001 

River chub 53 13  0.93 (0.092) 1.55 (0.231) 0.0065  8.54 (0.712) 7.69 (0.347) 0.2566 

Shiners 417 33  1.01 (0.048) 1.77 (0.162) <0.0001  10.05 (0.292) 11.52 (0.680) 0.0624 

Juvenile cyprinids 106 70  0.68 (0.042) 0.80 (0.034) 0.6234  12.40 (0.306) 9.36 (0.637) <0.0001 

Suckers 14 11  0.89 (0.154) 1.57 (0.330) 0.1886  7.79 (0.927) 8.53 (0.369) 0.5084 

Sunfish 9 3  1.09 (0.344) 1.00 (0.577) 1.0000  13.33 (2.118) 9.67 (0.333) 0.7808 

Darters 192 4  1.17 (0.070) 1.00 (0.250) 0.9668  8.64 (0.361) 9.90 (2.000) 0.3032 

Reference 2 

Central stoneroller 53 6  0.65 (0.094) 0.49 (0.116) 0.8659  7.60 (0.762) 2.83 (0.401) 0.0471 

River chub 138 14  0.81 (0.104) 0.39 (0.075) 0.2053  8.78 (0.574) 1.86 (0.254) <0.0001 

Shiners 274 243  0.77 (0.062) 1.02 (0.075) 0.5339  8.97 (0.434) 6.13 (0.296) <0.0001 

Juvenile cyprinids 147 163  0.93 (0.124) 1.06 (0.078) <0.0001  9.34 (0.389) 9.27 (0.404) 0.2668 

Suckers 52 22  0.62 (0.081) 0.74 (0.200) 0.3386  8.67 (0.838) 8.20 (1.009) 0.8077 

Sunfish 14 11  0.54 (0.147) 0.65 (0.173) 0.6569  9.86 (1.843) 5.73 (1.094) 0.0925 

Darters 55 10  1.89 (0.204) 1.70 (0.314) 0.8910  12.62 (0.855) 11.88 (1.411) 0.6544 
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Table 11.  Number of fish sampled, catch, fish weight, species richness, and species diversity  

of seven electrofished delayed harvest trout water sites and seven paired reference sites. t  

and P values correspond to paired t-tests. 

 Delayed harvest Reference t P 

Number of fish sampled 2,100 1,307   

Catch (fish/ha)     

Mean 3,582.1 2,689.7 -1.129 0.302 

SE 1,267.7 977.6   

Minimum -Maximum 748.7 – 10,183.9 1,026.3 – 8.378.9   

Fish weight (g)     

Mean 8.26 10.62 1.281 0.248 

SE 2.33 3.59   

Minimum-Maximum 3.09 – 21.05 2.16 – 29.75   

Species richness     

Mean 10.00 9.00 --0.764 0.474 

SE 1.15 1.27   

Minimum-Maximum 7 - 14 3 - 13   

Diversity (H')     

Mean 1.66 1.50 -0.849 0.428 

SE 0.13 0.22   

Minimum-Maximum 1.15 – 2.20 0.42 – 2.09   
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Table 12.  Total number of trout sampled (N), number of trout species, mean TL (mm), 

mean weight (g), mean relative weight (Wr) and SE for seven electrofished delayed 

harvest trout water sites and paired reference sites.  Wilcoxon sum rank tests 

determined mean TL and mean weight were significantly different between delayed 

harvest trout water sites and paired reference sites (P<0.0001). 

Stream N 

Trout 

species 

(number) 

Mean 

TL 

(mm) SE 

Mean 

weight 

(g) SE Wr SE 

Delayed harvest (stocked) 

Curtis Creek 5 2 220.8 74.4 309.3 270.9 92.7 2.6 

Jacob Fork 0 0 n/a  n/a  n/a  

Big Laural 5 1 248.4 23.4 164.0 57.1 86.8 4.9 

Helton Creek 4 2 200.8 19.3 085.1 21.8 91.3 2.6 

North Mills     

River 

5 3 197.8 37.5 107.6 39.3 92.0 5.6 

Cane Creek 10 2 180.6 14.1 064.6 13.6 87.6 2.5 

East Prong 

Roaring River 

5 2 218.8 14.9 112.2 25.1 91.6 4.9 

Wild/Undesignated (unstocked) 

Curtis Creek 9 1 106.1 18.6 021.7 12.6 88.3 3.4 

Little River 0 0 n/a  n/a  n/a  

Turkey Creek 0 0 n/a  n/a  n/a  

Meat Camp 

Creek 

23 2 141.8 16.5 056.4 20.3 89.1 2.7 

South Mills 

River 

11 2 127.0 16.8 030.1 8.7 89.7 0.7 

Cane Creek 1 1 350.0  455.0  98.9 n/a 

Lovelace Creek 3 1 110.0 23.0 017.4 10.3 93.3 n/a 
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Figure 1.  Map of study area and sites on the North Toe River, North Carolina.  The 

treatment reach, in the town of Spruce Pine, received trout stocking and was located 

upstream of two reference reaches that were not stocked
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Figure 2.  Map of study area throughout western North Carolina. We sampled delayed harvest (DH) trout stocked waters  

(black circles) paired with reference reaches (R) that do not receive trout stocking (gray circles) 
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Figure 3.  Monthly minimum, mean, and maximum hourly stream temperature on the North Toe River,  

North Carolina, relative to upper thermal tolerance limits of trout species (Eaton et al. 1995). 
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Figure 4.  Fish density, species richness, and species diversity on the North Toe River, North Carolina, 

from May-September 2008 before trout stocking and May-September 2009 after trout stocking.  F and 

P statistics correspond to 3-factor MBACI ANOVA testing for a pulse effect (acute) and press effect 

(chronic; see text for explanation).
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Figure 5.  Fish assemblage microhabitat use during the entire study period (May 2008-

September 2009) on the North Toe River, North Carolina.  Component loadings (Table 9) 

indicated a habitat gradient from the river bank to the thalweg for component 1 and from 

riffle to run/pool for component 2. Ellipses represent the mean and 95% confidence 

intervals of component scores. 
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Figure 6.  Shifts in principal component scores describing microhabitat use of seven fish guilds on the 

North Toe River, North Carolina, before (open ellipses) and after trout stocking (filled ellipses) among the 

treatment reach (black ellipses) and two reference reaches (gray ellipses).  Ellipses represent the mean 

(±SE) of component scores. 
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Chapter II – Sampling Characteristics and Calibration of Snorkeling  

Counts to Estimate Stream Fish Populations 
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Introduction 

 
Fish sampling gear bias and quantitative bias correction (i.e., gear calibration) are 

important considerations in fisheries research and management.  Sampling techniques and 

data collection form the scientific basis to assess and interpret fish population density, 

condition, and vital rates, as well as assemblage structure.  Examination of the efficiency of 

visual estimation techniques allows for a better understanding of sampling biases and may 

provide insight to correct and adjust them in future studies.  Visual estimation methods have 

been applied across terrestrial, marine, and freshwater ecosystems and among many species 

of interest.  Uncertainties associated with visual estimation methods have emphasized the 

need for calibration methods that adjust for biases (Dunham et al. 2009; Peterson and Paukert 

2009). 

 Snorkeling is an inexpensive, non-lethal, and versatile method for quantitatively 

sampling fish populations and assemblages (Dolloff et al. 1996).  Sampling involving 

threatened or endangered species may be conducted by snorkeling as a potential sampling 

alternative to electrofishing as the detrimental effects of electrofishing are a growing concern 

(Nielson 1998).  In general, underwater observation has been used to survey coral reef 

systems (Sale and Douglas 1981; Thresher and Gunn 1986), littoral zones in lakes (Dibble 

1991; Graham 1992; Pink et al. 2007), shallow marine coves (Kulbicki and Sarramegna 

1999), freshwater streams (Hankin and Reeves 1988; Zubik and Fraley 1988; Mullner and 

Hubert 1998; Roni and Fayram 2000; Wildman and Neumann 2003; Thurow et al. 2006) and 

rivers (Slaney and Martin 1987; Orell and Erkinaro 2007).  Underwater observation is also 
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less labor intensive and less costly than other commonly applied fish sampling techniques 

(Zubik and Fraley 1988; Mullner and Hubert 1998; Roni and Fayram 2000; Jordan et al. 

2008).  It is also useful in collecting data specific to individual fish, such as microhabitat use 

and behavior (Moyle and Baltz 1985; Baltz et al. 1987; Brosse et al. 2001; Orell and Erkinaro 

2007).   

Concerns over the accuracy of snorkeling are valid, due to several uncertainties which 

include fright bias, double counting, and fish identification.  Fright bias is the number and 

species of fish that are frightened away from the observer during sampling and go undetected 

(Bain et al. 1985; Aadland 1993).  Double counting may occur when fish are attracted to the 

snorkeler, most likely from disturbing the substrate and associated food items, and the 

snorkeler may re-count the same fish or attract an artificially high number of fish.  Similarly, 

the accuracy of fish identification and counting the number of individuals in a group can be 

an issue and may result in under- or overestimates.  Fright bias and double counting are not 

in the control of the biologist, and can lead to biases in estimating fish abundance.   

Environmental conditions play a crucial role in the accuracy of snorkeling surveys, 

especially visibility, which is a function of water turbidity.  Snorkeling visibility, or the 

ability to visually detect a fish can change spatially (e.g., among streams and stream size) and 

temporally (e.g., seasons and weather conditions and is important to consider in conducting 

snorkel surveys that span multiple seasons or spatial scales (Mullner and Hubert 1998; 

Korman et al. 2002; Thompson 2003).  This sampling covariate is typically measured as 

turbidity or Secchi distances of stream water (Ensign et al. 1995; Mullner and Hubert 1998). 
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Calibrating observer counts is particularly important when the primary objective is 

estimating fish density.  Several studies have calibrated counts by comparing the accuracy of 

observation versus a standardized procedure, usually involving a removal method consisting 

of multiple-pass electrofishing (Hankin and Reeves 1988; Mullner and Hubert 1988; Roni 

and Fayram 2000; Wildman and Neumann 2003; Thurow et al. 2006; Jordan et al. 2008.)  

These removal methods are most appropriate for application in small streams where block 

nets can be effectively deployed and are less suitable for river sampling.  Mark-recapture 

methods have also been used to calibrate snorkel counts (Slaney and Martin 1987; Zubik and 

Fraley 1988; Orell and Erkinaro 2007; Pink et al. 2007).  Mark-recapture methods have 

primarily been applied to individual tolerant game species (e.g., salmonids) that can survive 

the initial capture, handling, marking, and recapture.  Smaller, more vulnerable fish species, 

such as shiners Notropis spp. and darters Percina spp. are not appropriate for this type of 

method as they would be subject to high rates of mortality (Simonson and Lyons 1995), and 

electrofishing injury may not be apparent during the initial marking period and may bias 

results (Snyder 2003).  Other studies have calibrated observer counts using chemicals to 

attain a complete sample, such as sodium cyanide, (Hillman et al. 1992) and rotenone 

(Dibble 1991), but the use of these chemicals today is not likely to be accepted by the public 

or permitted by resource agencies.   

Prior work in calibrating observer counts has focused mainly on salmonids (Slaney 

and Martin 1987; Hankin and Reeves 1988; Mullner and Hubert 1988; Roni and Fayram 

2000; Wildman and Neumann 2003; Thurow et al. 2006; Orell and Erkinaro 2007).  Few 
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studies have examined calibration for nongame fish (Ensign et al. 1995; Jordan et al. 2008), 

and little attention has been given to the entire fish community (Dibble 1991).  Due to the 

complexities faced with sampling the fish assemblage in rivers and the lack of understanding 

of snorkeling sampling characteristics at the assemblage level, the goal of this study was to 

determine the accuracy of snorkeling techniques and associated methods for estimating fish 

populations.   

A typical approach in such accuracy assessments is to fish two gears concurrently to 

compare relative catch.  Faced with the challenges of working in a medium-sized river, and 

with the desire to estimate sampling efficiency of small nongame fishes that are sensitive to 

handling, our options in selecting a secondary sampling technique for gear calibration were 

limited.  Medium-sized rivers are too shallow for boat electrofishing and too wide and deep 

for backpack electrofishing (Bonar et al. 2009).  And we could not utilize a mark-recapture 

approach because of assumption violations due to the high mortality associated with 

nongame fishes.  Thus, we chose prepositioned areal electrofishing as a secondary gear, a 

passive form of quantitative electrofishing, to calibrate our snorkeling counts (Reynolds 

1996).   

A number of advantages exist to using prepositioned areal electrofishing for 

calibrating our snorkeling counts.  Prepositioned areal electrofishing has been used 

effectively to sample small- and medium-sized rivers (Bowen and Freeman 1998; Favrot 

2009).  The gear is especially applicable for sampling discrete macrohabitats, such as pools, 

riffles and runs (Bain et al 1985; Larimore and Garrels 1985; Walsh et al. 2002).  Finally, 
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according to Bain et al. (1985), when powered by alternating current (AC), prepositioned 

areal electrofishing was successful in immobilizing 98% of all fish within the electrode 

frame.  Based on its high rate of immobilization, and suitability for use in medium sized 

rivers, we assumed that prepositioned areal electrofishing provide the best (most accurate) 

estimate of the true fish population.  Thus, by comparing snorkeling counts to prepositioned 

areal electrofishing catch, we set out to estimate snorkeling efficiency. 

The objectives of this study were to (1) determine if prepositioned areal electrofishing 

can be effectively used as a procedure for calibrating snorkeling counts, (2) assess variability 

in snorkeling efficiencies (probability of detecting an individual) and detectability 

(probability of detecting a species or guild) among fish populations both spatially and 

temporally, and (3) assess the efficiency of strip-transect counts and line-transect distance 

sampling for estimating fish density compared to an adjusted strip-transect counts estimate 

that utilizes snorkeling efficiencies from our empirical calibration.  We will evaluate 

snorkeling efficiency for estimating stream fish populations and describe any associated 

observer, environmental, and organismal biases.   

 

Study Area 

This work was conducted on the North Toe River, located in western North Carolina 

in Mitchell County upstream of the town of Spruce Pine (Figure 1).  This work did not take 

place within the intensive snorkeling sites described from chapter 1, rather it was conducted 

11 river km upstream.  Instream habitat characteristics of the North Toe River, in Spruce 
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Pine (Table 1) and water quality measurements for summer and fall (Table 2) are indicative 

of a typical medium-sized river in the southern Appalachian Mountains.  A more detailed 

description of the study area may be found in chapter 1.  

 

Methods 

Field Procedures 

Snorkeling surveys were conducted in conjunction with prepositioned areal 

electrofishing.  Sampling took place during fall 2008 and summer 2009.  A total of 12 

transects (each 14.1-m in length) were sampled in each of 2008 and 2009 consisting of 4 

pool, 4 run, and 4 riffle transects using classifications of macrohabitat from Bisson et al. 

(1992) and Arend (1999).  Surveys were conducted in the same river reach during each 

sampling season, and all sampling took place within a 1- or 2-day period.   

 For each transect sampled, a homogenous area of macrohabitat was selected that 

would encompass the entire grid.  The grid was placed in the water parallel to flow (Figure 

2).   A 15-minute waiting period ensued as we allowed the sampling area to return to its pre-

disturbed conditions and minimize fright bias (Bain et al. 1985; Bowen and Freeman 1998).  

The observer would then enter the water 5-m downstream of the grid and snorkel upstream to 

the grid.  Snorkeling upstream also minimizes fright bias as fish typically exhibit positive 

rheotaxis (i.e., they face upstream). 

While snorkeling through the center of the grid, the observer identified and counted 

all fish within and outside of the grid.  Fish observed outside of the grid were marked with 
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weighted markers and the distance of the farthest identifiable fish was measured from the 

marker to the center of the grid.  This measurement serves as the width in calculating the 

total area sampled by snorkeling, a covariate for observer visibility necessary for accurately 

estimating abundance (Thompson 2003).  Upon passage through the grid, the observer exited 

the water, and another 15-minute waiting period ensued.  

Our prepositioned areal electrofishing grid consisted of two 1-m long 7.0 cm 

polyvinyl chloride pipes with 0.65 stainless steel cable connecting them, measuring 14.1-m 

by 1-m in area (Figure 2).  Alternating current powered the grid employing a 3,500-W 

generator and converter unit that regulated amperage output (rectifier). The grid and 

converter unit were connected to the generator by a 30-m electrical cord.  We adjusted 

voltage prior to sampling to ensure fish immobilization.  

For each prepositioned areal electrofishing sample, two dip-netters positioned 

themselves 5-m downstream of the grid.  The grid was then charged and all stunned fish were 

collected as both dip-netters moved upstream ending at the upstream end of the grid.  The 

electricity was shut off and the dip-netters proceeded downstream to collect any remaining 

fish that may have been missed.  Fish were identified, counted, and released back into the 

river.   

We stratified the fish community based on habitat use, morphology, and behavior.  

Our fish guilds included shiners, Notropis spp., Luxilus spp., and Cyprinella spp., central 

stoneroller Campostoma anomalum, river chub Nocomis micropogon, suckers Catostomidae, 
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and darters Percidae (Table 3).  Other fish species that were rare were not included in the 

study.   

Snorkeling Efficiency 

The total area snorkeled was consistently larger than the area sampled by 

prepositioned areal electrofishing (Figure 3) because the observer could see further than the 

width of the grid.  Therefore for each of the 12 transects sampled during each season, a 

density estimate was obtained from the count and respective total area sampled from each 

gear-type (Table 4).    Each density calculation was expressed as a count divided by the 

effective sampling area.  For snorkeling, our density estimate sjD̂  was calculated as 
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where Ĉ  is the snorkel count of a particular fish guild j, F is the farthest fish seen (m) during 

the ith season, and l is the transect length.   

The density estimate obtained from electrofishing ejD̂ was expressed as a count 

divided by the area of the grid 
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where N̂  is the electrofishing count of a particular fish guild j, and the area is calculated as 

the width w times the length l of the grid.  This area was constant throughout each of the 12 

transects and both sampling seasons (14.1-m
2
).  Sampling during each season took place 

within a short reach (< 0.5 km) of the river assuming constant conductivity among transects.  



 

71 

 

Thus the variance of prepositioned areal electrofisher was minimized, a characteristic also 

seen by Bowen and Freeman (1998).  Snorkeling efficiency stimates q̂ of a particular fish 

guild j were calculated by dividing the density obtained by snorkeling (equation 1) by the 

density obtained from electrofishing (i.e., the most accurate estimate of the true population), 

je

js
j

D

D
q

ˆ

ˆ
ˆ  .         (3) 

These snorkeling efficiencies represent the probability of detecting an individual from a 

particular fish guild as a percent.  Efficiencies were calculated separately for fish guilds and 

macrohabitat types in a similar manner. 

Fish Density Estimates 

We applied our snorkeling efficiencies for each fish guild to counts from an intensive 

snorkel survey conducted 11-km downstream of the calibration sampling reach in the North 

Toe River (see Ch. 1).  This survey is typical of those designed to represent the fish 

population stratified across all macrohabitat types.  The intensive snorkeling survey was 

conducted during the same seasons as our snorkeling efficiency study.  The intensive 

snorkeling survey for summer and fall consisted of 10 transects each season, stratified by 

macrohabitat, with each 30-m long chosen randomly from a 1-km reach with widths based on 

the farthest fish observed during that particular sampling period.  These measurements were 

used to calculate the total area snorkeled during each season (Table 5).  Three estimates of 

fish density were compared (1) strip-transect counts, (2) line-transect distance sampling, and 

(3) adjusted strip-transect counts estimates that were corrected for snorkeling efficiency.    
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Strip-Transect Counts. An important and often difficult measurement to obtain when using 

the strip-transect counts method is the transect width perceived by the observer.  This can 

change spatially (e.g., among streams) and temporally (e.g., among seasons).  We used the 

farthest fish observed by the observer as a sampling covariate for the visibility of the stream 

during that particular sampling season.  We calculated transect width as two times F, the 

distance of the farthest fish observed (m).  A strip-transect counts density estimate was then 

calculated as the snorkeling count divided by the total area of all transects as 
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(Keast and Harker 1977), where density D̂ for a particular species or fish guild j is calculated 

as the snorkel count Ĉ divided by the product of the width w, length l, and number of 

transects t, for the ith sampling period.  The total length sampled remained constant at 30-m 

over 10 transects during each sampling period, and total areas sampled for each season are 

presented in Table 5. 

Line-Transect Distance Sampling. We used line-transect distance sampling to calculate 

density estimates for each fish guild using the program Distance (Thomas et al. 2006).  Line-

transect distance sampling requires (1) snorkeling counts according to fish guild, (2) a 

measure of perpendicular distances from the transect mid-line to observed fish or group of 

fish, and (3) the total length snorkeled.  In general, line-transect sampling follows three 

assumptions (1) fish on the transect line are always detected, (2) fish are detected at their 

initial location, and (3) perpendicular distances from each fish to the center line are measured 
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accurately (Buckland et al. 2001; Thomas et al. 2002).  Distance sampling has primarily been 

used for collecting bird counts (Emlen 1971; Rosenstock et al. 2002; Norvell et al. 2003), but 

has recently been applied to estimate fish density (Thresher and Gunn 1986; Ensign et al. 

1995; Kulbicki and Sarramegna 1999; Pink et al. 2007). 

Density for each fish guild is calculated as 

 l
C

D
j

j




2

ˆ
ˆ .        (5) 

This density estimate is similar to the strip counts estimate, but width is replaced by the 

effective strip half-width, μ which is the proportion of fish we expect to detect (Buckland et 

al. 2001).  In relation to our strip counts estimate, our line-transect equation is 
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where Pa is the proportion of objects we expect to detect in the transect multiplied by two 

times the product of width w and length l. 

Line-transect sampling assumes the observer will miss a proportion of fish while 

surveying and that the probability of detecting an individual is inversely related to distance 

from the center line of travel.  In addition to the assumptions described above, frequencies of 

snorkeling counts along transect width-intervals are used to fit a model.  Deviations from the 

shape of this sighting function at a particular site can result in biased density estimates. For 

each fish guild, we tested six models suggested by Buckland et al. (2001), and selected the 

most parsimonious fit based on the lowest AICc (Akaike’s information criterion, corrected  

for small sample sizes).  Our detection function g(y) was modeled using the general form, 
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These models included a key function as well as a series expansion to model the detection 

function.   We also manually created ten equally spaced distance-width intervals for each fish 

guild and model being tested.  More intervals allows the possible identification of a 

“shoulder” where a few intervals close to the transect have a probability of detection close to 

1.0.  This also avoids “spiked” data where there is a sudden decrease in detection at a short 

distance from the transect occurs (Buckland et al. 2001). 

Adjusted Strip-Transect Counts. Our adjusted strip-transect counts density estimates 

incorporate a correction for snorkeling efficiency.  These estimates were calculated similarly 

to the strip-transect counts estimate (equation 4) except that the snorkeling counts were 

adjusted for efficiency.  First we adjusted our snorkeling counts from our more intensive 

snorkeling survey using the snorkeling efficiencies, 
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(Thompson and Seber 1994), where N̂  is the adjusted count or unbiased estimate of a fish 

guild j, and q̂  is our snorkeling efficiency of that guild expressed as a proportion from 

equation 3.  Next, the adjusted strip-transect counts density estimates are calculated as 
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where our density D̂ of a particular fish guild j is calculated as the adjusted count N̂ divided 

by the length snorkeled l and the width w based on the farthest fish observed during the ith 
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sampling period.  The product of this total snorkeling area from our intensive snorkel survey 

is found in Table 5.  Our adjusted strip-transect counts density estimate is considered our best 

estimate of the true fish population. 

Occupancy and Detectability of Fish Guilds 

 We analyzed the probability of detecting each fish guild between sampling techniques 

(e.g., snorkeling versus electrofishing) and across spatial and temporal covariates using the 

program Presence (Hines 2006).  We determined if spatial variables such as macrohabitat 

type (pools, riffles, and runs), and temporal variables such as season (fall and summer), and 

visibility (farthest fish observed) affects the probability of occupancy (ψ) and detection (p) of 

a fish guild.  We compared 29 models and two null models that included different 

combinations of each variable (habitat type and season) and their effect on occupancy of a 

fish guild, as well as their probability of being detected by an observer (technique, visibility, 

and season).  We selected the model with the lowest AIC value. 

Results 

Total fish counts obtained by snorkeling were consistently lower than those obtained 

from prepositioned areal electrofishing for all fish guilds, macrohabitats, and seasons (Tables 

6 and 7).  The ratios of total snorkeling counts to electrofishing counts were relatively 

consistent for both seasons 0.47 and 0.50 for summer and fall.  In other words, electrofishing 

counts were approximately twice that of snorkeling.  However, this does not imply that 

snorkeling was only half as effective as electrofishing because the total areas sampled by 

each gear were not equal (Table 4).  Rarely was a fish guild observed while snorkeling, but 
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not collected during electrofishing for any given transect.  Among all five fish guilds and 

twelve transects sampled during both seasons (120 possibilities), this only occurred four 

times.  Those four data were not included in subsequent analyses.  We observed no stunned 

fish outside of the grid, confirming that the voltage gradient was concentrated within the grid 

area.  Correlations between snorkeling counts and electrofishing counts were consistent for 

both seasons with r
2
 = 0.606 for the summer and 0.640 for the fall (Figure 4).  Several points 

deviate from the regression line, four from the fall and one from the summer.  These 

deviations represent individual transects where large groups of central stonerollers or shiners 

were observed snorkeling and then sampled electrofishing. 

Snorkeling Efficiency 

We observed higher snorkeling efficiency among fish guilds and macrohabitat types 

in the summer compared to the fall; however, we generally observed higher standard error in 

the summer compared to the fall (Table 8; Figure 5a, and Table 9; Figure 5b).  Among fish 

guilds, shiners and suckers had relatively low efficiency as well as low variability (SE), 

whereas central stoneroller, river chub, and darters had higher efficiency and generally higher 

variability.  Run macrohabitat had relatively low efficiency and variability compared to riffle 

and pool macrohabitats. 

Fish Density Estimates 

Among fish guilds and seasons, the strip-transect counts fish density estimate was 

generally the lowest, followed by line-transect distance sampling, and the adjusted strip-

transect counts estimate was highest (Table 10).  There were three exceptions to this trend, 
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for central stonerollers during both seasons and river chubs and suckers during summer, 

where the strip-transect counts estimate was higher than the line-transect distance sampling 

estimate.    Averaged among all fish guilds, both strip-transect counts and line-transect 

distance sampling estimates are much lower than the adjusted strip-transect counts estimate. 

We also estimated higher density by the strip-transect counts method and the adjusted strip-

transect counts method for total fish density during fall compared to that during summer, but 

that trend was reversed for the line-transect distance estimates, owing to a high estimate for 

shiners during the summer.  

 Of the six detection models tested for application with the line-transect distance 

sampling method, the uniform function best fit the detection function for most fish guilds 

during both seasons (Table 11).  In most cases the uniform function along with either the 

cosine or simple polynomial series expansion appear to fit the detection function the best 

(i.e., AICc values were similar).  In general density estimates by the line-transect distance 

sampling method were imprecise, with coefficients of variation averaging 0.70 and upper 

95% confidence limits averaging 450% of the mean density estimate.  

Occupancy and Detectability of Fish Guilds 

 In three of the five fish guilds (shiners, central stoneroller, and darters), we detected 

no variable (season or habitat type) that explained occupancy at any individual transect (i.e., 

the null model was most parsimonious; Table 12).  However, habitat type explained the 

occupancy of suckers and river chub, suggesting nonrandom habitat selection in these fish 

guilds.  Detection probabilities for all fish guilds were dependent on at least one variable 
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(technique, season, or visibility).  Technique (snorkeling versus electrofishing) was included 

in the best model explaining detection for four of the five fish guilds (shiners, central 

stoneroller, river chub, suckers).  A common covariate explaining detectability was not found 

among all fish guilds.  In only 4 of 120 occasions we identified a fish guild snorkeling but 

did not sample it during electrofishing.  Excluding those exceptions, if we assume that 

electrofishing detects all present fish guilds, then snorkeling detection probability 

consistently averaged 58.5% (SE = 6.8) and 58.4% (SE = 11.0) for all fish guilds present 

during the summer and fall (Table 13).   

 

Discussion  

The majority of work involving snorkeling calibration has primarily been associated 

with salmonids, and the estimates of snorkeling efficiency that we estimated for cool water 

nongame riverine fishes (11 – 18%) are similar to those in the literature for trout and salmon 

during daylight hours (Roni and Fayram 2000; Thurow et al. 2006).  Prior studies have 

reported high positive correlations (r
2
 > 0.90) between visual counts and multiple-pass 

electrofishing removal estimates (Hankin and Reeves 1988; Mullner and Hubert 1998) and 

rotenone samples (Dibble 1992). Our correlations were positive, but with r
2
 values just over 

0.60 for both seasons, a linear relationship does not fully explain the variance in snorkeling 

efficiency among fish populations.  This relatively large portion of unexplained variance is 

likely due to differences in fish behavior among species and sizes and associated detectability 

in snorkeling versus electrofishing. 
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Some riverine fish exhibit seasonal migration in response to declining temperature 

(Bustard and Narver 1975).  Our efficiency estimates and corresponding adjusted strip-

transect count density estimates may be influenced by several environmental variables.  

Water temperatures during our fall sampling was 4.3
o
C cooler than that during summer 

sampling, and mean water column velocities were 0.14 m/s faster (Table 2).  This seasonal 

temperature difference may explain differences in snorkeling efficiency, as fish behavior 

changes seasonally.  Prior studies examining salmonids have observed increases in cryptic 

behavior and a greater tendency to seek cover in reaction to lowered water temperatures and 

higher water velocities (Bjornn 1971; Gibson 1978; Grossman et al. 1987; Taylor 1988).  We 

found reduced accuracy of underwater counts of cool water nongame fishes with lower water 

temperature and higher velocity, and this trend is common in related research on salmonids 

(Shepard et al. 1982; Hillman et al. 1992; Thurow 1994).  Our detectability models provide 

further evidence that season is important in sampling shiners, central stoneroller, and darters 

suggesting differences in detectability corresponding to fish behavior.  Suckers were sampled 

the least efficiently among fish guilds during both seasons, and this may also be influenced 

by their behavior.  We observed black redhorse Moxostoma duqesnei and northern hog 

sucker Hypentelium nigricans frequently fleeing the observer, a behavior also observed by 

Ensign et al (1995) with black jumprock Moxostoma cervinum.  Matheney and Rabeni (1995) 

found northern hog sucker movement consistently higher during the day relative to night, 

suggesting difficulty in observing the species and detecting them at their initial location, 

resulting in relatively low snorkeling efficiency. 
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Snorkeling efficiency in each of the three macrohabitat types may be explained by 

their physical characteristics.  We estimated lower efficiency in runs, compared to pools and 

riffles, which may be related to substrate composition in each macrohabitat.  Larger 

substrates not typically observed in run habitat may provide a barrier between the fish and 

the observer, increasing efficiency. 

Strip-transect counts estimate and line-transect distance estimate efficiencies were 

12.7% and 30.1%, respectively, of our adjusted strip-transect count density estimate averaged 

over both seasons.  The low efficiency of strip-transect counts to estimate fish density was 

also observed by Ensign et al. (1995), and while the application of sampling methods have 

been successfully applied to birds and terrestrial animals (Norvell et al. 2003; Ruette et al. 

2003), their application to stream snorkeling counts in our case did not result in a substantial 

improvement in accuracy over line-transect counts.   

Our strip-transect counts estimate relies upon measurements of F, the farthest fish 

seen from the center line of observation (equation 1) to standardize counts per area.  We 

assumed that the farthest fish seen (a) correctly measures the width of visibility of the 

observer, (b) all fish guilds have an equal probability of being observed at this width, (c) and 

that widths are measured accurately.  We acknowledge that violations to these assumptions 

may result in under- or overestimation of fish density.  However, the farthest fish observed 

serves as an index of observer visibility, which may be important in future studies that 

examine within and between season variability in estimating fish density.  Alternative indices 

for observer visibility could include water turbidity or Secchi distance, but the farthest fish 
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observed index integrates multiple environmental factors that influence visibility in-situ and 

provides an exact transect width measurement. 

Several factors may have contributed to the relatively low accuracy of distance 

sampling that we encountered.  First, our sample sizes were low among fish guilds (Table 

10), resulting in highly variable and imprecise density estimates.  Second, the effective half-

strip width is designed to assume that a proportion of fish will go undetected; however, the 

detection function cannot be fit well with low sample sizes (see Figure 6) and may violate the 

assumptions of distance sampling (Buckland et al. 2001).  We may have violated to some 

degree the assumption that fish are detected at their initial location as we detected higher 

counts at intermediate widths from the line for some fish guilds and seasons (Figure 6).  This 

suggests some fish may be frightened off the center line and are then detected, also observed 

by Ensign et al. (1995) and Kulbicki and Sarramegna (1999).  

Our fish density estimates are within ranges of estimates obtained for other nongame 

riverine fishes (Ensign et al. 1995; Hewitt et al. 2009), although notable differences exist.  

Hewitt et al. (2009) estimated density of the endangered Cape Fear shiner Notropis 

mekistocholas in the Cape Fear River basin, North Carolina, to range from 795 to 1,393 

fish/ha using the strip-transect counts method.  Our strip-transect counts estimates for all 

shiners were 439.1 and 455.8 fish/ha for the summer and fall, respectively.  The stark 

difference in density estimates between our sampling and that of Hewitt et al. (2009) may be 

due to study site differences, as our sampling was conducted in a high-gradient mountain 

river (with lower productivity) versus their sampling in a piedmont river (higher 
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productivity), reflecting actual population differences, rather than variation in sampling 

efficiency. 

Ensign et al. (1995) estimated mean densities of 5 – 272 fish/ha for black jumprock,  

3 – 163 fish/ha for Roanoke logperch Percina rex, and 79 – 2,360 fish/ha for Roanoke darter 

Etheostoma roanoka over various sampling sites using distance sampling.  Our line-transect 

distance sampling estimates for suckers and darters are found within these ranges.  Ensign et 

al. (1995) suggested that the strip-transect counts estimate grossly underestimate fish density 

and found that distance sampling density estimates were 56.0% and 46.3% higher than strip-

transect counts estimates for darters and suckers, respectively.  In accord with that finding, 

our line-transect distance sampling estimates were 55.6% and 31.9% higher than our strip-

transect counts estimates for darters and suckers, respectively (Table 10).  However, our 

adjusted strip-transect counts density estimates, our best estimate of the true fish population, 

were 60.2 – 89.63% higher than our line-transect distance sampling density estimates (Table 

10).  The accuracy of the estimates by Ensign et al. (1995) is unknown, as no gear calibration 

study or accuracy assessment was conducted.  Our results indicate that distance sampling 

result in poor estimates of the true fish population, and along with strip-transect counts 

estimates, should be considered highly conservative of fish density. 

 Our detection probability modeling identified several variables as important in 

determining if a species or guild is detected while sampling.  Sampling technique appeared in 

the best model in four of the five fish guilds, suggesting disparate detection probabilities 

between techniques.  Electrofishing consistently detected more fish guilds among all 12 
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transects during both seasons than did snorkeling, further supporting our assumption that it 

provided the most accurate estimate of the fish assemblage.  Our snorkeling efficiency 

estimates for occupancy (presence/absence) were much higher (mean 58%) than those for 

fish density (mean 15%).  This is an expected finding, as snorkeling to estimate fish density 

requires detection of a species as well as accurate observation of all individuals (Peterson and 

Paukert 2009).  It is noteworthy that we did not include rare species, i.e., Centrarchids, in our 

calculations, so our detectability, and density estimating efficiencies may be biased toward 

common or abundant fishes.  Our detectability averaged among fish guilds was similar 

between seasons (Table 13).  However, we demonstrated clear differences in detection 

probability among fish guilds (detectability) and among individual fish within a guild 

(snorkeling efficiency), highlighting the importance of examining fish detection probability 

of sampling gears or techniques at multiple organizational scales of resolution.   

In summary, the results of this study support several major conclusions.  First, the use 

of prepositioned areal electrofishing to calibrate snorkeling counts appears to be a viable 

approach when other sampling techniques are inappropriate.  Second, snorkeling efficiency 

varies among fish guilds, as well as spatially among macrohabitats and temporally among 

seasons reflecting fish behavior.  Third, our density estimates for strip-transect counts and 

line-transect distance sampling appear highly conservative when compared to our adjusted 

strip-transect counts estimate, the best estimate of the true fish population. 

This study further supports the importance of gear calibration when conducting 

underwater surveys (Dolloff et al. 1996; Dunham et al. 2009; Peterson and Paukert 2009).  



 

84 

 

Spatial, temporal, and observer variation in detection probabilities for a species or individual 

emphasizes its utility to more accurately estimate fish abundance.  Fish assessments over 

large spatial areas can be conducted with greater success and less effort with visual sampling 

methods, compared with conventional sampling methods such as electrofishing. 
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Table 1.  Mean or mode, SD, and range of habitat characteristics of an intensive snorkeling 

survey conducted on North Toe River, North Carolina. N = 12 transects, 163 points,  

1 river km. 

Variable Mean or Mode SD Minimum – Maximum 

Mean wetted width (m) 024.39 4.81 18.60 – 33.70 

Mean depth (m) 038.46 26.25 0.01 – 1.36 

Mean column velocity (m/s) 000.24 0.20 0.00 – 1.06 

Mean bank angle (degrees) 150.40 27.58 90.00 – 175.00 

% Pools composition 012.59   

% Riffles composition 041.85   

% Runs composition 045.56   

Primary substrate very coarse gravel  

Cover small boulder  
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Table 2.  Water quality measurements taken during intensive  

snorkeling surveys conducted during the summer 2009 and  

fall 2008. 

Variable Summer  Fall 

Temperature (
o
C) 21.50  017.17 

pH 08.03  007.73 

Dissolved oxygen (mg/L) 09.17  009.67 

Specific conductivity (μS/cm) 69.60  124.80 

Turbidity (NTU) 06.10  002.40 

Mean column velocity (m/s) 00.50  000.36 
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Table 3.  Common or abundant fish species observed while snorkeling or  

collected during prepositioned areal electrofishing.  Fish species were  

grouped into five fish guilds. 

Fish guild Common name Scientific name 

Shiners Whitetail shiner Cyprinella galatura 

 Warpaint shiner Luxilus coccogenis 

 Tennessee shiner Notropis leuciodus 

 Mirror shiner Notropis spectrunculus 

 Telescope shiner Notropis telescopus 

Central stoneroller Central stoneroller Campostoma anomalum 

River chub River chub Nocomis micropogon 

Suckers Northern hog sucker Hypentelium nigricans 

 Black redhorse Moxostoma duquesnei 

Darters Swannanoa darter Etheostoma swannanoa 

 Greenside darter Etheostoma blennioides 

 Gilt darter Percina evides 
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Table 4.  Measurements used to calculate the total area sampled by snorkeling and by 

prepositional areal electrofishing for summer and fall.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Summer  Fall 

Measurement  Snorkeling Electrofishing  Snorkeling Electrofishing 

Number of   

transects 

 
12.0 12.0 

 
12.0 12.0 

Length (m)  14.2 14.2  14.2 14.2 

Width (m)  2.8 1.0  5.0 1.0 

Area (m
2
)  477.1 170.4  852.0 170.4 
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Table 5.  Measurements used to calculate total area snorkeled during  

intensive snorkeling survey. 

 

 

 

 

 

 

 

 

Measurement Summer  Fall 

Number of transects 0010.00  0010.00 

Transect length (m) 0030.00  0030.00 

Farthest fish seen (m) 0001.86  0002.45 

Snorkeling width (m) 0003.72  0004.90 

Total area snorkeled (m
2
) 1,116.00  1,470.00 
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Table 6.  Total fish counts among guilds by snorkeling and prepositioned areal 

electrofishing for summer and fall in 12 transects. 

 

 

 Summer  Fall 

Fish guild Snorkeling  Electrofishing  Snorkeling  Electrofishing 

Shiners 028  100  042  153 

Central 

stoneroller 
034  053  093  128 

River chub 024  029  019  043 

Suckers 007  031  003  017 

Darters 017  022  040  057 

Total 110  235  197  398 
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Table 7.  Total fish counts according to macrohabitat type by snorkeling and 

prepositioned areal electrofishing for fall and summer. 

 Summer  Fall 

Habitat Snorkeling Electrofishing  Snorkeling Electrofishing 

Pool 23 70 
 

76 158 

Riffle 75 119 
 

100 171 

Run 12 46 
 

21 69 

Total 110 235  197 398 
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Table 8.  Snorkeling efficiency, SE, and range among fish guilds and seasons. 

 Summer  Fall 

Fish guild 

Snorkeling 

efficiency (%) SE (%) 

Minimum - 

Maximum (%)  

Snorkeling 

efficiency (%) SE (%) 

Minimum - 

Maximum (%) 

Shiners 09.82 02.70 0 – 27  06.54 03.54 0 – 31 

Central stoneroller 21.10 13.22 0 – 46  19.49 13.88 0 – 100 

River chub 30.32 11.01 0 – 71  11.88 04.17 0 – 28 

Suckers 09.14 05.67 0 – 36  04.00 02.89 0 – 20 

Darters 20.09 06.89 0 – 36  14.16 02.51 0 – 25 

Mean 18.09    11.21   



 

99 

 

Table 9.  Snorkeling efficiency and SE among macrohabitat types and seasons. 

 

 

 

 

 

 

 

 

 

 

 

 Summer  Fall 

Macrohabitat 

Snorkeling 

efficiency (%) SE (%) 
 

Snorkeling 

efficiency (%) SE (%) 

Pool 16.88 14.79  14.65 4.26 

Riffle 18.99 05.36  11.70 5.53 

Run 13.63 03.04  03.81 1.47 
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Table 10.  Comparison of three fish density estimate methods (strip-transect counts, line-transect  

distance sampling, and adjusted strip-transect counts estimates) among fish guilds. 

 

Strip-transect 

counts (fish/ha)  

Line-transect 

distance sampling 

(fish/ha)  

Adjusted strip-transect 

counts (fish/ha) 

Fish guild Summer  Fall  Summer  Fall  Summer  Fall 

Shiners 439.1  455.8  2,213.7  935.5  4,471.2  6,969.2 

Central 

stoneroller 
277.8  816.3  271.9  800.0  1,317.1  4,188.4 

River chub 98.6  210.9  96.5  492.8  325.1  1,775.1 

Suckers 17.9  47.6  17.5  140.7  196.1  1,190.5 

Darters 197.1  238.1  498.4  483.5  980.8  1,681.5 

Total 1,030.5  1,768.7  3,098.0  2,852.5  7,290.3  15,804.7 
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Table 11.  Line-transect distance sampling density estimates with 95% confidence intervals (CI), effective strip  

half-width, coefficient of variation (CV), and the best model selected by the lowest AICc among six candidate  

models used to fit the detection function according to fish guild and season. 

Fish guild 

Observations 

(number) 

Effective strip 

half-width 

Density 

(fish/ha) 95% CI CV Best function 

Summer 

Shiners 12 48.6 2,213.7 660.3 – 7,421.5 0.632 half-normal 

Central stoneroller 3 190.0 271.9 48.6 – 1,521.0 0.888 uniform 

River chub 6 190.0 96.5 26.1 – 356.9 0.670 uniform 

Suckers 2 190.0 17.5 2.7 – 115.4 1.000 uniform 

Darters 16 72.0 498.4 146.7 – 1,693.2 0.623 hazard-rate 

Fall 

Shiners 15 139.3 935.5 397.9 – 2,199.4 0.427 uniform 

Central stoneroller 6 250.0 800.0 231.3 – 2,767.5 0.619 uniform 

River chub 10 147.9 492.8 157.2 – 1,544.9 0.584 uniform 

Suckers 2 82.9 140.7 12.8 – 1,547.1 1.037 uniform 

Darters 22 121.7 483.5 195.4 – 1,196.7 0.442 half-normal 
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Table 12.  Independent variables included in the best model (lowest AIC)  

that describes occupancy (ψ) and detection (p) probabilities among fish  

guilds. 

Fish guild Occupancy (ψ) Detection (p) 

Shiners _ season, technique, visibility 

Central stoneroller _ season, technique 

River chub habitat type technique, visibility 

Suckers habitat type technique 

Darters _ season, visibility 
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Table 13.  Snorkeling efficiencies (%), assuming  

prepositioned areal electrofishing detected all available  

fish guilds in each transect sampled (N=12 each season) 

Fish guild Summer (%)  Fall (%) 

Shiners 72.7  55.6 

Central stoneroller 66.7  42.9 

River chub 62.5  75.0 

Suckers 33.3  28.6 

Darters 57.1  90.0 

Mean 58.5  58.4 
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Figure 1.  Map of study site on the North Toe River, North Carolina. 
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Figure 2.  Diagram representing the prepositioned areal electrofisher used in this study 

oriented long-ways parallel to shore.  Not drawn to scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  Conceptual view of the total area sampled by the prepositioned areal electrofisher (14.1-

m by 1.0-m) and the total area snorkeled.  In all cases, the total area snorkeled (striped area) was 

greater than the total area electrofished (shaded area) because of the observer’s greater range of 

vision.  The black line indicates the observer’s midline path through the grid. 
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Figure 4.  Total fish snorkeling counts versus total prepositioned areal electrofishing counts (all fish guilds) for 12 transects 

during each season, summer and fall. 
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Figure 5.  Mean snorkeling efficiencies and SE among fish guilds (a), and macrohabitat 

(b) for summer and fall comparisons. 

0

10

20

30

40

50

Suckers Shiners Darters Central 
stoneroller

River chub

Summer

Fall

E
ff

ic
ie

n
c
y
 (
%

)

0

10

20

30

40

Runs Riffles Pools

E
ff

ic
ie

n
c
y
 (
%

)

Summer

Fall

(a)

(b)



 

108 

 

 

0.0

0.2

0.4

0.6

0.8

1.0

0

5

10

15

0
 -

2
5

2
6

 -
5

0

5
1

 -
7

5

7
6

 -
1

0
0

1
0

1
 -

1
2

5

1
2

6
 -

1
5

0

1
5

1
 -

1
7

5

1
7

6
 -

2
0

0

2
0

1
 -

2
2

5

2
2

6
 -

2
5

0

S
n

o
rk

e
li
n

g
 c

o
u

n
t

0.0

0.2

0.4

0.6

0.8

1.0

0

10

20

30

0 0 0 0 0 0 0 0 0 0

S
n

o
rk

e
li
n

g
 c

o
u

n
t

0.0

0.2

0.4

0.6

0.8

1.0

0

5

10

15

0 0 0 0 0 0 0 0 0 0

S
n

o
rk

e
li
n

g
 c

o
u

n
t

0.0

0.2

0.4

0.6

0.8

1.0

0

30

60

90

0
 -

2
5

2
6

 -
5

0

5
1

 -
7

5

7
6

 -
1

0
0

1
0

1
 -

1
2

5

1
2

6
 -

1
5

0

1
5

1
 -

1
7

5

1
7

6
 -

2
0

0

2
0

1
 -

2
2

5

2
2

6
 -

2
5

0

S
n

o
rk

e
li
n

g
 c

o
u

n
t

D
e

te
c

tio
n

 p
ro

b
a

b
ility

0.0

0.2

0.4

0.6

0.8

1.0

0

5

10

0
 -

2
5

2
6

 -
5

0

5
1

 -
7

5

7
6

 -
1

0
0

1
0

1
 -

1
2

5

1
2

6
 -

1
5

0

1
5

1
 -

1
7

5

1
7

6
 -

2
0

0

2
0

1
 -

2
2

5

2
2

6
 -

2
5

0

S
n

o
rk

e
li
n

g
 C

o
u

n
t

D
e

te
c

tio
n

 p
ro

b
a

b
ility

D
e

te
c

tio
n

 p
ro

b
a

b
ility

D
e

te
c

tio
n

 p
ro

b
a

b
ility

D
e

te
c

tio
n

 p
ro

b
a

b
ility

(a) Shiners

(c) River chub (d) Central stoneroller

(b) Darters

(e) Suckers

Width interval (cm)

0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250

0 25 50 75 100 125 150 175 200 225 250

0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250

Width interval (cm)

Width interval (cm)

Width interval (cm) Width interval (cm)

Fall

Summer

 
Figure 6.  Snorkeling counts for each fish guild (a-e) for fall and summer along equally 

spaced distance intervals from the center line (0 cm) of the transect.  Trend lines depict the 

detection function (as the detection of an individual fish) used to calculate fish density from 

program Distance for fall and summer.  See Table 11 for detection function models. 
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