
ABSTRACT 

GALSTER, BETHANY JACQUELINE.  A Study of White Perch in Small North Carolina 

Reservoirs.  (Under the direction of Dr. Derek Aday and Dr. James Rice.) 

 

White perch Morone americana are a species native to the Atlantic coast that has been 

introduced inland in many places across the eastern and Midwestern United States.  When 

introduced, white perch often achieve high abundances of individuals with small size 

structure compared to the species‟ potential.  In small reservoirs of North Carolina, some 

introduced white perch populations exhibit these traits, while others maintain low 

abundances with large individuals.  Many factors have been found to influence abundance 

and size structure in fishes, including growth, timing of maturity, predation, competition, 

trophic position, and environmental variables.  Furthermore, introduced white perch 

populations may negatively affect resident fishes through trophic interactions like 

competition and egg predation.  The goals of this research were to determine what factors 

account for this variability in white perch abundance and size structure in small reservoirs 

and to determine if high abundance white perch populations negatively affect a native 

predator.  I collected white perch as well as a suite of predators, competitors, and potential 

prey items in four small (<700 ha) North Carolina reservoirs.  Two reservoirs had high 

abundances of small white perch and two had low abundances of relatively large white perch.  

I compared growth, timing of maturity, trophic level, the abundance of a common predator 

(largemouth bass Micropterus salmoides), the abundance of a common competitor (gizzard 

shad Dorosoma cepedianum), prey availability (abundance of zooplankton and chironomids) 

and environmental variables (specific conductivity, Secchi depth, dissolved oxygen and 

temperature) to determine predictors of white perch abundance and size structure.  Secondly, 



I used diet and trophic level analysis to examine trophic interactions between white perch and 

largemouth bass.  White perch size structure was closely tied to their abundance and 

largemouth bass abundance had the strongest relationship with white perch abundance.  

Factors such as timing of maturity, trophic position, prey availability, and environmental 

variables did not account for white perch abundance and size structure.  I found reduced 

juvenile largemouth bass abundances in populations with high densities of white perch, 

however, large (≥ 200 mm) largemouth bass abundances were unaffected by white perch 

density.  Largemouth bass growth was similar across all populations, regardless of white 

perch abundance.  Juvenile largemouth bass and white perch had significant diet overlap in 

the summer in two of the reservoirs studied, and trophic level of all three species was similar 

regardless of size.  Overall, I did not detect specific impacts of white perch on largemouth 

bass in relation to white perch abundance.  In conclusion, white perch size structure is highly 

density dependent in small reservoirs, however variables that determine white perch 

abundance are still largely unclear. 
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CHAPTER 1 

INTRODUCED WHITE PERCH IN SMALL RESERVOIRS:  WHAT DRIVES 

ABUNDANCE AND SIZE STRUCTURE? 

 

Introduction 

 Central to fisheries management and ecology is the concept that abundance and size 

structure of fish populations can vary within a species.  In recreational fisheries, abundance 

and size structure of populations are often described as following a gradient ranging from 

“stunted” to “trophy” populations (Swingle 1950; Gabelhouse 1984).  Stunted populations 

are dominated by abundant individuals with reduced maximum size compared to the species‟ 

potential (Ylikarjula et al. 1999) whereas trophy populations have lower densities with more 

relatively large individuals and a higher maximum size (Gabelhouse 1984).  The majority of 

fish populations fall somewhere between these two extremes.  Although sport fish are most 

often described in these terms, nongame species also exhibit variable abundance and size 

structure across populations (Bonar 2002).  In some cases, abundance and size structure may 

be linked through density-dependent growth (e.g., Swingle and Smith 1942; Pierce et al. 

2003), but several other mechanisms can influence these metrics in fish populations.  Abiotic 

variables such as temperature (e.g., Conover and Present 1990; Downing and Plante 1993), 

turbidity (e.g., North and Houde 2003), and salinity (e.g., Hurst and Conover 2002) can 

affect the abundance and size structure of populations.  A suite of biotic variables has also 

been shown to influence abundance and size structure, such as prey availability (e.g., Deedler 

1951), prey quality (e.g., Alm 1946; Heath and Roff 1996), timing of maturity (e.g., Davis 

1984; Danylchuk and Fox 1994; Jansen 1996), predation (e.g., Hartman and Margraf 1993; 

MacRae and Jackson 2001), and competition (e.g., Miller 1958; Dong and DeAngelis 1998).  
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Interactions or synergisms among these mechanisms may ultimately drive differences in 

abundance and size structure across populations (Aday 2008). 

Understanding the population dynamics of an introduced species is important for 

quantifying the ecological role it will play once established (Colautti and MacIsaac 2004; 

Ellis et al. 2011).  In short, whether the dispersal of an introduced species has negative 

impacts on other species may be contingent upon how it grows and reproduces within the 

system (Pimm 1989; Colautti and MacIsaac 2004).  For example, a dense population of small 

individuals may have very different trophic impacts than a low-density population of large 

individuals (Werner and Gilliam 1984).  Therefore, resource managers can benefit from 

information about how an introduced population will behave over time, especially in terms of 

size structure and abundance (Colautti and MacIsaac 2004; Cucherousset and Olden 2011). 

 The white perch Morone americana, a euryhaline teleost native to Atlantic coastal 

estuaries and river tributaries of North America (Stanley and Danie 1983), is currently 

spreading throughout North America.  Beginning in the 1950s, white perch were 

intentionally and unintentionally introduced into freshwater systems including Nebraska 

sandhill lakes (Hergenrader and Bliss 1971) and the Laurentian Great Lakes (Schaeffer and 

Margraf 1986; Christie 1974; Hawes and Parrish 2003).  Over the past several decades, white 

perch have established populations in many freshwater ecosystems across eastern and 

Midwestern areas of the United States (e.g., Hergenrader 1980; Zuerlein 1981; Irons et al. 

2002; Wong 2002; Kuklinski 2007).  Within their native range white perch commonly 

achieve lengths greater than 250 mm total length (TL) and support commercial and 

recreational fisheries (Stanley and Danie 1983; Gablehouse 1984).  However, white perch in 

inland populations often become highly abundant and exhibit density-dependent growth, 
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producing many individuals with reduced body size relative to the species‟ potential (Sheri 

and Power 1972; Bur 1986; Kuklinski 2007; Chizinski et al. 2010; Gosch 2010b).  These 

stunted populations are often a nuisance to fisheries managers and can pose a threat to native 

species.  For example, declines in growth or abundance of yellow perch Perca flavescens 

(Prout et al. 1990; Parrish and Margraf 1990), white bass Morone chrysops (Todd 1986; 

Madenjian et al. 2000), walleye Sander vitreus (Boileau 1985), and black bullhead Ameiurus 

melas (Hergenrader and Bliss 1971) have all been linked to introduced white perch.   

The white perch life history seems to lend itself to successful introductions.  

Individuals can tolerate a wide range of temperatures and salinities (Stanley and Danie 1982; 

Johnson and Evans 1990), and they are omnivorous, opportunistic feeders (Reid 1972; Hines 

1981; Hurley 1992; St.Hilaire et al. 2002; Couture and Watzin 2008; Gosch et al. 2010a) that 

consume a variety of prey from zooplankton and invertebrates to fish and fish eggs 

(Schaeffer and Margraf 1987).  White perch also exhibit significant reproductive flexibility, 

maturing as early as age one or as late as age three (Sheri and Power 1968; Bur 1986; 

Schaeffer and Margraf 1986; Chizinski 2007; Feiner 2011).  These traits allow white perch to 

adapt to a broad range of environmental conditions and make them well-suited for many 

ecosystem types. 

In large systems, abundance and size structure of both native and introduced white 

perch has been linked to a variety of abiotic and biotic factors.  Turbidity, dissolved solids, 

and specific conductivity were found to be important in predicting white perch abundance in 

an introduced population in Lake Champlain, New York-Vermont (Hawes and Parrish 2003), 

and the native population of Chesapeake Bay (North and Houde 2003).  Increases in these 

abiotic variable were associated with higher white perch abundances.  Predation may also 
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influence white perch populations (Ward and Neumann 1998), although many piscivorous 

species are found to exert significant predation on white perch only in the absence of 

alternative prey (Margulies 1990; Vrtiska et al. 2003; Gosch et al. 2010b).  Linking 

abundance and size structure, Gosch et al. (2010b) found that walleye predation on white 

perch exacerbated stunting in one Nebraska reservoir by removing larger, older individuals 

from the population, resulting in high abundance of age-0 and age-1 white perch.  The 

presence of potential competitors, such as yellow perch, may also influence white perch 

abundance and size structure (Hawes and Parrish 2003).  Competition for prey resources, 

especially zooplankton, may result in reduced growth or abundance of white perch.  Another 

factor contributing to white perch abundance and size structure may be their own abundance.  

As in other species, intraspecific competition and high abundances of white perch have been 

associated with density-dependent growth and reduced body size (Sheri and Power 1972; 

Schaeffer and Margraf 1986; Hurley 1992). 

 White perch are widely distributed in North Carolina reservoirs, and population 

abundance and size structure among these systems are quite variable (Wong 2002; Feiner 

2011).  In some reservoirs, anecdotal evidence suggests that white perch populations behave 

much like those in native systems by maintaining low abundances and attaining large adult 

body size.  Conversely, in other reservoirs white perch populations become densely 

populated and their abundance dominates the fish community with small individuals.  This 

dichotomy of white perch population characteristics in these systems provides an opportunity 

for examination of mechanisms associated with variation in abundance and size structure in 

introduced populations. 



 

5 

 

 The goal of our study was to determine what drives variation in abundance and size 

structure among populations of introduced white perch.  To that end, we quantified 

abundance and size structure of white perch in four small North Carolina reservoirs, and 

compared life history traits among those four populations.  We examined several potential 

mechanisms to explain the disparity in white perch body size across North Carolina 

reservoirs, including growth, timing of maturity, trophic position, lake productivity, and 

predator and prey abundance. 

Methods 

Study area 

Four reservoirs ranging from 137-662 ha in the Piedmont region of North Carolina 

were selected for study, including two systems with relatively high-abundance white perch 

populations and two systems with low abundance.  We used angler reports and unpublished 

data from North Carolina Wildlife Resources Commission (NCWRC) biologists to select 

study sites.  Lake Holt (also known as Lake Butner, Granville County, 137 ha) and Lake 

Reece (Randolph County, 242 ha) had low-abundance white perch populations; Oak Hollow 

Lake (Guilford County, 280 ha) and Lake Townsend (Guilford County, 662 ha) had high-

abundance white perch populations.  All study lakes were municipal reservoirs used 

primarily for recreation and water supply.  White perch have been established in each of the 

reservoirs for over thirty years.  Though the origin of white perch in many North Carolina 

reservoirs is unknown, in at least one of the study systems (Lake Townsend) white perch 

were introduced intentionally by an angler in the 1970s (S. Davis, City of Greensboro, 

personal communication). 

Fish collection 
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Fish collection took place in April, August, and October of 2010 and April, June, and 

July of 2011.  In addition to white perch we collected two other fish species: largemouth bass 

Micropterus salmoides, and gizzard shad Dorosoma cepedianum.  Largemouth bass were 

chosen because they are the most common top predator in all of our study systems.  Gizzard 

shad were collected because they are a mid-trophic level fish that can have significant 

impacts on fish communities and may serve as an important source of prey for piscivores 

(e.g., Michaletz 1998; Buynak et al. 2001).  On each sampling occasion fish were collected 

using night-time electrofishing and gill netting at four randomly selected sites evenly 

distributed across each lake.  After the initial selection of sites, sampling took place at the 

same sites on each sampling date.  Electrofishing began at least 0.5 h after sunset and was 

conducted in 1,200 s (about 200 m) transects at an amperage output of 3.8 - 4.8A.  Two dip-

netters placed at the front of the boat collected all fish observed to ensure effective capture of 

targeted species (except in April of 2010 when only white perch were collected).  Gill nets 

were set perpendicular to and away from the shoreline in ≥ 2.5 m of water one hr before 

sunset and soaked for six h.  We set nets with multiple sizes of mesh to target a wide range of 

white perch sizes.  At two of the four sampling sites we set a 2 m x 50 m net with 25.4-mm 

bar mesh.  At the other two sites, we set a 2 m x 100 m net consisting of 50 m of 50.8-mm 

bar mesh and 50 m of 63.5-mm bar mesh.  During summer months when much of the lower 

water column was hypoxic in each lake, we suspended gill nets at a depth that ensured 

placement in habitat with >3 mg/L of dissolved oxygen (DO).  This combination of 

electrofishing and gill netting at each site was considered one unit of effort for analyses. 

On each sampling date we kept a maximum of twenty white perch from each site 

collected with each gear from each of four size categories (<120 mm, 120-179 mm, 180-229 
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mm, and >230 mm TL) and placed them on ice for laboratory processing.  For each gear at 

each sampling site we weighed (wet weight, g) and measured (mm TL) up to twenty 

additional white perch and largemouth bass.  Gizzard shad were counted and weighed in 

aggregate. 

Prey collection 

We collected zooplankton and benthic invertebrates in each lake in August and 

October of 2010 and April, May, June, and July of 2011 to assess prey availability in each 

study system.  On each sample date we collected zooplankton at three sites in each lake using 

a 1.5 m-long conical net with a 0.5-m diameter opening and 250-µm mesh.  Zooplankton 

were sampled from the littoral zone using a vertical tow from twice the Secchi depth to the 

surface and preserved using 5% Lugol‟s iodine solution in a total sample concentration of 

20%.  We sampled benthic invertebrates using a petite ponar dredge at four sites throughout 

each lake; an area of 0.023 m
2
 was sampled at each site and sediment was rinsed through a 

wash bucket with 1000 μm mesh.  Benthos samples were preserved in 95% ethanol and 

stained using Rose Bengal.  Additional benthos samples were taken in August and October of 

2011 and frozen (rather than preserved with ethanol) for lake baseline stable isotope analysis 

(SIA; see below).  The frozen benthos samples was later thawed, then chironomid larvae 

were separated from the sediment and re-frozen until further processed for SIA. 

Abiotic measurements 

Based on previous investigations we measured surrogates for turbidity, productivity, 

and specific conductivity to determine their relationship to white perch abundance and size 

structure.  We also measured DO (mg/L) and temperature (°C) for comparison among 

systems.  Abiotic measurements were taken on each sampling date using a Quanta hydrolab 
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(Hydrolab Corporation, Loveland, CO, USA).  Specific conductivity (mS/cm) was measured 

1 m below the water surface and1 m above the lake bottom then averaged for comparisons 

among lakes.  Temperature and DO concentrations were measured at 1-m intervals from the 

surface to the bottom; epilimnetic (top 4 m of water column, not including the surface) 

temperature and DO measurements were averaged and compared across systems.  Secchi 

depth (m) was measured with a Secchi disk as a proxy for both turbidity and productivity 

within each lake.  These measurements were taken at least 2 hours prior to sunset on each 

sampling date. 

Laboratory methods 

 Collected white perch were frozen at -20°C until laboratory processing.  We used 

macroscopic visual inspection of the gonads to determine sex and stage of maturity.  Stage of 

maturity was determined using a four point scale (1 = immature, 2 = developing, 3 = mature, 

4 = spent) adapted from Núñez and Duponchelle (2009).  Fish with a score of 3 or 4 were 

considered mature.  Dorsal muscle tissue (approximately 1 g) was removed from white perch 

sampled in August and October of 2010 and frozen for SIA.  Saggital otoliths were removed, 

sectioned, and independently aged by two readers.  If the two readers disagreed, the otolith 

was aged by a third reader; if the age determined by the third reader agreed with the age 

determined by one of the first two readers, that age was assigned to the fish.  In cases where 

all three readers disagreed, they aged the otolith together and reached consensus on the age of 

the fish. 

Benthic invertebrates were removed from the sediment then identified and 

enumerated with the use of a dissecting microscope.  Zooplankton were subsampled (> 5% of 

the total sample volume) then identified and enumerated using a Ward wheel and dissecting 
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microscope.  Chironomid larvae were the most common benthic invertebrate and are also an 

important component of white perch diets (Feiner 2011; Gosch 2010a), therefore mean 

chironomid larvae densities (number/m
2
) were used in data analysis as a measure of available 

benthic prey.  For each sampling date we averaged the total number of zooplankton 

(number/m
3
) of all species collected from each site and then we averaged across each date. 

Stable isotope analysis 

 Frozen muscle tissue was sent to the Cornell University Stable Isotope Laboratory 

where it was dried with a Viris Freezemobile 25SL freeze dryer, homogenized with a Spex 

CertiPrep 6750 Freezer/Mill, weighed to 1 mg with a Sartorius MC5 microbalance, and 

analyzed for δ
15

N stable isotope ratios with a Finnigan MAT Delta Plus mass spectrometer.  

Stable isotope values were compared to the standard of atmospheric nitrogen.  Chironomids 

were removed from frozen benthos samples and used to determine δ
15

N baseline.  Measured 

δ
15

N values were standardized relative to the baseline for each lake then used to calculate 

trophic level based on the following equation:  

Trophic level = [(δ
15

Nfish - δ
15

NBaseline)/3.4] + 2 

where δ
15

N is the ratio of 
15

N/
14

N, 3.4 is the accepted fractionation associated with one tropic 

level, and benthic invertebrates were assumed to have a trophic level of two (Post 2002; 

Vander Zander and Rasmussen 2001). 

Data analysis 

 We used analysis of variance (ANOVA) to compare white perch abundance (CPUE), 

individual size, and trophic position.  Mean CPUE of white perch, largemouth bass, and 

gizzard shad was calculated by summing the total number of fish from each species caught 

with both gears at each site and averaging among sites, and data were log10 transformed for 
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regression analysis.  White perch growth was estimated by fitting length and age data from 

each lake to the von Bertalanffy growth equation: 

Lt = L∞(1-e
-k(t-t

◦) 

 where Lt is the estimated TL at age t, L∞ is the average maximum length for the population, k 

is the population growth coefficient, and t0 is the theoretical age where Lt equals zero (von 

Bertalanffy 1938).  Mittlebach and Perrson (1998) reported that white perch become 

piscivorous between 110 and 150 mm, therefore mean trophic position was compared for 

white perch across lakes using two size classes, less than 150 mm and greater than 150 mm.  

We used linear regression to test six parameters for a correlation with white perch CPUE: 

largemouth bass CPUE, gizzard shad CPUE, mean chironomid larvae density, mean total 

zooplankton, mean Secchi depth, and mean specific conductivity.  All data analyses were 

carried out using SAS v. 9.2 software (SAS Institute, Cary, NC, USA). 

Results 

White perch abundance, size and age structure 

 Consistent with expectations, white perch were more abundant in Lake Townsend and 

Oak Hollow Lake than in Lakes Reece and Holt (Figure 1).  However, although we targeted 

two lakes with high abundance and two with low abundance of white perch based on 

anecdotal information available prior to the study, our study systems actually displayed a 

gradient of abundance from low to high across the four lakes (Figure 1).  Within-lake 

abundances were generally consistent across both years of this study.   

 White perch size structure and differed among the four populations sampled and was 

strongly related to abundance; lakes with high abundance white perch population had smaller 

size structure than low abundance populations (Figure 2).  Size structure of white perch from 
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Oak Hollow Lake and Lake Townsend populations was truncated compared to Lakes Reece 

and Holt (Figure 2).  The maximum sizes of white perch sampled from Oak Hollow Lake and 

Lake Townsend lakes were 186 and 191 mm, whereas the maximum sizes of white perch 

sampled from Lakes Reece and Holt were 288 and 288 mm.  Mean total length of white 

perch was also significantly different and was lower in Lakes Townsend and Oak Hollow 

Lake than Lakes Holt and Reece (F(α=0.05, df=3)=4.41, P <0.0001).  Age frequencies of white 

perch also differed across populations (Figure 3).  All four populations contained substantial 

proportion of relatively old individuals, with maximum ages ranging from 9 to 14 years. 

White perch growth, maturity, and trophic level 

 Growth of white perch differed markedly among populations, with von Bertalanaffy 

L∞ estimates about 60 to 100 mm higher for the two lower density populations (Holt and 

Reece) than for the two higher density populations (Oak Hollow and Townsend; Figure 4).  

In lakes Townsend and Oak Hollow growth curves overlapped, however growth estimates 

were significantly different in lakes Reece and Holt, where white perch in Lake Holt grew 

faster and to a larger maximum size than slower growing white perch from Lake Reece 

(Figure 4).  Contrary to differences in growth rate, timing of maturity was fairly consistent 

among study populations; by age 2 ≥ 78% of males and females from all populations were 

sexually mature (Figure 5). 

 In both summer and fall 2010, large white perch had higher trophic levels than small 

white perch in all lakes (F(α=0.05, df=1) >25.00, P < 0.0001; Figure 6).  Trophic level of all white 

perch from each size class was ecologically similar across all systems except Oak Hollow 

Lake, where the trophic levels of both size classes were lower in both seasons than in the 

other lakes.  In both months, trophic level differed among lakes and size classes (F(α=0.05, df=3) 
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> 4.50, P < 0.008), however differences in trophic level did not follow differences in size 

structure or growth (Figure 6); both the highest and lowest trophic levels occurred in lakes 

with stunted, high-density white perch populations (Townsend and Oak Hollow), whereas 

trophic levels were intermediate in the two lakes with larger fish and lower densities (Holt 

and Reece). 

White perch abundance in relation to biotic and abiotic variables 

White perch CPUE was negatively related to largemouth bass CPUE (r
2
 = 0.94, 

F(α=0.05, df = 3) = 30.1, P = 0.032; Figure 7); this was the only significant relationship we tested.  

White perch CPUE was not significantly related to Gizzard shad CPUE (r
2
= 0.86, F(α=0.05, df = 

3) = 12.6, P = 0.071).  White perch CPUE was not correlated to either of the invertebrate prey 

densities (chironomids and zooplankton; F(α=0.05, df = 3) < 1.50, P > 0.300).  Furthermore, white 

perch CPUE did not have a significant relationship with the abiotic variables (Secchi depth 

F(α=0.05, df = 3) = 3.67, P = 0.196; specific conductivity F(α=0.05, df = 3) = 2.95, P = 0.228).  

Temperature and dissolved oxygen was similar among systems across seasons, with the 

exception of Lake Holt, which had a lower mean temperature than the other lakes (Table 1).  

Only Oak Hollow Lake, which is aerated, did not exhibit an oxycline in the summer. 

Discussion 

The major differences in white perch size structure among our study populations 

seemed to be linked to differences in white perch abundance, suggesting that density-

dependence may be the biggest driver of white perch size structure.  Both maximum body 

size and growth rates of white perch were much lower in high-abundance populations than in 

low-abundance populations.  Density-dependent growth has been reported in other 

populations of white perch (Busch et al. 1977; Zuerlein 1981), and in some the result of this 
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growth may be stunted populations.  Gosch et al. (2010b) described stunted white perch 

populations with a maximum size of 250 mm and a maximum age of nine.  Our results were 

generally consistent with their definition, though one of our stunted populations contained 

fish up to 14 years. 

Interestingly, despite differences in abundance and size structure, factors driving 

differences white perch abundance in our study system are unclear.  For example, trophic 

position and timing of maturation were fairly consistent among study systems, indicating that 

food habits are not substantially different among populations.  Further, although abiotic 

variables have been useful predictors of white perch abundance in previous studies (Hawes 

and Parrish 2003; North and Houde 2003), we found no correlation between white perch 

abundance and Secchi depth, specific conductivity, temperature or dissolved oxygen.  We 

also failed to detect a strong correlation between white perch population structure and 

availability of primary prey (zooplankton and benthic invertebrates) or gizzard shad (a 

primary competitor and alternative prey item for piscivorous predators) densities.  We did 

detect a strong negative relationship between white perch abundance and largemouth bass 

abundance, indicating that largemouth bass predation may play a role in driving white perch 

population abundance and, therefore, size structure.  In sum, these results suggest that 

intraspecific competition and predator abundance are primary drivers of abundance (and 

therefore growth) for introduced white perch populations.   

Although other studies have hypothesized a direct link between white perch 

abundance and predation, no other study has found such linkages between predator 

abundance and white perch abundance (Margulies 1990; Hartman and Margraf 1992; Ward 

and Neumann 1998; Vristka et al. 2003).  In fact, Gosch et al. (2010b) found predation may 
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increase stunting in white perch where large predators remove older, larger (rather than 

younger, smaller) white perch from the population, thereby decreasing the overall size 

structure of the population.   

Contrary to expectations, trophic position and timing of maturity did not differ among 

white perch populations despite differences in abundance and size structure.  Within 

populations, trophic level did increase with length (larger white perch had higher trophic 

level than smaller white perch), a result consistent with previous research (Hines 1981; 

Mittelbach and Persson 1998).  However, trophic level of white perch within size categories 

across study systems was similar in both summer and fall. Despite differences in growth, 

white perch from stunted and nonstunted populations appear to occupy similar trophic 

niches.  Furthermore, although early timing of maturity has been linked to decreases in size 

structure in some fish populations (e.g, Davis 1984; Danylchuk and Fox 1994; Aday et al. 

2006), timing of maturity did not vary among the white perch populations we studied.  The 

fact that almost all white perch were mature by age two in each study system indicates that 

the growth trajectories of stunted and nonstunted white perch in these populations were not 

attributable to differences in energetic strategies associated with timing of maturity.  Our 

results differ from other studies, which have documented differences in timing of maturity 

between stunted and nonstunted white perch populations.  In Nebraska, male and female 

white perch from a stunted population matured at older ages than white perch from a 

nonstunted population (Chizinski 2007).  In large North Carolina reservoirs, Feiner (2011) 

found similar results where white perch from a low-abundance population also matured at 

younger ages than white perch from a high-abundance population (Feiner 2011). 
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Biotic factors, such as the availability of commonly consumed prey and the 

abundance of a competitor, were not important in predicting white perch abundance.  White 

perch consume chironomid larvae (Hines 1981; Hurley 1992; Gosch et al. 2010a ) and 

zooplankton (Hines 1981; St. Hilaire et al. 2002; Gosch et al. 2010a ) as a major portion of 

their diet.  Although we detected differences in white perch abundance and grow, prey 

densities were similar across populations.  This result is interesting because often prey 

availability does influence size structure is fish species (e.g., Deedler 1951; Jansen and 

MacKay 1991).  The abundance of the potential competitor, gizzard shad, had a marginally 

significant positive correlation (p=0.071) with white perch abundance, providing weak 

evidence that gizzard shad and white perch abundance may be related, possibly through 

shared prey resources such as zooplankton (Yako et al. 1996).  Gizzard shad may affect fish 

populations through middle-out food web effects (Buynak et al. 2001) and their presence, 

especially in high densities, may relieve white perch of predation pressure if piscivorous fish 

select gizzard shad over white perch (Aday et al. 2003; Gosch et al. 2010b). 

Although abiotic factors such as specific conductivity or Secchi depth have proven 

useful in modeling white perch abundance in large systems such as Lake Champlain (Hawes 

and Parrish 2003) and Chesapeake Bay (North and Houde 2003), they were not effective 

predictors of white perch abundance in the small systems we studied.  Although white perch 

abundance increased with increases in these abiotic variables in other studies, we did not find 

the same trend in our study systems.  Lake Holt had the lowest specific conductivity, Secchi 

depth, and white perch abundance but despite differences in white perch abundance across 

the other lakes, differences in abiotic variables did not exist. 
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Our ability to draw inferences about prey availability in each system was limited by 

the coarse time scale at which we were able to collect prey availability data and a lack of 

historic information about largemouth bass abundances before the introduction of white 

perch.  Without data on the state of largemouth bass populations before the introduction of 

white perch it is difficult to interpret whether largemouth bass abundances have shaped white 

perch abundances or vice versa.  It is also possible that with more intensive sampling effort 

(e.g., bimonthly invertebrate samples throughout the year), important seasonal differences in 

prey abundance could be detected that may impact white perch abundance at key ontogenetic 

stages. 

White perch growth and size structure are highly density dependent, both in the 

systems studied here and other study systems (Sheri and Power 1972).  The strong negative 

relationship we detected between white perch and largemouth bass abundance suggests that 

largemouth bass may contribute to determining white perch abundance, potentially through 

predation.  Where managers seek to limit white perch abundance and increase white perch 

size, we suggest preserving and enhancing largemouth bass populations, perhaps through 

habitat augmentation (Annett et al. 1996) or limited harvest (Otis et al. 1998), and restraint in 

stocking alternative prey (such as Dorosoma spp.; Gosch et al. 2010b).  This strategy may be 

more effective and appropriate for small systems. 
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Table 1.1.  Mean largemouth bass and gizzard shad CPUE, chironomid density (number/m
2
), 

total zooplankton (number/m
3
), Secchi depth (m), specific conductivity (mS/cm), epilimnion 

temperature (°C) and epilimnion dissolved oxygen (mg/L) measured from four small North 

Carolina reservoirs in 2010 and 2011.  Lakes Holt and Reece have low density white perch 

populations with large size structure; Oak Hollow and Townsend have high density white 

perch population with small size structure.  Values are reported with one standard error in 

parenthesis. 

  Holt Reece Oak Hollow Townsend 

Largemouth 

bass CPUE 
22.2 (7.9) 6.8 (2.4) 2.6 (0.9) 2.4 (0.9) 

Gizzard shad 

CPUE 
0.0 (0.0) 26.7 (12.5) 17.6 (8.0) 34.2 (20.2) 

Chironomid 

density 
54.6 (17.3) 97.9 (47.6) 78.2 (13.5) 59.6 (18.1) 

Total 

zooplankton 

9.7*10
4
  

(2.6*10
4
) 

2.1*10
5
  

(6.8*10
4
) 

1.8*10
5
  

(6.5*10
4
) 

1.8*10
5
  

(4.0*10
4
) 

Secchi depth 1.7 (0.2) 1.1 (0.2) 1.0 (0.1) 0.9 (0.1) 

Specific 

conductivity 
0.06 (0.02) 0.10 (0.01) 0.11 (0.01) 0.10 (0.01) 

Temperature 15.5 (1.2) 21.1 (1.3) 23.5 (1.4) 20.6 (1.0) 

Dissolved 

oxygen 
8 (0.2) 7.2 (0.4) 7.7 (0.5) 8.7 (0.4) 
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Figure 1.1.  Mean CPUE of introduced white perch sampled monthly from four small (<700 

ha) North Carolina reservoirs using night-time electrofishing and gill-netting in April, August 

and October of 2010 (dark grey) and April and July of 2011 (light grey).  Error bars represent 

95% confidence intervals. 
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Figure 1.2.  Percent length frequency of introduced white perch sampled from four small 

(<700 ha) North Carolina reservoirs in 2010 and 2011 using night-time electrofishing and 

gill-netting. 
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Figure 1.3.  Percent age frequency of introduced white perch sampled from four small (<700 

ha) North Carolina reservoirs in 2010 and 2011 using night-time electrofishing and gill-

netting.  Age was estimated using sectioned otoliths. 
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Figure 1.4.  Growth estimates of introduced white perch sampled from four small (<700 ha) 

North Carolina reservoirs in 2010 and 2011 using night-time electrofishing and gill-netting 

calculated using the von Bertalanffy equation.  Values shown indicate the average maximum 

length of fish from each population (L∞), population growth coefficient (k), and theoretical 

length at age 0 (t0).  Dashed lines represent 95% confidence intervals. 
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Figure 1.5.  Proportions of mature female (top) and male (bottom) age-1 (white bars), age-2 

(hatched bars) and age-3 (black bars) white perch sampled from four small (<700 ha) North 

Carolina reservoirs with night-time electrofishing and gill-netting in April 2010 and 2011.  

Lake Holt and Lake Reece have low-density white perch populations (LOW); Oak Hollow 

Lake and Lake Townsend have high-density white perch populations (HIGH). 
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Figure 1.6.  Tropic level  of small (<150 mm; grey circles) and large (≥150 mm; black 

circles) introduced white perch sampled from four small (<700 ha) North Carolina reservoirs 

in August (top) and October (bottom) 2010, as estimated using dorsal muscle δ
15

N stable 

isotopes compared to a benthic invertebrate baseline.  Lake Holt and Lake Reece have low-

density white perch populations (LOW); Oak Hollow Lake and Lake Townsend have high-

density white perch populations (HIGH). 
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Figure 7.  Linear regression of various abiotic and biotic parameters measured in four North 

Carolina reservoirs in 2010 and 2011 compared to the average of log-transformed white 

perch abundance. 
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CHAPTER 2 

LARGEMOUTH BASS AND INTRODUCED WHITE PERCH INTERACTIONS IN 

RESERVOIRS 

 

INTRODUCTION 

Species introductions are considered one of the most serious threats facing freshwater 

fish diversity globally in aquatic ecosystems both large and small (Dextrase and Mandrak 

2006; Strayer and Dudgeon 2010), often leading to the decline or extirpation of native 

species (e.g., (Mills et al. 1993, Worthington and Lowe-McConnell 1994).  These impacts 

can often be traced to disrupted trophic interactions, particularly via predation and 

competition (Strayer 2010, Cucherousset and Olden 2011).  For example, Whittier and 

Kincaid (1999) found that minnow diversity was reduced throughout lakes in the 

northeastern United States where piscivores such as walleye Sander vitreus and smallmouth 

bass Micropterus dolomeiu had been introduced, presumably due to increased predation.  

Predation by introduced lake trout Salvelinus namaycush has threatened endemic 

Yellowstone cutthroat trout Oncohynchus clarki bouvieri populations (Stapp and Hayward 

2002; Martinez et al. 2009), and competition from introduced salmonids can reduce growth 

of native salmonid species (Blanchet et al. 2007; Seiler and Keeley 2009).  Introduced fish 

may have impacts on other ecosystem components as well.  For example, common carp 

Cyprinus carpio have cascading effects on the macrophyte and invertebrate communities 

where they have been introduced (Cowx 1997; Winfield et al 2010; Weber and Brown 2011).  

Such unintended consequences of fish introductions are often costly or impossible to reverse 

(Manchester and Bullock 2000; Pimentel et al. 2005).  For these reasons, potential fish 
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introductions are now carefully scrutinized before being implemented by natural resource 

managers in North America (Allendorf 1991; Virtule et al. 2009).  Despite changes in the 

management paradigm regarding fish introductions, however, fish may still be accidentally 

or intentionally introduced into new systems through human activities such as bait release by 

recreational anglers (Waters and McRae 2008). 

White perch Morone americana (WHP) is one species whose introduction has been 

problematic for fisheries managers (Madenjian et al. 2000; Gosch et al. 2010a).  Since the 

1950s, WHP have been intentionally and unintentionally moved from systems in their native 

range of Atlantic coastal estuaries and river tributaries of North America into freshwater 

lakes, inland rivers, and reservoirs in eastern and central areas of the United States.  Non-

native WHP populations are now present in the Laurentian Great Lakes (Scott and Christie 

1963; Johnson and Evans 1990), Midwestern lakes and reservoirs (Hergenrader 1980), the 

Mississippi River (Irons et al. 2002), and lakes, ponds, and reservoirs in the eastern states 

from South Carolina to Maine (Hines 1981; Harris 2006).  In Nebraska, WHP were 

intentionally stocked into alkaline lakes as a potential sport fish (Hergenrader and Bliss 

1971).  This effort was met with limited success, however, and many populations became 

stunted (high abundance with small size structure); soon thereafter WHP spread throughout 

Nebraska, Kansas, and Oklahoma (Hergenrader 1980; Jackson 1995; Kuklinksi 2007; Gosch 

et al. 2010a).  In Lake Erie, WHP moved through the Erie Canal and established populations 

throughout the Great Lakes (Christie 1974; Busch et al. 1977; Boileau 1985; Hawes and 

Parrish 2003).  Studies in these areas have indicated detrimental impacts of WHP on native 

species such as black bullhead Ameiurus melas, yellow perch Perca flavescens, walleye, and 

white bass Morone chrysops, primarily through competition (Schaeffer and Margraf 1986; 
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Parrish and Margraf 1990; Prout et al. 1990; Parrish and Margraf 1994) and egg predation 

(Schaeffer and Margraf 1987; Hartman and Margraf 1992; Madenjian et al. 2000). 

Introduced WHP populations have become established in many reservoirs throughout 

North Carolina, and their effect on native species has not been established.  In some of these 

systems WHP become highly abundant and individuals remain small, whereas in others they 

maintain low abundances and achieve large size structure (Chapter 1).  Largemouth bass 

Micropterus salmoides (LMB) are one of the most sought-after sport fish in southeastern 

reservoirs, including those in North Carolina.  Previous studies have found dietary 

interactions between LMB and WHP, including interguild predation and competition (Harris 

2006; Gosch et al. 2010a).  White perch are omnivorous and consume a wide variety of prey, 

from zooplankton and other invertebrates to fish and fish eggs, and diets of WHP have been 

found to overlap with those of juvenile LMB (Feiner 2010).  Juvenile LMB consume a 

variety of invertebrates and small fish (Olson and Young 2003; Pilger et al. 2008).  Adult 

LMB are highly piscivorous and have been found to consume WHP (Mittelbach and Persson 

1998; Ward and Neumann 1998; Harris 2006; Gosch et al. 2010a).  These complex 

interactions are not well understood in small southeastern reservoirs, especially in the context 

of differential WHP population dynamics.  It is possible that WHP populations with high 

abundance and small size structure interact differently within in the food web than low 

abundance WHP populations with large size structure, in particular with regard to trophic 

interactions with LMB. 

The goal of this study was to determine if high and low density WHP populations 

interact differently with LMB, especially in the context of food web dynamics.  We 

hypothesized that high-abundance WHP populations would cause declines in LMB 
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abundance and size structure but that low-abundance WHP populations would not.  To test 

our hypothesis, we compared WHP and LMB abundance and size structure across four North 

Carolina reservoirs and then compared diets and trophic level of the two species. 

Methods 

Study Area 

Four reservoirs <700 ha in the Piedmont region of North Carolina were selected for 

study, including two systems each with relatively high and low abundances of WHP.  White 

perch populations with high abundance had reduced growth and size structure compared to 

populations with low abundance (Chapter 1).  We used angler reports and unpublished data 

from North Carolina Wildlife Resources Commission (NCWRC) biologists to select study 

sites (Brian McRae, NCWRC, personal communication).  The two low-abundance reservoirs 

were Lake Holt (also known as Lake Butner, Granville County, 137 ha) and Lake Reece 

(Randolph County, 242 ha).  The two high-abundance reservoirs were Oak Hollow Lake 

(Guilford County, 280 ha) and Lake Townsend (Guilford County, 662 ha).  All study lakes 

are municipal reservoirs used primarily for recreation and water supply, and WHP have been 

established in each system for over thirty years. 

Fish collection 

Largemouth bass and WHP were collected in August and October of 2010 and April 

and July of 2011 to determine abundance and size structure of both species in each lake.  Fish 

were collected at four randomly selected sites in each lake once per month using nighttime 

electrofishing and gill netting.  After the initial selection of sites, sampling took place at the 

same sites on each sampling date.  Electrofishing began at least 0.5 h after sunset and was 

conducted in 1,200 s (about 200 m) transects along the shoreline in < 2.5 m of water at an 
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amperage output of 3.8- 4.8A.  Gill nets were set perpendicular and away from the shoreline 

in water ≥2.5 m deep, and soaked for six hours starting one hour before sunset.  We set gill 

nets with different sizes of mesh to target a broad size range of fish.  At two of the four 

sampling sites in each lake we set a 2-m x 50-m net with 25.4-mm bar mesh.  At the other 

two sites we set a 2-m x 100-m net consisting of 50 m of 50.8-mm and 50 m of 63.5-mm bar 

mesh.  During summer months, when much of the lower water column was hypoxic in each 

lake, we suspended gill nets at a depth with ≥3 mg/L of dissolved oxygen.  One additional 

collection, using night-time electrofishing only, was made in June of 2011 to target LMB 

specifically for the purpose of obtaining otoliths for age and growth analysis; we also 

collected white perch for diet comparison at that time.  For each gear at each site we weighed 

(g), measured (mm TL), and released up to twenty LMB and twenty WHP (in addition to fish 

kept for lab processing) to assess size structure of the species in each lake.  We also collected 

another common mid-level omnivore, bluegill Lepomis macrochirus (BLG), as a reference to 

provide context for WHP interactions in each reservoir. 

On sampling dates we kept up to twenty WHP from two size categories (<150 mm, 

and > 150 mm total length; TL) at each site and placed them on ice for further lab processing.  

We also kept up to twenty LMB < 200 mm TL, and five LMB from four other size categories 

(200-300, 300-400, 400-500, and >500 mm TL) for age, diet, and stable isotope analysis 

(SIA; see below).  Prior to release all other LMB ≥ 200 mm were weighed to the nearest g, 

measured to the nearest mm TL, and their stomach contents were extracted via gastric lavage 

then immediately preserved in 95% ethanol.  A minimum of five BLG 130-160 mm TL were 

also kept in July of 2011 for SIA.  Benthic invertebrates were collected in July of 2011 in all 

systems to determine the δ
15

N baseline in each lake for SIA.  Benthic invertebrates were 
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collected with a petite Ponar dredge in 1-2 m of water less than 5 m from the shoreline. All 

invertebrate samples were placed on ice, brought back to the laboratory and then frozen at -

20°C. 

Laboratory methods 

After field collection, WHP, LMB, and BLG were frozen at -20°C until laboratory 

processing.  We examined WHP diets in April, August, and October of 2010 to determine 

fish and fish egg consumption.  We collected LMB, WHP, and BLG in summer (June and 

July) of 2011 to determine trophic interactions using a combination of diet and stable isotope 

analysis (SIA).  We used diet analysis to determine short-term feeding habits of LMB, WHP, 

and BLG and stable isotope analysis (SIA) of nitrogen (δ
15

N) as a broad-scale measure for 

comparison of trophic level among species (Fry 2006; Vander Zanden and Rasmussen 2001).  

We chose to compare diets and stable isotopes among species in the summer months as this 

is when onset of piscivory is likely to occur in juvenile fishes due to the high availability of 

small, young-of-year prey fish and detection of piscivory at all size classes is most expected 

(Mittlebach and Persson 1998; Feiner 2011).  After thawing, all fish were measured (mm TL) 

and weighed (g).  Dorsal muscle tissue (~1 g) was removed and frozen for SIA (Table 1).  

Stomachs were extracted and preserved with 95% ethanol; stomach contents were later 

identified and enumerated under a dissecting microscope.  Prey items were categorized into 

seven groups: amphipods, benthic invertebrates, Chaoborus, cladoceran zooplankton, 

copepod zooplankton, fish, fish eggs, surface invertebrates (Diptera pupae and adults, 

terrestrial invertebrates), and an “other” (includes detritus, vegetation, and sediment).  

Saggital otoliths were removed, sectioned, and independently aged by two readers.  If the 

two readers disagreed, the otolith was aged by a third reader; if the age determined by the 
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third reader agreed with the age determined by one of the first two readers, that age was 

assigned to the fish.  In cases where all three readers disagreed, they aged the otolith together 

and reached consensus on the age of the fish Sediment samples were thawed, herbaceous 

invertebrates (predominately Chironomid spp.) were removed and then placed in 7-ml plastic 

vials and re-frozen for SIA. 

Stable Isotope Analysis 

Nitrogen stable isotopes of WHP, LMB, and BLG were measured to determine their 

trophic level (Fry 1987; Vander Zanden and Rassmussen 2001; Table 1).  Frozen muscle 

tissue was sent to the Cornell University Stable Isotope Laboratory where it was dried with a 

Viris Freezemobile 25SL freeze dryer, homogenized with a Spex CertiPrep 6750 

Freezer/Mill, weighed to 1 mg with a Sartorius MC5 microbalance, and analyzed for δ
15

N 

stable isotope ratios with a Finnigan MAT Delta Plus mass spectrometer.  Values of δ
15

N 

were compared to the primary standard of Atmospheric Air (Fry 2006). 

Data analysis 

Mean catch-per-unit-effort (CPUE) for each species was calculated by summing the 

number of fish captured with both gears at each site then averaging over the four sites 

sampled in each lake for each sampling date.  Proportional size distribution (PSD; 

Gabelhouse 1984) was calculated for LMB and WHP in each lake based on lengths of all fish 

measured.  Largemouth bass PSD was calculated by summing the number of fish ≥ 305 mm 

TL and dividing it by the number of fish ≥ 200 mm TL.  White perch PSD was calculated by 

summing the number of fish ≥ 200 mm TL and dividing it by the number of fish ≥ 150 mm 

TL.  For otoliths from largemouth bass ≥ two years old, a Lumenera Corporation Infinity 2 

camera with Infinity Analyze v. 5.0.3 software was used to measure and record the distance 
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between annuli; measured distances were used to back-calculate proportional length-at-age at 

time of capture. 

Because of the fine time-scale sampled by stomach content analysis, we analyzed the 

data from June and July separately.  The contribution of each prey group to the diet of each 

species size group was described using the index of relative importance (IRI), an integrated 

measure of diet incorporating prey weight, number, and frequency of occurrence: 

IRIi = %FOi x (%Ni + %Wi) 

 where %FOi is the frequency of occurrence of prey i, %Ni is the mean percent by number of 

prey i, and %Wi is the mean percent by weight of prey item i.  This measure was converted 

into the percent index of relative importance (%IRI): 

%IRIi = 100 x IRIi/ i 

where n is the number of food categories used to group diet items (Cortés 1997).  Diet 

overlap was then determined among size classes and species using Schoener‟s Index: 

D = 1 – 0.5( Xi - Yi|) 

where D is the diet overlap between species, S is the number of prey groups, and |Xi - Yi| is 

the absolute difference between %IRI of prey group i for species X and Y (Schoener 1968).  

Schoener‟s D values > 0.6 are considered ecologically significant measures of diet overlap 

(Wallace 1981).  However, sample sizes from white perch caught in June were insufficient 

for comparison; therefore Scheoner‟s Index was only used to compare July diets. 

Because δ
15

N values measured from largemouth bass and white perch in June and 

July were not significantly different (F α=0.05, df > 50<0.07, P>0.088) we grouped the SIA results 

from June and July for analysis.  Furthermore, grouping SIA samples taken within a month 

of each other is acceptable because the turnover rate of stable isotopes in fish muscle tissue is 
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more than 30 d (Buchheister and Latour 2010; Weidel et al. 2011).  We standardized δ
15

N 

relative to a baseline (benthic invertebrates) for each lake to calculate trophic level based on 

the following equation:  

Trophic level = [(δ
15

Nfish - δ
15

Nbaseline)/3.4] + 2 

where δ
15

N is the ratio of 
15

N/
14

N, 3.4 ‰ is the accepted fractionation value associated with 

one trophic level, and benthic invertebrates were assumed to have a trophic level of 2 (Post 

2002; Vander Zanden et al. 2003; Vander Zanden and Rasmussen 2001). 

Results 

Abundance, size structure, and growth 

 Largemouth bass CPUE was higher in lakes with low WHP CPUE than lakes with 

high WHP CPUE (Fα=0.05, df=14 = 8.06, P = 0.013; Table 2).  Lakes Holt and Reece had 

relatively high CPUE LMB populations; conversely Oak Hollow Lake and Lake Townsend 

had high CPUE WHP populations with relatively low CPUE LMB populations (Figure 1; 

Table 2).  When large (≥ 200 mm) and small (< 200 mm) LMB CPUE was considered 

separately, lakes with low density WHP populations had a higher CPUE of small LMB than 

lakes with high density WHP populations.  However, large LMB CPUE was not significantly 

different among lakes (Table 2). 

Differences in the CPUE of small LMB led to differences in overall LMB size 

structure among lakes in relation to WHP densities (Figure 1).  Mean TL of LMB was higher 

(Fdf=426, α=0.05 = 14.23; P = 0.0002) in Oak Hollow Lake and Lake Townsend compared to 

LMB from Lakes Holt and Reece (Table 2).  Differences in LMB maximum TL among lakes 

were small (532 to 589 mm) and did not correlate with trends in WHP abundance (Table 2).  

Largemouth bass PSD varied widely but was also unrelated WHP abundance, ranging from 
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50 to 82.2 in the two lakes with low WHP abundance and 59.1 to 76.0 in lakes with high 

WHP densities (Table 2).  White perch PSD was 52.9 and 59.4 in low density lakes and 0.0 

in both high density lakes (Table 2).  Overall, LMB growth was similar among lakes, 

regardless of WHP population density (Figure 2).  In all four study lakes LMB back-

calculated mean length-at-age was at or above the state average reported by Beamesderfer 

and North (1995) through age 4, and at or below the state average after age 5 (Figure 2). 

Diets and stable isotope analysis 

 We detected diet overlap between small LMB, WHP, and BLG in all comparisons 

where sufficient sample sizes were available (Table 3).  In June of 2011, fish comprised a 

greater %IRI of small LMB diets than in July (Figures 3 and 4).  In July, BLG, small and 

large WHP, and small LMB diets were all dominated by invertebrates and large LMB diets 

were dominated by fish (Figure 4).  Largemouth bass size at piscivory was lowest Oak 

Hollow Lake, where it occurred at 77 mm; in all other lakes minimum size of piscivory was 

> 120 mm (Table 2).  White perch rarely consumed fish (Table 4), but consumed more fish in 

low density lakes than high density lakes.  With the exception of Lake Townsend in April, 

2010, fish eggs were largely absent from WHP diets (Table 4).  We documented only one 

instance of LMB predation on WHP (in Lake Reece, June 2011) and one instance of WHP 

predation on LMB (also in Lake Reece, August 2010). 

Among lakes there were significant differences in trophic level of each species and 

size group except BLG, but the differences were not correlated with density of WHP (Figure 

5).  Small LMB from Oak Hollow Lake had lower (F(α=0.05, df=36) = 6.02, P = 0.0020) trophic 

level than small LMB from the other three populations studied.  Large LMB from Oak 

Hollow Lake also had lower trophic level than large LMB from the other populations but to a 
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lesser degree, and large LMB from Lake Townsend had the highest trophic level (F(α=0.05, 

df=28) = 10.08, P = 0.0001; Figure 5).  Trophic level of small WHP was higher in Lake 

Townsend than in Lake Reece and Oak Hollow Lake (F(α=0.05, df=26) = 12.08, P = .0002), large 

WHP trophic level was higher in Lake Reece than in Lake Holt, but similar in other lakes 

(F(α=0.05, df=19) = 8.41, P = 0.0009; Figure 5).  Bluegill trophic level did not differ across lakes 

(Figure 5) 

Discussion 

Our results indicate no consistently strong interactions between introduced white 

perch and a native piscivore in small North Carolina impoundments.  Growth and abundance 

of adult LMB was similar across all systems, regardless of WHP abundance.  Although we 

found evidence of diet overlap between juvenile LMB and WHP, we were unable to detect 

population-level effects of that overlap.  Trophic level of LMB was only minimally different 

across systems, and diets of small and large LMB did not follow patterns in WHP abundance, 

indicating LMB trophic level does not respond to differences in WHP density.  The only 

consistent result we documented was the inverse relationship between WHP and juvenile 

LMB abundance, but it is not clear which species is impacting which. 

Diet overlap was high among small and large white perch, small largemouth bass, and 

bluegill in July of 2011, raising suspicion about potential competition for resources at that 

time.  Diets were less similar in June of 2011 when small largemouth bass consumed more 

fish than in July; however insufficient sample sizes prevented us from making direct 

estimates of diet overlap from the June samples.  In spite of previous reports of introduced 

white perch consuming fish eggs to the detriment of other fish populations (Schaeffer and 

Margraf 1987; Hartman and Margraf 1992; Madenjian et al. 2000), we did not find evidence 
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of this in our study.  It is possible that our sampling did not coincide with high availability of 

fish eggs as prey for white perch.  However, we did document a few instances of white perch 

egg predation and even juvenile largemouth bass egg predation, indicating fish eggs were 

available as prey.  Contrary to largemouth bass in other systems (e.g., Gosch et al. 2010a), 

largemouth bass in the present study did not consume many white perch even though they 

were heavily piscivorous as juveniles and adults.  Also unexpectedly, large largemouth bass 

consumed more fish than any other prey group in all lakes, yet their trophic level was not 

significantly higher than the other groups sampled.  In fact, the trophic levels of small and 

large largemouth bass overlapped in all lakes despite differences in diet, suggesting small 

largemouth bass incorporate enough fish into their diets to feed at a similar level as 

largemouth bass.  Bluegill trophic level overlapped entirely with both small and large white 

perch trophic level, suggesting that these species occupy similar trophic niches regardless of 

white perch size. 

The significant diet overlap we observed between small largemouth bass and both 

small and large white perch contrasts with the findings of Harris (2006).  Over the course of 

two years, with monthly sampling from June to December, Harris (2006) did not document 

any significant diet overlap between largemouth bass and white perch.  However, Feiner 

(2011) found results similar to ours, where juvenile largemouth bass and white perch 

occupied similar trophic niches in large North Carolina reservoirs.  Unfortunately, sample 

sizes of white perch and largemouth bass were too small in June and in some size categories 

in July to make diet comparisons across species.  However, it is likely that if small 

largemouth bass behave in Lakes Holt and Townsend as they do in Lake Reece and Oak 

Hollow Lake, where their diets were dominated by invertebrates in July, diet overlap with 
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white perch would also be high in that system.  Although small largemouth bass and white 

perch may not always have diet overlap, it appears that it is possible in some cases, especially 

in summer months. 

The one consistent pattern we observed was an inverse relationship between WHP 

and juvenile LMB abundance.  Though it‟s not possible to determine conclusively which 

species is impacting the other, our data suggest that high abundance of juvenile LMB may be 

causing declines in WHP.  Supporting evidence for this notion includes the fact that we did 

not document any white perch predation on juvenile largemouth bass in lakes where juvenile 

largemouth bass abundance was lowest (i.e., Lake Townsend and Oak Hollow Lake).  

Secondly, this supposition is supported by information about the habitat quality in each lake.  

Lakes Holt and Reece are have more complex habitat, with submerged vegetation, woody 

debris, and islands.  Conversely, Oak Hollow Lake and Lake Townsend have little to no 

submerged vegetation or woody debris and are devoid of islands.  Many studies (e.g., 

Durocher et al. 1984; Miranda and Pugh 1997; Havens et al. 2005) have found largemouth 

bass recruitment is higher in systems with complex habitat, including submerged vegetation 

and woody debris.  Therefore, it is possible that white perch abundance is reduced where 

largemouth bass recruitment is high, and the mechanism may be in the form of trophic 

interactions as the two species share prey resources when largemouth bass are small. 

Introduced white perch do interact with largemouth bass, especially when largemouth 

bass are juveniles.  Although adult largemouth bass prey directly on white perch in some 

reservoirs (Ward and Neumann 1998; Harris 2006; Gosch et al. 2010a), we did not find 

strong evidence of that in these small North Carolina reservoirs.  It is more likely that 

largemouth bass may influence white perch populations through indirect or competitive 
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interactions as juveniles rather than adults.  We found strong evidence of an inverse 

relationship between juvenile largemouth bass and white perch abundance that may be driven 

by high diet overlap in mid-summer.  These results suggest that protecting or enhancing 

largemouth bass recruitment in reservoirs, possibly through habitat conservation or 

augmentation (Annett et al. 1996; Ahrenstorff et al. 2009), may help alleviate management 

concerns associated with high-abundance white perch populations.  
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Table 2.1.  Mean total length (mm, ± one standard error) of bluegill (BLG), white perch < 

150 mm (small WHP), white perch ≥ 150mm (large WHP), largemouth bass < 200 mm 

(small LMB), and largemouth bass ≥ 200 mm (large LMB) sampled for and δ
15

N stable 

isotope values from four North Carolina reservoirs in June and July of 2011.  No data (--) 

were available for small WHP from Lake Holt. 

 

 

Holt Reece Oak Hollow Townsend 

BLG 

 

129.2 (5.4) 

n=5 

156.2 (3.4)   

n=5 

149.3 (2.0)  

n=4 

157.6 (2.1) 

n=5 

Small 

WHP 
-- 

125.3 (9.0) 

n=13 

145.6 (2.1)  

n=6 

114.8 (11.9) 

n=10 

Large 

WHP 

182.0 (3.9)  

n=4 

206.5 (5.0) 

n=11 

155.3 (5.3)  

n=3 

176.6 (6.8) 

n=5 

Small 

LMB 

122.5 (13.5) 

n=12 

98.9 (9.7) 

n=15 

104.5 (11.4) 

n=10 

123.3 (11.6) 

n=3 

Large 

LMB 

420.3 (16.5) 

n=6 

386.3 (6.7) 

n=10 

412.9 (12.7) 

n=8 

433.6 (21.5) 

n=8 
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Table 2.2.  Catch per unit effort (CPUE), mean total length (TL), maximum TL (max. TL), 

and proportional size distribution (PSD) of largemouth bass (LMB) and white perch (WHP) 

captured from four North Carolina lakes in 2010 and 2011 using night-time electrofishing 

and gill-netting. Small LMB are < 200 mm TL and large LMB are ≥ 200 mm TL (based on 

stock length; Gabelhouse 1984).  “Onset of piscivory” is the minimum total length that LMB 

were found to consume fish, as determined by diet contents analysis in June and July of 

2011.  Numbers in parenthesis indicate one standard error; all statistics except CPUE for 

LMB are calculated with small and large LMB together. 

 

Lake Species CPUE Mean TL 

Max 

TL PSD 

Onset of 

piscivory 

Holt 

Small LMB 18.2 (7.5) 137.6 (16.0) 589 50.0 149 

Large LMB 2.8 (1.0) 

    WHP 1.9 (1.6) 213.5 (4.5) 288 59.4 

 

Reece 

Small LMB 5.0 (2.2) 179.8 (12.5) 558 82.5 127 

Large LMB 2.1 (0.9) 

    WHP 23.3 (5.7) 185.0 (2.1) 288 52.9 

 

Oak 

Hollow 

Small LMB 1.4 (0.7) 218.4 (20.7) 532 59.1 77 

Large LMB 1.3 (0.6) 

   WHP 44.1 (20.4)  146.0 (0.8) 186 0.0 

 

Townsend 

Small LMB 1.7 (0.6) 202.92 (24.0) 557 76.9 122 

Large LMB 0.8 (0.3) 

   WHP 127.2 (52.4) 144 (0.8) 191 0.0 

 



 

60 

Table 2.3.  Schoener‟s D values based on % index of relative importance (%IRI) of white 

perch < 150 mm (small WHP), white perch ≥ 150 mm (large WHP), bluegill (BLG), 

largemouth bass < 200 mm (small LMB), and largemouth bass ≥ 200 mm (large LMB).  Fish 

were sampled using night-time electrofishing and gill-netting in July of 2011 from four North 

Carolina reservoirs, two with low density WHP populations (Lakes Holt and Reece) and two 

with high density WHP populations (Oak Hollow Lake and Lake Townsend).  Schoener‟s D 

values >0.6 are considered ecologically significant indicators of diet overlap (Wallace 1981), 

double dash (--) signifies sufficient sample sizes were unavailable for analysis. 

 

   
July 

   

BLG 

Small 

LMB 

Large 

LMB 

Holt 
Small WHP 

 

-- -- -- 

Large WHP 

 

-- -- -- 

      
Reece 

Small WHP 

 

0.57 0.62 0.14 

Large WHP 

 
0.64 0.77 0.23 

      Oak 

Hollow 

Small WHP 

 

0.64 0.77 0.29 

Large WHP 

 
0.76 0.75 0.53 

      
Townsend 

Small WHP 

 

0.84 -- 0.00 

Large WHP 

 

0.69 -- 0.00 
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Table 2.4.  Percent index of relative importance (%IRI) of fish and fish eggs in white perch 

diets sampled from four North Carolina reservoirs in 2010 and 2011 using nighttime boat 

electrofishing and gill-netting.  Lakes Holt and Reece have low density white perch 

populations; Oak Hollow Lake and Lake Townsend have high density white perch 

populations. 

 

 

Holt Reece Oak Hollow Townsend 

Small WHP n Fish Eggs n Fish Eggs n Fish 

Egg

s n Fish Eggs 

2010 

April 0 -- -- 4 0.0 0.0 54 0.0 0.0 34 1.3 0.0 

August 1 99.9 0.0 3 0.0 0.0 10 0.0 0.0 20 0.0 0.0 

October 1 0.0 0.0 9 0.0 0.0 35 0.0 0.0 51 0.0 0.0 

2011 

April 6 0.0 0.0 8 0.0 0.0 16 0.0 0.0 18 0.0 0.0 

June 0 -- -- 14 7.1 0.0 3 0.0 0.0 20 0.0 0.0 

July 0 -- -- 18 0.0 0.0 13 0.0 0.0 26 0.0 0.0 

Large WHP                         

2010 

April 24 0.0 0.0 33 0.0 0.0 33 0.0 0.0 23 0.0 1.3 

August 5 83.0 0.0 30 19.8 0.0 20 0.0 0.0 10 0.0 0.0 

Octobe

r 9 0.0 0.0 52 0.0 0.0 3 0.0 0.0 37 0.0 0.0 

2011 

April 14 0.0 0.0 8 4.3 0.0 13 0.0 0.0 35 0.0 0.0 

June 1 0.0 0.0 3 0.0 0.0 1 0.0 0.0 0 -- -- 

July 1 0.0 0.0 22 0.0 0.0 4 24.3 0.0 10 0.0 0.0 
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Figure 2.1.  Percent length frequency distributions of largemouth bass (a.) and white perch 

(b.) sampled from four small (<700 ha) North Carolina reservoirs using night-time 

electrofishing and gill-netting in 2010 and 2011. 
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Figure 2.2.  Length-at-age of largemouth bass back-calculated from otolith annuli.  

Largemouth bass were sampled in June and July of 2011 using night-time electrofishing and 

gill-netting.  Grey symbols represent largemouth bass sampled from reservoirs with high 

density white perch populations, black symbols represent largemouth bass sampled from 

reservoirs with low density white perch populations.  Line indicates the average LMB growth 

trajectory for North Carolina from Beamesderfer and North (1995). 
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Figure 2.3.  Percent index of relative importance of diet items from stomachs of white perch 

< 150 mm (small WHP), white perch ≥ 150 mm (large WHP), largemouth bass < 200 mm 

(small LMB), and largemouth bass ≥ 200 mm (large LMB) sampled from four North 

Carolina reservoirs in June of 2011 using night-time electrofishing and gill-netting.  Lake 

Holt and Lake Reece have low-density white perch populations (LOW); Oak Hollow Lake 

and Lake Townsend have high-density white perch populations (HIGH).  Sample sizes for 

each species size class from each lake are presented above each bar. 
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Figure 2.4.  Percent index of relative importance of diet items from stomachs of white perch 

less than 150 mm (small WHP), white perch more than 150 mm (large WHP), largemouth 

bass less than 200 mm (small LMB), largemouth bass more than 200 mm (large LMB), and 

bluegill (BLG)  sampled from four North Carolina reservoirs in July of 2011 using night-time 

electrofishing and gill-netting.  Lake Holt and Lake Reece have low-density white perch 

populations (LOW); Oak Hollow Lake and Lake Townsend have high-density white perch 
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populations (HIGH).  Sample sizes for each species size class from each lake are presented 

above each bar. 
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Figure 2.5.  Trophic level calculated using stable Nitrogen isotopes sampled from dorsal 

muscle tissue from three fish species: largemouth bass less than 200 mm (LMB < 200), 

largemouth bass more than 200 mm (LMB > 200), bluegill (BLG), white perch less than 150 

mm (WHP <150), and white perch more than 150 mm (WHP > 150).  Fish were sampled in 

June and July of 2011 from two North Carolina reservoirs with low density WHP populations 

(Lakes Holt and Reece) and two North Carolina reservoirs with high density WHP 

populations (Oak Hollow Lake and Lake Townsend).  Trophic level was calculated using the 

formula given by Vander Zanden and Rasmussen (2002) with benthic invertebrate δ
15

N 

values used to estimate baseline δ
15

N for each lake.  Error bars represent 95% confidence 

intervals. 
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