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${3 The food habits, survival rates, and abundance of four predatory fish

species (striped bass, walleye, largemouth bass, smallmouth bass) were

determined and combined with information on energetics and growth to

quantitatively assess predator-prey interactions in Smith Mountain Lake,

a large hydroelectric reservoir in south-central Virginia. A total of

1871 stomachs of the four species was examined from fish collections be-

tween April 1983 and December 1984. Food habits of each predatory species

were assessed and compared by season using Schoener's (1970) diet overlap

index. Significant diet overlap occurred between the pelagic predators

(striped bass and walleye) and between the littoral black basses

(largemouth bass and smallmouth bass) in all seasons and locations where

sufficient stomach samples were collected.

Survival and abundance estimates for the four predators were derived

from several data sets. First-year survival of striped bass fingerlings

averaged 20.8% for an 11-year period (1973 to 1983) and ranged from 3.9%

to 54.3%. Average survival of age-0 largemouth bass and smallmouth bass

‘ was 53% and 45%, respectively, for the period 1979 to 1983. Species-
”

specific survival rates for predators age 2 and older ranged from 29% to



59%. Of the predators age 1 and older, largemouth bass were the most

numerous at an estimated density of 61.2/ha, followed by striped bass at

16.3/ha. Age 1 and older smallmouth bass and walleye were less abundant,

at densities of 8.2 and 2.0/ha, respectively.

A bioenergetics model was developed for striped bass and, with models

developed for walleye and largemouth bass, used to estimate annual con-

sumption of alewives and gizzard shad by the four piscivorous species.

Annually, striped bass consumed the greatest amount of adult and young-

of-year alewives, whereas largemouth bass ate nearly 70% of the total shad

biomass consumed by all predators. A comparison of predator demand to

clupeid supply substantiated diet overlap data; namely, that native and

introduced predators were compatible in Smith Mountain Lake.

The striped bass bioenergetics model was used to make inferences

about potential stocking strategies for striped bass based on availabil-

ity of age-1 and older alewives. A stocking rate of 20-24 fingerlings/ha

appears to maximize production of striped bass and minimize potential

competitive interactions between striped bass and native black bass in

Smith Mountain Lake.
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Smith Mountain Lake, a large hydroelectric reservoir in south-

central Virginia, is like many reservoirs of the southeastern U.S. in that

both introduced and indigenous game species comprise the predator

assemblage. Resident sport fish include the black basses, largemouth bass

(uigrggtgrgg sglmgiggg) and smallmouth bass (Mg dglgmiggi). Striped bass

(hieraus saxaxilis), es well es welleye xursm xitrexm),

were initially stocked in Smith Mountain Lake in the early 1960s by the

Virginia Department of Game and Inland Fisheries. The striped bass pop-

ulation did not reproduce but annual stockings, ranging as high as 55

fingerlings per hectare, established an exceptional trophy fishery char-

acterized by high growth and harvest rates (Hart 1978).

However, in the late 1970s, harvest rates for striped bass and other

predators decreased significantly with subsequent reductions in growth

rates and condition factors (La Roche 1981). There was a concomitant

decline in the sport fishery; angler trips decreased 43% between 1977 and

1980.

This precipitous decline in the Smith Mountain Lake fishery prompted

the initiation of a research project to investigate the factors affecting

the recreational fishery of Smith Mountain Lake. A total of four major

factors were studied from 1982 to 1985, to include the effects of reduced

n nutrient inputs (Yurk unpublished), influence of added pumpback operation

(Ney et al. 1988), and availability of forage fishes (Tisa unpublished)
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A final, fourth factor, and the focus of this dissertation, involved an

investigation of the trophic relationships between striped bass and the

other major predators in Smith Mountain Lake.

Although food habit studies indicate striped bass may compete for

» food with other important game species in reservoirs, including walleye

and black basses, trophic interactions between striped bass, other

stocked predators, and resident predator populations are poorly under-

stood. Saul (1981) reported that chironomid larvae were the principal

food item in the diet of introduced young-of-year striped bass and native

[ black bass populations in Cherokee Reservoir, Tennessee. The predominant

food items in the diet of juvenile and adult striped bass in southern

reservoirs are clupeids -- gizzard shad (ßgggggmg ggpgdigngg), threadfin

shad (ßgrgggmg pgtgngnsg), and alewife (Algsg psggdghgrggggs) (Stevens

1958, Ware 1970, Hart 1978, Morris and Follis 1978, Combs 1980, Kohler

and Ney 1981, Matthews and Hill 1982). Because clupeids can also be a

major component of the diet of walleye (Colby et al. 1979) and black bass

in reservoirs (Jenkins 1975, Noble 1981), striped bass introductions

could limit production of these predators through exploitative competi-

tion.

n Estimation of competitive interaction between striped bass and other

predators in reservoirs must consider the amount of the available food

resource in relation to the size of predator populations and their demand

for this food. In studies involving young-of-year striped bass and black

bass, competitive interaction was considered minimal due to the excessive

availability of large numbers of chironomid larvae (Saul 1981). Compet-
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itive interactions could theoretically increase as striped bass and other

predators increase in size and their diets become largely piscivorous.

If introduced striped bass severely deplete the clupeid forage base, as

they did in Santee-Cooper Reservoir, South Carolina (Stevens 1969), and

Lake E.V. Spence, Texas (Morris and Follis 1978), a significant impact

on other predator populations could occur.

Most investigations of trophic relationships of striped bass in

reservoirs have been descriptive studies of diet composition (Bailey

1974). However, Jenkins and Morais (1978) developed an available

prey/predator ratio (AP/P) as an instantaneous measure of the adequacy

of a reservoir°s forage base in August to sustain existing predator pop-

ulations, including striped bass, through the remainder of the growing

‘ season. Although useful as a management tool, the AP/P ratio is based

on estimates of what predators could physically consume (derived from the

size of the predator°s mouth and availability of prey) and not the spe-

cific composition of the predator°s diet; i.e., selection of food items

by the predator. Thus, this measurement is limited in its contribution

to the ecological understanding of predator-prey interactions. Simi-

larly, Ploskey and Jenkins (1982) used a biomass model to evaluate trophic

relationships among fish species, including striped bass, in reservoirs,

but the model estimated production and food requirements of different

piscivorous predators as one functional trophic group.

Quantitative assessments of specific interactions between predators

in reservoirs are lacking. The goal of this study was to quantitatively

assess trophic interactions among indigenous and stocked game species by
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determining predator demand for alewives and gizzard shad, the primary

forage species in Smith Mountain Lake. Predator demand for these prey

items was estimated using a bioenergetics modeling approach. Ancillary

information required for these bioenergetic models include data on pred-

ator food habits, survival rates, and abundance. This dissertation in-

corporates these data in three chapters.

Chapter I details how available forage was utilized by piscivorous

sizes of four major predators, striped bass, walleye, largemouth bass,

and smallmouth bass, that coexist in Smith Mountain Lake. Specifically,

I assessed and compared food habits of each predatory species by season

in distinct habitats, the upper and lower reservoir, using Schoener°s

(1970) diet overlap index.

In Chapter II, I derived age-specific survival rates and population

estimates for each of the four predatory species. Included in this

chapter is an innovative technique for assessing survival of stocked

striped bass fingerlings.

Finally, Chapter III utilizes information on diets and population

parameters in conjunction with bioenergetics models to assess predator

demand for alewife and gizzard shad, the principal prey species consumed

by predators in Smith Mountain Lake. Specifically, I developed a

bioenergetics model for striped bass based on a compilation of data from

several studies on striped bass metabolism and growth. Bioenergetic

models previously developed for largemouth bass and walleye were used to

derive similar consumption estimates for the other three predators that

Introduction 4



coexist in the reservoir. Annual estimates of predator demand for gizzard

shad and alewife were then evaluated to answer two questions:

1. Are introduced and native predator populations compatible in

Smith Mountain Lake?
2. Can estimates of predator demand be used to determine striped bass

stocking strategies?
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Smith Mountain Lake is a pumpback, hydroelectric reservoir located

in south-central Virginia. The reservoir, an impoundment of the

Blackwater and Roanoke Rivers, was formed by the Appalachian Power Company

in the early 1960s. Smith Mountain Lake has a surface area of 8337 ha

at a maximum pool elevation of 241.7 m, a mean depth of 16.8 m, and a 805

km shoreline that is highly dendritic. The mean annual fluctuation in

water level is 1.5 m.

Smith Mountain Lake is eutrophic and riverine in the upper Roanoke

River and Blackwater River arms and becomes progressively more

mesotrophic and lacustrine downstream (Virginia State Water Control Board

-1980). This study was limited to collections from the Roanoke River arm

of the reservoir to the lower main portion of the lake below the conflu-

ence of the Blackwater and Roanoke Rivers. For purposes of this study,

Smith Mountain Lake was considered to consist of two distinct habitats,

the upper and lower reservoir, arbitrarily divided at the Hales Ford

Bridge (Fig. 1).

Several investigations have been conducted in Smith Mountain Lake

since its formation in 1963, including limnological and water quality

studies (reviewed by Simmons 1976 and Virginia State Water Control Board

1980) and studies investigating the impacts of artificial reefs on fishing

success (Brouha 1974, Prince 1975). In addition, the Virginia Department

of Game and Inland Fisheries (VDGIF) has collected information on the

Study Area 6
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sport fishery of the lake since 1973 (Hart 1978, La Roche 1981, Whitehurst

1985).

Numerous game and non-game fish species inhabit Smith Mountain Lake.

A total of 44 species of native and stocked fish were listed by Hart

(1978) as present in the lake during the 1960°s and early 1970's.

Largemouth bass and smallmouth bass were the primary game species after

the initial formation of the reservoir. Stocking of striped bass and

walleye began in the early 1960°s. Although the VDGIF still stocks

fingerling striped bass annually, no walleye have been stocked in Smith

Mountain Lake since 1979. The principal forage fish are the clupeids,

gizzard shad and alewife. Alewives were introduced in the lake in 1965

when the VDGIF stocked approximately 3,000 adult fish. Gizzard shad are

native to the Roanoke River drainage basin. Other forage species include

various minnows (ljmgphglgs spp.), shiners (ügggmjgggug ggysglggggg and

N9.¤:.¤n:Ls app-), and arayfish (Qrcmacxas app-)•

Study Area 8
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Food Resource Partitioning Among coexisting Predator: in Smith Mountain

Lake, Virginia

Introduction

Southern U.S. reservoirs are complex ecosystems characterized by

fish assemblages of indigenous and introduced species. Pelagic

piscivores, such as striped bass (dgggng saxgtjlig) and walleye

(ßtizgstggign yitgggm yjgrggm), have been stocked widely with complemen-

tary, pelagic forage species such as alewife (ßlgsg psgggghggggggg) or

threadfin shad (ßgrgsgmg ggtgggngg), to utilize the large, open water

habitat that dominates these aquatic systems. Although introductions

would tend to intensify interactions within the reservoir fish assemblage

(Magnuson 1976, Li and Moyle 1981), quantitative measurements of trophic

interactions between introduced and resident predator populations in

southern reservoirs are generally lacking. Furthermore, although

clupeids are predominant in the diet of predators in southern reservoirs

(Jenkins and Horais 1978), and most of these systems contain more than

one clupeid, no study has adequately assessed resource partitioning among

predators in a reservoir containing codominant clupeids.
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The purpose of this investigation was to determine if negative

interactions between predators could explain the precipitous decline in

harvest and growth rates documented for predators in Smith Mountain Lake

in the late 1970s and early 1980s (La Roche 1981). Because a study of

food habits represents one of several approaches for determining the

compatibility of species in reservoirs (Aggus 1973, Kohler and Ney 1981),

my objective was to determine how available forage was utilized by

piscivorous sizes of four major predators, striped bass, largemouth bass

(uigggptgrgg sglmgidgs), smallmouth bass (Mg dglgmiggj), and walleye,

that coexist in Smith Mountain Lake, Virginia, a reservoir where both

alewives and gizzard shad (ßgrgggmg ggpegiangm) are abundant. Specific

objectives were to describe and compare the food habits of the black

basses, walleye and striped bass by season in distinct habitats, the upper

and lower reservoir, using Schoener°s (1970) diet overlap index.

Methods

Striped bass, walleye, and the black basses were collected from Smith

Mountain Lake with gill nets and electroshocking equipment from April to

December in both 1983 and 1984. Collections were limited to the Roanoke

River arm and the main area of the reservoir below the confluence of the

Blackwater and Roanoke River arms. Only piscivorous sizes of predators,

those greater then approximately 100 mm TL, were collected. These samples

of piscivores were supplemented with fish caught by anglers. Experimental

gill nets, 61 m long and 2 m deep, consisting of panels with bar meshes

of 38 to 76 mm, were fished overnight each week from April to September
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of each year and once per month in October, November, and December, in

both the upper and lower reservoir. Nets were set in both littoral and

limnetic areas so as to adequately sample available habitat. Shore

electrofishing at night was conducted periodically in April, May, August,

and November 1983, and April to August, November, and December 198h.

Stomachs excised from all predators collected in the nets and con-

tributed by anglers were preserved in 10% buffered formalin. Hollow

plastic tubes of various diameters were used to remove stomach contents

from electroshocked fish (Van Den Avyle and Roussel 1980). These fish

were then released alive, and the stomach contents were preserved in 10%

formalin.

In the laboratory, stomach contents were identified to the lowest

possible taxa. Partly digested gizzard shad and alewives were identified

on the basis of the presence (or absence) of a gizzard and the color of

the peritoneum (Manooch 1973). Food items were blotted dry and weighed

to the nearest 0.1 g. Stomach content data were tabulated by location

and season -— winter (December), spring (March-May), summer (June·Aug.),

and fall (Sept.-Nov.) ·- and were expressed as percent of the total number

of food items, percent of total food weight, and average of the weight

percentages. Differential digestion rates of fish and crayfish were as-

sumed inconsequential (Windell 1966).

Total, standard, and backbone lengths of identifiable fish in

stomachs were measured to the nearest 1 mm. Standard (SL) and backbone

lengths (BL) of clupeids consumed were converted to total lengths (TL)
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using regression equations developed from specimens collected in the

reservoir. These regression equations for alewife were:

TL = 1.256(SL) — 1.989, N=348, r2==0.99

TL = l.616(BL) - 2.994, N=348, r2==0.98

Similar equations for gizzard shad were:

TL = 1.466(SL) + 1.25, N=341, r2==0.97

TL = 1.482(BL) + 1.993, N=341, r2==0.98

Alewives were divided into two distinct prey groups, young-of-year and

adult, based on an observed or calculated TL. A total length of 86 mm,

derived from scale analysis, was used to separate these fish. The re-

lation between total lengths of consumed clupeids and the predators from

which they were taken was compared by linear regression. In addition, a

regression equation developed by Jenkins and Morais (1978) to describe

the relationship between predator total length and maximum ingestible

total length of clupeid prey was compared to measured or derived total

lengths of clupeids consumed by predators in Smith Mountain Lake. Because

the predictive equation was derived from a comparison of largemouth bass

size and gizzard shad body depth (Lawrence 1958), a conversion factor of

1.25 was used to adjust for the smaller body depth -- total length ratio

of alewives relative to gizzard shad (Nigro and Ney 1982).

Diet overlap was calculated among predator populations by season and

locations using the average of the weight percentages and Schoener°s

(1970) overlap index:

_ Chapter I 12



«= l.0—0.5älPx1—Pyjl
1=1

where a is the overlap index, Pk] is the proportion of food category i

in the diet of species x, P7! is the proportion of food category i in the

diet of species y, and n is the number of food categories. Wallace (1981)

determined that this index, used with volume (or weight) percentages, was

the most appropriate method for calculating overlap when accurate data

on prey abundance were unavailable. The index ranges from 0 (no overlap)

to 1 (complete overlap). Values greater than 0.6 are considered signif-

icant (Zaret and Rand 1971). Only seasonal samples which adequately de-

scribed the diet of each predator by location, as determined by cumulative

prey species curves (Brodeur and Pearcy 1984), were used in diet compar-

isons. Cumulative prey species curves for each predator (by season and

location) were obtained by plotting cumulative number of prey taxa found

in a cumulative number of randomly ordered stomachs. The asymptote of

the curve corresponded to the minimum number of stomachs needed to ade-

quately describe the diet. If an asymptote was not reached, the sample

was considered inadequate for subsequent comparisons.

Results

A total of 1871 stomachs of the four predatory species was examined

from fish collected between April 1983 and December 1984 (Table 1.1).

Chapter I 13
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Of the four predators, striped bass and largemouth bass were collected

most frequently in the reservoir. Largemouth bass were the most abundant

predator in the upper, more fertile portion of the reservoir over all

seasons, whereas lack of littoral habitat appeared to limit the number

of largemouth bass in the lower reservoir.

Habitat constraints, specifically high water temperatures, appeared

to limit the coolwater species, walleye and smallmouth bass, and to a

lesser extent, striped bass, from fully utilizing the upper reservoir from

late spring to early fall (Ney et al. 1988). Collections of these species

during this period were limited to areas imediately above the Hales Ford

Bridge where thermal refugia were available. Of the 458 walleye stomachs

collected, roughly 75% (370) came from the lower reservoir. Although

walleye and striped bass were collected from the upper Roanoke River arm

from late fall to early spring, no smallmouth bass were collected above

the Hales Ford Bridge in any season.

Alewives and gizzard shad were by far the dominant food items in

striped bass stomachs (Table 1.2). Adult alewives comprised 30% of prey

items found in stomachs and 31% of stomach contents by weight. The com-

parable values for young-of—year alewives were 21% and 8%, respectively,

and 39% and 58% for gizzard shad. As judged by general clupeoid body

shape, most of the unidentified fish were either alewives or gizzard shad.

Crayfish (Qggggggtgs spp.) occurred consistently in stomachs, but nearly

always at frequencies of less than 10%. Food items which occurred rela-
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tively infrequently included sunfish (Lgpgmig spp.) and miscellaneous

food items; minnows (ügtggpis spp.), darters (ßthggsggmg sp.), and in-

sects (Diptera, Ephemeroptera, Lepidoptera).

Food habits of striped bass, and the other three predators as well,

were significantly different between habitats and among seasons (X',

p<0.0S). In the upper lake, gizzard shad were 100 times more important

(by weight) than alewives (adults and young-of-year combined) in the diet

of striped bass in winter. However, alewives comprised more of the diet

(by weight) in spring and summer by roughly 3:1 and 90:1, respectively,

and the frequency of alewives to gizzard shad was nearly equal in the

fall. In the lower lake, alewives were consumed more frequently than

gizzard shad in spring, summer, and fall by roughly 80:1, 45:1, and 8:1,

respectively.

Food items in largemouth bass stomachs consisted mainly of gizzard

shad, crayfish (Qrggnggtgs spp.), and to a lesser extent, sunfish (Table

1.3). A total of 29% of prey items in largemouth bass stomachs was

gizzard shad, which comprised 39% of stomach contents by weight. Compa-

rable values were 26% and 26%, respectively, for crayfish, and 6% and 14%

for sunfish. Infrequent food items included young-of-year and adult

alewives, other fish (black crappie Rgmgxig nigggmggglgtgs, minnows

Ngtggpis spp., largemouth bass, catfish lgtalgrgs spp.), aquatic insects

(Hemiptera, Diptera, Odonata), terrestrial insects (Arachnida,

Hymenoptera) and terrestrial vertebrates (Cricetidae, Reptilia,

Amphibia).
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Gizzard shad dominated the diet of largemouth bass in the upper lake

during winter, summer, and fall (66%, 44%, and 58% by weight, respec-

tively) and during summer and fall (76% and 80% by weight, respectively)

in the lower lake. Crayfish appeared consistently in stomachs of

largemouth bass, and frequently occurred in spring in both the upper (35%)

and lower (45%) lake. Crayfish occurred less frequently in bass stomachs

from both locations during summer. Sunfish appeared frequently in

stomachs of largemouth bass in the upper reservoir, comprising 44% of diet

items in spring and 22% in summer, whereas they were absent or inconse·

quential in the diet of largemouth bass from the lower reservoir. Al-

though alewives occurred infrequently in the diet, young-of-year alewives

did comprise 20% by number and 15% by weight of the spring diet of

largemouth bass from the lower reservoir. No largemouth bass were col-

lected in the lower lake in winter.

Clupeids were the only identifiable piscine prey items in walleye

stomachs from both locations in all seasons (Table 1.4). Adult alewives

totaled 52% of the prey items and comprised 66% of stomach contents by

weight; young-of-year alewives were 21% and 11%, respectively, and

gizzard shad were 20% and 20%, respectively. Unidentified fish, mostly

clupeids, comprised 8% of prey items and 2% of total food weight.

Crayfish remains were found in one walleye stomach collected in the upper

reservoir during summer.

Gizzard shad were the only identifiable prey items in walleye

stomachs from the upper reservoir in winter. All five of the walleye

stomachs collected during this period in the lower lake were empty. In
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spring, adult and underyearling alewives were almost equally prevalent

in the diet (43% and 53%, respectively) of walleye collected in the upper

lake. However, adult alewives appeared approximately five times more

frequently than young-of-year alewives in stomachs of walleye from the

lower reservoir during this period. In the fall, three walleye stomachs

collected in the upper lake contained only gizzard shad, whereas the one

stomach collected in the lower lake contained only alewives.

Clupeids and, to a lesser extent, crayfish (Qrgggegtgs spp.) were

the major, identifiable food items in smallmouth bass stomachs (Table

1.5). Gizzard shad comprised 13% of prey items and 22% of stomach con-

tents by weight; comparable values for adult alewives were 10% and 26%,

20% and 8% for young-of·year alewives, and 11% and 9% for crayfish, re-

spectively. Unidentified fish, mostly clupeids, comprised 30% of prey

items and 26% of total food weight. Relatively infrequent diet items

included sunfish (Lgpgmig spp.), minnows (ägtggpig spp.), catfish

(lgtglgggg spp.), darters (ßthegstgmg sp.) and insects (Chironomidae,

Odonata, and Orthoptera).

Smallmouth bass consumed comparable numbers of adult alewives (18%)

and gizzard shad (16%) in spring. Although young-of-year alewives ap-

peared infrequently in the spring diet, they were the dominant, iden-

tifiable prey item by number (31%) in the summer diet of smallmouth bass.

Crayfish were a consistent food item but were most important in fall, when

they comprised 34% of stomach contents by weight. Sunfish were relatively

unimportant in the diet over all seasons.
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The relationship between size of predator and size of alewives con-

sumed was poor for striped bass and nonexistent for walleye. Small

striped bass (150-200 m TL) ate alewives that were 45-110 m TL, a size

range also frequently consumed by large striped bass 700-800 mm TL (Fig.

1.1). Although striped bass less than 250 mm TL consumed alewives greater

than the largest size suggested by Jenkins and Morais (1978), striped bass

with lengths greater than 250 mm did not. Alewives between 60 and 150

mm TL were consumed by walleye (Fig. 1.2), with nearly all below the

maximum size predicted by the modified equation of Jenkins and Morais

(1978). Too few alewives in black bass stomachs; i.e., fewer than 35 for

each species, precluded a comparison between consumed alewives and total

_ lengths of black bass.

Predators in Smith Mountain Lake generally consumed alewives from

H April through December, 1983 and 1984. However, a decrease in the mean

size (TL) of alewives in predator stomachs, collectively, was found from

August to October as abundant young-of-year alewives reached sufficient

size to be eaten (Fig. 1.3).

Predators consumed young-of-year gizzard shad almost exclusively;

only four shad age 1 or older were found in striped bass and largemouth

bass stomachs. As with alewives, there was a weak or no linear re-

lationship between consumed shad TL and predator TL. Smaller striped bass

(< 300 mm TL) generally consumed gizzard shad less than 50% of striped

bass TL, whereas larger striped bass consumed shad that averaged 20% of

body length (Fig. 1.4).
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Figure 1.1. Relationship between sizes of alewives consumed and sizes of

striped bass. The upper line (A) tcprcßcntß the estimated lengths of

slewives a striped bass could consume based on the calculations of

Jenkins and Morais (1978).
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Striped bass smaller than approximately 300 mm TL consumed shad larger

than predicted, and larger striped bass generally consumed shad much

smaller than predicted by Jenkins and Morais (1978). Largemouth bass,

100 to 500 mm TL, ate gizzard shad principally between 50 and 150 mm TL

(Fig. 1.5), whereas walleye consumed shad between 95 and 145 mm TL (Fig.

1.6). Although the maximum prey sizes suggested by Jenkins and Morais

(1978) agreed well with empirical observations for largemouth bass,

walleyes consumed some shad larger than predicted. The 14 gizzard shad

in smallmouth bass stomachs were less than 50% of smallmouth bass TL.

Several seasonal samples contained less than the minimum number of

stomachs necessary to adequately characterize the diet, thus precluding

some calculations of diet overlap (Table 1.6). Diet overlap indices over

0.6, which may indicate interactions between predator populations (Zaret

and Rand 1971), occurred between striped bass and walleye, as well as

between the black basses in all seasons and locations where adequate

stomach samples were available for comparison (Table 1.7). The largest

diet overlap value, 0.98, occurred between striped bass and walleye, both

of which consumed gizzard shad almost exclusively in the upper reservoir

during winter. Diet overlap in winter between largemouth bass and the

pelagic predators from the upper reservoir was insignificant due to con-

sumption of crayfish by largemouth bass. The overlap value of 0.66,

calculated for striped bass and smallmouth bass in the lower reservoir

in spring, was considered spurious due to small sample size (Smith 1985).
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Table 1.7. Diet overlap values for predators in Smith Mountain Lake,
calculated by location and season (W=winter, S=spring,
Su•summer, F=fa1l). Only seasonal samples that exceeded
the minimum number of stomachs necessary to adequately
characterize the predator diets (as determined by
cumulative prey species curves) were used.

Upper Lake Lower Lake

Species W S Su F W S Su F

Striped bass x Largemouth bass .50 .27 .25 .51 - .42 .42 -

Striped bass x Walleye .92 .79 .86 •
· .73 .75 -

Striped bass x Smallmouth bass · _ •
- · - .53 .51 .66

Largemouth bass x Smallmouth bass ••-- - .77 .79 —

Largemouth bass x Walleye .56 .18 .15 - · .34 .26 ·

Walleye x Smallmouth bass -·—-
- .49 .36 ·
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hiscussion

In general, food habits of striped bass in Smith Mountain Lake agreed

with diet data collected for striped bass in other impoundments. Gizzard

shad, seasonally predominant in the diet of striped bass in Smith Mountain

Lake, were consumed by striped bass in other reservoirs (Stevens 1958,

Ware 1974, Morris and Follis 1978, Combs 1978, Matthews and Hill 1982,

Lewis 1983, Filepek and Tommey 1984, Harper and Namminga 1986). Utili-

zation of alewives (Kohler and Ney 1981) and infrequent consumption of

crayfish by landlocked striped bass (Hepworth et al. 1977, Combs 1978)

have also been previously reported.

The importance of gizzard shad as a forage item for largemouth bass

has also been documented in other reservoirs (Aggus 1973, Lewis et al.

1974, Pasch 1975, Timmons et al. 1981, Adams et al. 1982a, Carline et al.

1984, Storck 1986). Seasonal patterns in the utilization of sunfish and

crayfish by largemouth bass in Smith Mountain Lake substantiate Aggus

(1973), who found that these prey items were not frequently utilized when

shad were abundant.

Clupeids, the only identifiable piscine prey in walleye stomachs

collected from Smith Mountain Lake, were eaten almost exclusively by

walleye in other reservoirs (Dendy 1946, Jester 1971, Boaze and Lackey

1974, Momot et al. 1977, Fitz and Holbrook 1978, Kohler and Ney 1981).

In addition, food habits of smallmouth bass in Smith Mountain Lake were
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similar to those previously described for smallmouth bass in other

impoundments (Dendy 1946, Applegate et al. 1966, Mullan and Applegate

1967, 1970, Aggus 1973, Hubert 1977).

Stomach content analysis did indicate some cannibalistic behavior

in largemouth bass. A low incidence of cannibalism has been documented

for this species when other potential prey items are abundant (Applegate

et al. 1966, Mullan and Applegate 1970, Miller and Kramer 1971, Hubert

1977, Timmons et al. 1981). However, it appears that introduced predators

did not directly influence native predators through predation in Smith

Mountain Lake; i.e., no black bass were found in striped bass or walleye

stomachs. Relatively low consumption of non-clupeid fish and gamefish

has been previously reported for striped bass (Stevens 1958, Ware 1970,

Combs 1978, Matthews and Hill 1982) and walleye (Colby et al. 1979) in

other impoundments. Although there was no evidence to indicate that

stocked fingerlings were eaten by black bass, it is possible that

largemouth bass and smallmouth bass may eat striped bass fingerlings in

Smith Mountain Lake. Kohler et al. (1986) determined that young pelagic

predators were occasionally eaten by littoral predators in Claytor Lake,

Virginia.

Alewives and gizzard shad were the predominant food items consumed

by predators in Smith Mountain Lake. Distributional similarities between

predators and their clupeid prey may explain the documented patterns of

resource utilization by predators. Alewives are pelagic and tend to in-

habit the broad, deeper waters characteristic of the lower reservoir (Ney

et al. 1982), whereas gizzard shad tend to remain in the upper more
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riverine portion of the lake (Rainwater and Houser 1982). A concurrent

study in Smith Mountain Lake indicated a complete segregation of spawning

areas for the two species; larval gizzard shad were found only in the

upper lake and larval alewives only in the lower lake (Tisa et al. 1985).

This spatial segregation of clupeids was also evident in the contents of

predator stomachs. Stomachs collected in and above Beaverdam Creek in

the upper portion of Smith Mountain Lake did not contain alewives, whereas

those collected below the confluence of the Blackwater and Roanoke Rivers

did not contain gizzard shad.

It°s probable that the distribution of predators and the availabil-

ity of prey in Smith Mountain Lake is influenced by temperature. Because

striped bass prefer water temperatures between 18·-2506, they concentrate

in the deeper portions of reservoirs during late spring and summer (Combs

and Peltz 1982). Gizzard shad, especially young-of-year, are generally

found in the warmest available water (Jester and Jensen 1972). In Smith

Mountain Lake, water temperatures can exceed 3006, with higher temper-

atures in surface waters and the shallower, upper portions of the reser-

voir (Virginia State Water Control Board 1980). Because temperatures

exceeded the thermal preference of striped bass, it°s possible that

striped bass were thermally isolated from young-of-year shad (Coutant and

Carroll 1980). This would explain the relatively low utilization of this

_ prey item by striped bass during the late spring/summer period.

Predator-prey interactions involving walleye may be similarly determined

by thermal constraints. Momot et al. (1977) determined that gizzard shad

in Hoover Reservoir, Ohio, were underutilized during summer because they
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occurred at water temperatures far above 20-2200, the preferred tem-

perature of walleye. Because alewives tend to congregate in deep,

coolwater areas, striped bass and walleye may simply have encountered this

prey species most frequently. This temperature hypothesis would explain

the dominance of alewives in the diet of striped bass and walleye in these

seasons.

The pelagic nature of alewives probably accounts for their rela-

tively low consumption by littora1•dwe11ing black bass. Range (1973)

determined that black bass were not able to utilize abundant threadfin

populations in Dale Hollow Reservoir, Tennessee, because of the pelagic

nature of these shad. Infrequent consumption of alewives by largemouth

bass has also been documented in other reservoirs (McGaig 1980, Kohler

and Ney 1981, Lewis 1981, Daniel 1984). However, alewives were utilized

more frequently by smallmouth bass then by largemouth bass in Smith

Mountain Lake. Greater utilization of alewives by smallmouth bass, as

compared to largemouth bass, probably occurs because of the mutual pref-

erence of smallmouth bass and alewives for the lower lake habitat.

Adult alewives appeared most frequently in stomachs of both

largemouth bass and smallmouth bass collected in the spring. Kohler and

Ney (1981) reported that alewives were of minor importance to black basses

in Claytor Lake, but they were the major prey of these predators during

spring. Inshore spawning habits of alewives during this season may ac-

count for this seasonal predation (Wagner 1972).

Gizzard shad were frequently consumed by predators in late summer

and fall when young-of-year shad were at peak abundance. Declining water
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temperatures in the fall, which eliminated upper temperature restrictions

to striped bass movement, together with young—of-year shad abundance, may

account for the greater consumption of gizzard shad by striped bass in

autumm. Consumption of shad by walleye in the fall may occur in a similar

manner. Stomachs of three walleye from the upper reservoir during this

season contained only gizzard shad. Greater utilization of gizzard shad

by largemouth bass, relative to smallmouth bass, is likely due to a mutual

preference by gizzard shad and largemouth bass for the upper portion of

the reservoir.

Gizzard shad dominated the winter diets of striped bass, walleye,

and largemouth bass in the upper reservoir. Underyearling shad were ob-

l served to congregate in the upper Roanoke River arm of the reservoir

during winter, where the majority of these predators were captured. The

presence of abundant shad in this area may have triggered the seasonal,

uplake movement of pelagic piscivores. Its also possible that mature

striped bass (age 2 and older for males, age 4 and older for females)

migrate uplake in preparation for spring spawning activity; co·occurrence

of striped bass and shad may be coincidental. In fact, most of the

striped bass collected in this area during winter were older than age 4;

none were less than age 3.

In addition to patterns of distribution, seasonal changes in food

habits of predators may also reflect differences in abundance and

morphological availability of the two clupeids. Annually, alewives were

consumed more frequently than gizzard shad by both striped bass and

walleye. The greater frequency of alewives in the diet of these predators

Chapter I 37



may simply reflect greater numerical abundance of this clupeid. Although

estimates of gizzard shad standing stocks in Smith Mountain Lake are

available from cove rotenone samples, estimates of alewive biomass from

rotenone samples are unreliable due to the pelagic nature of this

clupeid. Hart (1978) and LaRoche (1981) assumed that the gizzard shad

was the dominant forage species in the lake. Because of possible inter-

specific interactions, a reproductive failure of gizzard shad in 1978

(LaRoche 1981) may have allowed the alewife population to increase. When
Ä

threadfin shad (hg pgtgngggg) were stocked in waters containing gizzard

shad, they partly displaced them (Noble 1981). Alewives may have demon-

strated similar displacement capabilities in Smith Mountain Lake.

Striped bass and walleye consumed adult alewives more frequently

than young-of-year alewives in summer throughout the reservoir and in

spring in the lower lake. The dominance of underyearling alewives in the

diets of walleye in the upper reservoir during spring relates to the

transitional size of these alewives; young-of·year are 11 months old.

The greater consumption of adults or near adults is largely due to the

absence of available young·of-year alewives during spring and summer.

However, Wagner (1972) reported that larger walleyes in Lake Erie gener-

ally preferred larger prey. He found that although large numbers of

young-of-year alewives were present in summer, they were not readily eaten

because of their small size. The walleye population in Smith Mountain

Lake consists principally of individuals greater than 400 mm TL. No

walleye have been stocked since 1979, and only nominal natural reprod-

uction has occurred (D. Whitehurst pers. comm.) Few alewives less than
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60 ~~ TL were found in walleye stomachs; the greater proportion of con-

sumed alewives were larger than 80 mm TL. Conversely, a large portion

of alewives consumed by striped bass were less than 80 mm TL, and most

size classes of alewives were consumed by a wide size range of striped

bass.

Although predators consumed several age classes of alewives, older

gizzard shad were insignificant in all predators‘ diets. Most of the

larger predators, especially striped bass, were collected during periods

of the year when young-of-year shad were abundant. It is possible that

1 large predators may utilize older shad during periods when young-of-year

shad are not available. However, Lewis (1983) found that although the

distribution of adult gizzard shad and large striped bass (> 400 mm TL)

overlapped, striped bass did not consume these larger shad in Lake Norman,

North Carolina. The general absence of larger, older shad in the diet
‘

of striped bass in Smith Mountain Lake could reflect a preference for

smaller, young-of-year shad, even by large predators morphologically ca-

pable of consuming larger shad.

Gizzard shad were eaten by piscivores, except walleye, in the spring

before warming water temperatures accelerated shad growth beyond the

point where they were morphologically available for smaller sizes of

predators. If striped bass are capable of consuming prey equal to 60%

of their body length (Manooch 1973), young-of-year striped bass (<l80 mm

TL) could consume gizzard shad up to 108 mm TL. Only 7% of the gizzard

shad collected by electroshocking in early March 1985 were of this size

or smaller. Similarly, based on this March collection and using theChapter I 39



calculations of Lawrence (1958), no gizzard shad would be available for

smaller, young-of-year black basses. Knight et al. (1984) observed that

young-of-year gizzard shad in Lake Erie outgrew Vulnerability to most

older walleyes by spring of the following year.

Winter mortality of young-of·year alewives and gizzard shad (Storck

1986), in conjunction with rapid spring growth of these species, may ac-

count for the greater variety of food items in striped bass, largemouth

bass, and smallmouth bass stomachs during spring and early summer. An

increase in the diversity of food items in predator stomachs in Smith

Mountain Lake substantiates studies that indicate the diet breadth of
predators typically increases as prey availability decreases (Ivlev 1961,

Werner and Hall 1974).

In general, there was a better linear relationship between TL of

consumed gizzard shad and striped bass TL than alewife and striped bass

TL. This is indicative of the fact that gizzard shad can rapidly outgrow

their Vulnerability to smaller striped bass (and probably other predators

as well), and furthermore relates to the greater morphological avail-

ability of alewives to all sizes of predators in Smith Mountain Lake.

Regression slopes for clupeid-walleye relationships did not differ from

zero (p>0.05) largely due to the narrow size range of available walleye.

The lack of smaller walleye in samples negated the possiblity of observing

any trends with increasing predator size.Chapter I 40



The maximum sizes of shad available to largemouth bass, as determined

by the equations of Jenkins and Morais (1978), agreed well with empirical

, observations for largemouth bass in Smith Mountain Lake, but not for

striped bass or walleye. Striped bass less than 300 mm TL consumed shad

significantly larger than predicted, as did some walleye. In addition,

, the values predicted by the equations of Jenkins and Morais (1978) did

not agree well with maximum lengths of alewives consumed by smaller

striped bass.

, The equations relating maximum ingestible prey to predator size form

the basis of available prey/predator (AP/P) ratios. The deviation of

empirical data from predicted maximum lengths, especially for alewives,

indicates that significant error may occur when AP/P ratios are used by

fisheries managers to measure the adequacy of a reservoir°s forage base

to sustain predator populations. Alternatively, AP/P ratios could be

based on a measure of relative prey size as determined from empirical

data. Body length relationships between consumed clupeids and predators

in Smith Mountain Lake were similar to those reported by Popova (1966),

who found that young predators generally fed on piscine prey 40-50% of

predator body length, whereas older adult predators consumed fish 10-25%

of body length. Previous studies of striped bass (Manooch 1973),

largemouth bass (Lawrence 1958, Wright 1970), walleye (Knight et al.

1984), and smallmouth bass (Probst et al. 1984) have found relative prey

size relationships similar to those observed in Smith Mountain Lake.

l
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Diet overlap analysis indicated competitive interactions could occur

between striped bass and walleye as well as between largemouth bass and

smallmouth bass in Smith Mountain Lake. Conversely, the introduced

predators were less likely to compete for food with the native black bass.

Greater u¢e of non-clupeid fish and crayfish by black basses minimized

diet overlap between walleye and black basses or striped bass and black

basses in Smith Mountain Lake. Fedoruk (1966) and Johnson and Hale (1977)

found no competitive interactions for food between walleye and smallmouth

bass in northern lakes because of the preference of each predator for

different prey items -- smallmouth bass for crayfish, walleye for fish.

Similarly, Gilliland and Clady (1981) found no significant overlap in food

habits between Mggggg hybrids and native largemouth bass in Sooner Lake,

Oklahoma.

In addition, assuming predator collections are indicative of habitat

preferences, it appears that predators are, in general, segregated by

4
habitat in Smith Mountain Lake, limiting interactions between potentially

competitive species (Larkin 1956, Schoener 1974). Thus, although diet

overlap occurred between largemouth and smallmouth bass collected in the

lower reservoir, potential negative interactions between these species

were limited because of the differential distribution of each; largemouth

bass resided in the upper reservoir, and smallmouth bass in the lower

reservoir. Similarly, striped bass were more widely distributed in the

reservoir, over a yearly period, whereas walleye were generally found in

the lower reservoir in association with steep, rocky, shorelines.
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conclusion

Distributional similarities between predators and their clupeid

prey, coupled with the seasonality of clupeid abundance and constraints

of morphology, may explain the patterns of resource utilization docu-

mented for predators in Smith Mountain Lake. Based on Schoener's (1970)

diet overlap index, these food resources were effectively partitioned

between introduced and resident predators in Smith Mountain Lake in

1983-84. Although an assessment of competitive interactions requires a

quantitative assessment of prey abundance and predator demand, it appears

that interspecific competition for food would not occur between these

groups of predators. However, the reliance of predators on the clupeid

forage in Smith Mountain Lake indicates that a significant decrease in

clupeid biomass, especially young-of-year, could have a significant im-

pact on competitive interaction and ultimately on predator production.

Swenson and Smith (1976) reported interspecific competition for food be-

tween walleye and sauger (itiggstgdign gaggggggg) during early summer

when forage availability was low. Similarly, following a massive die-off

of alewive: (the only resident clupeid) in Claytor Lake, pelagic predators

switched to an alternate diet of spiny-rayed fish and crayfish, the pre-

dominant food items of littoral, black basses (Kohler and Ney 1981). In

Smith Mountain Lake, reduced food availability, following the reproduc-

tive failure of gizzard shad in 1978, may have resulted in intense com-

petition among striped bass, walleye and black basses for the remaining

available prey. In addition, although there was no evidence to indicate
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that stripad bass or wallaye ata largemouth bass or smallmouth bass in

Smith Mountain Lake, or that black bass fed on stocked fingerlings, a

decline in the forage base may have intensified negative interactions

between predators by increasing the incidence of interspecific predation.

Although sample sizes were too small to compare resource utilization

within predator groups, scatter plots comparing lengths of clupeids con-

sumed to predator lengths indicate several age classes ata similar-sized

prey. This is particularly evident for stripad bass. Because of in-

creased stocking levels of fingerlings, a ten-fold increase from the early

l970's to the early l980°s, many large year-classes of stripad bass may

compete for clupeids during years of low clupeid abundance. Competitive

interactions within the stripad bass population therefore may partly ex-
I

plain the decline in growth rates and condition factors observad for these

predators in Smith Mountain Lake since the mid-197Q°s.
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Population Size and Survival of Predators in Smith Mountain Lake, Virginia

Introduction

An accurate population estimate of sport fish species is perhaps the

greatest challenge for fisheries managers attempting to develop quanti-

tative management plans. This problem is amplified in large, southern

reservoirs where the recreational fisheries are typically complex and

consist of resident game species as well as introduced sport fish. Pop-

ulation estimates and associated mortality rates for black basses, the

dominant game species in southern reservoirs, have typically involved

electrofishing, mark and recapture techniques, and/or creel surveys

(Hanson 1962, Cole 1966, Bryant and Houser 1971, Aggus and Rainwater 1975,

Hickman and Hevel 1975, Ager 1978, Yeager and Van Den Avyle 1978, Harris

et al. 1979, Dewey and Moen 1981, Farman et al. 1982, Dent 1986). Black

bass standing stocks have been estimated in a number of southern reser-
T

voirs (Jenkins and Morais 1978), but these data have generally not been

used to determine population statistics.

Although striped bass fisheries have developed in a large number of

southern reservoirs over the last decade, population dynamics of striped

bass in freshwater impoundments are poorly defined (Axon and Whitehurst
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t 1985). Van den Avyle and Higginbotham (1979) developed a relative annual

mortality index to evaluate the effect of stocking density on survival

of striped bass in Tennessee reservoirs. Similarly, Combs (1980) used

the relative abundance of seined, striped bass fingerlings as an index

of future year-class strength in Keystone Reservoir, Oklahoma. However,

no study has adequately determined survival of stocked striped bass

fingerlings or the contribution of these stocked cohorts to the future

fishable population. In general, success of striped bass stocking has

been defined in qualitative rather than quantitative terms (Bailey 1974,

Hanson and Dillard 1976).

Population dynamics of walleye, another introduced predator in

southeastern reservoirs, are also poorly understood. However, a number

of studies have estimated mortality rates and population sizes for walleye

in northern, temperate lakes and reservoirs (Colby et al. 1979).

Data on the population dynamics of predators in reservoirs, espe·

cially pelagic striped bass and walleye, have been limited due to the lack

of funding and manpower necessary to obtain adequately a large, random

sample of the population. However, reservoir biologists routinely col-

lect data for purposes other than population estimation that, in the ab-

sence of directed studies, can be combined with other information to give

some indication of predator population size and structure.

As part of a study investigating the trophic relationships of the

major piscine predators in Smith Mountain Lake, Virginia, I determined

the size and age structure of four predator populations; largemouth bass,

smallmouth bass, striped bass, and walleye, that coexist in the lake.
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Specifically, age-specific survival rates and population estimates were

derived using a compilation of data collected by the Virginia Department

of Game and Inland Fisheries (VDGIF), sampling statistics from this study,

and population statistics obtained from the literature.

Methods _

The VDGIF conducted yearly cove rotenone sampling in Smith Mountain

Lake from 1979 to 1983. Four coves were sampled in August of each year

using standard cove rotenone procedures (La Roche 1981, Whitehurst 1985).

Because black bass are littoral, estimates of standing stock can be de-

rived by cove rotenone technique (Table 2.1).

Yearly standing stock estimates were multiplied by 8337 ha (the

surface area of Smith Mountain Lake) to derive whole-lake biomass esti-

mates for each species. Numbers·at·age were then obtained from these

total biomass estimates (TB) using the following formulaz

~» = ¤>
where NX = total number of black bass in each age group x, FX = frequency

(by Z weight) of age group x in cove samples, and NX = mean weight of age

group x. The value of 0.8 represents a correction factor for non-recovery

of tagged fish in cove rotenones and is the mean of values reported by

Whitehurst (1985). The correction factor (C) to adjust for cove/open

water ratios was assigned a value of 2.8 for age-0 fish, 1.3 for age-l
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Table 2.1. Estimates of mean standing stocks (kg/ha) of
largemouth bass and smallmouth bass in Smith
Mountain Lake, 1979 to 1983, from cove rotenone
aampling. Data are from Whitehurst (1985).

Year Largemouth Smallmouth
Bass Bass

1979 9.7 0.7

1980 6.0 2.7

1981 5.7 1.4

1982 10.0 1.0

1983 10.2 1.2
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fish, and 0.55 for age·2+ fish (Jenkins and Morais 1978, Hightower et al.

1982).

Length frequencies (by % weight) in rotenone samples were tabulated

by size-class length (mm) increments. Lengths were assigned ages based

on length·at·age data from VDGIF age and growth analysis of scales (La

Roche 1981, Whitehurst 1985). Mean weights for age-0 black bass were

obtained by dividing total weight of young-of-year individuals in cove

samples by total number collected. Mean weights for age·1 and age-2 black

bass were calculated using observed mean lengths in cove samples and

length-weight relationships derived by the VDGIF (La Roche 1981,

Whitehurst 1985)

Estimates of numbers·at-age were used to calculate annual survival

(S) of age-0 and age—l black bass using the following formulae:

z = — ( 1ogeN,_-+1 - log8Nt) (2)

S = e'z (3)
x

where z=instantaneous rate of mortality and Nt=number of fish alive at

time t. Specifically, mortality estimates were derived by following

cohorts in successive years.

Cove rotenone data were not used to derive numbers of age 3 and older

black bass because I felt these age classes were under·represented in

August cove samples. Instead, survival estimates for age 2 and older

black basses were calculated using age composition data obtained from

spring and fall electrofishing samples. Although spring electrofishing

samples may provide the most unbiased estimate of population age structure

(Weithman et al. 1979), I included fall samples to increase sample size.
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Dent (1986) concluded that age structure of largemouth bass collected in

fall electrofishing samples was only slightly different than that of fish

collected in the spring.

Shoreline electrofishing was conducted periodically in April, May,

and November, 1983 and 1984, in both the upper and lower portions of the

reservoir. A boom·type, boat-mounted electroshocker with pulsed D-C

current was used for sampling. Bass were measured (TL to the nearest mm)

and weighed (g), and scale samples were collected for age determination.

Survival of black bass was derived by standard catch curve analysis

of age composition data (Ricker 1975), from 1983 and 1984 electrofishing

samples combined. Age 2 was considered the age at first full recruitment

to the electrofishing gear. Although this age was the most abundant in

both the largemouth bass and smallmouth bass samples, this assumption was

necessary to derive survival rates for age-2 fish. Survival was also

calculated using the method of Robson and Chapman (1961):

where T=N1+2N2+3N3+..„kNk’ ZN=N0 +N]_ +N2+....Nk , and Nk=Iu1mb¢I of

age k fish. Survival rates for age 2 and older black basses were applied

to population estimates of age-2 black basses in cove samples from 1979

to 1983 to derive the numbers of age 3 and 4 bass alive in 1983.

Gill nets were set annually in October, November, and December from

1974 to 1984 by the VDGIF to assess success of predator stocking (Hart

1978, La Roche 1981, Whitehurst 1985). Experimental, tri—panel gill nets
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(137 x 2.5 m) with bar mesh sizes of 38, 64, and 102 mm were used from

1974 to 1979. Beginning in 1980, single panel gill nets of 38, 64, and

102 mm mesh were used. Yearly netting was standardized; nets were set

the first week of each month at the same locations in the upper and lower

reservoir. Catch per unit effort (CPUE) was reported as number of fish

captured per mz of net mesh per sampling period; i.e., October, November,

and December combined. Ages of fish captured in nets were determined by

scale analysis.

Because stocking rates varied from year to year, yearly CPUE data

for each age class were combined for the 11-year period (Robson and

Chapman 1961, Ricker 1975). Instantaneous total mortality (and associ-

ated survival) was computed from a catch curve of these age composition

data. Age 2 was considered the first age fully recruited to the gear.

Survival rates were derived using the method of Robson and Chapman (1961).

Survival rates for age—l striped bass were calculated using the CPUE

data for successive years (i.e., survival of age—l striped bass in 1979

to age 2 in 1980) and equations 2 and 3 above. The mean of these derived

values was used as an estimate for age—l striped bass survival in Smith

Mountain Lake. Ricker (1975) indicated this method would avoid the dif-

ficulties caused by variable recruitment.

A daytime, roving creel survey was also conducted by the VDGIF from

June, 1973 to July, 1976 (Hart 1978). In addition, aerial surveys were

flown twice monthly from April, 1973 to December, 1976 to obtain an in-

dependent estimate of fishing pressure. Beginning in July, 1976 and

ending December, 1977, the survey was changed to a point access type, and
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a night survey was also ecndueted. '1'he ereel survey was designed by the

>
Institute of Statistics at North Carolina State University to determine

total fishing effort, total harvest,and average harvest rates of sport

fish. Harvest data were used with the derived survival rates to estimate
‘

the number of striped bass present in 1983. Because population estimates

incorporated results from the above analysis, the methodology involving

the use of harvest data is presented in Results.

Ylallmm

Gill net catch data from the VDGIF were inadequate to ealeulate total

mortality for walleye because: 1) the 1976 year class was absent; and 2)

gill net CPUE for walleye was recorded only since 1979. Walleye

fingerlings had been stoeked from 1970 to 1974 and were again stoeked in

L
1977, 1978, and 1979. No walleye have been stoeked in Smith Mountain Lake

since 1979.

Population estimates for walleye were derived from a synthesis of

data presented in two previous studies. Chance (1958) calculated an av-

erage exploitation rate (u) of 0.232 for walleye caught over an 18-year

period in Norris Reservoir, Tennessee. Assuming a Type I fishery (Rieker

1975), the calculated instantaneous rate of fishing mortality (F) from

this exploitation rate is 0.264 a1= 1-6**3. Kempinger and Carline (1977)

determined an average annual mortality (A) and exploitation rate of 0.47

and 0.28, respectively, for walleye in Escanaba Lake, Wisconsin. These

values were used to calculate an instantaneous rate of natural mortality
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(M) of 0.257 for walleye in Smith Mountain Lake using the following

equations

“=%i <5>
Z=F+I•! (6)

The calculated fishing mortality (0.264) and natural mortality (0.257)

were combined to approximate a total annual mortality rate for age 2 and

older walleye.

For lack of empirical data, I assumed that the mean survival rate

of striped bass fingerlings to age 2 was applicable to stocked walleye

fingerlings. Two-year survival rates were applied to the number of

walleye stocked each year to estimate the number of walleye in Smith

Mountain Lake in 1983.

I collected walleye in Smith Mountain Lake from April to December

1984 with experimental gill nets, 61 m long and 2 m deep. Nets consisted

of panels with bar meshes of 38 to 76 mm and were fished overnight each

week, from April to September. The presence of younger walleye (age 1-4)

in gill net samples indicated that some natural reproduction or immi-

p gration had occurred after 1979. The relative proportion of each age

group of walleye age 4 and less to age-5 walleye in 1984 gill net samples

was multiplied by the estimated number of age-5 walleye present in 1984

to derive numbers-at—age for younger age groups; i.e., ages 1-4. I used

the derived survival rate to back-calculate numbers within these age

groups in 1983.
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Results

Table 2.2 sumarizes the estimated survival rates and data sources

used to derive annual survival estimates for age 0 and older predators

in Smith Mountain Lake.

From the analyses of the August 1979-83 cove rotenone data, the es-

timated number of largemouth bass in Smith Mountain Lake ranged from

228,014 to 1,238,797 for age 0, 109,705 to 400,658 for age 1, and 40,754

Ä
to 155,195 for age-2 fish during the 5-year period (Table 2.3). Mean

annual survival estimates derived from these data were 53% and 29% for

age-0 and age-1 largemouth bass, respectively. The ealculated annual

survival rates for age 2 and older largemouth from catch curve analysis

was 37% (N=264, z=-1.007, r2=0.98). The survival estimate based on the

Robson-Chapman method was 39%. Although the Robson-Chapman method is less

A sensitive to variation in reeruitment then catch curve analysis, it be-

comes more biased when several year classes are used (Rieker 1975). Thus,

the average of these values, 38%, was used as an estimate of annual sur-

vival for largemouth bass age 2 and older. The total number of age 1 to

6 largemouth bass present in 1983 was 509,840 or approximately 61.2 bass

per ha (Table 2.4). Most of these bass (77%) were age 1.

Numbers of smallmouth bass in Smith Mountain Lake, estimated from

August rotenone samples, ranged from 23,477 to 203,894 for age-0 fish,

15,508 to 75,970 for age-1 fish, and 10,172 to 124,695 for age-2 fish

during the years 1979 to 1983 (Table 2.5). Mean survival estimates for

age-0 and age-1 smallmouth bass were 45% and 38%, respectively. Estimated

survival values over 100%, which occurred for age-0 and age-1 fish in 1979
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Table 2.2. Summary of annual survival estimates for age 0 and older
predators in Smith Mountain Lake and the source used to
derive the estimate.

Predator Age S Data source

Largemouth bass 0 .53 VDGIF cove rotenone

1 .29 VDGIF cove rotenone

2-6 .38 Electrofishing

Smallmouth bass 0 .45 VDGIF cove rotenone

1 .38 VDGIF cove rotenone

2-6 .29 Electrofishing

Striped bass 0 .21 VDGIF gill net/
creel survey

1 .40 VDGIF gill net

2-10 .40 VDGIF gill net

Walleye 0 .083 Two-year survival
age-0 striped
bass (this study)

2-8 .59 Chance (1958) and
Kempinger and
Carline (1977)

Chapter II 55



Table 2.3. Numbers of age•0 to 2 largemouth bass in Smith Mountain
Lake, 1979-1983. Estimates were derived from cove rotenone

. sampling data obtained in August of each year.

Age 1979 1980 1981 1982 1983

0 228,014 863,867 383,670 988,623 1,238,797

1 400,658 109,705 256,913 364,665 391,312

2 155,195 96,515 40,754 85,217 71,729
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Table 2.4. Estimates of the number of major fish predators, by

species and age, in Smith Mountain Lake during 1983.

Age Largemouth Smallmouth Striped Walleye
Bass Bass Bass

Q

1 391,312 40,122 81,482 88
Q

2 71,729 15,635 36,491 175
Q

3 32,382 6,695 11,024 794

4 5,885 2,697 5,283 7,886

5 5,296 3,041 545 4,847

6 3,236 72 883 2,494
Q

7 332 175
Q

8 106 401

M 9 39

10 42

Total 509,840 68,262 136,227 16,860

Q

Calculated from 1984 population estimate of walleye.
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Table 2.5. Numbers of age 0 to 2 smallmouth bass in Smith Mountain

Lake, 1979•1983. Estimates were derived from cove rotenone

sampling data obtained in August of each year.

Age 1979 1980 1981 1982 1983

0 23,477 203,894 83,106 48,074 61,784

1 40,160 75,970 69,137 15,508 40,122

2 10,172 124,695 32,064 23,087 15,635
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and age·1 fish in 1982, were discarded and not used in the mean survival

estimates. Annual survival for older fish, determined from catch curve

analysis, was 26% (N=58, z=-1.337, r2=0.88), and the derived survival

rate from the Robson·Chapman method was 31%. An annual survival rate of

29% was applied therefore to age 2 and older smallmouth bass in Smith

I Mountain Lake. I estimated that there were 68,262 ages 1 to 6 smallmouth

bass (8.2 per ha) in Smith Mountain Lake in 1983. Age-1 fish were most

abundant, comprising 59% of this total (Table 2.5).

Annual survival rates for age 2 and older striped bass, derived from

the combined age composition data, were 39% (catch curve, N=808, z=-.941,

r'=98) and 40.2% (Robson-Chapman method). Survival rates for age-1

striped bass ranged from 10.8% to 76.3% and averaged 39.9% for the 10—year

period, 1973-1983 (Table 2.6). A value of 40% was used therefore as the

estimate of mean annual survival for age 1 and older striped bass in Smith

Mountain Lake.

Examination of creel survey data indicated that a total of 18,577

striped bass were harvested by anglers in 1977. Although the survey was

initiated in 1973, 1977 was the only full year in which data were col-

lected from both day and night anglers. The survey indicated almost equal

numbers of striped bass caught during night and day. Creel data indicated

that 33% of the striped bass harvested from 1973 to 1975 were age 4, the

largest single age group of striped bass harvested by fishermen. Assuming

the age composition of harvested fish for 1977 wa: the same for fish

caught from 1973 to 1975, an estimated 6,130 age-4 striped bass (0.33 x

18,577) were caught by anglers in 1977.
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Table 2.6. Annual survival rates (%) for age 1 striped bass,

computed from gill net CPUE data collected by the

Virginia Department of Game and Inland Fisheries.

Year Annual
Interval Survival

1974-1975 10.8

1975-1976 33.3

1976-1977 38.3

1977-1978 75.2

1978-1979 26.1
8

1979-1980 110.5

1980-1981 45.1

1981-1982 14.1

1982-1983 76.3

8
This value was excluded from the
calculation of mean survival for age 1 fish.

Chapter II
60



Since natural mortality of age-4 striped bass was probably low, I

assumed that the estimated total mortality rate of 60% equaled an ex-

ploitation rate. Thus, the total number of age-4 striped bass in 1977

would be 10,217 (6130/0.6). Using this cohort size, the 40% annual sur-

vival estimate for age 1 and older striped bass, and the actual number

of fingerlings stocked in 1973 (293,295), the estimated annual survival

rate for fingerlings stocked in 1973 was 54.3%.

To determine survival (S) of fingerlings stocked each year from 1974

to 1983, I used the following formulaez

(1)
N

where 159,644 is the calculated number of age-1 striped bass in 1974

(0.543 x 293,295), 0.296 is the CPUE of age-1 striped bass in 1974, CX =

the CPUE of age-1 striped bass in year x, NX = the number of age-1 striped

bass in year x, and QX_1 = the number of fingerlings stocked the previous

year. As an example, 306,884 fingerlings were stocked in 1974. The re-

ported CPUE for these fish in 1975 was 0.111. N in 1975 is equal to

59,866, and the derived survival estimate for fingerlings stocked in 1974

is 19.5% (59,866/306,884). Although fry were stocked by the VCGIF from

X 1963 to 1979, I assumed that survival of these fish.was negligible (Bailey

1974). Annual survival rates of stocked striped bass fingerlings, after

1973, ranged from 3.9% to 30.5% and averaged 20.8% for the 11-year period,

1973-1983 (Table 2.7). There was a significant inverse correlation

(r=-0.7, N=11, P=0.0157) between the number of stocked fingerlings (D)
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Table 2.7. Total number of fingerling striped bass stocked,
CPUE of fish the following year, estimated number
of age-1 striped bass, and the estimated annual
survival (X) for stocked fingerlings in Smith
Mountain Lake, 1973-1984.

Year Number CPUE Number Annual
lnterval Stocked Age 1 Survival

~

1973-1974 293,925 .296 159,601 54.3

1974-1975 306,884 .111 59,842 19.5

1975-1976 455,241 .120 64,644 14.2

1976-1977 618,020 .150 80,961 13.1

1977-1978 416,732 .160 86,264 20.7

1978-1979 546,354 .040 21,308 3.9

1979-1980 809,246 .153 82,543 10.2

1980-1981 593,978 .128 68,901 11.6

1981-1982 412,790 .169 91,227 22.1

1982-1983 267,153 .151 81,482 30.5

1983-1984 205,654 .111 59,845 29.1
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and associated survival rates (S). The equation describing this re-

lationship was:

ln (S) = -0.0000027(D) + 4.043 (9)

Based on the relationship between stocking density and survival, a

stocking of approximately 430,000 fingerlings would produce the maximum

number of survivors each year in Smith Mountain Lake (Fig. 2.1). However,

the number of age-1 fish produced per an additional stocking of 10,000

fingerlings is minimal, i.e., an additional stocking of 10,000 fish

produces only 45 survivors at this stocking level. In contrast, at a

stocking rate of 200,000 (24/ha) fingerlings, an additional stocking of

10,000 fish produces slightly over 2000 survivors, a marginal yield of

approximately 20% (Fig. 2.2).

Although the period of time between stocking fingerlings in June to

gill net sampling of yearling striped bass the following fall (October,

November, December) was 16-18 months, survival estimates approximate an-

nual estimates for the following reasons. The 1977 creel harvest was an

annual estimate and the striped bass fishery in Smith Mountain Lake is

year-round. Since June is the middle of the year, I assumed the number

of age-4 striped bass estimated from the 1977 creel harvest were present

in June. Striped bass are stocked in June each year. Thus, survival

would be based on June 1973 to June 1977 estimates and would approximate

annual (12 month) survival.

Survival estimates applied to stocking rates indicated that 136,227

(16.3 per ha) age 1 and older striped bass were present in Smith Mountain

Lake in 1983 (Table 2.4). Only 27% of this total was comprised of age-1
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fish. The harvestable portion of the population, those exceeding 508 mm

TL (age 3 and older), comprised slightly more than 13% of the total.

Mean annual survival of stocked walleye fingerlings to age 2 was

8.3%. An annual survival value of 59% was calculated for walleye age 2

and older from previous studies (Chance 1958, Kempinger and Carline 1977).

A total of 16,860 (2.02 per ha) walleye age 1 and older was estimated for

1983 from stocking records and these derived survival rates (Table 2.4).

Age 4, the last cohort stocked in Smith Mountain Lake, was predominant,

comprising 47% of this total.

Discussion

Cove rotenone data indicated that the number of young-of·year black

bass fluctuated widely from year to year, with almost ten times more bass

fingerlings present in some years than in others. Year-class fluctuations

are common in reservoir fish populations and have been reported frequently

for largemouth bass in large reservoirs (Summerfelt 1975). In addition,

survival rates of age—0 largemouth and smallmouth bass in Smith Mountain

Lake were similar to the 55% survival reported for age—0 largemouth bass

in a Georgia re:ervoir (Hightower et al. 1982). The low number of age-0

black bass in 1979 may have resulted from a reproductive failure of

gizzard shad in 1978 (La Roche 1981), affecting black bass survival and

reproductive success in 1979 because of reduced food availability. Food

habit studies indicated that gizzard shad are an important food item for

black bass in Smith Mountain Lake, comprising as much as 57% of food items

found in bass stomachs during different seasons (Chapter I). It is pos-
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sible that due to a lack of food, smaller, sexually mature bass in 1978

may have had less energy available for sex products and spawning the

following spring. Hanson (1962) noted evidence of poor condition in

largemouth bass following a reproductive failure of gizzard shad in Bull

Shoals Reservoir, Arkansas.

The annual survival estimate (29%) for age·1 largemouth bass was very

similar to the 25.5% annual :urviva1 estimated for this species in an

Oklahoma reservoir (Zweiacker and Brown 1971), and the 24% survival re-

ported for Degray Lake, Arkansas (Dewey et al. 1981). Similarly, survival

rates of older (>age 2) largemouth bass in Smith Mountain Lake are in

agreement with rates reported for other southeastern reservoirs (Table

2.8). In addition, although population dynamics of smallmouth bass are

poorly defined in southern reservoirs, survival estimates for age 2 and

older smallmouth bass were similar to rates reported in other studies

(Table 2.9).

The population estimate for largemouth bass, 61.2 per ha, is lower

than the 86 to 163 age 1 and older largemouth bass per hectare estimated

for Degray Lake, Arkansas (Dewey and Moen 1981). However, my estimate

of 5.6 largemouth bass per ha, age 3 and older (those approximately

greater than 305 mm in TL) in Smith Mountain Lake in 1983 is similar to

values in previous studies. Aggus and Rainwater (1975) estimated that

there were 4.9 largemouth per ha, greater than 300 mm TL, in Beaver Lake,

Arkansas; Farman et al.(1982) estimated 6.7 bass/ha of this size in Back

Bay, Virginia.
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Table 2.8. Annual survival rates of largemouth bass from
selected aoutheastern reservoirs.

. Annual
Locality Survival Source

Lake Carl Blackwell, OK .40-.47 Zweiacker and Brown 1971

Beaver Lake, AR .34-.74 House: and Rainwater 1975

Bull Shoals Lake, AR .31-.74 Houser and Rainwater 1975

Lake Tobesofkee, GA .089 Ager 1978

Center Hill Reservoir, TN .42 Yeager and Van Den Avyle 1978

Degray Lake, AR .08-.69 Dewey and Moen 1981

Smith Mountain Lake, VA .38 This study

i
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Table 2.9. Annual survival rates of smallmouth bass from
selected water bodies in the United States.

Annual
Locality Survival Source

U. S. streams .34-.49 Fajen 1975

Large natural lakes .30-.76 Latta 1975

Center Hill Reservoir, TN .35 Yeager and Van Den Avyle 1978

Brownlee Reservoir, ID .27 Rohrer 1985

Merle Collins Reservoir, CA .16 Pelzman et al. 1980

Smith Mountain Lake, VA .29 This study

i
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Survival estimates for young-of-year and older black bass may be

biased. The value of 0.8, used to correct for non·recovery of tagged

fish, may be too high for smaller, age-O bass. Smaller fish would be less

apparent to collectors and thus recovery of these fish would be reduced.

A lesser value, such as 0.6 (Grinstead et al. 1976), would increase the

estimate for young-of-year bass and decrease survival rates. Computed

survival estimates of over 100% for some cohorts of age-0 smallmouth bass

indicate that cove rotenone data do not consistently represent population

size or structure of smallmouth bass in Smith Mountain Lake. Smallmouth

bass are generally located in portions of the lower reservoir where deep,

clear water coves with steep shorelines make rotenone sampling impracti·

cal.

Size selectivity of electrofishing gear also may have affected the

accuracy of survival estimates for age 2 and older black basses (Reynolds

1983), and it is probable that sample size was insufficient to provide

an unbiased estimate of stock structure (Dent 1986). Sampling bias would

be exacerbated for smallmouth bass due to their habitat preference and

the associated reduction in vulnerability to electrofishing gear.

Unlike largemouth bass, survival rates of striped bass have not been

adequately determined in southern reservoirs, primarily because striped

bass are pelagic and unavailable to traditional sampling techniques such

as use of rotenone. However, my survival estimates agree well with annual

rates determined for striped bass and other Mgggng spp. in freshwater

systems. Annual survival of striped bass in the Sacramento—San Joaquin

river system varied from 32% to 69% (Chadwick 1968, Miller 1974) and from
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22% to 68% for striped bass from the Hudson River (Hoff et al., in press).

Germann and Brunch (1983) calculated a survival rate of 30.9% to 39.9%

for Mgrgng hybrids in Clarks Hill Reservoir, Tennessee, and Moss and

Lawson (1982) e:timated annual survival of 30.9% for age-1 Mgrgng hybrids

in an Alabama Lake. Annual survival of white bass (ügrgng ghrysggs) av-

eraged 40% in Beaver Reservoir, Arkansas (Yellayi and Kilambi 1975).

Use of these survival estimates (in conjunction with stocking rates,

1977 harvest data, and relative abundance of yearling striped bass from

year to year) allowed me to estimate striped bass abundance. My use of

harvest data in conjunction with mortality estimates is similar to virtual

population or cohort analysis, used previously for a largemouth bass

fishery in Lake Fort Smith, Arkansas (Cole 1966). Unlike cohort analysis,

in which a minimum population size is estimated from mortality rates and

sequential harvest estimates, I used striped bass harvest data to estimate

survival of stocked fingerlings. Use of CPUE data from gill net sampling

then allowed me to determine survival rates for stocked fish in successive

years and incorporate yearling and adult survival estimates to determine

population size.

My estimates indicate that survival of striped bass fingerlings was

highest in 1973, dropped to a low in 1978, and then increased in the early

1980°s. The reproductive failure of gizzard shad, and possibly alewives,

in 1978, may explain the low survival rate of striped bass fingerlings

observed that year since young-of-year clupeids are an important source

of food for young striped bass in Smith Mountain Lake (Chapter I). Re-

duced fingerling survival in 1978, 1979, and 1980 would account for the
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reduced harvest rates reported for striped bass in the early 1980°s (La

Roche 1981, Whitehurst 1985).

The negative correlation between the number of stocked fingerlings

and associated survival rates appears to indicate a decreasing trend in

survival with increasing number of fingerlings stocked, i.e., survival

rate of fingerlings is density-dependent. Similarly, relative survival

rates of striped bass fingerlings in Watts Bar Reservoir, Tennessee, were

inversely related to stocking density (Van Den Avyle and Higginbotham

1979). This inverse relationship would be expected since prey resources

are finite and density—independent mechanisms of mortality operate pri-

marily on striped bass at life stages prior to fingerling size (Logan

1985).

The relationship between stocking density and survival indicated

that approximately 430,000 fingerlings would produce the maximum number

of age-1 striped bass. However, based on the marginal yield curve, the

costs of stocking striped bass at this level would probably outweigh the

benefit of the small number of additional survivors. Without a detailed

analysis of the costs per fingerling stocked as well as the value of

survivors, a level of stocking where the marginal yield was less than 20%,

such as more than 24/ha, may be suboptimal.

Cove rotenone data can be used as an independent estimate of popu-

lation size for comparison with my population estimate of striped bass.

A total of 19 striped bass/ha were collected in 1983 rotenone samples by

VDGIF biologists. Adjusting this number for non-recovery of tagged fish

(80% recovery; Whitehurst 1985) and cove/open water ratios (0.5; Jenkins
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and Morais 1978) results in a population estimate of 47.5 striped bass/ha.

Although cove rotenone samples are biased against pelagic predators, this

estimate compares favorably with my estimate of 41 striped bass per ha

(stocked fingerlings plus age 1 and older striped bass.)

Striped bass population estimates rely on the accuracy of the 1977

harvest data and the use of gill net data as an index of relative abun-

dance for yearling striped bass. Creel surveys can provide a reasonably

accurate estimate of harvest (Malvestuto 1983), and standard gill net

sampling schemes tend to be unbiased when tracking the relative abundance

of a species over time (Powell et al. 1971). Although I could not de-

termine selectivity curves, the use of several mesh sizes by the VDGIF

probably reduced sampling bias (Hamley 1975). However, the survival value

of over 100% calculated for age—l striped bass in 1979 indicates some gear

selectivity or bias due to fish behavior; e.g., schooling.

Smith Mountain Lake does not exhibit the temperature and dissolved

oxygen conditions that limit survival of striped bass in other southern

reservoirs (Coutant 1985); consequently, natural mortality of striped

bass in Smith Mountain Lake is probably low. In the absence of empirical

data, my assumption that all the mortality for age-4 fish in 1977 was due

to fishing is reasonable. Accounting for natural mortality would decrease

the exploitation rate and increase population estimates. Thus, derived

population estimates may be slightly conservative.

Population estimates for walleye are less accurate than those cal-

culated for other predators in Smith Mountain Lake, primarily because I

was unable to derive population estimates from VDGIF or other sampling
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statistics. The exploitation rate of walleye in Smith Mountain Lake is

probably lower then the 23.2% observed in Norris Reservoir (Chance 1958),

since stocking was discontinued because anglers were apparently not har-

vesting walleye. The natural mortality value for walleye, derived by

Kempinger and Carline (1977), could be an underestimate for the walleye

population in Smith Mountain Lake, as natural mortality may be higher in

southern waters than in northern lakes (Hackney and Holbrook 1978).

However, the computed annual survival rate (59%) is within the range of

45-60% reported as a common annual survival rate observed in exploited

walleye populations (Colby et al. 1979) and agrees well with 44-58%, the

mean survival rates for walleye ages 3 to 8 in three main-stem reservoirs

on the Missouri River (Nelson and Walburg 1977). Unfortunately, I could

not compare my population estimates of walleye in 1983 to cove rotenone

data since no walleye were collected in cove samples that year.

Population estimates indicate that largemouth bass was the most

abundant gamefish of those sampled. These estimates and those for

smallmouth bass substantiate data that indicate the black bass population

is recovering from the overfishing that occurred in the mid-1970's

(Whitehurst 1985). In 1983, harvestable striped bass were second only

to legal•sized largemouth bass in number of gamefish exceeding minimum

size limits for harvest. An increase in survival rates of striped bass

fingerlings stocked since 1978 indicates that the striped bass fishery

may improve significantly in the late 1980's as the potential number of

striped bass reaching harvestable size increases. Finally, population

estimates indicate that the walleye population is declining, probably

i
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because of the discontinued stocking and negligible natural reproduction.

As the 1978 and 1979 year classes mature and succumb to natural and

fishing mortality, walleye will comprise less of the predator biomass and

angler harvest in future years.

In conclusion, this study illustrates how several different sampling

techniques can be combined to estimate predator population size and

structure in a reservoir. Although these techniques were developed with

the best available data, they are not without bias. The methodology de-

veloped for striped bass will probably be the most useful to reservoir

managers because the data bases used in this study exist for other res-

ervoirs. Possible uses of this methodology include better estimates of

pelagic predator biomass for AP/P ratios, more accurate estimates of

stocking success, and greater predictive capabilities to quantify the

impact of introduced, pelagic predators on native predators and the forage

base.

i
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Application of Bioenergetics Models to the Predator Assemblage in smith

Mountain Lake, Virginia

Introduction -

Introduced to utilize abundant clupeid populations, striped bass

have become an important component of the predator complex in many res-

ervoirs across the United States. However, Axon and Whitehurst (1985),

in a nationwide survey of fisheries agencies, reported that a lack of

information on predator·prey relations was one of the major limitations

to successful management of striped bass in freshwater impoundments.

Introductions of striped bass have generally occurred without adequate

consideration of either the amount of forage necessary to sustain healthy

populations of striped bass or the potential impact of these introductions

on other predators in the system. That striped bass can overcrop their

food supply (Stevens 1969, Morris and Follis 1978, Keith 1986, Summerfelt

1986) indicates the need for a quantitative measurement of potential

forage demand by stocked, striped bass cohorts.

A potential technique for assessing this forage demand is

bioenergetics modeling. Bioenergetic models have been developed for a

number of fish species to address both autecological and synecological

questions (Kitchell 1983), and a number of reviews have been published

*
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(Brett and Groves 1979, Elliot 1979, Cho et al. 1982, Brett 1983, Kitchell

1983, Brafield 1985, Soofiani and Hawkins 1985). Bioenergetics method-

ology has been used to quantify the impact of stocked salmonids on the

forage base of Lake Michigan (Stewart et al. 1981), the potential demand

of largemouth bass populations for gizzard shad in Ohio reservoirs

(Carline et al. 1984), and the impact of walleye predatiou on the prey

assemblage of a small Wisconsin lake (Lyons 1984). Recently, Bevelhimer

et al. (1985) used a bioenergetic mbdel to predict how three esocids,

northern pike (Egg; lggigg), tiger musky, and muskellunge (Eg

mggggiggggy) would perform in Ohio reservoirs under different stocking

regimes, which included fingerling size, time of stocking, and different

thermal conditions.

Although a number of studies have been completed on the physiology

of striped bass (reviewed by Westin and.Rogers 1978, Setzler et al. 1980),

no one has derived a complete energetics model for piscivorous sizes of

this species. Eldridge et al. (1982) compiled an energy budget for

striped bass embryos and larvae based on extensive laboratory research.

Connolly and Tonelli (1985) developed a model to estimate the

bioaccumulation of Kepone by striped bass in the James River estuary,

Virginia. Although the latter model was adequate for their study, it

would produce substantial error in other ecological applications prima-

rily because of inadequate respiration data and a potentially inaccurate

value for assimilation efficiency; 1.as, Winberg°s (1956) value of 0.8.

. I developed a bioenergetics model for striped bass based on a com-

pilation of data collected in several studies on striped bass metabolism
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and growth. Energetics information for several ecologically similar

species was used to bridge various information gaps. My model is struc-

turally similar to the model developed by Kitchell et al. (1974) and

subsequently used and improved by Kitchell et al. (1977), Kitchell and

Breck (1980), Rice et al. (1983), and Stewart et al. (1983).

Because bioenergetics modeling is probably the most cost effective

and accurate method for estimating annual forage demand by a predator

population (Stewart et al. 1983), the striped bass bionergetics model was

used to derive estimates of total annual consumption of prey from observed

striped bass growth during 1983 and 1984 in Smith Mountain Lake, Virginia.

Striped bass consumption estimates were compared to estimates derived for

three other abundant predators that coexist in the reservoir; largemouth

bass, smallmouth bass, and walleye. Consumption estimates for these

predators were derived using bioenergetics models developed for

largemouth bass (Rice et al. 1983) and walleye (Kitchell et al. 1977).

Annual estimates of demand for gizzard shad and alewife, the principal

prey species consumed by predators in Smith Mountain Lake, were then

evaluated to address two questions:

1. Are introduced and native predator populations compatible

in Smith Mountain Lake?

2. Can estimates of predator demand be used to determine

striped bass stocking strategies?
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The Bioenergetics Model

The equation used to describe the energetics of predators in Smith

Mountain Lake is similar to that initially proposed by Ivlev (1939) and

popularized by Winberg (1956). The mass balanced energy equation is of

the general form:

C = G + R + F + U + SDA

where each component is a specific rate fol consumption (C), growth (G),

respiration (R), egestion (F), excretion (U), and specific dynamic action

(SDA). All units for the equation are expressed in biomass equivalents;

i.e., g/g day.

Recently, Hewett and Johnson (1987) developed a microcomputer pro-

gram to implement the bioenergetics equation for any species based on

appropriate species-specific and site-specific parameters. The program

is derived from the FORTRAN model developed by Weininger (1978) and

Stewart (1980). Species-specific data needed to implement the model in-

clude the various parameters used to derive the components of the ener-

getics equation discussed above. Site-specific data include information

on water temperature, diet, energy values of predators and prey, and

predator growth (weight).

The species-specific variables used to model the energetics of

walleye (Table 3.1) and largemouth bass (Table 3.2) are nearly identical

to those derived by Kitchell et al. (1977) and Rice et al. (1983), with

few minor exceptions. Smallmouth bass energetics were modeled using

largemouth bass parameters with minor modifications (Table 3.2). The

following discussion of model development will focus on the derivation

*
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Table 3.1. Symbols and parameter values used to implement the
bioenergetics model for walleye. Values are from
Kitchell et al. (1977).

Reference Parameter
Equation Symbol Parameter Description Value

1 al Intercept for maximum
consumption .25

bl Slope for maximum
consumption -.27

Tcc Optimum temperature
for consumption 22

Tmc Maximum temperature
for consumption 27

Q Slope for temperature
dependence of consumption 2.3

2 az Intercept for maximum
standard respiration .035

bz Slope for maximum
standard respiration -.2

Tcr Optimum temperature for
standard respiratiou 27

Tmc Maximum temperature for
standard respiration 32

Q Slope for temperature
dependence of standard 2.1
respiration

A Active metabolism
multiplier 1.0

i
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Table 3.1. (Continued )

4 S Specific dynamic action
coefficient 0.172

5 FA Intercept for proportion
of oonsumed food egested .158

FB Coefficient for egestion
vs temperature -.222

PG Coefficient for egestion
vs feeding level .631

6 UA Intercept for proportion
of consumed food excreted .0292

- UB Coefficient for excretion
vs temperature .58

UG Coefficient for excretion
vs feeding level -.299
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Table 3.2. Symbols and parameter values used to implement the
bioenergetics model for black basses. Values are
from Rice et al. (1983).

Reference Parameter
Equation Symbol Parameter Description Value

1 al Intercept for maximum
consumption .33

bl Slope for maximum
consumption -.325

Toc Optimum temperature
for consumption
largemouth bass 27.5
smallmouth bass 26

Tmc Maximum temperature
for consumption

largemouth bass 37
smallmouth bass 35

Q Slope for temperature
dependence of consumption 2.3

3 az Intercept for maximum
standard respiration .008352

bz Slope for maximum

A standard respiration -.355

m Coefficient for temperature
dependence of respiration .0313

g Coefficient for swimming
speed dependence of
respiration .0196

4 S Specific dynamic action
coefficient . 163

7 f Proportion of consumed
food egested .104

8 u Proportion of consumed
food excreted .079
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of striped bass parameters (Table 3.3), but will include discussion of

the other predators for comparative purposes and review. Site·specific

parameters are discussed in detail for all predators.

Qmsumtieu

The specific consumption rate for fish is a function of both weight

and temperature and is a proportion of the physiological maximum con-
l

sumption, Cmcx, such that

C=CmaxxPxrc (1)

where Cmcx= maximum consumption at the optimum temperature (Tcc). Cmax

is equivalent to alßbl, where al and bl are allometric constants and B

is wet weight in grams; P = proportionality constant of maximum ration

that varies from 0 to 1; and fc = a temperature dependent proportional

scalar of consumption rate equivalent to (VX)(ex(l—V)) such that

V=.hsi..
Tmc‘Toc

X _ v2(1 + (1 + aom°·5)2
" 400

W = ( ln Q)(Tmc —
Tcc)

Y= ( ln Q)(Tmc — Tcc + 2)

The fc function, developed by O'Neill et al. (1972), increases to a

maximum value of 1.0 at the optimum temperature, Tcc, and declines to 0

at the maximum temperature for consumption, Tmc. As the value of fc in-
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Table 3.3. Symbols and parameter values used to implement
the bioenergetics model for atriped bass.

Reference Parameter
Equation Symbol Parameter Description Value

l al Intercept for maximum
consumption .33

bl Slope for maximum
consumption -.30

Toc Optimum temperature
for consumption 25,22,20

Tmc Maximum temperature
for consumption 30,27,25

Q Slope for temperature
depandence of consumption 2.26

2 az Intercept for maximum
standard respiration .02192

bz Slope for maximum
standard respiration -.234

Tcl Optimum temperature for
standard respiration 30,27,25

Tmt Maximum temperature for
standard respiration 35,32,30

Q Slope for temperature
dependence of standard 2.5
respiration

A Active metabolism
multiplier 2.0

4 S Specific dynamic action
coefficient .172

7 f Proportion of consumed
food egested .104

8 u Proportion of consumed
food excreted .068

l
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creases with increasing temperature up to Toc, the slope of the function,

Q, approximates a Qlg for the rate. Qlo is a temperature coefficient used

to describe a change in rate with an increase in temperature of 1006 .

No study has adequately assessed the body-size dependence of Chax

l for striped bass and as a result, al and bl could not be derived from

empirical data. I assumed a value of 0.33 for al, the identical value

derived by Rice et al. (1983) from the studies of Niimi and Beamish

(1974). The intercept of the function relating maximum consumption to

weight at the optimum temperature, al , can be interpreted as the percent

of maximum daily ration (i.e., 33%) consumed by a 1 g striped bass. This

value is a reasonable approximation. Rogers and Westin (1978) observed

newly feeding striped bass larvae to consume 25% of their body weight per

day, on a dry weight basis, of live Agggmlg nauplii at 2206. Assuming a

similar relationship between dry and wet weight values as determined for

larger juveniles in their study, this value would equate to approximately

40% on a wet weight basis. That these larvae weighed less than 1 g in-

dicates this value would be less than 40% for a 1 g fish. My assumed value

for al is greater than the al values of 0.25 and 0.26, assumed for walleye

(Kitchell et al. 1977) and derived for lake trout (Stewart et al. 1983),

respectively. However, it is reasonably close to 0.3, the value measured

for lamprey (fggggmyzgg mggings) (Kitchell and Breck 1980), sockeye

salmon (gnggrhgnghgs ggrka) (Brett 1971), and assumed for skipjack tuna

(ßgtgyygggg pglgmis) (Kitchell et al. 1978).

The weight dependence exponent for maximum consumption, bl , was set

equal to -0.3 for striped bas:. This value falls between -0.27, the bl
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for walleye (Kitchell et al. 1977), and -0.325, the exponent used for

largemouth bass (Rice et al. 1983). It is more than -0.327, the value

derived for lake trout (Stewart et al. 1983), and is nearly twice -0.18,

the exponent used by Bevelhimer et al (1983) to model esocid metabolism.

The value of Q, the slope of the fc function, was derived from data

measured by Cox and Coutant (1981) in laboratory experiments with juvenile

striped bass. They measured consumption rates for 13 groups of 8 to 10

juvenile striped bass fed an unrestricted ration of fathead minnows at

constant temperatures ranging from 16°0 to 3400. These data, presented

as consumption per group on a gram per day basis, were regressed against

temperatures up to 2500, the optimum temperature for consumption (see

below). The slope of the line (N=6, r2=0.857, p=0.0081) was equal to

0.0814, which equates to a Q of 2.26 (a0·0814x1o). This Q is very close

to 2.3, the value used for bluegill (Kitchell et al. 1974), walleye and

yellow perch (Kitchell et al. 1977), and lamprey (Kitchell and Breck

1980). The temperature dependence coefficient used by Rice et al. (1983)

for largemouth bass equates to a Q of 2.65.

Oxygen consumption is a function of size, water temperature, and

activity. I used a model functionally similar to that developed by

Kitchell et al. (1977) to derive the specific respiration rate (R) for

k striped bass:

(2)
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where Rhax== the specific standard respiration rate equivalent to the

allometric relationship, azBb2 , where az and bz are species-specific

constants; A = a parameter (Winberg multiplier) to account for activity

metabolism; and rr== temperature dependent proportional adjustment of

respiration rate ranging from 0 to 1. This value is derived in a manner

analogous to that previously discussed for consumption.

The parameter az is the intercept of the line relating maximum spe-

cific standard metabolism to weight at the optimum temperature, T°r, for

respiration (i.e., specific standard metabolism of a 1 g fish at Tor).

Standard metabolism is highly variable among species (Brafield 1985).

Kitchell et al. (1977) used respiration data for yellow perch to derive

an az of 0.035 for walleye. Rice and Breck (unpublished manuscript) used

multiple linear regression techniques to synthesize fish respiration data

for striped bass from the laboratory work of Kruger and Brocksen (1978).

Kruger and Brocksen (1978) determined the oxygen consumption of striped

bass at three water velocities (1, S, 10 cm/s) and at five water temper-

atures (8, 12, 16, 20, 2408); sizes of striped bass ranged from 22.5 to

68.4 g. The derived equation from their data was as follows:

where B=weight (grams), T=temperature (08), and SS=swiming speed (cm/s).

For a 1 g striped bass at 3008, the optimum temperature for respiration,

and 0 cm/s, az, is equal to 0.02192.

This az value compares favorably with the work of Klyashtorin and

Yarzhombek (1975), who studied the respiration of striped bass (0.3 to
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22 g) at different temperatures and oxygen concentrations. Their data

indicated that a 1 g fish would consume 0.0132 to 0.0168 g Oz/g day at

2206 (interpolated from Figs. 4 and 5 in Klyashtorin and Yarzhombek 1975).

l
Using the equation derived from Kruger and Brocksen (1978), a 1 g striped

bass at 2206 would consume 0.0105 g Oz/g day. The close similarity be-

tween the results of these very different investigations indicates that

my value for az, 0.02192, is a realistic approximation.

The weight dependence coefficient (bz) of -0.234 was derived from

Kruger and Brocksen (1978) and used in my modeling simulations of striped

bass metabolism. Although only a small range of weights was exper-

imentally tested; i.e., 22.5 to 68.4 g, the value is very close to -0.2,

the value postulated by Winberg (1956) to represent the weight dependence

of metabolism for a representative fish species, and the value (-0.2) used

by Kitchell et al. (1977) for walleye. The weight dependence coefficient

also agrees well with other studies on striped bass metabolism. Con-

verting the value of 0.72 (Eldridge et al. 1982) to a specific rate

equates to a value of -0.28 for larval striped bass. Klyashtorin and

Yarzhombek (1975) measured a bz value of -0.25 for juvenile striped bass. ‘

My coefficient is substantially greater than -0.355, the weight depend-

ence exponent derived for largemouth bass by Rice et al. (1983) from the

data of Beamish (1970), but within the range of values used to model

salmonid metabolism, -0.295 to -0.217 (Stewart 1980).

The temperature dependence coefficient for striped bass metabolism,

0.0917, derived from Kruger and Brocksen (1978) data, equates to a Q10

of 2.5. This value approximates Q for the rr function and is slightly
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higher than 2.0, the Q equal to the temperature dependence derived by

Klyashtorin and Yarzhombek (1975), as calculated for striped bass by Lewis

et al. (1981). Comparable Q values used by other researchers include 2.1

for bluegill (Kitchell et al. 1974), walleye and yellow perch (Kitchell

et al. 1977), and lamprey (Kitchell and Breck 1980) and 1.8 to 2.0 for

salmonids (Stewart 1980). The temperature dependence coefficient derived

for largemouth equates to a Q of 1.4 (Rice et al. 1983).

I compared the respiration values for striped bass derived by Kruger

and Brocksen (1978) to those of Neumann et al. (1981). Connelly and

Tonelli (1985) used data from this latter study to model striped bass

respiration dynamics. Neumann et al. (1981) determined oxygen consump-

tion rates for striped bass swimming at three speeds and two temperatures.

Although measurements for individual fish were not available, I used the

derived equations (a total of six for two temperatures at three swimming

speeds) to compute oxygen consumption of striped bass within the range

of weights tested by Neumann et al. (1981). I then used multiple linear

regression to derive a single equation representing these data:

R
_ °_02815B·0.45460. 0322T60.0128SS

For a 1 g fish at 3006 (Tbr), the value for az would be 0.074, more than

twice the value used in my model. However, the bz value of -0.454 is far

outside the range of -0.3 to -0.2 observed for most species, and the Q

of 1.4, corresponding to the temperature coefficient 0.0322, is likely

biased since only two temperatures were used. The derived equation dif-

fers from that used by Connelly and Tonelli (1985):
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R = 0_0aa3B-0.3a03T80.0l76SS

Although the authors do not discuss how this equation was derived from

the data of Neumann et al. (1981), they do mention that the bz parameter

was artificially restricted to -0.3. I recognize that the use of original

data may have modified my equation, especially since rz values of the

six equations range as low as 0.12. However, the bias involved in the

data and analyses indicates that the parameters derived from the Kruger

and Brocksen (1978) data, as outlined above, are probably more acceptable

for modeling purposes.

Winberg°s (1956) review of piscine metabolic research led him to .

conclude that a multiple of standard metabolism could be used to calculate

the additional metabolic costs resulting from activity. He assumed a

value of 2 (Winberg II multiplier) for the activity parameter. In the

absence of complete information on the activity metabolism of striped

bass, I assumed that the same value was applicable to striped bass re-

spiratory costs.

Although there is no physiological reason to explain why activity

metabolism is equal to a constant times standard metabolism (From and

Rasmussen 1984), a number of studies have assumed such a relationship

(Mann 1978). Penczak et al. (1984) used a value of twice standard

metabolism to estimate the total metabolism of fish species in two Polish

rivers. Similarly, Kitchell et al. (1978) cited research indicating that

a value twice standard metabolism might be a reasonable estimate of ac-

tivity metabolism for both yellowfin and skipjack tuna. An activity
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multiplier of less than two has been used for less mobile fishes. Stewart

(1980) used a swim speed model to estimate that activity multipliers for

lake trout ranged from 1.4, at low temperature and small size, to 1.9,

at high temperature and large size. Kitchell et al. (1977) assumed an A

equal to 1 for walleye, based on field data that indicated little

locomotor activity. Minton and McC1ean (1982) assumed a similar re-

lationship for sauger in a Tennessee reservoir. Adams et al. (1982b)

found that activity metabolism varied with time of year as well as sex,

and ranged from 0.18 to 1.44 times standard metabolism for largemouth

bass. Bevelhimer et al. (1985) incorporated measurements of swimming

speed, number of daily feeding bouts, and the amount of burst and cruise

swimming to determine that activity increased metabolic costs 13% over

the standard metabolic rate for esocids. This estimate was not very

different from Diana‘s (1983) assumption that activity costs of northern .

pike were negligible (i.e., A=l) based on telemetry observations.

My value of A (2.0) is probably a reasonable estimate for striped

bass. Yarzhombek and Klyashtorin (1974) determined that metabolism at

standard activity was 1.3 times the calculated resting metabolism for 1

to 3 g striped bass. However, activity measurements were made on fish

maintained in small, glass flasks, with activity induced by mechanical

and electrical methods. Thus, their multiple is probably not an accurate

estimate of activity metabolism in the wild. Kruger and Brocksen (1978)

„ determined that a value of five times the standard metabolic rate would
U

equal the metabolic cost of a juvenile striped bass at the maximum swim-

ming speed of 60 cm/s (as measured by Painter and Wixcom 1967). At more

Chapter III 91

1



reasonable swimming speeds, 10 to 20 cm/s, oxygen consumption would range

from 1.6 to 2.8 times the standard metabolic rate, assuming oxygen con-

sumption at activity varies directly with the specified weight and tem-

perature dependence coefficients of standard respiration.

Activity metabolism of striped bass is likely a complex relationship

of numerous factors. Activity includes a variety of behaviors dominated

by swimming (Brett and Groves 1979, Soofiani and Hawkins 1985). Neumann

et al. (1981) hypothesized, based on laboratory results indicating juve-

nile striped bass were weak swimmers and adults exhibited extensive

coastal migrations, that swimming ability of striped bass with increasing

age could best be described by a sigmoidal curve. Additional complexities

include the confounding factors of aerobic vs anaerobic metabolism (Webb

1978, Priede 1985), and the fact that striped bass are facultative ram

ventilators (Freadman 1979). Research consisting of swim speed measure-

ments for striped bass at various sizes, temperatures and speeds, as well

as optimal (or standard) swimming speeds and field measurements of ac-

tivity, are necessary to adequately characterize the activity metabolism

of striped bass.

Stewart (1980) developed a swim speed model to account for metabolism

of lake trout, based on an extensive study that incorporated measurements

of the above variables. Similarly, Rice et al. (1983) developed a sim-

pler swim speed model for largemouth bass from the experimental work of

Beamish (1970). The equation for largemouth bass was as follows:

R= 0_3[,,7B•0.355e0.03l3Ta0.O196SS (3)

i
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The constant az, 0.347, was converted to 0.008352 g/g day for implemen-

tation in my bioenergetic model.

The metabolic costs of digestion, absorption, and assimilation of

food plus specific dynamic action (SDA) are considered additional re-

spiratory costs and defined as apparent SDA (Beamish 1974). Most of the

energy of apparent SDA is associated with SDA, which in turn is primarily

involved in deamination of proteins (Soofiani and Hawkins 1985). Many

investigators have modeled SDA as a proportion of total consumption or

ingested energy. However, error may result when the diet changes from

invertebrates to fish or becomes heterogeneous (Stewart et al. 1983).

Thus, I modeled SDA as a proportion (S) of the assimilated energy for all

four predators such that

SDA = S(Consumption-Egestion) (4)

I assumed that S was independent of both temperature and ration size

(Stewart 1983). Beamish (1974) determined that SDA was 17.2% of

metabolizable energy for fish on a piscivorous diet, and I used this value

of S for striped bass and walleye. However, to account for the more

heterogeneous diet of largemouth bass, I set the value at 16.3% (Rice

1981) and used this value for both largemouth and smallmouth bass.

Values of Tcc, Tmc, Tor , and Tmr, the optimum and maximum temper-

atures for consumption and respiration, respectively, define the temper-
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ature dependent proportional adjustments, re and rt. Temperature values

for striped bass were derived from research conducted by personnel of the

Oak Ridge National Research Laboratory. Optima and maxima were derived

in a manner analogous to that used for walleye and yellow perch (Kitchell

et al. 1977).

Cox and Coutant (1981) found that 2500 was the optimum temperature

for consumption and growth of juvenile striped bass. This value is in

agreement with the work of Cech et al. (1984). Although there has been

no adequate measure of upper incipient lethal temperature, juvenile

striped bass died at temperatures above 3500 (Davies 1973). I considered

3500 as the upper incipient lethal temperature and the maximum temperature

for respiration, The. A temperature of 3000, midpoint between 2500 and

3500, was chosen to represent the ~aximum temperature for consumption

(The) and the optimum temperature for respiration (Ter). The and Ter

should correspond to the highest preferred temperature for striped bass.

The 3000 value is midpoint between 2900 and 3100, the highest preferred

temperatures of juvenile striped bass acclimated at 2400 (Texas Instru-

ments 1976).

There is a marked ontogenetic shift in thermal preferenda with age

of striped bass. Temperature selection of subadult (age 2-4) striped bass

ranged from 20-2400 (Coutant and Carroll 1980) and 18-2200 for adults

(age 5-10) in freshwater impoundments (Scheich and Coutant 1980). Since

thermal preferenda and optima are equivalent for most species (Beitinger

and Fitzpatrick 1979), I used the midpoint of these ranges, 2200 and

2000 as The for consumption by subadult and adult striped bass, respec-
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tively. The values of The,Ter, and The for subadult and adult striped

bass were scaled accordingly. The respective values (00) for juvenile,

subadult, and adult striped bass were 25, 22, and 20 for Tee , 30, 27,

25 for The and Ter, and 35, 32, and 30 for The.

Kitchell et al. (1977) used values of 22, 27, 27, and 3200 for the

The, The, Ter, and Thr of walleye, respectively. Similarly, the Tee and

The for largemouth bass are 27.5 and 3700 (Rice et al. 1983). To reflect

the differing thermal preferences of smallmouth bass, Tee and The were

set equal to 2600 and 3500, respectively (Coutant 1975).

Elliott (1976) developed relatively complex relationships to explain

egestion and excretion rates for brown trout, äglmg trgttg. His equations

related these rates to ration size, weight of the fish and temperature.

These relationships, with slight modifications, were used by Kitchell et

al. (1977) to model egestion (F) and excretion (U) rates for percids.

These equations were of the form:

p=gg_158T·0.222e0.631P (5)

y,_.gQ_02g2g·0.S8e.-0.299P (6)

where C is consumption, T is temperature, and P is the proportionality

constant.

Research on egestion and excretion rates for striped bass is lacking.

I therefore modeled egestion (F) for striped bass with a function iden-

tical to that used for largemouth bass by Rice et al. (1983), as derived

from the work of Beamish (1972):
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F = f C (7)

where f=proportion of consumed energy (C) egested. I set the value of f

equal to 0.104, the same value used for largemouth bass (Rice et al.

1983).

Cox and Coutant (1981) measured defecation rates for six schools of

striped bass at different temperatures. Each school consisted of 8 to

10 fish fed an unrestricted ration of fathead minnows. Although the data

were not sufficient to determine a proportionality constant, the trend

in defecation rate with temperature closely parallels that of specific

consumption rate with temperature (Figure 1 in Cox and Coutant 1981).

Thus, the assumption that egestion is a constant proportion of total

consumption is probably valid.

Like egestion, excretion varies as a function of size, temperature,

and ration. Excretory products are chiefly amonia and urea. I modeled

excretion (U) as a proportion of utilizable energy:

U = u (C—E) (8)

where u=proportion of utilizable energy (consumption · egestion) that is

excreted. This proportion was set equal to 0.068, the value used by Rice

(1981) for largemouth bass. This value differs from 0.079, the value used

by Rice et al. (1983), because they modeled excretion as a proportion of

total consumed energy. The combined effect of total waste loss, egestion

+ excretion, varies little with temperature since F and U respond in op-

posite ways to temperature change (Kitchell et al. 1977). Thus, assuming

constant proportions of consumed or assimilated energy is probably rea-sonable. 7
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For illustrative purposes, the bioenergetics model for striped bass

was implemented for a 100 g fish at maximum ration (Fig. 3.1). As ex-

pected, maximum specific rates for all functions, except respiration,

occur at 2500, the optimal temperature for consumption. Specific respi-

ration rates continue to rise to 3000, then rapidly decline. Specific

rates of all functions decrease with increasing weight of striped bass

(Fig. 3.2).

Energy content of Predators and Prey

A necessary prerequisite to implementing the bioenergetics model is

knowledge of the energy content of both predators and prey.

Energy content of a fish can vary as a function of body size, feeding

rate, season, and activity level (Soofiani and Hawkins 1985) as well as

sex (Meakins 1976, Adams et al. 1982b, Rottiers and Tucker 1982). Several

investigators have modeled the energetics of predators by assuming a

constant and equivalent energy value for both predator and prey (Kitchell

et al. 1977, Rice et al. 1983, Bevelhimer et al. 1985). Although the mean

caloric content of a predator may be equivalent to that of its major prey

species (Rottiers and Tucker 1982), seasonal changes in both trophic

groups can be pronounced (Soofiani and Hawkins 1985). In addition, energy

content of a predator may double over its lifespan (Stewart 1980).

Caloric content of predators and prey in Smith Mountain Lake was

derived from a series of investigations carried out in Tennessee reser-

voirs by personnel of the Oak Ridge National Research Laboratory (Minton

1981, Minton and McC1ean 1982, Adams et al. 1982a, 1982b). Data derived

Chapter III 97

V



00

·;_ 70
EICIETIOOO

= C0OOIUlP‘I’I0OO••) +
O EGEITIOOO
E +
N gg IDA
O-
<
¢

Q O
2
0 30
ul
I.
0

100

5 10 15 20 25 30 35

TEUPERATURE (OC)

Figure 3.1. Model output for the energy budget of a 100 g striped bass, es

a function of temperature.
’

Chapter III 98



00

‘; 70•
U
D
x
B

E
uu

‘°
écousuurtnou

I-
(
G

2 s
E
0U 30
B
w

1Q rA_
TH -

r Exchi I- spa

IIESPIIIATIOII

1 2 3 4 5 0 7 0 0 10 11

AGE (yr)

Figure 3.2. Model output for striped bass at the optimum temperature for
eonsumption, Toc; as a function of body size.

Chapter III 99



from these reservoirs should be more applicable to predatory fish in

Virginia than data derived for predators in more northern lakes.

No study has adequately determined the proximate composition or

caloric content of striped bass in freshwater. I assumed that caloric

values calculated for age-1+ sauger (Minton 1981) were applicable to age

1 and older striped bass. Both species consume clupeids almost exclu-

sively in freshwater impoundments (Minton and McClean 1982, Chapter I of

this study). Because the "caloric content and proximate composition of

forage are the major factors affecting the proximate composition of the

predator" (Rottiers and Tucker 1982), sauger and striped bass should have

similar caloric content. However, sauger are unlike striped bass in that

they form larger deposits of fat (with associated high energy content)

with increasing maturity (Minton 1981). Thus, although caloric content

of older sauger was available, I felt the caloric values of the age-1+

sauger were probably more representative of all ages of striped bass.

I collected 16 striped bass between March and December, 1985 for

caloric analysis to determine the validity of this assumption. The

striped bass were between 341 and 647 mm TL (age 1 to 6). Whole fish were

freeze-dried and then homogenized using a high-speed blender. Two sub-

samples were combusted from each sample using standard bomb calorimetry

techniques (Paine 1971).

Considering the relatively small sample size (N=4/mo) and wide range

of ages, the mean i 2 SD for each monthly sample agreed relatively well

with the caloric values of age-1+ sauger as measured by Minton (1981)

(Fig. 3.3). In addition, the caloric values derived for striped bass are
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within the monthly values derived for gizzard shad and alewives (see be-

low), adding further credence to my assumption of :imilar caloric content.

Caloric content of age·0 striped bass was assumed to equal the mean of

the caloric content of gizzard shad and alewives, the major prey items

consumed by this age class after they become piscivorous.

Although my caloric values appear reasonable, further research is

needed to document cohort and seasonal changes in caloric content of

striped bass in freshwater impoundments. Furthermore, like largemouth

bass, caloric differences may occur between sexes. My sample size was

too small to test statistically for this difference.

Marshall Adams (Oak Ridge National Laboratory, Oak Ridge, Tennessee,

personal communication) supplied the original data on caloric values of

largemouth bass in Watts Bar Reservoir, Tennessee. Unfortunately, the

data were compiled for age 2 and 3 largemouth as whole carcass estimates

in cal/g dry weight. To convert to whole fish estimates, I compared

carcass values to wet weight estimates for largemouth bass carcasses re-

ported by Adams et al. (1982b). The comparison indicated that a conver-

sion factor of 0.261 and 0.257, when applied to dry weight values of age-2

and age-3 largemouth bass, respectively, would equate to the comparable

wet weight values. The caloric values were increased 10% to account for

the added caloric value of viscera and gonads (S. M. Adams, personal

communication). Adams et al. (1982a) also measured a mean, annual value

of 1430 cal/g wet weight for age 4 and older largemouth bass. Although

samples were inadequate to derive monthly values for these cohorts, the

value of 1430 cal/g represents a 4.4% increase in the mean caloric content
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of age-3 largemouth bass. Thus, I assumed that a 4.4% increase in monthly

caloric values of age-3 largemouth bass would adequately represent

monthly caloric values for age 4 and older largemouth bass. I also as-

sumed that an annual estimate of 1110 cal/g was applicable to age 0 and

1 largemouth bass (Adams et al. 1982b). The derived caloric values for

largemouth are presented in Table 3.4. The mean of the monthly caloric

values for ages 2 and 3 largemouth bass, 1279 cal/g and 1334 cal/g, agree

closely with the means (1280 and 1370 cal/g, respectively) reported by

Adams et al. (1982b) for whole fish of these age groups, males and females

combined.

Caloric values used in modeling smallmouth bass energetics were set

equal to those derived for largemouth bass. Monthly caloric content of

ages 3 to 9 walleye in Smith Mountain Lake were assumed to be equivalent

to values measured by Minton (1981) for age-2+ sauger in Watts Bar Res-

ervoir, Tennessee (Table 3.5). Although caloric values are only presented

for March through October, Minton (1981) indicated relatively little or

no change in caloric content of sauger from October to January.

Prey items consumed by piscivorous predators in Smith Mountain Lake

included gizzard shad, alewives, crayfish, insects, and other food items

composed primarily of other fish and unidentified fish (Chapter I).

Seasonal energy content of gizzard shad and alewives was calculated from

data supplied by S. M. Adams (pers. comm.). Caloric values were calcu-

lated on a dry weight basis for gizzard shad and threadfin shad collected

in Watts Bar Reservoir from December 1979 to December 1980. A correction

factor of 0.2985, to convert dry weight to wet weight caloric values, was
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Table 3.4. Caloric content (cal/g wet weight) of ages 2 to 6
largemouth bass used in the bioenergetics model.
Values were derived from unpublished data
(S.M. Adams pers. comm.) and from data presented
by Adams et al. (1982a).

Age Class

Month 2 3

4-6April1173 1386 1446

May 1417 1397 1456

June 1357 1421 1483

July 1295 1352 1411

September 1278 1451 1514

October 1278 1451 1514

November 1238 1349 1408

December 1198 1247 1302
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Table 3.5. Caloric content (cal/g wet weight) of walleye (ages 3-8)

used in the bioenergetics simulation. Values are from

Minton (1981).

Month Caloric Content

March 1816

April 1791

May 1755

June 1756

July 1610

August 1728

September 1760

October 1788

November 1788
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derived from proximate composition data for 247 gizzard shad collected

in Watts Bar Reservoir from April to June 1983 (Adams et al. 1984).

I assumed that seasonal caloric values for threadfin shad from

Tennessee would more closely approximate alewife caloric values from

Smith Mountain Lake than those determined for alewives from Lake Michigan

(Yeo 1978, Rottiers and Tucker 1982). Food habits of alewives and

threadfin shad are relatively similar; both species are largely

zooplanktivorous (Baker and Schmitz 1971, Ney et al. 1982), although

threadfin shad will also consume quantities of phytoplankton (Miller

1967). I applied the identical correction factor derived for gizzard shad

to caloric values for threadfin shad to derive monthly caloric values for

alewives in cal/g wet weight. Identical values were used for both

young—of·year and adult alewives even though there are possible

ontogenetic shifts in caloric values with age (Yeo 1978). Monthly caloric

values used for clupeids in Smith Mountain lake ranged from 1301 to 1493

cal/g for gizzard shad and 1361 to 1827 for alewives, respectively (Table

3.6).

The energy content value for gizzard shad may be a slight overesti-

mate. Minton and McClean (1982) reported a mean energy value of 1169

cal/g for 66 gizzard shad collected in Watts Bar Reservoir, Tennessee.

This value is 15% less than the mean (1372) of the derived monthly values

(Table 3.6). Derived caloric values for alewives in Smith Mountain Lake

are relatively similar to those determined by Yeo (1978). Accounting for

temporal differences in reproduction due to different latitudes, the

highest caloric content, 1827 cal/g (calculated from dry weight values
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Table 3.6. Caloric content (cal/g wet weight) of prey items used
in bioenergetics models for the four predatory species.

Prey Items

Gizzard a b
Month Shad Alewives Crayfish lnsects Other

January 1463 1666 923 972 1110

February 1469 1725 923 972 1090

March 1493 1827 923 972 1090

April 1229 1588 923 972 1030

Hay 1337 1552 923 972 1080

June 1433 1504 923 972 1150

July 1301 1367 923 972 1000

August 1301 1394 923 972 1118

September 1349 1361 923 972 1090

October 1391 1421 923 972 1118

November 1409 1540 923 972 1160

December 1433 1606 923 972 1130

;""""*""""""""*""""""""""""'“"""""""
Hean value for aquatic and terrestrial insects from Penczak et al. (1984).

b
Includes non-clupeid fish, terrestrial vertebrates, and unidentified
fish.
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supplied by S. M. Adams), was observed for threadfin shad in March. This

is less than the 2169 cal/g observed for alewives in November in Lake

Michigan (Yeo 1978). The lowest value for threadfin shad, 1361 cal/g,

was larger than the lowest monthly value of 1259 cal/g for alewives.

Rottiers and Tucker (1982) determined a mean caloric content of 1636 cal/g

for alewives collected from April to November in Lake Michigan. The mean

caloric value derived for alewives in Smith Mountain Lake was 1525.5, a

value 7% lower.

In the absence of seasonal data, I assumed a consistent caloric value

of 923.4 cal/g for crayfish (Nielsen and Orth 1984). The mean of energy

values measured by Penczak (1985) for Ephemeroptera, Diptera, and

Chironomidae, 972 cal/g, was used as an annual caloric value for insects.

These were the major insect groups found in stomachs of predators in Smith

Mountain Lake. Caloric values for other food items were set equal to the

mean, monthly caloric value used by Adams et al. (1982b) for sunfish,

freshwater drum (Aplgjiggtus ggunnigng), and young-of-year bass (Table

3.6). Monthly caloric values were derived from dry weight estimates in

a manner identical to that previously described, with a correction factor

of 0.25.

Water Temerature

Accurate measurements of day to day temperatures experienced by a

fish are only possible with intensive biotelemetry studies. Therefore,

I assumed that predators occupied water temperatures nearest but not ex-

ceeding their preferred temperatures in Smith Mountain Lake. Water tem-
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peratures were measured monthly at 1 m and 10 m depths from October 1973

to April 1976 at three locations in Smith Mountain Lake; the upper portion

of the Roanoke River arm, the upper portion of the Blackwater River arm,

and the main area of the lake below the confluence (Hart 1978). The means

of these measurements for the three locations, at both 1 and 10 m depths

(Fig. 3.4.), concur with temperature data taken quarterly by the Virginia

State Water Control Board (unpublished data) during 1983 and 1984.

Oxygen measurements conducted during August, 1983 and 1984, the

month when temperatures are highest and oxygen concentrations lowest,

indicated that predators would not be oxygen limited at 10 m depths; i.e.,

values exceeded 4 ppm at least in the lower portions of the reservoir.

There was no evidence of a "thermal-oxygen squeeze" (Coutant 1985), and

predators apparently did not experience any temperatures above optimum

for growth (as defined above), even during the hottest months of the year.

Growth

Striped bass, walleye, and the black basses were collected from Smith

Mountain Lake with gill nets and electroshocking equipment from April to

December, 1983 and 1984, to determine seasonal growth of all age groups.

Collection areas and methodology are detailed in Chapter 1. Lengths and

weights of all predators were measured to the nearest millimeter and gram,

respectively. Scales were removed from the right side of all fish at a

point just dorsal to the tip of the pectoral fin. Scales were prepared

and aged using standard methodology (Jearld 1983). Annuli were counted,
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Figure 3.4. Mean water temperatures at three locations and two

depths, 1 m and 10 m, in Smith Mountain Lake. Data are from Hart

(1978).
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and the distances from the focus to the annuli as well as to the scale

radius were measured and recorded.

Based on water temperature data (temperatures below 1000 prior to

approximately March 15 and after December 15), I assumed that annual

growth for all predators occurred between March 15 and December 15 each

year. Growth of largemouth bass does not occur below 1000, and smallmouth

bass may have a similar threshold (Coutant 1975). A Wilcoxon Rank Sum

test between lengths of age 2 largemouth bass collected in the middle of

December 1984 and mid-March 1985 in the same location with identical gear

indicated no significant differences in lengths (p=.299). I was not able

to test the validity of this assumption for the other predators. However,

Minton and McClean (1981) found no growth in length of age·l and age-2

sauger from Watts Bar Reservoir during winter. Seasonality of walleye

growth is probably similar. Although juvenile striped bass were not

tested below 1800, the data of Cox and Coutant (1981) indicate that spe-

cific growth of striped bass would be negligible at temperatures below

10 — 1200 .

Mean monthly lengths of striped bass, largemouth bass, smallmouth

bass, and walleye were calculated from empirical data for each age class.

Observed values were assumed to represent lengths in the middle of the

month, since sampling generally occurred throughout the entire monthly

period. Although previous bioenergetic simulations have used measured

weights in simulations (Adams et al. 1982, Minton and McClean 1982, Rice

et al. 1983), not all age classes within each predator group in Smith

Mountain Lake were adequately represented to use similar data.
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Seasonal growth curves for all age groups of both striped bass and

largemouth bass were derived using a modified version of the von

Bertalanffy growth function fit to mean lengths measured monthly (Pauly

and Gaschutz 1979 as cited in Moreau 1987):

Lt = Lwu
_ 6(—K(t—t0)Ax sin(21:(t-ts))))

where Lt = length (m) at time t, and Lee, K, A, to, and ts, are

species-specific constants. Coefficients in the revised model allow for

more accurate estimates of intra·seasonal growth patterns. Curves were

fit to observed data using a non—linear, least squares technique

(Marquardt 1963 as cited in SAS Institute Inc. 1985).

Small sample sizes for a number of age groups precluded the use of

monthly means to derive a growth curve for either the smallmouth bass or

walleye populations. Instead, back-calculated lengths within age groups

(i.e., only age-2 fish were used to determine a length at second annulus

formation) were used as endpoints (December 15) for seasonal growth.

Because I assumed no growth from December 15 to March 15, the modified

von Bertalanffy growth function, as described above, was fitted to De-

cember 15 and March 15 values for both smallmouth bass and walleye. The

values for parameters used in the modified von Bertalanffy equation to

describe the seasonal growth of the four predators are presented in Table

3.7. These growth equations are graphically represented for striped bass

(Fig. 3.5), largemouth bass (Fig. 3.6), smallmouth bass (Fig. 3.7), and

walleye (Fig. 3.8).
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Table 3.7. Parameters used to describe seasonal growth curves for

all age groups of predators in Smith Mountain Lake,

1983-1984. Parameters correspond to the modified

von Bertalanffy growth function.

Parameter

Predator I¤¤ K to A ts

Striped bass 883.383375 .280146 -.277699 .048502 -.200000

Largemouth bass 550.582187 .294079 -.414323 .059410 .900000

Smallmouth bass 533.430439 .330567 .219926 .050667 -.210155

Walleye 625.262039 .352818 -.700000 .056437 -.200000
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Figure 3.5. Seasonal growth (TL mm) of striped bass, ages 0 to 11.

The line is derived from a modified von Bertalanaffy growth

function fit to monthly mean lengths of striped bass from Smith

Mountain Lake, 1983-1984.
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Figure 3.7. Seasonal growth (TL mm) of smallmouth bass, ages 0 to 7.

The line is derived from modified von Bertalanffy growth function

fit to monthly mean lengths of smallmourh bass from Smith

Mountain Lake, 1983-1984.
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Figure 3.8. Seasonal growth (TL mm) of walleye, ages 2 to 9.

The line ia derived from a modified von Bertalanffy growth function

fit to monthly mean lengtha of walleye from Smith Mountain Lake,

1983-1984.
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Length—weight regression equations were developed for several age

groupings of each of the four species to derive weights from calculated

lengths. Ages were grouped to account for temporal changes in condition

factor with size and season, although sample size precluded some

groupings. Since some seasonal sample sizes were small, I used a

nonparametric, Theil-Sen procedure (Hollander and Wolfe 1973) to derive

regression equations. This :e¤h¤1§u¤ is less sensitive to outliers in

the data set and is more appropriate than parametric, least squares

techniques when sample sizes are small. Striped bass sample sizes allowed

the derivation of 13 separate regression equations for a total of four

:eparate age groupings (Table 3.8). I derived eight regression equations

for two separate age groups of largemouth bass (Table 3.9). Since sample

sizes of smallmouth bass were prohibitively small, I calculated only four

regression equations for this predator (Table 3.10). The walleye popu-

lation in Smith Mountain Lake consists almost exclusively of adults

(Chapter II). Thus, only four seasonal regression equations were calcu-

lated for walleye (Table 3.11).

Consumption estimates derived from annual endpoints of growth do not

account for seasonal changes in prey abundance (Cochran and Rice 1981,

Rice and Cochran 1984). Thus, I divided the yearly growth period into

three separate intervals for each age class within each predator group.

These periods were spring, March 15 to June 1; summer, June 1 to September

1; and fall, September 1 to December 15. Total lengths at each of the

four separate dates (March 15, June 1, September 1 and December 15) were

_ obtained from the species-specific growth equations. I assumed that age-0
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Table 3.8. Seasonal length-weight regression equations developed
for striped bass age groupings. Equations were

developed using nonparametric, Theil-Sen regression
procedures. Y is ln weight in grams and X is ln total

length in millimeters.

Age Season Equation N

0 Fall/
Winter Y=-ll.50201+3.00741(X) 54

1 Winter Y=-1l.323l0+2.99417(X) 18

1 Spring Y=-13.90792+3.43806(X) 45

l Summer Y=-13.26736+3.33589(X) 145

1 Fall Y=-ll.30392+2.98828(X) 85

2-4 Winter Y=•10.81254+2.90517(X) 16

2-4 Spring Y=-9.710l2+2.73575(X) 103

2-4 Summer Y=•8.43289+2.53174(X) 54

2-4 Fall Y=·l0.21389+2.81003(X) 30

5-10 Winter Y=·8.12095+2.50362(X) 35

5-10 Spring Y=-10.38054+2.83499(X) 36

5-10 Summer Y=·9.30696+2.66373(X) 19

S-10 Fall Y=-10.20808+2.809l6(X) 32
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Table 3.9. Seasonal length-weight regression equations developed
for largemouth bass age groupings. Equations were developed
using nonparametric, Theil·Sen regression procedures. Y is

ln weight in grams and X is ln total length in millimeters.

Age Season Equation N

0-1 Winter Y=-11.10916+2.99314(X) 11

0-1 Spring Y=·12.52789+3.2l424(X) 15

0-1 Summer Y=-l1.87437+3.l076(X) 62

0-1 Fall Y=-14.6l396+3.58826(X) 26

2-6 Winter Y=·l2.43533+3.23587(X) 49

2-6 Spring Y=-l2.93515+3.2984l(X) 118

2-6 Summer Y=-12.34697+3.20068(X) 62

2-6 Fall Y=-13.40S22+3.37883(X) 30
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Table 3.10. Seasonal length-weight regression equations developed for
smallmouth bass age groupings. Equations were developed
using nonparametric, Thei1·Sen regression procedures. Y is
ln weight in grams and X is ln total length in millimeters.

Age Season Equation N

0-1 Annual Y=-8.68889+2.53532(X) 26

2-6 Spring Y=-13.33335+3.35752(X) 40

2-6 Summer Y=-l2.l3305+3.l5648(X) 56

2-6 Fa1l/Winter Y=-11.451S2+3.04619(X) 14
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Table 3.11. Seasonal length-weight regression equations
developed for walleye. Equations were developed
using nonparamteric, Theil·Sen regression
procedures. Y is ln weight in grams and X is
ln total length in millimters.

Season Equation N

Winter Y=-9.130S2+2.64581(X) 19

Spring Y=·10.77259+2.88907(X) 219

Summer Y=·9.66791+2.72072(X) 117

Fall Y=-9.75347+2.73928(X) 31
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fish were not primarily piscivorous until August 1. Thus, for age-0

striped bass, largemouth bass, and smallmouth bass, I only considered

growth during two periods; summer (August 1 to September 1) and fall

(September 1 to December 15). Derived lengths were used to compute
D

weights from the appropriate periodic length-weight regression equations

for input into the bioenergetics computer model.

The derived weights for striped bass agree closely with the observed

mean weights measured monthly (Fig. 3.9). Agreement was best for the

younger age groups due to larger sample sizes. Derived weights for

largemouth bass were also similar to measured values (Fig. 3.10). The

derived weights for walleye also concurred with the empirical weights,

with a large portion of the derived weight curve within i 1 SD of the

measured means (Fig. 3.11). Similarly, where sample sizes were adequate,

derived weight values for smallmouth bass agreed with empirical data (Fig.

3.12).

Diet

Collection of predators and treatment of stomach samples for food

habit analysis are detailed in Chapter 1. I combined stomach samples from

the upper and lower lake to determine food habits of each predatory spe-

cies for the entire lake. Diet was classified as proportion of total food

weight in six separate food categories for the black basses and five food

categories for striped bass and walleye. If sample size was sufficient,

the diet was categorized by age to account for any age-specific shifts

in food habits.
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I categorized the seasonal diet of striped bass by three age clas-

sifications: age 0, age 1, and ages 2 to 9 (Table 3.12). Similarly,

sample sizes of largemouth bass were sufficient to categorize food habits

by three age classifications: ages 0, 1, and ages 2 to 6 (Table 3.13).

Limited sample size mandated a general representation of diet for all ages

of walleye (Table 3.14) and smallmouth bass (Table 3.15). This is a

reasonable assumption for the walleye population in Smith Mountain Lake

since the population was composed largely of individuals age 3 and older.

However, although the diet of age 1 and older smallmouth bass may be

similar, diet of underyearling fish may be significantly different (Coble

1975). To account for this difference, I assumed that the diet of age-0

smallmouth was similar to that of age-0 largemouth bass, accounting for

distributional differences between these species in the reservoir (Chap-

ter I).

Population Parameters

The final site-specific variable needed to compute demand by a

predator population is an estimate of survival. Survival estimates were

derived for predators as described in Chapter II. Survival estimates were

used to compute numbers-at-age for each predator at the beginning of the

modeling simulation, March 15. Annual survival estimates were converted

to daily rates for input into the bioenergetics model.
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Table 3.12. Seasonal diet of striped bass es percent of total food weight for

five prey categories. Values are given by age, date, and the

the corresponding day in the modeling simulation.

a

Day for Modeling Adult Y·0-Y Gizzard

Date Simulation Alewife Alewife Shad Crayfish Other

Age 0

August 1 123 .045 .387 .074 .226 .269

October 15 215 . 081 . 707 . 136 0 . 076

December 15 276 .289 .534 .11 0 .067

Age l
V

March 15 1 .593 .283 .072 0 .052

May 1 47 .754 .15 .052 0 .045

July 15 123 .821 .124 .024 .022 .01

October 15 215 .156 .382 .357 .074 .031

December 15 276 .049 .012 .78 .001 .158

Ages 2-10

March 15 1 .486 .122 .36 .006 .027

May 1 47 .713 .178 .061 .009 .039

July 15 123 .541 .12 .242 .081 .016

October 15 215 .481 .077 .352 .08 .01

December 15 276 .052 .014 .929 .002 .003

a
Young-of-year

Chapter III
129



Table 3. 13. Seasonal diet of largemouth bass as percent of total food weight for six
prey categories. Values are given by age, date, end the corresponding
day in the nodeling simulation.

Day for Modeling Adult Y·0-Y Gizzard
Dete Simulation Aleuife Alewife Shad Crayfish Insecte Other

Age 0

August 1 123 0 0 . 614 . 086 . 228 . 072

December 15 276 . 074 0 . 469 . 203 0 . 164

Age 1

March 15 1 . 117 0 . 385 . 272 . 008 . 218

May 1 47 . 173 0 . 33 . 163 . 012 . 322

July 15 123 0 0 . 748 . 059 . 002 . 191

October 15 215 0 0 . 848 . 084 0 . 068

December 15 276 . 014 . 009 . 328 . 628 0 . 02

Age 2

March 15 1 . 142 . 094 . 127 . 439 . 001 . 198

May 1 47 . 209 . 138 . 021 . 34 . 002 . 29

July 15 123 . 118 . 049 . 411 . 132 . 001 . 289

October 15 215 0 0 . 725 . 151 0 . 124

December 15 276 . 005 0 . 647 . 26 0 . 088

Age 3-6

March 15 1 . 046 0 . 223 . 399 0 . 339
A

May 1 47 . 068 0 0 . 473 0 . 459

July 15 123 . 082 0 . 287 . 196 0 . 435

October 15 215 0 0 . 395 . 215 0 . 39

December 15 276 . 005 0 . 753 . 193 0 . 049
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Table 3.14. Seasonal diet of walleye as percent of total food weight by

five prey categories. Values are given by age, date, and

the corresponding day in the modeling simulation.

Day for Modeling Adult Y-O·Y Gizzard

Date Simulation Alewife Alewife Shad Crayfish Other

Ages 4-8
'

March 15 1 . 706 . 031 . 173 0 . 090

May 1 47 . 834 . 036 . 028 0 . 101

July 15 106 . 876 . 074 . 025 . 004 . 021

October 15 215 . 056 O . 907 0 . 036

December 15 365 . 706 . 031 . 173 0 . 090
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Table 3.15. Seasonal diet of emallmouth bass as percent of total food weight for six

prey categories. Values are given by age, date, and the corresponding

day in the modeling simulation.

Day for Modeling Adult Y-0-Y Gizzard
Date Simulation Alewife Aleuife Shad Crayfish Insects Other

Age 0
8 .

August 1 123 0 .250 .250 .250 .250 .0

December 15 276 .242 .144 .270 .172 .003 .169

Ages 1-6

March 15 1 .382 .082 .282 .126 .004 .124

May 1 47 .485 .074 .258 .060 .003 .120

July 15 123 .285 .20 .405 .069 .007 .034

October 15 215 .05 .106 .384 .337 .007 .116

December 15 276 .185 .116 .343 .251 .006 .100

a
The diet was assumed for this date.
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Bioanergatics Program

The complete documentation and user°s guide for the bioenergetics

program used in this study are detailed in Hewett and Johnson (1987).

An Apple Ile microcomputer (64K) with an eighty column card and two disk

drives is needed to run the computer program. The program is versatile

with several options for equations that can be used to calculate con-

sumption, respiration, egestion and excretion rates. These equations are

derived from the work of Kitchell et al. (1977), Stewart (1980), and Rice

et al. (1983). A brief synopsis of the program operation and output is

described below.

The program is capable of modeling the energetics of a particular

fish species to derive estimated growth from field consumption estimates.

However, the real utility of the program (and model) is in its ability

to estimate consumption rates (daily, season, or year) from observed (or

calculated) growth curves. A consumption estimate requires a set of data

files that is of two main types. The first, cohort data files, include

bioenergetics parameters, mortality values, and initial.population sizes

of each predator modeled. Seasonal/daily files, the second set, include

caloric densities of predators and prey, water temperature and predator

diet.

Seasonal or daily files can contain information for up to 36 separate

days within a simulation period. Daily values between these intervals

are estimated by linear interpolation. Caloric densities are entered as

cal/g wet weight and temperature is entered in OC. Diet is expressed as

a proportion of as many as eight prey types. The sum of the proportions
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must equal 1.0. The simulation can begin and end on any calendar date.

Day 1 for the Smith Mountain Lake simulations was March 15, the beginning

of the growing season.

P-values

The first function of the program, after all initial data files have

been entered, is to calculate the proportionality constant P (proportion

of maximum daily ration consumed) by fitting the bioenergetics equations

to initial and final weight values that are input for a particular cohort

for a given time interval. Because a single P-value, fit to annual end-

points of growth, cannot adequately describe intra-seasonal growth dy-

namics (Rice et al. 1984), I divided the annual growing season into three

separate intervals, spring, summer, and fall as previously described.

These periods corresponded to seasonal changes in food availabilility,

as well as temperature changes; i.e., increasing, stable, and decreasing.

Three separate P-values were derived for each cohort, age 1 and older,

of each of the four predator groups. I considered age-0 predators

(striped bass, largemouth bass, and smallmouth bass) to be largely

piscivorous after August 1. Thus, only two P-values were calculated for

this age group. The program calculates the appropriate P-value through

an iterative process after an initial, arbitrary P-value (e.g., 0.5) is

entered.

P-values calculated for predators in Smith Mountain Lake ranged from

0.0734 for age-10 striped bass in spring to 0.6706 for age-0 largemouth

bass in the fall. The mean P-values were calculated by season for pred-
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ator populations in Smith Mountain Lake (Table 3.16). Striped bass,

smallmouth bass, and walleye exhibited higher P-values during the summer

period than in any other season, whereas largemouth bass exhibited the

largest proportion of maximum consumption during fall.

P-values are a reflection of prey availability as well as an index

of the intensity of predation (Cochran and Rice 1981, Rice et al. 1983).

Adult alewives are the principal component in the diet of striped bass,

smallmouth bass, and walleye during the summer months due to

distributional similarities between these predators and this prey species

(Chapter I). Availability, coupled with optimal temperatures for con-

sumption, account for the higher summer P-values for these predators.

In fact, P-values for walleye remain relatively constant throughout the

growing period, perhaps reflecting the consumption of clupeids by this

predator during all three seasons. Conversely, habitat preferences of

largemouth bass in the upper lake limit access to abundant alewife schools

during the summer. Highest P-values for this predator occur during fall

when young-of-year shad are most abundant. Similarly, Rice and Cochran

(1984) derived higher P-values for age-3 largemouth bass in Lake Rebecca,

Minnesota during fall.

convusion Efficiencies

Gross conversion efficiencies (growth/consumption) for the entire

growing season were calculated for striped bass using the bioenergetics

model and data for the striped bass population in 1983-1984 (Table 3.17).
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Table 3.16. Mean seasonal P•values, the proportion of maximum
consumption, for predator populations in Smith
Mountain Lake.

a
Predator Spring Summer Fall

Striped bass .1515 .4093 .3480

Largemouth bass .3471 .2813 .4260

Smallmouth bass .2931 .3085 .2673

Walleye .3309 .3867 .3608

a
Because predators were not considered significantly
piscivorous until August 1, no P·values were
calculated for age-0 predators during this season.

Chapter III 136



Table 3.17. Mean weight gain, ration and gross conversion efficiency
for striped bass age groups in Smith Mountain Lake.

The values represent the growing season, March 15

to December 15.

X Gross
Weight Ration Conversion

Age Gain (C/Cmax) Efficiency

0 109.2 .421 40.6

1 567.4 .363 34.4

2 753.3 .272 25.5

3 832.1 .283 16.5

4 836.0 .271 14.2

5 1072.0 .282 13.8

6 924.5 .279 10.7

7 775.0 .277 8.3

8 639.1 .275 6.4

E
9 522.7 .273 5.0

10 259.2 .270 2.0
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Efficiencies decreased from 40.6% for age-0 striped bass to 2.0% for

age-10 striped bass. It is typical for conversion efficiencies to decline

with increasing body size (Adams et al. 1982a, Pauly 1986). The value

for age-0 fish represents the efficiency for August 1 through December

15 only. Excluding age-0 fish, the mean conversion efficiency for the

remaining 10 age groups was 13.7% for the entire growing season. Con-

version efficlencies for striped bass during summer, when they would

hypothetically experience optimum temperatures for consumption and

growth, were higher and ranged from 34.5% to 18.4% for ages 0 to 10 (Table

3.18). Excluding age-0 fish, the mean conversion efficiencies were 21.9%

for striped bass in summer. These results indicate that ecological growth

efficiency values of 20% used in biomass models (Ploskey and Jenkins 1982)

may result in considerable error when applied to striped bass during

seasons other than summer. However, computed summer efficiencies sub-

stantiate the assumption of a 20% conversion efficiency to develop AP/P

ratios for striped bass in August (Jenkins and Morais 1978).

These age-specific efficiencies can be used to derive striped bass

consumption estimates, if the appropriate computer hardware is unavail-

able to use the bioenergetics model (Eck and Wells 1983). Efficiencies

are applicable to a system where clupeids are the major food items, and

striped bass do not experience any significant thermal stress. Although

some bias is involved when annual estimates of conversion efficiency are

— used, the values should give a general indication of impact or demand of

striped bass for a particular prey species. To determine this demand,

age-specific gross conversion efficiencies can be applied to striped bass
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Table 3.18. Mean weight gain, ration and gross conversion efficiency
for striped bass age groups in Smith Mountain Lake.
The values are for the summer period, June 1 to
August 31.

X Gross
Weight Ration Conversion

Age Gain (C/Cmax) Efficiency

0 27.8 .576 45.1

l 251.7 .474 35.7

2 287.2 .385 23.9

3 362.7 .380 21.6

4 425.4 .380 20.6

5 522.0 .390 21.0

6 540.3 .387 20.1

7 551.4 .385 19.5

8 558.1 .383 18.9

9 562.4 .382 18.7

10 565.0 .381 18.4
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production estimates for each age to determine the amount of food required

to produce the biomass of each striped bass cohort. Diet analysis can

then be used to partition these annual food requirements into the various

prey components.

Predator Demand

The bioenergetics computer program was implemented using species

specific parameters and derived P·values for all cohorts of the four

predator species. The program calculated daily, specific rates of res-

piration, egestion, excretion, and SDA. Daily rates were used with pro-

portional diet data and energy values to estimate daily consumption of a

particular prey item by a cohort during the simulation period. Population

size, coupled with daily survival values and consumption rates, provided

estimates of total consumption of a prey item over a simulation period.

Diet analysis (Chapter I) indicated that clupeids, alewives and

gizzard shad, were the principal prey items consumed by predators during

1983 and 1984 in Smith Mountain Lake. Although predators consumed

young-of-year shad almost exclusively (i.e., few older shad were eaten),

both young-of-year and adult alewives were important prey items. Thus,

alewives were considered to represent two functionally separate prey

groups. Since available food is typically the principal factor limiting

predator production in reservoirs (Jenkins 1975, Rainwater and Houser

1975, Jenkins and Morais 1978), population sizes of these clupeids would
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be the major determinant of predator growth and survival in Smith Mountain

Lake. Thus, I implemented the bioenergetics program to estimate total

consumption of these clupeids by individual cohorts of each predator

during three periods within the annual growing season.

·

Collectively, the four predatory species consumed more adult and

— young-of-year alewives during summer, an estimated 125,530 kg and 39,453

kg, respectively, than in any other season (Table 3.19). The four spe-

cies, particularly largemouth bass, consumed the largest amount of

gizzard shad, 255,437 kg, during fall. Consumption values for largemouth

bass were near 70% of the total shad biomass consumed by all predators

during all three periods.

Analyses of the total annual consumption estimates by species indi-

cated that striped bass ate more adult alewives, during all three seasons,

than the other three species combined. Percentages of total consumed

biomass ranged from 52.1% to 69.8% for the three seasons. Similarly,

striped bass consumed the greatest proportion of young-of-year alewives
A

relative to the other predators, with values of 47.9%, 63.1%, and 86.2%

for spring, summer, and fall, respectively.

In general, smallmouth bass and walleye had relatively little impact

on either the alewife or gizzard shad populations over the growing season.

x Low consumption estimates for these two predators resulted from their

relatively low population levels. However, smallmouth bass did consume
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Table 3.19. Seasonal cousumption (kg) of clupeids by predator: in
Smith Mountain Lake. Estimates are derived from
bioenergetics simulations.

Adult Y•0•Y Gizzard
Predator ' Alewife Alewife Shad

SPRING

Striped bass 35,883 8,722 6,276

Largemouth bass 13,622 2,836 24,698

Smallmouth bass 4,863 5,966 3,608

Walleye 14,460 697 1,395

Total 68,828 18,221 35,977

SUMMER

Striped bass 87,627 24,883 24,963

Largemouth bass 8,485 1,651 84,710

Smallmouth bass 6,044 3,677 8,205

Walleye 23,374 9,242 3,655

Total 125,530 39,453 121,533

FALL

Striped base 31,115 17,640 45,316

Largemouth base 7,449 290 184,310

Smallmouth bass 1,884 2,099 6,062

Ualleye 6,838 438 19,749

Total 47,286 20,467 255,437
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nearly 33% of the total amount of young-of-year alewives eaten by the four

predators during spring.

Comparison of the relative predatory impact of various age groups

within each predator population indicated that ages 0-3, for all species

except walleye, consumed the greatest biomass of clupeids annually. Based

on 1983 population estimates and associated survival rates, ages 1 and 2

striped bass consumed over 70% of the total adult alewives eaten by the

striped bass population (Table 3.20). Consumption of young-of-year

alewives peaked with yearling striped bass, but consumption was also high

for ages 0 and 2 striped bass. More gizzard shad were consumed by age·2

striped bass than any other striped bass cohort, with a value over twice

that of age-3 fish.

Consumption of alewives by largemouth bass was relatively low com-

pared to striped bass, but ages 1 and 2 largemouth consumed over 61% of

the total adult alewives eaten by the largemouth bass population (Table

3.21). Although young-of-year alewives were relatively insignificant in

the diet of largemouth bass, nearly all the age-0 alewives consumed by

largemouth bass (4,770 kg) were eaten by age-2 largemouth bass. Age-l

largemouth bass consumed an estimated 147,280 kg of gizzard shad, more

than any other predator cohort.

Estimates of clupeid consumption by smallmouth bass were the lowest

of any predator population. Age-2 smallmouth bass consumed more adult

alewives, 3,930 kg, than any other age group within this predator popu-

lation, whereas more young-of-year alewives, 3,440 kg, were eaten by age-3
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Table 3.20. Siomass (kg) of clupeids consumed by ages 0 to
10 striped bass in Smith Mountain Lake, 1983•84.

· Adult Y-0-Y Gizzard
Age Alewife Alewife Shad

0 2,042 12,610 2,437

1 55,459 17,098 13,747

2 53,693 11,540 32,396

3 23,520 5,006 15,512

4 13,356 2,846 8,212

5 1,713 1,118 1,134

6 2,998 _ 633 1,979

7 1,185 250 781

8 391 82 257

9 148 31 46

10 120 33 49

Total 154,625 51,247 76,550
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Table 3.21. Biomass (kg) of clupeids consumed by ages 0 to 6
largemouth bass in Smith Mountain Lake, 1983-84.

Adult Y-0-Y Gizzard
Age Alewife Alewife Shad

.

0 6,588 · 81,380

1 9,516 15 148,280

2 8,531 4,762 38,189

3 2,989 - 16,535

4 701 · 3,564

5 734 · 3,512

6 495 · 2,265

Total 29,554 4,777 293,725
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smallmouth bass (Table 3.22). Age-1 smallmouth bass consumed the greatest

proportion of gizzard shad within the smallmouth bass population.

Age-4 walleye, the last cohort stocked in Smith Mountain Lake, were

the principal consumers of alewives and shad relative to the other walleye

age groups (Table 3.23). Age·5 walleye also consumed significant amounts

of adult and young·of-year alewives.

The relative demand of each predator cohort, as well as each predator

population, for alewives and gizzard shad can be explained by a number

of factors related to both predators and prey. These factors, summarized

below, are more fully detailed in Chapter I and to a lesser extent in

Chapter II of this dissertation.

Striped bass and largemouth bass are the most abundant predators in

the reservoir and thus consume the greatest proportion of available

forage. In addition, ages 0, 1, and 2 fish are the most numerous indi-

viduals within each of these two predator populations. This predominance,

as well as age-specific food habits, partly explain the greater amount

of clupeids consumed by these age groups relative to the older predators.

Similarly, age·4 walleye, the last cohort stocked in Smith Mountain Lake

and thus the most abundant, consumed the greatest proportion of clupeids

within the walleye population.

Young·of—year alewives and gizzard shad are consumed in greatest

amounts as they reach a threshold size and thus become morphologically

available to juvenile and adult predators in late summer and fall. Most
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Table 3.22. Biomass (kg) of clupeids consumed by ages 3

to 8 walleye in Smith Mountain Lake, 1983-84.

Adult Y·O·Y Gizzard
Age Alewife Alewife Shad

3 1,770 117 1,018

4 20,423 8,780 11,433

5 13,517 890 7,454

6 7,248 477 3,963

7 512 33 279

8 1,202 79 652

Total 44,672 10,376 24,799
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Table 3.23. Biomass (kg) of clupeids consumed by ages 0 to 6
smallmouth bass in Smith Mountain Lake, 1983-84.

Adult Y-O-Y Gizzard
Age Alewife Alewife Shad

0 322 426 595

1 2,910 2,012 5,396

2 3,935 1,906 5,082

3 2,608 3,437 3,206

4 1,329 1,730 1,553

5 1,648 2,178 1,879

6 41 55 160

Total 12,793 11,744 17,871

Chapter III 1;,8



of the young-of-year alewives and young-of-year shad are consumed by age-0

striped bass and largemouth bass during fall when ingestible sizes of

these prey are most available. More young-of-year alewives and shad are

consumed by age-1 striped bass and largemouth bass, respectively, than

any other age groups, because these prey items are morphologically

available to these larger predators for a longer period of time; i.e.,

fall to the following spring. Similarly, age-2 striped bass consumed more

shad than any other striped bass age group because they are capable of

consuming the fast-growing shad for a longer period of time. For example,

shad comprised 36% of the food items consumed by age 2 and older striped

bass in early spring (when shad are 7 to 10 months old) compared to

roughly 7% for ages 0 and 1 striped bass.

Alewives are pelagic and tend to inhabit the broad, deep waters of

the lower reservoir during most seasons. As a result, alewives are

available to striped bass and walleye (and to a lesser extent smallmouth

bass) which share a preference for this lower lake habitat, especially

during the warmer months. Gizzard shad prefer the upper, more riverine

sections of the reservoir and thus are more available to largemouth bass

which are also found in greater abundance in this habitat. Conversely,

the preference of shad for warmer, uplake waters may segregate this spe-

cies from striped bass and walleye during spring and summer, when these

predators are thermally restricted to the lower areas of the reservoir.
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Predator Demand vs clupeid Supply

Although demand for prey among predatory species is inherently in-

teresting, greater utility of bioenergetics simulation is achieved

through comparison with prey availability. However, unbiased estimates

of clupeid supply are problematic. In the Great Lakes and some southern

reservoirs, estimates of clupeid biomass have been based on mid·water and

bottom trawl surveys and meter net tows. In reservoirs, estimates are

relatively reliable if gear selectivity is accounted for or avoided

(House: and Netsch 1971) and sampling design is adequate, e.g. stratified

random (Houser and Dunn 1967, Siler et al. 1986). However, in the Great

Lakes, the correct conversion factor to transform the amount of alewife

biomass in trawls to lakewide estimates of biomass is unknown (Hatch et

al. 1981). Because of the importance of clupeids to predators in Smith

Mountain Lake, I derived an estimate of clupeid supply from best available

data.

·

Biomass and production estimates for alewives and gizzard shad in

Smith Mountain Lake were derived from a concurrent study on larval dis-

tribution and abundance of alewife and gizzard shad (Tisa unpublished).

This study provided data on the number of alewife and shad larvae, 5 to

10 mm TL, collected in meter nets, towed one night per week in both the

upper and lower sections of the reservoir from May to August, 1983 and

1984 (Tables 3.24 and 3.25). This size range immediately follows hatching

and is the most susceptible to meter net tows. Because of the absence
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Table 3.24. The mean number of alewife larvae (per 1000 m'),

S to 10 mm TL, ccllected in meter net tows in

in Smith Hauntain Lake, 1983 and 1984. Data are _

from Tisa (unpublished).

1983 1984

Date Number Date Number

May 25 13 May 31 4.301

June 1 43 June S 43.689

June 7 39 June 12 24.348

June 15 35 June 21 46.075

June 22 38 June 26 70.073

June 28 139 July 2 39.706

July 5 206 July 9 24.251

July 12 84 July 16 136.432

July 19
59a

July 25 57.722

July 25 34 July 30 25.237

August 1 55 August 6 91.483

August 8
28a

August 13 7.421

August 17 0

August 23 3

August 29 2

Interpolated values.
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Table 3.25. The mean number of gizzard shad larvae (per 1000
m’),

5 to 10 mm TL, collected in meter net tows in Smith
Mountain Lake, 1983 and 1984. Data are from Tisa
(unpublished).

1983 1984

Date Number Date Number

May 17 0 May 14 15.517

May 26 299 May 21 85.193

June 2 35 May 31 21.792

June 6 286 June 4 69.982

June 16 459 June 11 231.579

June 20 491 June 19 450.178

June 27 94 June 26 11.29

July 6 0 July 2 0.0

July 9 3.063

July 16 0.0

July 25 3.130
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of some weekly collections during 1983, I linearly interpolated between

dates to obtain estimates for missing weeks.

Gizzard shad have a protracted spawning season that may extend from

April to July, with highest larval densities reached 4-8 weeks after the

spawning period begins (Netsch et al. 1971). Similarly, alewives spawn

from early May through August in southeastern reservoirs (Nigro and Ney

1982). Although the spawning season is protracted, I assumed the larval

counts in the 1 day/week tows represeuted a weekly average; i.e., the

number entering the 5 to 10 mm size range during the 7-day period equaled

the number dying or outgrowing this size range during this same period.

Larval growth was measured at 0.84 mm/day for alewives and 1.33 mm/day

for shad during the period, May 1 to August 31, 1983 and 1984. Growth

slowed to 0.3 and 0.2 mm/day for alewife and shad, respectively, from

September 1 to November 30. Daily growth rates indicated that alewife

and shad larvae in a size range of·5 to 10 mm would exceed 10 mm in size

within 7 days during the spawning season, May to August. Thus, each

weekly sample is distinct; a larva would not be counted twice in succes-

sive weeks, and each weekly sample would represent a discrete cohort of

larvae 5 to 10 mm in length.

Daily mortality estimates were also calculated for specific size

ranges of larvae (Tisa unpublished). Mortality estimates were applied

to each weekly cohort to derive an estimate of the number of age-0 larvae

present June 1, August 1, September 1, and December 15, 1983 and 1984,

and March 15, 1984 and 1985.
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The number of larvae per 1000 m3 (X) calculated for each date was

converted to whole lake estimates (N) using the following formula:

M = X/10001113 x am x azooba x 1o,ooo¤2;ba

Tisa et al. (1985) indicated a complete segregation of spawning habitat

for alewives and gizzard shad. However, the total area of spawning

habitat and larval concentration were not measured, and I assumed 4200

ha, approximately half the surface area of Smith Mountain Lake, as an

appropriate approximation for both species. The value of 3 m represents

the depth of the water column in which most larvae were found (M. Tisa

personal communication) .

Growth estimates were used to calculate lengths of larval fish over

time. A length of 7.5 mm (mean of 5 and 10 mm) was considered the starting

length for both species at week 1. Mean lengths for each date were cal-

culated using derived length estimates for each weekly cohort. Lengths

were weighted by cohort abundance before calculating the average length

for a date. Weighted mean lengths were converted to weights using size

specific length/weight regression equations for each species (Tisa un-

published). Population estimates for larval clupeids in Smith Mountain

Lake were then multiplied by mean weights to obtain biomass estimates for

each date.

A comparison of biomass estimates on August 1 to VDGIF cove rotenone

data indicated that biomass for each species was probably underestimated

by my method. Assuming cove rotenone estimates were more accurate indi-

cators of biomass than the area/density method previously described,
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correction factors were calculated by dividing the VDGIF values for age—0

alewife and gizzard shad biomass, from corrected cove rotenone data, by

biomass estimates for August 1. These values were 18,520 kg and 10,163

kg for alewives in 1983 and 1984, respectively, and 273,620 kg and 41,975

kg for gizzard shad in these years. Correction factors were 10.25 and

29.49 for alewives in 1983 and 1984, respectively. Similarly, gizzard

shad estimates were 10.1 and 2.27 times less than VDGIF values for August,

1983 and 1984.

The wide disagreement between biomass estimates based on meter-net

tows and cove rotenone data is due principally to the assumption of area

multipliers. One half the surface area of Smith Mountain Lake is probably

an overestimate of the size of the spawning area, whereas 3 m may be an

underestimate for the depth at which all larvae are found. In addition,

some larvae may escape the net. However, estimates based on meter net

tows are useful in that they serve as a relative index to extrapolate

August cove rotenone estimates to seasonal biomass values.

Cove rotenone estimates are relatively unbiased for shad, whereas

the pelagic nature of alewives makes estimates of biomass from rotenone

data suspect. I examined gill net data from 1983 and 1984 collections

to determine if alternative estimates of alewife biomass could be derived.

Potentially, the proportion of alewives to shad in the gill nets could

be applied to an estimate of shad biomass from cove rotenone data to

derive estimates of alewife biomass. However, distributional differences

and differences in seasonal availability confound the assumption that

alewives and :had are equally vulnerable to nets at a given time. Gill
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net catches may not reflect the relative proportion of each clupeid in

the reservoir. Thus, estimates of alewife biomass using this methodology

would also be biased.

Correction factors derived from cove rotenone data were applied to

biomass estimates obtained for each of the dates; June 1, August 1, Sep-

tember 1, December 15. Corrected biomass values were used to calculate

production (P) estimates seasonally using the following equation of

Ricker (1975):

P=EG

where Üämean biomass for the period and G=instantaneous growth,

ln •

Production estimates for age-1 and older alewives were not possible

because of data limitations. lnstead, I used a mean biomass value as an

indicator of availability of adult alewives. Gill net data indicated that

20 g was a reasonable estimate of mean weight for age-2 and age-3 alewives

collected in Smith Mountain Lake during 1983 and 1984. An annual mor-

tality estimate of 80% (Tisa 1987) was used to derive an estimate of the

number of age-2 and age-3 alewives in preceeding years from number of

young-of·year alewives present in March of 1984 and 1985. This estimate

was used with mean weight (20 g) to derive biomass estimates.

Seasonal production estimates for age·0 alewives followed similar

trends in both years, with highest production values during fall and

lowest values during spring (Table 3.26).
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Table 3.26. Mean weight (W), instantaneous growth (G), biomass (B),

corrected biomass (CB), mean corrected biomass (B), and

production (P) of the 1983 and 1984 cohorts of alewives

in Smith Mountain Lake.

A

Date W (s) G (s) B (ks) CB (ks) B (ka) P (ks)

1983 cohort

6/01/83 0.00078 5 51
7.18 39,855 286,159

9/01/83 1.022 7,772 79,658 '

2.28 141,320 322,210

12/15/83 9.97 19,803 202,982
0.00 183,698

3/15/84 9.97 16,040 164,414
0.10 124,836 12,484

6/01/84 11.0 8,318 85,258

1984 cohort

6/01/84 0.0006 3 101
7.35 80,756 593,557

9/01/84 0.93 5,473 161,411
2.16 301,778 651,840

12/15/84 8.1 14,993 442,144
0.00 400,136

3/15/85 8.1 12,144 358,127
0.31 293,355 90,940

6/01/85 11.0 7,751 228,583

A
Corrected biomass estimates were derived using cove rotenone data

supplied by the VDGIF.
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No production occurred during winter; mean weight remained constant and

biomass declined. Seasonal production estimates for the 1983 cohort

ranged from 12,484 to 321,210 kg; 1984 values ranged from 90,940 to

651,840 kg.

Production estimates for gizzard shad were higher than those derived

for alewife (Table 3.27). Gizzard shad production was highest during

summer, decreased in fall, and was lowest the following spring. Pro-

duction estimates (kg) of the 1983 cohort ranged from 151,181 to

3,378,458; 1984 values ranged from 26,654 to 481,550.

Total demand by predators for young-of-year alewives in summer and

fall was substantially less than both 1983 and 1984 estimates of alewife

production. However, demand during spring fell between production esti-

mates for the 1983 and 1984 alewife cohorts (Table 3.28).

The mean biomass values for adult alewives were 121,784 and 285,174

kg for the 1983 and 1984 cohorts, respectively. The demand estimate,

241,644 kg, approaches the maximum value derived for the 1984 cohort, and

is more than double the value for the 1983 cohort.

Predator demand for young-of-year shad during spring was substan-

tially less than the production estimate for the the 1983 gizzard shad

cohort but exceeded the production estimate for the 1984 cohort (Table

3.28). Demand was nearly 30 times less than the amount of young-of-year

shad produced during the summer of 1983 and approximately 25% of the 1984

production estimate for this season. Predator demand was substantially

less than production estimate for fall, 1983, and predators consumed ap-

proximately 52,000 kg less shad than were produced during fall, 1984.
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Table 3.27. Mean weight (W), instantaneous growth (G), biomass (B),

corrected biomass (CB), mean corrected biomass (B), and

production (P) of the 1983 and 1984 cohorts of gizzard

shad in Smith Mountain Lake.

8

Date W (8) G B (kg) CB (kg) B P (kg)

1983 cohort
·

6/01/83 0.0074 141 1,419
7.43 454,705 3,378,458

9/01/83 12.47 89,900 907,990
0.92 939,850 864,662

12/15/83 31.3 96,209 971,711
0.00 879,399

3/15/84 31.3 77,929 787,086
0.24 629,920 151,181

6/01/84 40.0 46,807 472,754

1984 cohort

6/01/84 0.0026 30 68
7.05 68,305 481,550

9/01/84 2.999 60,150 136,541
2.37 129,916 307,900

12/15/84 31.99 54,313 123,291
0.00 111,564

3/15/85 31.99 43,981 99,837
0.22 116,609 26,654

6/01/85 40.0 58,758 133,381

Q
Corrected biomass estimates were derived using cove rotenone data

supplied by the VDGIF.
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Table 3.28. Estimates of cumulative consumption (kg) by predators in
Smith Mountain Lake compared to production estimatee (kg)
for young•of—year alewives and gizzard sbad by season.
Production eatimates repreeent estimates for the 1983 and
1986 cohorts of both clupeids.

Alewives Gizzard Shad

Season Demand Production Demand Production

1983 286,159 3,378,658

Sumer 39,653 ·
121,533 •

1986 593,557 681,550

1983 322,210 866,662

Fall 20,667 · 255,637 ·
1986 651 ,860 307 , 900

1983 12,686 151,181

Spring 18,221
• 35,977 -

1986 90,960 26,656

a
Summer ie 6/1 to 8/31, fall is 9/1 to 12/15, and epring is 3/15 to 5/31.
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The above comparison indicates that predators may be capable of

consuming all the available clupeid production during spring in Smith

Mountain Lake. These results would tend to support diet information that

indicated diet breadth of predators was greatest during this season

(Chapter I). Increased breadth is often correlated with decreased abun-

dance of preferred food items (Ivlev 1961, Werner and Hall 1974). Ploskey

and Jenkins (1982) noted that May was a critical month in reservoirs be-

cause prey production was insignificant and the energy requirements of

predators for respiration and reproduction were increasing. A similar

situation appears to exist for the predator assemblage in Smith Mountain

Lake.

Production estimates may be unreliable indicators of prey avail-

ability during spring due to reduced growth rates of clupeids; biomass

may serve as a more reliable indicator of supply. A comparison of spring

demand to spring biomass of young-of-year shad indicated a substantial

underutilization of gizzard shad, with demand 10 to 20 times less than

the calculated biomass (Table 3.27). This underutilization may result

from reduced morphological availability of gizzard shad during spring.

In fact, most age-0 predators in Smith Mountain Lake cannot consume

young-of-year shad by March, following their first growing season (Chap-

ter I). _

The fact that consumption of prey in the summer is substantially less

than clupeid supply may also be related to morphological availability;
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clupeids have not yet reached a size where they are desirable and/or

consumable by most predators. During fall, demand of young-of-year

alewives may be mediated by the increased availability (morphological and

distributional) of young-of-year shad, explaining demand for young-of-

year alewives at levels far below calculated production estimates.

Young-of-year shad are larger than young-of-year alewives at this time

but they are still within the morphological size limits of even some age-0

predators. These large sizes may attract greater predator attention as

explained by optimal foraging theory (Pyke et al. 1977, Townsend and

Winfield 1985), i.e., predators receive more food per unit of expenditure.

Consumption of clupeids may occur during winter, but probably at

substantially lower levels than those calculated for other periods of the

year. I did not model the bioenergetics of predators during winter for

two reasons. First, food habit data on predators during winter were in-

complete. Second, bioenergetic models have been shown to be inaccurate

during winter months because they do not accurately describe bioenergetic

parameters (Minton and McClean 1982, Adams et al. 1982b). Adams et a1.

(1982b) found that largemouth bass had to consume some shad during winter

to explain observed weights. This contradicts laboratory findings which

indicated consumption by largemouth bass is negligible below 1006 (Lemons

and Crawshaw 1985). Sauger consumed a large number of cold-stressed shad

during winter in a Tennessee reservoir (Minton and McClean 1982), and

walleye in Smith Mountain Lake may do the same. The fact that some bait

fishermen catch striped bass during winter in Smith Mountain Lake indi-

cates that striped bass probably feed during this season, although I could
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find no study to substantiate this hypothesis. However, extrapolating

the results of Cox and Coutant (1981) to lower temperatures indicates

little or no prey consumption by juvenile striped bass below 1000. If

winter consumption of clupeids by predators does occur, this would in-

crease my estimates of annual demand.

Perhaps the most important information derived from this study is

that the two most abundant predatory species in Smith Mountain Lake are

essentially dependent on separate clupeid populations, striped bass re-

lying on alewives and largemouth bass on gizzard shad. These findings

substantiate the work of Kohler et al. (1986), who determined that

alewives served as a "buffer" between littoral residents and pelagic

predators in Claytor Lake, Virginia. Estimates of predator demand ex-

ceeded production estimates of gizzard shad and young-of-year alewife in

spring, implying that predators may have competed for a limited clupeid

resource during this season. In addition, it is possible that predator

demand could exceed adult alewife supply over a yearly period. However,

because diets could change to reflect prey availability, and data on

predator food habits collected in 1983 and 1984 were combined to estimate

predator demand, this demand would have to exceed clupeid production and

adult alewife biomass in both 1983 and 1984 to infer exploitative compe-

tition among predators in the reservoir during these years. In general,

estimates of predator demand and clupeid supply in this study substantiate

diet overlap data (Chapter I), which indicated native and introduced

predators are compatible in Smith Mountain Lake.
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The reliance of largemouth bass on gizzard shad for forage indicates

reduction in population size of this prey item (Fig. 3.13), may explain

the reduced growth rates and population levels observed for this predator

in Smith Mountain Lake since 1978 (La Roche 1981, Whitehurst 1985).

Carline et al. (1984) used bioenergetic simulations to demonstrate that

a dense population of largemouth bass could consume all of the gizzard

shad production in an Ohio impoundment. It appears that population levels

of largemouth bass were severely affected by the reproductive failure of

shad in Smith Mountain Lake in 1978, and in fact, both largemouth bass

and shad have not returned to pre·1978 levels of abundance (LaRoche 1981,

Whitehurst 1985).

Sustained availability of age 1 and older alewives may be the prin-

cipal factor limiting striped bass production in the reservoir. Striped

bass consume gizzard shad and young-of-year alewives principally during

fall when young-of-year are abundant. However, during late spring and

sumer, the time of year when striped bass are facing increased metabolic

costs due to rapidly rising temperatures, availability of these prey items

is reduced. Consumption of adult alewives is highest during this period,

at levels nearly four times that of either young-of-year alewives or

gizzard shad. Adult alewives, in effect, serve to maintain the condition

of striped bass cohorts between periods of young-of-year abundance.

stocking Strategies
'

Successful stocking strategies for striped bass, or any other spe-

cies, must consider three principal criteria when introducing the desired
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species into an ecologically suitable system: time of stocking, size at

stocking, and stocking densities (Keith 1986). VDGIF personnel stock

striped bass in Smith Mountain Lake annually in early June, at sizes of

25 to 50 mm. Fingerling stocking in June ensures that striped bass are

of sufficient size initially and will be large enough later to utilize

abundant young-of-year clupeids when they become available. In addition,

data from this study indicate that at least some stocked striped bass grow

to sufficient sizes during their first summer to utilize adult alewives.

Thus, stocking density is probably the most critical factor affecting

successful stocking regimes in Smith Mountain Lake.

A determination of the relative impact of a stocked striped bass

cohort on prey over time can produce useful information to guide managers

in determining optimal stocking densities for striped bass. The optimal

number of striped bass to stock would be the number which produces the

highest concentration of harvestable striped bass and at the same time

allows for minimal trophic interactions among striped bass and between

striped bass and other predators.

I used the striped bass bioenergetics model to simulate the prey

consumption over time by a one-time stocking of 100,000 stocked striped

bass fingerlings. Survival of stocked fish was assigned a value of 21%,

the mean survival rate observed for striped bass fingerlings from

1973-1983 (Chapter II). I also calculated consumption assuming a

continous yearly stocking regime of 100,000 (12/ha) to 400,000 (48/ha)
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fingerlings (at intervals of 25,000 fingerlings). Survival rates of

stocked fingerlings were derived from an equation relating survival to

stocking density (Equation 9, Chapter II). For all simulations, survival

of age 1 and older fish was 40%, and I assumed similar diet and growth

patterns observed for striped bass in 1983-1984. Simulations were run

for separate seasons and consumption was summed to derive cumulative

con:umption estimates for the three main prey items, young·of—year

alewives, adult alewives, and gizzard shad, during the entire growing

season. '

Because availability of adult alewives may be the principal factor

limiting striped bass production in the reservoir, consumption estimates

were compared to supply of adult alewives to evaluate stocking strategies.

A simplified version of the model developed by Eck and Brown (1985) of-

fered a methodology to conduct this evaluation. The model is of the form:

Z§=C1+C2+ ...0,,+0

where Z = the annual instantaneous mortality rate of adult alewives, E

= mean annual biomass of adult alewives, Ch = the annual biomass of adult

alewives consumed by the ith predator population, U = annual biomass of

adult alewives lost to other natural causes such as physiological stress

and disease. Assuming predation is a substitute form of mortality, the

amount of biomass defined by U gives an indication of the additional

predator biomass that can be supported by the adult alewife population.

In addition, potential competitive interactions between striped bass

and black bass for young-of-year shad must be considered when alternative
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stocking rates for striped bass are examined. I used the above model with

derived biomass levels for gizzard shad to assess combined predator demand

for young—of-year shad, an important food item for striped bass and

largemouth bass in Smith Mountain Lake (Chapter I).

The simulation indicated that consumption of young·of·year alewives

by striped bass was greatest at age 0, with more young·of-year alewives

consumed by underyearlings than all other ages (subsequent years) com-

bined (Table 3.29). Consumption of adult alewives and gizzard shad peaked

at age 2 and slowly declined with increasing age.

Stocking simulations indicated a stocking of 100,000 fingerlings per

year would result in a striped bass population that would consume nearly

half of the adult alewives consumed by :triped bass in 1983-1984, ap-

proximately 69,000 kg (Table 3.30). Consumption estimates would increase

at higher stocking densities; e.g., at a stocking density of 400,000

fingerlings, demand for adult alewives would exceed 128,000 kg. Simi-

larly, demand for young-of-year alewives would increase from 27,000 kg

at the lower stocking density, to over 73,000 kg at an annual stocking

of 400,000 fingerlings. Demand for gizzard shad would almost double be-

tween these two stocking rates.

In 1983 and 1984, biomass levels of adult alewives were estimated

at 121,784 kg and 285,174 kg, respectively. Tisa (unpublished) estimated

an annual mortality rate for alewives of approximately 80% (z=1.609).

Using the smaller bioma:s estimate for alewives (121,784 kg), zi would
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Table 3.29. Estimated consumption (kg) of clupeids ever time

by a cohort of striped bass based on a single
stocking of 100,000 fingerlings and a survival

rate of 21% for fingerlings.

Adult Y-0-Y Gizzard

Age Alewife Alewife Shad

0 2,058 11,536 2,236

1 5,064 1,461 952

2 13,139 2,824 7,938

3 7,621 1,622 5,027

4 3,613 770 2,221

5 1,798 380 1,191

6 776 164 512

7 327 69 216

8 136 29 89

9 55 12 36

10 22 5 14
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Table 3.30. Estimated consumption (kg) of clupeids by a cohort
of striped bass stocked at different densities.
Survival rates (X) were derived from an equation
relating survival to stocking density.

Number Survival Adult Y·0-Y Gizzard
Stocked Rate (Z) Alewife Alewife Shad

100,000 43.5 69,485 26,732 39,928

125,000 40.6 81,237 32,149 46,769

150,000 . . 38.0 91,440 37,216 52,743

175,000 35.5 99,898 41,890 57,743

200,000 33.2 107,039 46,268 62,006

225,000 31.1 112,921 50,361 65,565

250,000 29.0 117,523 54,167 68,410

275,000 27.1 121,177 57,758 70,723

300,000 25.4 124,055 61,175 72,604

325,000 23.7 126,081 64,399 74,007

350,000 22.2 127,370 67,458 75,000

375,000 20.7 128,040 70,377 75,645

400,000 „ 19.4 128,206 73,182 76,009
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equal 195,950 kg. Annual consumption of adult alewives by largemouth

bass, smallmouth bass, and walleye in Smith Mountain Lake was approxi·

~ately 78,000 kg/yr. Thus, slightly over 118,000 kg of additional biomass

of adult alewives would be available to support the striped bass popu-

latiou. At a stocking rate of 250,000 (30/ha) fingerlings, estimated

annual consumption of adult alewives by striped bass would be approxi-

mately 117,000 kg, a value almost equal to this surplus biomass. However,

variable survival of fingerlings would change consumption estimates. For

example, if 250,000 fingerlings were stocked each year and first-year

survival was 50% (instead of the derived 29%), consumption of adult

alewives would exceed 200,000 kg. This value is nearly double that es-

timated for the same stocking density but at a lower survival rate.

An optimal stocking regime should be based not only on the estimated

survival of fingerlings but also on the estimated biomass of adult

alewives. At 1984 levels of adult alewives, a surplus of 380,845 kg

((285,174 x 1.609) - 78,000) would exist. An annual stocking of 400,000

fingerlings would result in an annual consumption estimate of 128,000 kg

for adult alewives (Table 3.30). Thus, supply of adult alewives could

support a stocking rate of approximately twice this amount, or 800,000

fingerlings.

An annual mortality for young—of-year shad is approximately 99%

(Z=2.69). Assuming that biomass levels in September represent the mean

biomass of young-of-year shad morphologically available to predators

throughout the year, and using the lower estimate for the years 1983 and

1984, then zi would equal 367,295 kg. Demand estimates for shad by black
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bass were over 311,000 kg/yr in 1983 and 1984. Predator demand compared

to supply indicates a surplus of over 56,000 kg. This surplus would

support an annual stocking of nearly 175,000 fingerlings, based on a

consumption estimate of over 57,000 kg for this stocking rate (Table

3.30).

The temporal pattern of clupeid consumption by striped bass in Smith

Mountain Lake has important ramifications. Ideally, the reservoir should

be stocked with striped bass at favorable predator/prey ratios to crop

abundant young-of-year alewives in the fall (and possibly winter), taking

into consideration that overconsumption (or excessive winter mortality

of young-of-year alewives) by young-of-year striped bass may result in

insufficient numbers of adult alewives in the system to support subsequent

demand by age-1 and older striped bass. Striped bass of all ages consume

alewives of similar size ranges (Chapter I). Coupled with the fact that

striped bass are probably depensatory mortality agents, consuming

alewives more in relation to their density than to alewife density, in-

dicates that overstocking of striped bass may result in competition for

the reduced alewife biomass such that survival of stocked fish and con-

dition of adult fish are reduced. This large increase in forage demand

with increasing survival rates of striped bass emphasizes the importance

of continued fall gill netting in Smith Mountain Lake to determine sur-

vival of stocked striped bass and to potentially adjust future stocking

densities. Furthermore, environmental variability, as it relates to re-

Chapter III 172



productive success of clupeids, must also be considered. It is likely

that the striped bass fishery of Smith Mountain Lake was severely affected

when fingerlings stocked in 1977 had a high survival rate (Chapter II)

followed by a reproductive failure of clupeids the following year (La

Roche 1981).

A conservative approach for stocking striped bass in Smith Mountain

Lake would be to base stocking levels on a long-term mean or even a min-

imum estimate of annual clupeid biomass. The alewife population in Smith

Mountain Lake is probably similar to Lake Michigan's population in that

abundance oscillates around some average equilibrium level from year to

year (Stewart et al. 1983, Eck and Brown 1985). Data from the VDGIF an-

nual cove rotenone sampling, although somewhat biased, tend to support

this hypothesis (Fig. 3.14). An accurate determination of this mean level

would allow a reservoir manager to develop more accurate stocking strat-

egies for striped bass based on consumption estimates.

In addition, the simulation indicated that the biomass of gizzard

shad in 1984 would support a relatively low stocking rate of striped bass

each year. However, abundance of gizzard shad would have to remain con-

stant at this level from year to year to support this biomass of striped

bass. If survival and/or stocking rates of striped bass fingerlings in-

creased or young-of·year shad biomass decreased, potential demand for

shad could exceed supply and competitive interactions between predators

would likely intensify.

The above simulations are somewhat simplistic. Survival of

fingerlings, clupeid supply, and predator demand are variable and not
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Figure 3.14. Biomasa levels (kg/ha) of alewives collected by the Virginia

Department of Game and Inland Fisheriea in cove rotenone samples. Data

are from Whitehurst (1985).
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fixed from year to year. In addition, other piscivores in the system,

such as channel catfish (lggglgggs pgggtgggg), certainly eat clupeids but

were not accounted for in the Eck and Brown (1985) model. Nevertheless,

the above information indicates that a stocking rate of 20-24

fingerlings/ha appears optimal for Smith Mountain Lake. At this rate,

and based on the derived biomass levels for the clupeids, striped bass

would not overcrop their food supply, and potential interactions among

striped bass and between striped bass and other predators would be mini-

mal. In addition, data from Chapter II of this dissertation indicated a

decrease in fingerling survival with increased stocking levels. At

stocking rates greater than 24 fingerlings/ha, the marginal yield (number

n of survivors per additional 10,000 fingerlings stocked) decreased to less

than 20% (Chapter II). Economically, a higher survival rate at a lower

stocking level equates to a better benefit cost ratio assuming the cost

of hatching, raising, and stocking a fingerling remain constant at any

stocking density. Also, reduced stocking rates allow for a reduction in

intraspecific competition for prey or, at least, a greater concentration

of food per stocked fingerling. More food equates to faster growth such

that striped bass reach a larger size more quickly and are more able to

utilize larger prey items at an earlier date increasing condition factor

and potentially evoiding starvation. Thus, stocking levels greater than

24/ha may be costly both ecologically and financially.

Predator inertia, the time from stocking to when maximum predation

impact occurs, is two years for striped bass relative to both adult

alewives and young-of-year gizzard shad. A three—year stocking cycle,
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where striped bass are stocked at a constant level for two years followed

by a year when stocklng levels are reduced, might be appropriate. As-

suming a reductlon in demand for adult and young-of-year alewives the

third year, this strategy might allow for an increase ln adult alewives

the following years such that peak demand of age-2 striped bass would be

supported. However, consumption may increase with increase in prey den-

sity (Swenson and Smith 1976), and thus stocklng levels would have to be

adjusted to account for this compensatory consumption; i.e., smaller

populatlon size consuming the same amount of prey with concomitant ln-

crease in growth (Weatherly 1972).

The marked decrease in conversion efficlency of striped bass with

age lndlcates a degree of lnefficlency ln a system managed solely to

support numbers of large striped bass to maintain a trophy fishery.

Conslderatlon should be given to liberal harvest regulatlons that allow

harvest of smaller striped bass when abundant. If prey is limited, re-

ductlons ln blomass of these smaller striped bass will have the additional

beneflt of allowlng increased availability of prey for larger individ-

uals.

8•nsltlvlty and Blas

The major llmltation of this comparison of demand and supply ls the

credibllity of the lnputs and assumptlons used to compute these estlmates.

Sensltlvlty and error analysis of bloenergetlc models ldentlcal to those

used for largemouth bass, smallmouth bass, and walleye in this study, and

similar to my striped bass model, indlcate that the models are robust when
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estimating consumption from a known growth curve (Kitchell et al. 1977,

Stewart et al. 1981, 1983, Rice et al. 1983, Kitchell 1983, Lyons 1984,

Bartell et al. 1986). These studies indicate that the most important

parameters affecting the amount of variability in specific consumption

estimates of a particular prey item include bz , the weight dependence

exponent for respiration, initial and final weights of a cohort for a

simulation period, and diet composition. In addition, Kitchell and Breck

(1980) found that Variation in the activity parameter, A, can cause an

approximate 10% error in consumption estimates.

I believe my estimate of bz for striped bass is reasonably accurate,

based on a comparison of studies on striped bass metabolism. Bioenergetic

parameters, including bz, for largemouth bass and walleye have been de-

fended in earlier studies (Kitchell et al. 1977, Rice et al. 1983). It

is fortuitous that estimates for consumption, egestion and excretion pa-

rameters, and measurements of the relative energy content of predators

and prey, have low sensitivities; a large change in these variables has

relatively little effect on consumption estimates. Both sets of these

variables have the largest measure of uncertainty, especially for striped

- bass .

The growth curves derived from observed data realistically reflect

growth of an average individual in each cohort. The fitted curves agreed

with empirical data for most age groups, reflecting monthly and seasonal

growth trends, but differed somewhat from measured values when sample

sizes were small. Ideally, one needs to have large enough sample sizes

such that empirical mean weights can be used in model simulations.
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The P-values of age 3 and older striped bass are responsible for the

low mean P-value calculated for striped bass in the spring. Values for

these age groups are less than 0.2 and less than 0.1 for ages 8 to 10.

These values may reflect low prey availability or an underestimate of A,

the activity parameter, for sexually mature striped bass. If all other

parameters are held constant, increases in the value of A result in higher

P-values. Cheek (1982) measured movements of adult striped bass in

Cherokee Reservoir, Tennessee. Straight line values between telemetry

interceptions indicated a swimming speed of approximately 12 cm/s for

individuals tracked during spring, the season when traveled distances

were most extreme. Increased swimming speed was correlated with spawning

migrations in the reservoir. Using the equations of Kruger and Brocksen

(1978), the 12 cm/s swimming speed would equate to a metabolic increment

1.8 times standard metabolism. However, the actual distance traveled

would be greater since fish do not travel linearlyg swimming speed would

undoubtedly be higher.

The mean P•value for striped bass is higher than the value derived

for the other predators in Smith Mountain Lake during summer. This may

be indicative of a slight overestimate of A._ Subadult and adult striped

bass restrict movements during the hottest months to thermal refugia in

Cherokee Reservoir (Cheek et al. 1985). Striped bass movements in Smith

Mountain Lake may also be constrained in summer since these fish are found

chiefly in the lower reservoir during this season. It°s likely that P-

values for striped bass reflect both availability of prey and changes in

activity levels. However, without prior knowledge of striped bass ac-
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tivity levels or direct measures of activity metabolism, any alteration

in the activity parameter would be based on conjecture.

Linear interpolation between days in the modeling simulation may

result in some inaccuracies in diet description due to abrupt changes in

prey availability (Rice and Cochran 1984). Similarly, age-specific

changes in diet may not have been accurately reflected in my diet meas-

urements due to small sample size and grouping of some predator age

classes, especially smallmouth bass. In addition, bias may result from

combining predators from 1983 and 1984 for diet analysis. Predators may

"prey switch" from year to year, reflecting relative changes in the

abundance of clupeids. Some error may also result from spatial

heterogeneity of predator food habits in the reservoir and associated

sampling bias (Chapter I).

The potential biases involved in specific consumption estimates for

an average individual in an age group are minor compared to the biases

inherent in population estimates when consumption is extrapolated to an

entire predator population. Population estimates for predatory species

in Smith Mountain Lake may be significantly biased, especially for the

less abundant predators, smallmouth bass and walleye (Chapter II). Fur-

thermore, other predators, such as channel catfish and muskellunge, occur

in the lake as well and undoubtedly consume some of the available clupeid

_ biomass.

It is likely that actual population levels of clupeids are different

from those estimates derived in this study, especially for alewives.

Although cove rotenone data are relatively accurate for gizzard shad, the
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pelagic nature of alewives makes the use of cove rotenone data unreliable

for this species. Finally, although I assumed that all alewives and

young-of-year gizzard shad were vulnerable to predation, availability of

prey involves a number of factors including morphology, behavior, and

distributional similarities between predators and prey (Chapter I).

These factors must be considered when determining the amount of prey

"availab1e" for consumption by a predator.

Gonclusion

Estimates of annual consumption by Smith Mountain Lake predators

indicate that indigenous and introduced predators are compatible in Smith

Mountain Lake largely due to the presence of the two clupeids, gizzard

shad and alewife. The two most abundant predators in Smith Mountain Lake

are essentially dependent on separate clupeid populations, striped bass

relying on alewives and largemouth bass on shad. Relative to the other

predators, striped bass consumed 64% of the adult alewives, annually, and

largemouth bass consumed 72% of the gizzard shad. However, results from

this study indicate predator populations in Smith Mountain Lake are ca-

pable of consuming all the available clupeid production on a seasonal

basis. This possibility emphasizes that overstocking of pelagic preda-

tors and/or decline in the clupeid biomass could allow predators to

over-crop their food supply, increasing negative interactions between

predatory species.

The importance of clupeids to the well-being of the predator popu-

lations indicates that further stocking of pelagic predators must con-
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sider present and future prey abundance to maximize predator production

and the eventual harvest of gamefish by anglers. Consumption estimates

for striped bass and other predators can be used, in conjunction with

estimates of clupeid supply and survival estimates for striped bass

fingerlings, to determine optimal stocking strategies. Results from my

simulations indicate a stocking rate of 20-24 fingerlings/ha may be op-

timal for Smith Mountain Lake.

Confidence in interpretations of predator demand and prey supply,

and precise recommendations for quantitative stocking plans for striped

bass, are hindered only by insufficient data, especially accurate esti-

mates of alewife biomass. The importance of the alewife population to

striped bass survival and growth stresses the importance of determining

a correction factor or simple method, based on trawl (Siler et al. 1986)

or hydroacoustic estimates (Johannesson and Mitson 1983), that could be

applied to standard sampling schemes currently used such as

electroshocking or cove rotenone.

The striped bass bioenergetics model can be further refined to more

accurately reflect the physiology of this species, especially activity

metabolism. However, this refinement can only occur with additional

laboratory and field research. As is, the model I developed can have

several important applications to reservoir fisheries investigations,

particularly where striped bass are a species of concern. Rice and

Cochran (1984), in an independent evaluation of the largemouth bass

bioenenergetics model, found an 8.5% difference in model predictions

versus extrapolations from field estimated data. The close similarity
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in functional design between the largemouth bass model and other

bioenergetics models used in this study, including striped bass, indicate

that the bioenenergetics model is a valid tool for evaluating predator-

prey relationships in reservoirs.
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Fisheries managers must consider food resource partitioning among

predators when formulating management strategies that involve manipu-

lation of predator/prey ratios in reservoirs. Results of this study in-

dicate that introduction of alewives into Smith Mountain Lake has

benefited striped bass and walleye, and perhaps native black bass as well.

Alewives have increased forage availability for pelagic predators, rela-

tive to gizzard shad, because of their slower growth and spatial dis-

tribution. They are especially important as forage for young-of-year

striped bass, which can only consume young-of-year :had for a brief period

during late summer and fall. Although black bass consumed alewives rel-

atively infrequently in Smith Mountain Lake, introduction of alewives may

have increased forage availability for these predators by decreasing de-

mand for young-of-year shad, an important food item for black bass. Diet

overlap data and comparisons of predator demand to clupeid supply indicate

that alewife introduction has created a dual forage base in Smith Mountain

Lake such that the two most abundant predators are essentially dependent

on separate clupeid populations, striped bass relying on alewives and

largemouth bass on gizzard shad.

Food habit data indicated that striped bass and walleye consumed

similar species of clupeids during all seasons of the year where adequate

stomach samples were available for comparison. Significant diet overlap

between these species and finite clupeid forage base indicates that if
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stocking of walleye is reinstituted in Smith Mountain Lake, stocking rates

of striped bass will have to be proportionately reduced. Stocking of

walleye without this reduction could intensify competitive interactions

between these predators, ultimately reducing survival and production for

both predator populations.

My study emphasizes the importance of fishery independent surveys

to monitor the balance between predators and prey in the reservoir. Fall

gill net surveys should continue each year and CPUE of yearling striped

bass should be used as an index of striped bass stocking success. Sur-

vival rates of stocked fingerlings and probable future densities of

harvestable striped bass can be estimated using the method presented in

Chapter II. Cove rotenone sampling in August should continue, and these

data used to monitor reproductive success of black bass and availability

of young·of-year gizzard shad. The importance of alewives to the well-

being of the striped bass population necessitates additional study to more

accurately determine the abundance of this clupeid in the reservoir. Such

a study should stress the importance of determining a conversion factor

or a simple, inexpensive methodology to be applied to standard sampling

schemes. Monitoring clupeid populations will ensure that the cat-

astrophic effects of clupeid reproductive failure will not be exacerbated

by the stocking of excess predators as apparently occurred in Smith

Mountain Lake in 1978 and 1979.

Investigation of stocking strategies indicate that fingerling den-

sity is probably the most critical factor affecting successful stocking

regimes in Smith Mountain Lake. Information from this study indicates
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an optimal stocking density, the number which maximizes striped bass

harvest and minimizes trophic interactions among striped bass and other

predators, of 20-24 fingerlings per ha. This density approximates the

number of fingerlings stocked in 1983 and 1984 by the Virginia Department

of Game and Inland Fisheries. In the event that a surplus number of

striped bass fingerlings are stocked or fall gill netting indicates in-

creased survival (significantly above the average determined in this

study), then that year's stocking should be followed by one or two years

of reduced stocking levels. The degree of reduction would depend on the

extent of surplus survivors.

Predator inertia is two years for striped bass relative to adult

alewives and young-of—year gizzard shad in Smith Mountain Lake. A

three-year stocking cycle, where striped bass are stocked at a constant

level for two years followed by a year when stocking levels are reduced,

might be appropriate. Assuming a reduction in demand for adult and

young-of-year alewives the third year, this policy may result in an in-

crease in adult alewives the following years such that peak demand of

age-2 striped bass would be supported. Alternatively, consideration

could be given to stocking Mgggne hybrids. Faster growth and shorter life

span of hybrids equates to a reduction in predator inertia that would

allow for more flexible stocking rates based on yearly fluctuations in

the clupeid forage base.

Finally, the Virginia Department of Game and Inland Fisheries should

reassess their management regulations for striped bass in Smith Mountain

Lake that restrict harvest to two fish per day with a minimum size limit

Management Implications 185



of 508 mm. These regulations were instituted primarily to maintain a

trophy fishery for striped bass. A system managed to maintain a standing

stock of larger, older fish is inefficient; conversion efficiencies in-

dicate that older predators consume a disproportionate amount of forage

per unit gain in weight. Considerations should be given to liberal har-

vest regulations that allw harvest of smaller striped bass when abundant.

I Scatter plots comparing lengths of clupeids consumed to striped bass

lengths indicate a wide size range (TL) of striped bass ate similar—sized

prey. Reductions in biomass of smaller striped bass will therefore have

the additional benefit of increasing availability of prey for larger in—

dividuals.
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1. The food habits, survival rates, and population size of four predatory

fish species were determined and combined with information on energetics

and growth to quantitatively assess predator—prey interactions in Smith

Mountain Lake, a large hydroelectric reservoir in south-central Virginia.

2. A total of 1871 stomachs of the four species was examined from fish

collections between April 1983 and December 1984. Alewives and gizzard

shad, and to a lesser extent crayfishes and sunfishes, were the predomi-

nant food items consumed by predators in this lake. Food habits of each

predatory species were significantly different between habitats (upper

and lower reservoir) and among seasons.

3. The relative proportion of alewives and gizzard shad consumed by

predators was related to several factors: the differential distribution

of predators and prey in the reservoir, the relative abundance of alewives

and gizzard shad, and the seasonal and morphological availability of

clupeids.

4. Schoener's (1970) diet overlap index indicated that food resources

were effectively partitioned among introduced and resident predators in

Smith Mountain Lake in 1983 and 1984. Greater use of non-clupeid fish
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and crayfish by littoral black basses minimized diet overlap between these

predators and pelagic predators (striped bass and walleye). Significant

diet overlap (greater than 0.6) occurred between the pelagic predators

and between the littoral black bas:es in all seasons and locations where

adequate stomach samples were available for comparison. Habitat parti-

tioning probably minimized potential competitive interactions among these

predators.

5. Survival estimates for the four predatory species were derived from

cove rotenone data, gill net statistics, and creel survey estimates sup-

plied by the Virginia Department of Game and Inland Fisheries. Sampling

statistics from an electrofishing survey and mortality estimates obtained

from the literature supplemented the analysis. Survival of striped bass

fingerlings averaged 20.8% for an ll-year period (1973 to 1983) and ranged

from 3.9% to 54.3%. There was a significant inverse correlation (r=-0.7,

N=11, P=0.0157) between the number of stocked fingerlings and associated

survivel rates. Average survival of age-0 largemouth bass and smallmouth

bass was 53% and 45%, respectively, for the period 1979 to 1983.

Species-specific survival rates for predators, age 1 and older, ranged

from 29% to 59%. Of the predators age 1 and older, largemouth bass were

the most numerous at an estimated density of 61.2/ha, followed by striped

bass at 16.3/ha. Age 1 and older smallmouth bass and walleye were less

abundant at 8.2 and 2.02 per ha, respectively.
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6. The importance of clupeids to the well-being of the predator popu-

lation was also evident in survival and population estimates of the four

predatory fish species. The reproductive failure of these prey species

in 1978 appeared to severely affect subsequent spawning success of native

predators as well as the survival of stocked striped bass. Analysis of

cove rotenone data for the period 1979 to 1983 indicated that numbers of

age•0 bass were lowest in 1979. The lowest estimated survival of

fingerling striped bass stocked in the 11-year period, 1973-1983, was 3.9%

for fingerlings stocked in 1978.

7. A bioenergetics model for striped bass was developed from a compi1a·

tion of data collected in several studies on striped bass metabolism and

growth. Gross conversion efficiencies for striped bass were derived using

this model. Efficiencies decreased from 40.6% to 2% for increasing ages

of striped bass, age 0 to 10. Efficiencies for age 1 and older fish av-

eraged 13.7% for the entire growing season, and 21% during summer.

8. The striped bass bioenergetics model and models developed for walleye

and largemouth bass were used to derive estimates of total annual con-

sumption of alewives and gizzard shad by predators. Consumption of these

clupeids was estimated for the cohorts of each predator during three

seasons (spring, sumer, and fall) within the annual growing period. The

four predators consumed more adult and young-of-year alewives during

summer, an estimated 125,530 kg and 39,453 kg, respectively, than in any

other season. Striped bass ate the greatest amount of adult and young-
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of·year alewives during all seasons. Predators, particularly largemouth

bass, consumed the greatest amount of gizzard shad (255,437 kg) during

fall. Largemouth bass consumed nearly 70% of the total shad biomass eaten

l
by all predators during all three seasons. Smallmouth bass and walleye

had relatively little impact on either the alewife or shad population.

Comparison of the relative predatory impact of various age groups within

each predator population indicated that ages 0 to 3 for all species, ex-

cept walleye, consumed the greatest amount of clupeids annually. Age·4

walleye, the last cohort stocked in Smith Mountain Lake, were the prin-

cipal consumers of alewives and shad relative to the other walleye age

groups.

9. Estimates of clupeid biomass and production for 1983 and 1984 were

derived from a concurrent study on larval distribution and abundance, and

cove rotenone data from the Virginia Department of Game and Inland

Fisheries. Production estimates for age-0 alewives followed similar

trends in both years, with highest production values in fall and lowest

values in spring. Gizzard shad production was highest in summer, de-

creased in fall, and was lowest the following spring.

10. Predator populations in Smith Mountain Lake may be capable of con-

suming all the available clupeid production in spring. Predator demand

exceeded spring production estimates for the 1983 cohort of young-of-year

alewives and 1984 cohort of gizzard shad. However, demand estimates were

les: than similar production estimates derived for alewives in 1984 and
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gizzard shad in 1983. The fact that clupeids have not yet reached a size

where they are desirable and/or consumable by most predator size classes

may explain why predator demand during summer was substantially less than

production estimates derived for young·of-year alewives and shad in 1983

and 1984. Demand for young-of-year alewives during fall was over 15 to

30 times less than production estimates for the 1983 and 1984 alewife

cohorts. Predator demand exceeded shad production estimates during fall

of both 1983 and 1984. Greater consumption of gizzard shad in fall,

relative to alewives, may be explained by distributional shifts of pred-

ators and optimal foraging theory.

11. The two most abundant predator groups in Smith Mountain Lake are

essentially dependent on separate clupeid populations, striped bass re-

lying on alewives and largemouth bass on gizzard shad. Estimates of

predator demand and clupeid supply substantiate diet overlap data which

indicated that native and introduced predators were compatible in Smith

Mountain Lake.

12. Sustained availability of age 1 and older alewives may be the prin-

cipal factor limiting striped bass production in Smith Mountain Lake.

The bioenergetics model was used to make inferences about potential

stocking strategies based on availability of these alewives. A stocking

rate of 20-24 fingerlings per ha appears to maximize production of striped

bass and minimize potential competitive interactions between striped bass

and native predators.
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