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EXECUTIVE SUMMARY

Recruitment of black bass Micropterus spp. in large reservoirs is often related to fluctuations in water levels,
although the specific mechanism driving recruitment is not known. Eastern red cedar Juniperus virginiana
brush was added to coves within Bull Shoals Lake to replicate habitat conditions present during high water
events in an effort to increase numbers of nesting adult black bass and abundance of age-0 black bass. Num-
ber of nests within each study site was documented via snorkel surveys whereas abundance of age-0 black bass
and potential predators of these bass was determined via electrofishing surveys. Number of black bass nests
was greater in sites with brush compared to control sites. However, abundance of age-0 black bass was not
greater in these same sites. Black bass congeners and sunfish Lepomis spp. were the most prevalent predators
sampled, and their abundance was always greater in brush sites relative to controls; however, the magnitude of
difference varied by year. It appears that the simple addition of brush did not fully replicate habitat present
during high water events and as a result did not increase the abundance of age-0 black bass.

Keywords: black bass, Bull Shoals Lake, reservoir, abundance, spawning, habitat, predation.
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INTRODUCTION

Black bass Micropterus spp. are one of the
most sought freshwater sportfish in the United States
(U.S. Department of the Interior 2003). In Missouri,
no other sportfish receive as much attention as black
bass. In 2001, almost half of Missouri’s 1.2 million
anglers collectively spent over 5.5 million days fishing
for black bass. A substantial portion of this angling
specifically targets largemouth bass M. salmoides and
occurs on Missouri’s large reservoirs. For example,
Aggus and Elliott (1975) found that largemouth bass
made up one-third of the recreational harvest on Bull
Shoals Lake. Schramm et al. (1991) estimated that
75% of 1,650 competitive angling events in Missouri
targeted black bass. A later survey by Kerr and
Kamke (2003) found the number of competitive an-
gling events targeting largemouth bass in Missouri had
increased to over 2,000 events annually. Subsequent-
ly, fisheries management personnel devote substantial
effort towards management of these popular fisheries.

A better understanding of how abiotic and bio-
tic factors (e.g., increased cover, nutrient load, turbidi-
ty, decreased predation) affect recruitment in large
reservoirs would aid fisheries management staff in de-
veloping best management practices for largemouth
bass. Reproductive success of largemouth bass has
been correlated to water levels and changes in habitat
availability (Aggus and Elliott 1975; Allan and
Romero 1975; Summerfelt and Shirley 1978; Miranda
et al. 1984; Kohler et al. 1993; Raibley et al. 1997;
Parkos and Wahl 2002). Increased numbers of age-0
largemouth bass have also been positively related to
high water levels in Bull Shoals Lake (Aggus and El-
liott 1975; Novinger 1988). Often, first summer sur-
vival of age-0 fish is positively correlated to water lev-
els that increase and remain high for extended periods
of time (Summerfelt and Shirley 1978; Miranda et al.
1984; Kohler et al. 1993). The timing of water fluctu-
ations can greatly influence recruitment, especially
when these fluctuations occur during the nesting peri-
od. Receding water during nesting can reduce nesting
success (Allan and Romero 1975) and ultimately, year
class strength (Summerfelt and Shirley 1978). How-
ever, increasing water levels can also negatively affect
nesting success, with stable water levels considered
optimal for successful largemouth bass spawning
(Kohler et al. 1993).

It is not clear what specific factors associated
with high water levels drive increased recruitment, but
past research has suggested that both predation and

starvation may interact to influence survival of juve-
nile fish (Rice et al. 1987; Miranda and Hubbard
1994; Garvey et al. 1998) and ultimately, recruitment
dynamics (Dong and DeAngelis 1998). Specifically,
Aggus and Elliott (1975) suggested predation was a
primary cause of mortality for young black bass in
Bull Shoals Lake whereas Novinger (1988) suggested
that survival of young fish in Table Rock Lake was
inversely related to the abundance of potential preda-
tors. Susceptibility to predation is often related to size
of age-0 fish (Miller et al. 1988), with smaller fish
succumbing to predation more often than larger con-
specifics (Miranda and Hubbard 1994; Garvey et al.
1998). Age-0 largemouth bass that quickly switch to
piscivory often have increased growth and lower vul-
nerability to predation, improving the likelihood of
overwinter survival (Olson 1996; Ludsin and DeVries
1997). Habitat complexity can also decrease predation
success rates, especially when habitats are very com-
plex (Savino and Stein 1982; Olson et al. 2003; Os-
trand et al. 2004). As water levels increase and sub-
merge terrestrial vegetation, greater habitat complexi-
ty could reduce predation rates on age-0 black bass,
thereby increasing recruitment. The negative effects
of predation and starvation on recruitment appear to
be reduced when high water conditions are present.
Unfortunately, high water does not occur often
enough on Bull Shoals Lake to maintain a high quality
largemouth bass fishery; therefore, alternative means
to improve recruitment in the reservoir during low wa-
ter years might be warranted. One possible approach
may be to mimic high water conditions with the addi-
tion of fertilizer or brush cover. To date, limited work
has actually attempted to manipulate specific abiotic
factors with hope of re-creating conditions found dur-
ing high water events. Vogele and Rainwater (1975)
added brush to Bull Shoals Lake and noted increase
use by spawning black bass of areas with brush.
Novinger (1988) later attempted to increase nutrient
inputs in neighboring Table Rock Lake by placing al-
falfa bales in shallow littoral areas in the lake. Eastern
red cedar Juniperus virginiana trees were also placed
in shallow littoral areas to determine the effect of in-
creased cover on age-0 largemouth bass abundance.
Unfortunately, rising water prevented the practices
from being thoroughly evaluated (Novinger 1988).
Miranda and Hubbard (1994) suggested the effect of
predators on the survival of age-0 black bass could be
tempered by shelter. Increasing habitat complexity
within research ponds by adding brush increased over-
winter survival of age-0 largemouth bass. Red cedar



trees are readily available around Bull Shoals Lake;
therefore, we attempted to increase habitat complexity
in select study coves by cutting and sinking cedar trees
in an effort to increase survival of age-0 black bass
throughout the summer months. Objectives of our
study were to 1)observe number of nesting adult large-
mouth bass in experimental coves with artificially
placed brush compared to control coves without brush,
2) monitor abundance of age-0 black bass in these
study sites throughout the summer, and 3) concurrent-
ly monitor predator abundance at these sites. Alt-
hough addition of brush could provide increased cover
and protection from potential predators, presence of
brush could also attract more predators, thereby negat-
ing any potential positive side effects.

STUDY SITES

Bull Shoals Lake (18,400 ha) is a popular
largemouth bass fishery in southern Missouri and
northern Arkansas (Figure 1). Located below Lake
Taneycomo on the White River system of reservoirs,
the lake can experience annual water level fluctuations
of over 12 m. The reservoir is steep sided and con-
trols flooding for the lower White River basin while
also providing hydroelectric power and recreational
activities. The reservoir supports no aquatic vegeta-
tion and has some residual woody cover remaining
from pre-impoundment logging. The reservoir also
has woody and herbaceous vegetation present along
the shorelines; submerged cover is limited when water
levels are at or below conservation pool elevation of
199 m above sea level. Bull Shoals Lake has highly
variable black bass recruitment rates (Novinger 2004).
Relative abundance of age-1 largemouth bass within
the reservoir ranged from less than 10 to over 250
bass/h of electrofishing from 1984 to 2002.

METHODS

Work was initiated in January 2005 with selec-
tion of appropriate sites (N = 6) within the Spring
Creek arm of Bull Shoals Lake (Figure 1). Study
coves were selected based on local availability of me-
dium to large sized red cedar trees (trunk diameter of
0.2 to 0.4 m) on adjacent shorelines and coves that
also had low to moderately-sloped inshore zones.
Study sites were stratified by reservoir location and
then randomly designated as a control or experimental
cove. Experimental coves (N = 3) received 100 red
cedar trees each. Trees were cut, pulled to the water’s

Spring Creek

Oc Big Creek

Figure 1. Location of Bull Shoals Lake in Missouri, and con-
trol (C) and brush (B) study sites within Big Creek and Spring
Creek where nest surveys and electrofishing surveys for age-0
black bass and potential predators were conducted.

edge, and 4 or 5 concrete blocks were attached to en-
sure trees would remain in place underwater. Trees
were then pulled by boat from the bank and positioned
perpendicular to the shoreline with the trunk end adja-
cent to the shoreline. Trees were placed in ten groups
of ten trees each in water depths ranging from 0 to 4.6
m at conservation pool elevation within each experi-
mental cove (Figure 2). This ensured that some por-
tion of the red cedar brush would be submerged even
if the lake level decreased throughout the summer.

We attempted to provide over 20% brush coverage
within the inshore zone following results of Miranda
and Hubbard (1994). We termed the wetted shoreline
zone from 199 m to 197 m above sea level that was
routinely sampled during this study the “inshore
zone”. Sites and brush locations were mapped using a
geographical information system (GIS) to determine
total brush coverage of the inshore zone. Shoreline
lengths of all study transects were mapped at lake lev-



els of 199 m and 197 m using a handheld GPS data
recorder. Control coves (N = 3) did not receive any
red cedar brush and, therefore, were void of any
woody cover. In April 2006, additional sites (N = 4)
within the Big Creek arm of Bull Shoals Lake were
selected as described above. Sites were randomly as-
signed as either experimental N = 2) or control (N =
2), and treatments were applied as described above.

Largemouth Bass Nesting

Beginning in April 2006, sample sites within
Spring Creek were snorkel surveyed and all large-
mouth bass nests documented. Snorkel surveys were
planned weekly, but weather and logistics occasional-
ly limited field opportunities. Adult males guarding
their nests were identified to species, developmental
stage of offspring noted, and location of the nests
mapped on a plastic slate. Total number of nests with-
in each site was determined at the conclusion of each
spawning season and divided by the length of that
transect. All snorkel surveys were discontinued in
2008 due to high water levels and reduced underwater
visibility.

Age-0 Black Bass Abundance

Age-0 black bass were sampled monthly (June
through October) beginning in June 2005. Spring
Creek sites were sampled during 2005, 2006, and
2007 whereas Big Creek sites were only sampled in
2007. Fish were collected at night with a boat-
mounted electrofishing unit (rectified AC, 180-200 V,
8-10 A). All collected fish were counted, identified to
species, and measured for total length (TL). Fish were
then released at their respective collection site. A sub-
sample of age-0 black bass was collected during the
last sample in October to verify fish ages.

Due to the complexity of the brush sites, and
the increased effort required to effectively sample
those sites, we chose to use distance of shoreline sam-
pled as our effort instead of time electrofishing.

Times to sample were markedly different between
control and brushed sites because brush sites required
much more boat maneuvering than did control sites.
Age-0 black bass catch rates, therefore, were calculat-
ed as the total number of individuals collected within a
site divided by the total distance of shoreline sampled.

Predator Abundance

Abundance of predators that could potentially
prey upon age-0 black bass was also monitored
monthly following the schedule outlined above. All
piscivorous species (TL > 127 mm) were considered
potential predators. Fish were collected at night with
a boat-mounted electrofishing unit (rectified AC, 180-
200 V, 8-10 A) and at the end of each study transect,
collected fish were counted, identified to species, and
measured (TL) before their release. Predator catch
rates were then calculated as total number of predators
collected divided by total distance sampled as de-
scribed above.

Statistical Analyses

Analyses were conducted with SAS/STAT
software, Version 9.1 of the SAS System for Windows
(SAS 2002), and significance was assessed at an o lev-
el of 0.05. Means are presented = 1 SE. The effect of
brush on number of black bass nests was evaluated
using a one-way analysis of variance (ANOVA)
whereas the effect of treatment and year on total num-
ber of young-of-year (YOY) black bass, number of
YOY largemouth bass, number of YOY smallmouth
bass M. punctulatus in Spring Creek was tested with a

N

shoreline

Figure 2. Example of tree placement within brushed coves in Bull Shoals Lake. Red cedar trees were ori-
ented with their trunks inshore and were placed in groups of ten extending out from the shoreline at a wa-

ter level elevation of 199 m above sea level.
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Figure 3. Bull Shoals Lake water levels during the study period and important red cedar brush installation
dates. Daily water levels are shown by the solid black line whereas the conservation pool elevation of 199
m above sea level is shown by the dashed line. The shaded areas below the water level line denotes sam-
pling periods when snorkel surveys or electrofishing surveys were completed.

split-plot analysis with year as the split-plot factor.
Differences in number of YOY between treatments
were tested using a least significant differences (LSD)
post hoc test. Differences in total number of YOY
black bass as well as differences by species in Big
Creek were tested using a randomized block ANOVA
with paired sites treated as blocks in the analysis. The
effect of treatment and year on the number of preda-
tors present within each Spring Creek site was also
evaluated using a split-plot ANOVA and differences
between treatments were tested using a LSD test. Dif-
ferences in predator abundance between treatments
within Big Creek were tested using a randomized
block ANOVA.

RESULTS

Water levels in Bull Shoals Lake remained
similar during the initial years of the study, but rapidly
increased in March 2008 following a heavy precipita-
tion event (Figure 3). Water levels remained high
throughout 2008 and increased again in April 2009,
resulting in the discontinuation of the study. Snorkel

surveys were effective at surveying for largemouth
bass nests in Spring Creek during 2006 and 2007;
however, reduced underwater visibility in the Big
Creek arm of Bull Shoals Lake throughout the spring
resulted in cancellation of surveys in that area during
2007. All snorkel survey data presented, therefore, are
taken from Spring Creek sites only.

Shoreline length of study transects ranged
from 350 m to 958 m (629 + 67 m [mean total length
+ SE)) at a lake level of 199 m above sea level (Table
1). When the lake level decreased to 197 m, mean
transect length (545 + 54 m) also decreased. Shoreline
lengths measured at a water level of 199 m were used
in all calculations of catch rates (number of individu-
als per km shoreline) unless the lake level dropped
below 198 m when lengths of shoreline within tran-
sects at water levels of 197 m were used (Table 1).

Largemouth bass Nesting

Largemouth bass nest surveys were conducted
within Spring Creek sites from 13 April to 25 May
2006 and from 26 April to 17 May 2007. Number of
nests observed across sites did not vary between years
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(ANOVA, F,3=0.00, P =0.96), and year and treat-
ment did not interact (ANOVA, F; 3= 0.83, P =0.39)
to influence the number of largemouth bass nests per
km of shoreline (Figure 4). Significantly more large-
mouth bass (ANOVA, F,g=12.7, P=0.007) spawned
in experimental sites (45.2 + 7.1 number of nests/km
shoreline) compared to controls (16.5 £ 2.7) through-
out both spawning seasons (Figure 4).

Age-0 Black Bass Abundance

Total number of age-0 black bass observed in
study sites within Spring Creek varied across the three
years of study (ANOVA, F,,=15.26, P=0.02; Table
2). Numbers of largemouth bass (ANOVA, F, 4=
14.16, P =0.01) and spotted bass (ANOVA, F, 4=
16.22, P =0.01) varied across years, whereas number
of smallmouth bass observed did not vary by year
(ANOVA, F,4=3.78, P=0.12). Overall, year did not
interact (range P = 0.36 to 0.96) with treatment in
Spring Creek sites to affect numbers of black bass or
species individually.

Numbers of individuals collected from Big
Creek in 2007 and those from Spring Creek were sub-
sequently examined by year using a randomized block
ANOVA. Within Big Creek, addition of brush in
coves (62.3 £ 5.6 number of individuals/km shoreline)
did not increase the number of age-0 black bass col-
lected (ANOVA, F,;=0.83, P=0.53) compared to
controls (94.9 + 16.8; Table 2). Specifically, addition

Lake level
(m above sea level)

Spring Creek 199 m 197m % Coverage
Control 1 869 772 0
Control 2 958 807 0
Control 3 812 724 0

Brush 1 675 488 32
Brush2 657 509 29
Brush 3 624 568 26

Big Creek
Control 1 592 503 0
Control 2 350 338 0

Brush 1 410 407 50
Brush2 352 336 53

Table 1. Shoreline lengths within each study site on Bull
Shoals Lake. Lengths (m) were measured at water levels of
199 m and 197 m above sea level using a handheld GPS data
logging unit. Percent coverage represents the percent of the
inshore zone that was covered with red cedar brush at a lake
level of 199 m.
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Figure 4. Number of largemouth bass nests per km found
during Bull Shoals Lake snorkel surveys in 2006 and 2997
are shown as black circles. Boxplots representing the medi-
an, 25th and 75th percentile, and 10th and 90th percentiles
(error bars) are also shown. Different letters denote signifi-
cant differences in numbers of nests.

of brush did not affect the number of age-0 large-
mouth bass (ANOVA, F, ;=2.48, P=0.34), spotted
bass (ANOVA, F,;=0.04, P =0.87), nor smallmouth
bass (ANOVA, F,;=0.51, P=0.60) collected. Num-
bers of age-0 black bass in Spring Creek were also not
affected by addition of brush in 2005 (ANOVA, F,,=
0.21, P=0.69), 2006 (ANOVA, F,,=0.10, P = 0.78),
nor 2007 (ANOVA, F,,=0.36, P =0.60). Again, age
-0 largemouth bass numbers were not affected by ad-
dition of brush in any year of the study (range P =
0.13 to 0.18), nor were spotted bass (range P =0.31 to
0.62) or smallmouth bass (range P = 0.08 to 0.92)
when examined individually.

Predator Abundance

A total of 2,596 potential predators of age-0
black bass was collected throughout the study. Spe-
cies collected included bluegill Lepomis macrochirus,
green sunfish Lepomis cyanellus, longear sunfish
Lepomis megalotis, black crappie Pomoxis nigro-
maculatus, channel catfish Ictalurus punctatus, flat-
head catfish Pylodictis olivaris, longnose gar Lepisos-
teus osseus, largemouth bass, spotted bass, small-



mouth bass, walleye Sander vitreus, white bass Moro-
ne chrysops, freshwater drum Aplodinotus grunniens,
and yellow perch Perca flavescens; however, age-0
black bass congeners were the most abundant (68% of
total) potential predators across all sites. Lepomis spp.
accounted for an additional 23% of total predators
sampled.

Treatment and year sampled interacted to in-
fluence the total number of predators sampled within
each Spring Creek site (ANOVA, F,4,=9.02, P =
0.03). Number of predators sampled per km of shore-
line was always greater in experimental sites than in
control sites; however, magnitude of difference varied
by year (Figure 5). When examining the two most
commonly sampled predators, number of Micropterus
spp. was also influenced by the interaction between
treatment and year sampled (ANOVA, F,,=25.08, P
= 0.005); however, number of Lepomis spp. sampled
as potential predators did not vary across years
(ANOVA, F,4=6.49, P=0.06) or between treatments
(ANOVA, F,4=0.22. P=0.66; Figure 5).

Predators were also sampled from four study
sites within Big Creek during the summer of 2007.
Total number of predators sampled within Big Creek
was greater in experimental sites (112.3 = 1.6 preda-
tors/km shoreline) than in control sites (32.2 + 11.8);
however, these differences were not significant
(ANOVA, F,; =35.42, P=0.10) likely due to low
sample sizes. This trend was also evident for Microp-
terus spp. predators with no difference in abundance
detected (ANOVA, F,;=111.7, P = 0.06) although
number of Micropterus spp. sampled varied between
control (18.9 + 7.3 predators/km shoreline) and

brushed sites (90.6 = 0.6). There was also no differ-
ence (ANOVA, F;;=0.35, P = 0.66) in the number of
Lepomis spp. predators sampled from control (8.7 &
1.4 predators/km shoreline) and brushed sites (11.9 +
4.0).

DISCUSSION

We attempted to replicate conditions present
during a high water event within Bull Shoals Lake by
sinking red cedar brush to increase habitat complexity
within study coves. Typically, increases in reservoir
water levels are thought to increase nutrient levels due
to increased inflows and increase habitat complexity
by inundating terrestrial vegetation, and as a result,
increase recruitment of black bass often occurs (e.g.,
Summerfelt and Shirley 1978; Miranda et al. 1984).
We did not observe increased numbers of age-0 fish
within our study sites; however, brush did increase the
number of nests within study coves suggesting that
added cover attracted nest-building male largemouth
bass.

It is not surprising that we observed more
largemouth bass nests in sites where brush was added
compared to controls. Hoff (1991) found increased
numbers of smallmouth bass nests and fingerlings
when habitat structures were installed. Hunt and An-
nett (2002) also noted that nearly all largemouth bass
nests within surveyed sections of shoreline were asso-
ciated with some type of cover whereas Hunt et al.
(2002) also found that most largemouth bass nested
adjacent to some type of physical structure. Vogele
and Rainwater (1975) added brush to coves in Bull

Total

Treat- black
Year Site ment bass /km LMB/km SPB/km SMB/km
2005 Spring Creek Control 17.7 (4.7) 0.9 (0.4) 12.2 (3.7) 4.6 (1.4)
Brush 153 (3.8) 6.3 (3.6) 7.5 (1.9) 1.5 (0.8)
2006 Spring Creek Control 17.5 (2.9) 34 (0.7) 125 (2.4) 1.6 (0.6)
Brush 15.8 (3.0) 5.7 (1.2) 10.0 (2.3) 0.1(0.1)
2007 Spring Creek Control 314 (3.4) 8.5 (1.9) 20.3 (3.2) 2.6 (0.5)
Brush 30.5 (2.9) 114 (2.2) 16.7 (2.4) 2.4 (1.0)
Big Creek Control 94.9 (16.8) 51.1(15.8) 37.4(11.0) 6.4 (3.0)
Brush 62.3 (5.6) 26.0 (4.6) 324 (5.3) 3.8(1.3)

Table 2. Mean (+ 1 S.E.) number of total black bass, largemouth bass, spotted bass, or smallmouth bass
found in control coves and coves receiving red cedar brush within Bull Shoals Lake. Sites within Spring
Creek were monitored during 2005, 2006, and 2007 whereas sites within Big Creek were only monitored in

2007.
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Figure 5. Boxplots showing the number of potential predators
of age-0 black bass collected per km of shoreline in control
sites and sites receiving red cedar brush in the Spring Creek
arm of Bull Shoals Lake during 2005, 2006, and 2007. The
median, 25" and 75™ percentile, and 10™ and 90" percentiles
(error bars) are shown for the total number of predators and
the number of the two most commonly sampled predators
(Micropterus spp. and Lepomis spp.). Outliers within the data
are shown as black circles.

Shoals Lake and observed increased numbers of spot-
ted and largemouth bass nests. Although smallmouth
bass nests were the most common within their study
sites, Vogele and Rainwater (1975) noted that small-
mouth bass were not relating to added cover. Our
evaluation was done in a section of Bull Shoals Lake
that also contained smallmouth and spotted bass; how-
ever, we only observed nesting largemouth bass in our
snorkel surveys. The emphasis of our study was
largemouth bass, and our study sites were located in
the far backs of coves on low to moderately sloped
banks, areas more likely to be used by largemouth
bass for spawning than by spotted bass or smallmouth

bass. Combined, these results suggest that manage-
ment personnel can increase the number of black bass
nests within specific sections of reservoirs by increas-
ing the amount of physical cover present.

What is surprising is the fact that increasing
red cedar brush cover and numbers of black bass nests
did not result in an increase in numbers of age-0 black
bass within study sites. Perhaps some other biotic or
abiotic factor limited production of offspring at some
point between nesting and our age-0 sampling efforts.
A multitude of variables other than cover have been
linked to recruitment in black bass (see Garvey et al.
2002; Parkos and Wahl 2002; DeVries et al. 2009),
nearly all of which were not monitored in this study.
An alternative explanation could be that more age-0
fish were indeed produced in experimental coves, but
were not collected for a variety of reasons. Habitat
complexity in coves where brush was added could
have reduced our sampling efficiency, resulting in
fewer age-0 fish collected. This is probably not the
case given we expended more effort (time) in coves
with added brush to ensure that the habitat was thor-
oughly sampled. However, we adjusted for the in-
creased effort required by calculating our catch per
unit effort using the distance of shoreline sampled ra-
ther than time spent sampling the site. Another expla-
nation may be that age-0 bass were produced within
the experimental coves, but then migrated out of the
coves or to deeper water. Copeland and Noble (1994)
observed little movement of age-0 largemouth bass
out of coves during the first summer of life; however,
both Allen and Romero (1975) and Hightower et al.
(1982) noted age-0 largemouth bass moving offshore
as the summer progressed. Movement of age-0 black
bass could have occurred in Bull Shoals Lake if cer-
tain conditions existed, such as a shortage of prey.
Larval sunfish Lepomis spp. and shad Dorosoma spp.
are important prey for age-0 largemouth bass (Olson
1996; Allen et al. 1999; Parkos 2008), but little infor-
mation exists on their spawning patterns and offspring
movement patterns in Bull Shoals Lake. Finally, more
age-0 black bass could have been produced within the
experimental sites where brush was added; however, it
appears that added brush may have also attracted po-
tential predators. Increased predator densities within
the study sites could have resulted in higher predation
pressures on age-0 black bass that were present.

Although we attempted to mimic high water
conditions by adding brush to the inshore zone, it is
difficult to accurately reproduce conditions that exist
during high water events. Various changes occur to



the reservoir landscape during high water events. In-
crease inflows to the reservoir often carry increased
levels of sediment and nutrients (Horne and Goldman
1994). It was not possible to recreate this increase in
nutrients within our study coves; artificial fertilization
attempts are often unsuccessful and cost-prohibitive
(e.g., Buynak et al. 2001). Large amounts of terrestri-
al vegetation are also inundated during high water
events relative to the small proportion of the lake that
experienced increased cover during our study. While
adding cover did increase number of black bass nests,
this may have also focused predation pressures on our
sites and ultimately reduced the number of age-0 black
bass collected. This effect would not be as severe in
actual high water conditions where the shoreline of the
entire reservoir has increased cover available for both
age-0 fish and predators. Types of cover inundated
around Bull Shoals Lake during high water could in-
clude leaf litter, grasses, shrubs, and hardwoods in ad-
dition to red cedars; our coves only received red cedar
brush during the evaluation. Multiple mechanisms are
likely at work during actual high water events that al-
low for increased levels of recruitment.

Recruitment of black bass is a complex process
driven by numerous abiotic and biotic influences

(Garvey et al. 2002; Parkos and Wahl 2002; DeVries
et al. 2009). Of these, water level fluctuations are
most often linked to changes in black bass recruitment
(e.g., Summerfelt and Shirley 1978; Miranda et al.
1984); however, it is still unclear as to what specific
aspects of high water events result in increased re-
cruitment of black bass. Based on the results of this
study and others, we know that fisheries management
personnel can add brush or other physical structure to
coves if they wish to increase the number of nesting
black bass. Increased numbers of nests will likely
translate into increased numbers of YOY black bass
hatched (Post et al. 1998). Considering the results of
this study and others (Post et al. 1998), increased num-
bers of nesting largemouth bass likely do not translate
to increased numbers of age-0 individuals present later
in the season. Abiotic (e.g., nutrient inflow) and biotic
influences (e.g., predation, starvation, emigration) oth-
er than adult densities (i.e., stock-recruitment relation-
ship) are acting on age-0 black bass and influencing
recruitment in Bull Shoals Lake. Future work on re-
cruitment dynamics should consider our findings and
focus on the apparent bottleneck in recruitment that
occurs at some point after nesting but before the off-
spring’s first winter.
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