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ABSTRACT

 

Thirty largemouth bass (

 

Micropterus salmoide

 

s Lacepde)
were implanted with radio tags in late October 2003 in two
coves of Lake Seminole, Georgia, and tracked over a 24-hour
period about every 10 days to determine their response to
herbicide application. After five weeks of tracking, hydrilla
(

 

Hydrilla verticillata

 

 Royle) in each cove was treated in early
December 2003 with dipotassium salt of endothall (Aquathol
K; 7-oxabicyclo [2.2.1] heptane-2,3-dicarboxylic acid) at a
rate of 3.5 ppm. Largemouth bass were tracked during appli-
cation and tracking continued for three months post treat-
ment to assess effects of herbicide treatment on activity
patterns. The treatment in Desser Cove successfully reduced
hydrilla in approximately half the cove. However, the treat-
ment in Peacock Lake completely eliminated all submersed
aquatic vegetation (SAV) by April 2004. Movement and activ-
ity centers remained similar between treatment periods in
Desser Cove, but increased after treatment in Peacock Lake.
Depth occupied by telemetered fish decreased after
Aquathol K treatment in both coves. In general, behavior of
largemouth bass did not change appreciably during treat-
ment, and only minor changes were observed in the post-
treatment period in Peacock Lake, where all SAV was elimi-
nated. Fish showed little attraction to or movement away
from treatment areas, and fish migration from either cove
was nil after treatment. Application of Aquathol K and subse-
quent reduction of SAV had little effect on largemouth bass
behavior or movement.
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INTRODUCTION

 

Submersed aquatic vegetation (SAV) influences fish popu-
lations by enhancing reproductive success of many sportfish,
increasing abundance of prey such as macroinvertebrates
and smaller fishes, and by controlling access to this prey
through predation efficiency (Savino and Stein 1982, Dibble
et al. 1996, Trebitz and Nibbelink 1996, Unmuth et al. 1999).
High SAV abundance (>50% percent area covered [PAC]) al-
so restricts access of anglers (Colle et al. 1987) and can affect
angler success (Maceina and Reeves 1996). Intermediate cov-
erage of SAV (20% to 40% PAC) has been found to provide a

trade-off between prey production and predation efficiency,
leading to increased growth, condition, and abundance of
sportfish such as largemouth bass (e.g., Wiley et al. 1984, Dib-
ble et al. 1996, Brown and Maceina 2002).

Most largemouth bass anglers prefer to fish in or near SAV
and often oppose control of aquatic macrophytes (Wilde
et al. 1992). More than 40% of bass tournament anglers in
Texas opposed or strongly opposed any type of SAV control
(Wilde et al. 1992). Greater than 70% of largemouth bass
anglers preferred the same amount or more SAV in the
heavily-vegetated Lake Seminole, Georgia; whereas, >50% of
anglers targeting other species preferred less SAV coverage
(Slipke et al. 1998). All categories of anglers preferred in-
creased SAV densities in two South Carolina reservoirs
(Henderson et al. 2003).

Although herbicide treatments are the most common way
to control abundant SAV in the southeastern U.S. (Bates and
Smith 1994), obviously reduction of SAV using herbicides is
not without controversy (Henderson 1996). Although numer-
ous largemouth bass population-level studies have been con-
ducted in relation to changes in SAV abundance (reviewed by
Maceina 1996, Sammons et al. 2005), few studies have exam-
ined largemouth bass behavioral responses to herbicide ap-
plications (Bain and Boltz 1992, Boyer and Cichra 1994,
Sammons et al. 2003). Since the responses of largemouth
bass likely depends on many factors, including treatment pro-
tocol and herbicide used, more studies of this topic are need-
ed. The objective of this study was to examine changes in
behavior and activity patterns of largemouth bass in response
to small-scale herbicide treatments using dipotassium salt of
endothall (Aquathol K; 7-oxabicyclo [2.2.1] heptane-2,3-di-
carboxylic acid) in two coves of Lake Seminole, Georgia.

 

MATERIALS AND METHODS

Study Areas, Herbicide Treatment, and Plant Surveying

 

The study was conducted in two coves adjacent to the
Chattahoochee River arm of Lake Seminole, Georgia. Desser
Cove was a 39-ha shallow (<2 m) slough approximately 100 m
wide and 5 km long (Figure 1). Before herbicide treatment,
the cove was approximately 100% covered with a monocul-
ture of hydrilla, with a narrow fringe of alligator weed (

 

Alter-
nanthera philoxeroides

 

 G.), water hyacinth [

 

Eichhornia crassipes

 

(Mart.) Solms.], and giant cutgrass [

 

Zizaniopsis miliacea

 

(Michx.) Doell. + Asch.]. In contrast, Peacock Lake was a 23-
ha discrete lake connected to the main channel of the Chat-
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tahoochee River by a narrow stream (Figure 1). Approxi-
mately 52% of the cove was covered with hydrilla, 10% with
American lotus [

 

Nelumbo lute

 

a (Willd.) Pers.], and the re-
mainder was mostly open and deeper, with depths up to 6 m.
Some limited standing timber was located in deeper water,
along with some scattered coontail (

 

Ceratophyllum demersum

 

Lacepde). A narrow fringe of alligatorweed, water hyacinth,
and giant cutgrass encircled the cove.

Both coves were treated with 3.5 ppm (total of 2,388 L) of
Aquathol K on December 4, 2003. Desser Cove was treated in
one long continuous strip beginning at the western bank and
extending halfway across the cove for its entire length (total
of 17.8 ha). Peacock Lake was treated in a series of 31.25-m
strips placed approximately 100 m apart (6 strips in all); ap-
proximately 11 ha were treated. In both coves, herbicide was
applied to create vegetative edge habitat that was expected to
provide SAV-open water interface habitat for largemouth
bass (Engel 1995, Trebitz and Nibbelink 1996).

In 2001, SAV was mapped reservoir-wide using remote-
sensing imagery that recorded differences in reflectance of
light for each vegetation type (D. Morgan, USACE, pers.
comm.). Reflectance values for each type (floating, emer-
gent, submersed, topped) were determined in the field and
assigned for the entire area. Coverage of each type was then

determined using ArcMap/ArcInfo software (ESRI, Inc.,
Redlands, CA). Aquatic plant coverage did not change appre-
ciably in either cove between 2001 and 2003 (D. Morgan, US-
ACE, pers. comm.), thus this survey was used to approximate
conditions in each cove before treatment. Aquatic plants
were mapped in each cove in April 2004 using a recording
fathometer (Maceina and Shireman 1980) and a global posi-
tion system (GPS) by the USACE. At each waypoint taken
with the GPS unit, a simultaneous fix mark was taken with the
fathometer to determine whether SAV was present or absent
at each waypoint. Periodically, a vegetation rake was used to
determine species composition of SAV. Waypoints and their
associated vegetation attributes were imported into ArcView
software (ESRI, Inc., Redlands, CA) to create vegetation poly-
gons and estimate percent areal coverage in each cove.

 

Largemouth Bass Telemetry

 

Fifteen largemouth bass greater than 500 g were implant-
ed with radio tags (Advanced Telemetry Systems, Inc., Isanti,
MN) using the methods of Maceina et al. (1999) in each
cove on October 28, 2003. We followed the recommendation
of Winter (1996) of not implanting a tag greater than 2% of
body weight to ensure that behavior and movement will not
be affected. Tags had a 180-day life expectancy and were fit-
ted with a mortality sensor. If the tag was motionless for at
least 24 hours due to death or expulsion, then the signal rate
doubled. All fish were collected using electrofishing. Imme-
diately upon capture, fish had a radio tag implanted and
were released at the site of capture.

Fish were tracked in a 4.2-m boat equipped with a 30-hp go-
devil motor approximately every 10 days beginning approxi-
mately 2 weeks after tag insertion. On each sampling date, fish
were found every 4 to 6 hours for a 24-hour period to assess
movement patterns. The precise location (within 5 m) of each
fish was mapped using a GPS receiver. The primary habitat
type and water depth were recorded at each location.

Only fish that were at large in the coves for at least 140
days and with at least 50 locations were used for analysis
(Table 1). Fish locations were divided into two time periods:
a pre-treatment period (November 14, 2003 to December 16,
2003), before SAV responded to the herbicide, and a post-
treatment period (January 8, 2004 to March 30, 2004), after
SAV declined from the treatment. Primary habitat for each
location was grouped into one of eight categories: hydrilla,
water hyacinth, alligatorweed, large woody debris (Peacock
Cove only), American lotus (Peacock Cove only), giant cut-
grass, open (no plant material on the bottom), and other.
Percent occurrence of fish in each of these habitat categories
was compared between the pre and post-treatment periods.

Movement (m/h) was estimated as the distance moved di-
vided by the number of hours between locations in a 24-hour
tracking period. Activity centers were calculated for each fish
in each treatment using a 20% kernel estimator (Seaman
and Powell 1996, Sammons et al. 2003). Site fidelity of each
fish in each treatment period was tested using the Monte
Carlo random walk test developed by Spencer et al. (1990),
modified by Hooge et al. (2001). Movement and depth were
further subdivided in each treatment period into diel time
periods: dawn, two hours before and after sunrise, dusk, two

Figure 1. Map showing plant coverages in the two coves of Lake Seminole,
Georgia, used in this study before (pre) and after (post) application of
Aquathol K herbicide.



 

J. Aquat. Plant Manage.

 

 43: 2005. 19

hours before and after sunset, day, and night (Sammons et
al. 2003). Movements were assigned to the time period in
which the majority of the movement occurred.

Movement and depth distributions in each treatment pe-
riod were compared using a Kolmogorov-Smirnov Test (SAS
2000). Mean movement and depth were compared between
treatments in each area using a repeated measures analysis of
variance with each fish being considered as a randomly-cho-
sen fixed subject and sample week used as the time function
(Maceina et al. 1994). Activity centers were compared be-
tween treatments in each area using a t-test (SAS 2000).
Movement and depth data were non-normally distributed
and were loge-transformed prior to analysis. Mean depth and
movement were compared between the two treatments in
each diel time period using a t-test (SAS 2000). Differences
in proportions of fish locations occupying the treatment area
and non treatment area in Desser Cove were tested using chi-
squared analyses (SAS 2000). This analysis was not done for
Peacock Lake, because all SAV was eliminated and there
were no distinct treated and untreated areas. All compari-
sons were considered significant at P < 0.10.

 

RESULTS AND DISCUSSION

 

Application of Aquathol K in Desser Cove reduced hydrilla
along the entire western bank of the slough, creating definite
edge habitat throughout much of the cove (Figure 1). Avail-

able habitat shifted from a monoculture of hydrilla to large
open areas with a scattered patchwork of hydrilla clumps. In
contrast, application of Aquathol K in Peacock Lake eliminat-
ed all SAV in the cove by April 2004 (Figure 1). Available hab-
itat changed from 52% coverage of hydrilla to mostly open
water, except for scattered stems of American lotus. In both
coves, the fringe of water hyacinths, alligatorweed, and giant
cutgrass was unaffected by herbicide treatment.

Twelve largemouth bass in Desser Cove and 13 in Peacock
Cove were tracked long enough and had enough locations to
be used for these analyses. These fish were at large for 142 to
154 days and were located 50 to 54 times (Table 1). The other
5 fish died within two months of tag implantation. No fish left
Desser Cove during this study; however one fish in Peacock
Lake was unable to be found on the last sample date. This fish
may have left the cove, been removed by angling, or the tag
signal may have terminated prematurely. Since none of the
other fish left the coves during this study, it is unlikely that the
absence of this fish was due to the herbicide treatment.

Movement did not change in Desser Cove after herbicide
application; however, it increased 38% in Peacock Lake (Ta-
ble 2). In Desser Cove, movements were skewed low (<20 m/
h) both before and after herbicide treatment; however, inci-
dence of movements >80 m/h increased slightly after
Aquathol K application (Figure 2; Kolmogorov-Smirnov Test;
P < 0.10). In contrast, movements in Peacock Lake were
more evenly distributed, although movements > 80m/h were
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Cove Tag Total length (mm) Weight (g) Last date found Days at large No. locations Fate

Desser 155 465 1685 30 Mar 04 154 54 Study ended
173 490 1700 30 Mar 04 154 55 Study ended
193 430 1092 30 Mar 04 154 50 Study ended
213 426 1091 30 Mar 04 154 54 Study ended
234 372 725 30 Mar 04 154 54 Study ended
253 367 680 30 Mar 04 154 54 Study ended
273 379 758 14 Nov 03 17 2 Fish died
294 525 2400 30 Mar 04 154 55 Study ended
313 446 1250 30 Mar 04 154 55 Study ended
334 399 925 30 Mar 04 154 55 Study ended
354 440 1442 30 Mar 04 154 55 Study ended
374 372 785 30 Mar 04 154 55 Study ended
394 395 910 30 Mar 04 154 55 Study ended
414 340 510 10 Dec 03 43 19 Fish died
434 356 600 2 Dec 03 35 9 Fish died

Peacock 453 535 2350 30 Mar 04 154 54 Study ended
475 360 686 18 Mar 04 142 50 Lost
495 338 500 30 Mar 04 154 55 Study ended
514 365 650 30 Mar 04 154 55 Study ended
534 343 600 30 Mar 04 154 55 Study ended
555 459 1556 17 Dec 03 50 26 Fish died
573 604 3900 13 Nov 03 16 2 Fish died
594 448 1400 30 Mar 04 154 55 Study ended
614 444 1299 30 Mar 04 154 55 Study ended
633 376 794 30 Mar 04 154 54 Study ended
654 616 4128 30 Mar 04 154 55 Study ended
674 455 1565 30 Mar 04 154 55 Study ended
694 380 812 30 Mar 04 154 55 Study ended
714 534 2530 30 Mar 04 154 55 Study ended
732 464 1558 30 Mar 04 154 55 Study ended
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more common after herbicide treatment (Figure 2; Kolmo-
gorov-Smirnov Test; P < 0.10). Movement increased after her-
bicide treatment in Desser Cove in the dawn and night
periods, but remained similar in day and dusk periods (Fig-
ure 3). However, movement increased during the dawn and
day periods, but remained similar in dusk and night periods
in Peacock Lake after treatment (Figure 3). Activity center
size significantly increased after herbicide treatment in Pea-
cock Lake, but appeared to decline in Desser Cove, although
the change was not significant (Table 2).

Mean depths occupied by telemetered largemouth bass
declined slightly after herbicide treatment in Desser Cove
(Table 2). A similar decline appeared for fish in Peacock
Lake, but was not statistically significant. However, depth dis-
tribution shifted dramatically after Aquathol K treatments in
Desser Cove, with most fish being found in water <1.2 m
deep (Figure 4; Kolmogorov-Smirnov Test; P < 0.10). A simi-
lar shift was observed in Peacock Lake after elimination of
SAV; however, fish occupied a wider range of depths after
SAV elimination than they had before treatment (Figure 4;
Kolmogorov-Smirnov Test; P < 0.10). Depths significantly
declined in the dawn, day, and night periods in Desser Cove,

and in the day, dusk, and night periods in Peacock Lake after
herbicide treatment (Figure 5).

Habitat use in Desser Cove shifted from almost exclusively
hydrilla before herbicide treatment to a mixture of hydrilla,
water hyacinth, giant cutgrass, and open water afterwards
(Figure 6). However, almost 50% of all fish locations were in
hydrilla after herbicide treatment, indicating little move-
ment away from hydrilla towards open water or treated areas.
The proportion of all fish locations occupying the treatment
area and nontreatment area did not change following
Aquathol K application in Desser Cove (Chi-square; P >
0.10). Chi-squared analyses revealed that 7 of 12 fish did not
move away from or towards the treatment area (P > 0.10);
however, 3 fish decreased their use of the treatment area and
two fish increased their use of the treatment area following
herbicide application (Chi-squared, P < 0.10). In contrast,
habitat use in Peacock Lake shifted from primarily hydrilla
to open water following SAV elimination (Figure 6). Large-
mouth bass continued to be found in hydrilla while some still
remained in the cove; however, all hydrilla was eliminated by
one month into the post treatment period. Water hyacinth
use almost tripled, and use of giant cutgrass and alligator-

Figure 2. Frequency distribution (10-m/h increments) of diel movement
observed for largemouth bass before and after treatment with Aquathol K
herbicide in Desser Cove and Peacock Lake of Lake Seminole, Georgia. Dis-
tributions were different between treatment periods in both coves (Desser;
KSa = 1.41; P < 0.10; Peacock; KSa = 1.21; P < 0.10).

Figure 3. Mean movement in four diel periods of telemetered largemouth
bass in two areas of Lake Seminole, Georgia, before and after treatment with
Aquathol K herbicide. Asterisks denote significant differences in movement
between treatment in each diel period (t-test, P < 0.10).
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weed also increased after treatment. However, use of Ameri-
can lotus remained similar between treatments (Figure 6).

Aquathol K has been shown to be effective in controlling
hydrilla (Skogerboe and Getsinger 2001), and is commonly
applied in a transect pattern to create edge habitat for fish
such as largemouth bass (G. Adrian, Cerexagri, Inc., pers.
comm.). Largemouth bass have been found to be associated
with edge habitat (Engel 1986), presumably because it en-
hances predation success (Pothoven et al. 1999). Creating
channels in dense SAV has been shown to increase growth of
some age classes of largemouth bass (Pothoven et al. 1999,

Unmuth et al. 1999). The treatment in Desser Cove was suc-
cessful at opening a long channel in the formerly dense mo-
noculture of hydrilla in that cove. However, the same
treatment in Peacock Lake resulted in complete elimination
of all SAV in that cove.

Variable effectiveness of herbicide treatment is not unusu-
al, but the difference in results between the two coves was
puzzling. Skogerboe and Getsinger (2001) reported that ex-
posure time of plants to Aquathol K was important in deter-
mining overall effects of the treatment. Desser Cove had
some water flow resulting from several springs located within
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Cove Measure Pre-treatment mean (N) Post-treatment mean (N) Test statistic P

Desser Movement (m/h) 7.15 (105) 8.17 (289) F = 0.27 0.62
Depth (m) 1.45 (181) 1.13 (371) F = 3.34 0.09
Activity Center (ha) 1.56 (12) 0.89 (12) t = 1.20 0.25

Peacock Movement (m/h) 10.83 (116) 14.96 (321) F = 5.80 0.03
Depth (m) 1.78 (206) 1.50 (404) F = 1.29 0.28
Activity Center (ha) 0.29 (13) 0.45 (13) t = 1.79 0.09

Figure 4. Frequency distribution (0.2-m increments) of depths occupied by
telemetered largemouth bass before and after treatment with Aquathol K
herbicide in Desser Cove and Peacock Lake of Lake Seminole, Georgia. Dis-
tributions were different between treatment periods in both coves (Desser;
KSa = 3.14; P < 0.10; Peacock; KSa = 4.59; P < 0.10).

Figure 5. Mean depth in four diel periods of telemetered largemouth bass in
two areas of Lake Seminole, Georgia, before and after treatment with
Aquathol K herbicide. Asterisks denote significant differences in depth
between treatment in each diel period (t-test, P < 0.10).
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it, which may have limited the effects of the herbicide. In
contrast, Peacock Lake was almost completely isolated from
the main Chattahoochee River channel, and thus SAV may
have had a longer exposure time to the herbicide in Peacock
Lake than in Desser Cove, leading to more effective control.
The two areas were treated on the same day with the same
batch of herbicide at similar water temperatures, so environ-
mental conditions and herbicide effectiveness was assumed
to be similar between the two coves (D. Morgan, U.S. Army
Corps of Engineers, pers. comm.). Regardless, Aquathol K
treatment resulted in changes in SAV in both coves.

After herbicide treatment, largemouth bass movement in-
creased in Peacock Lake, but not in Desser Cove; whereas,
depth distribution decreased in both coves. However, activity
center size appeared to decrease in Desser Cove, but in-
creased in Peacock Lake after treatment. Sammons and Ma-
ceina (2003) found that home range size was related to fish
movement in the Spring Creek arm of Lake Seminole, which
we observed in Peacock Lake. However in Desser Cove, fish
movement increased slightly after treatment (14%), but activ-
ity center size declined 43%. The divergence in results be-
tween the two coves may have been related to the continued
presence of hydrilla after herbicide treatment in Desser Cove.

Similar to the results in Peacock Lake, largemouth bass move-
ment in the Spring Creek arm of Lake Seminole increased af-
ter a large reduction of hydrilla occurred (Sammons et al.
2003). However, hydrilla remained abundant in Desser Cove
after herbicide treatment, and fish were often located in it.
Thus, treatment in Desser Cove may not have removed
enough SAV to affect largemouth bass movement patterns.

Largemouth bass in this study were found in shallower ar-
eas following herbicide treatment in both coves. However, in
a similar study Sammons et al. (2003) found that largemouth
bass used deeper areas following a large-scale reduction of
hydrilla in the Spring Creek arm of Lake Seminole. The de-
crease in depth distribution after treatment in this study may
have been confounded by the spawning season, which oc-
curred in the post-treatment period. Largemouth bass typi-
cally spawn in shallow (<0.5 m) protected areas clear of SAV
or other complex habitats (Allan and Romero 1975, Hunt
and Annett 2002). Many locations in Desser Cove continued
to contain dense SAV or floating and emergent vegetation,
which would not seem to represent quality spawning habitat.
However, no attempt was made to determine whether or not
fish were in fact spawning, so it is likely that spawning move-
ments did somewhat confound the results of this study.

Largemouth bass shifted from using hydrilla to open water
habitats as hydrilla disappeared in Peacock Lake. Use of
American lotus did not change, and only a slight increase in
the use of giant cutgrass, alligatorweed, and water hyacinths
was observed. Fish did not appear to change the area that
they had used in Peacock Lake before SAV elimination, de-
spite the dramatic change of habitat. Largemouth bass ap-
peared to continue to use the same areas before and after
SAV elimination, although movement increased significantly.
In contrast, largemouth bass in the Spring Creek arm of Lake
Seminole were primarily found in shallow hydrilla before
herbicide treatment, then shifted to offshore large woody de-
bris following elimination of hydrilla (Sammons et al. 2003).
Savino and Stein (1982) predicted that as SAV density de-
clined below a certain threshold, largemouth bass would
switch from a sedentary ambush strategy to actively searching
for prey. Our results support this prediction, and suggested
that switching habitats may not be necessary for continued
predation success. Bain and Boltz (1992) found that follow-
ing herbicide treatment, largemouth bass remained in or
near the site they had been previously captured.

Similarly, fish in Desser Cove showed little inclination to
seek out new areas to live after herbicide treatment. Despite
the common assumption that largemouth bass seek edge
habitat (Engel 1986, 1995), we observed little attraction to
edge or open habitats following herbicide treatment. Large-
mouth bass were generally found in the same general areas
before and after Aquathol K treatment. Hydrilla continued
to be the primary habitat used by largemouth bass after her-
bicide treatment, although we observed an increase in the
use of water hyacinth and giant cutgrass following treatment.
Similarly, Boyer and Cichra (1994) observed no changes in
movement or activity areas of largemouth bass in two Florida
lakes following herbicide treatment.

This study demonstrated that herbicide treatments and as-
sociated reduction or elimination of SAV were related to
changes in largemouth bass behavior or activity patterns, al-

Figure 6. Percent occurrence of tagged largemouth bass in habitat catego-
ries before and after Aquathol K treatment in two coves of Lake Seminole,
Georgia. Habitat categories were: alligatorweed (AW), giant cutgrass (CG),
hydrilla (HD), waterhyacinth (WH), American lotus (AL), open, no plant
material (OP), woody debris (WD), and other (e.g., native submersed vege-
tation; OT).
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though these changes were not very dramatic. Most of the
changes in largemouth bass behavior were subtle, and fish
did not exhibit a repulsion from treatment areas, or an at-
traction to the resulting edge habitat created. The gradual
disappearance then elimination of all SAV in Peacock Lake
was associated with greater movement and activity centers
compared to Desser Cove where hydrilla occupied about half
the area of this cove after treatment. Largemouth bass are
commonly found to be a sedentary predator, with little long-
range movements reported (Warden and Lorio 1975, Bain
and Boltz 1992, Furse et al. 1998, Woodward and Noble
1999). The species is highly adaptable and commonly found
in a wide variety of habitats (Heidinger 1975), thus, it is not
surprising that changes in SAV density did not cause large
shifts in largemouth bass behavior and movement.

While largemouth bass apparently did not leave these two
areas when vegetation was reduced or eliminated by herbi-
cides, they did respond by changing movement patterns,
depth distribution, and habitat use, similar to the results of
Sammons et al. (2003). The exact nature of the behavior
change is likely mediated by a suite of variables, including
lake or embayment morphology, hydrology, and the amount
of SAV remaining after treatment. For instance, in this study,
largemouth bass increased daytime movement after herbicide
treatment in Peacock Lake, where all SAV was eliminated. A
similar response was found for largemouth bass in the Spring
Creek arm of Lake Seminole after 1,800 ha of hydrilla was
eliminated, which the authors attributed to the decline in wa-
ter clarity following treatment (Sammons et al. 2003). In con-
trast, daytime movement of largemouth bass declined after
treatment in Desser Cove; however, approximately half the
hydrilla remained after treatment and water clarity never
changed. Thus managers may not be able to predict exact
changes in largemouth bass behavior in response to herbi-
cide treatment; however, our studies on Lake Seminole dem-
onstrated that application of Aquathol K and subsequent
decline in SAV did not cause fish to leave the treatment area
or cause extremely large shifts in behavior or activity patterns.

 

ACKNOWLEDGMENTS

 

Funding and Aquathol K for this study was provided by
Cerexagri, Inc. The U.S. Army Corps of Engineers, Mobile
District, conducted the herbicide application in both coves.
Telemetry assistance was proved by M. Holley, M. Euten, B.
Ricks, and J. Slipke with Auburn University, and D. Partridge
and T. Feltman with the Georgia Department of Natural Re-
sources. D. Morgan, U.S. Army Corps of Engineers, provided
pre- and post-treatment maps of plants for each cove.

 

LITERATURE CITED

 

Allan, R. C. and J. Romero. 1975. Underwater observations of largemouth
bass spawning and survival in Lake Mead, pp. 104-112. 

 

In:

 

 R. H. Stroud
and H. Clepper (eds.). Black bass biology and management, Sport Fish-
ing Institute, Washington, DC.

Bain, M. B. and S. E. Boltz. 1992. Effect of aquatic plant control on the
microdistribution and population characteristics of largemouth bass.
Trans. Am. Fish. Soc. 121:94-103.

Bates, A. L. and C. S. Smith. 1994. Submersed plant invasions and declines
in the southeastern United States. Lake Res. Manage. 10:53-55.

Brown, S. J. and M. J. Maceina. 2002. The influence of disparate levels of
submersed aquatic vegetation on largemouth bass population character-
istics in a Georgia reservoir. J. Aquat. Plant Manage. 40:28-35.

Boyer, M. G. and C. E. Cichra. 1994. Effects of 2,4-D amine on the move-
ment of largemouth bass. Lake Res. Manage. 9:58.

Colle, D. E., J. V. Shireman, W. T. Haller, J. C. Joyce and D. E. Canfield, Jr.
1987. Influence of hydrilla on harvestable sport-fish populations, angler
use, and angler expenditures at Orange lake, Florida. N. Am. J. Fish.
Manage. 7:410-417.

Dibble, E. D., K. J. Killgore and S. H. Harrel. 1996. Assessment of fish-plant
interactions. Multidimensional approaches to reservoir fisheries man-
agement. Am. Fish. Soc. Symp. 16:357-372.

Engel, S. 1986. The impact of submerged macrophytes on largemouth bass
and bluegills. Lake Res. Manage. 3:227-234.

Engel, S. 1995. Eurasian milfoil as a fisheries management tool. Fisheries
20(3):20-27.

Furse, J. B., L. J. Davis and L. A. Bull. 1998. Habitat use and movements of
largemouth bass associated with changes in dissolved oxygen and hydrol-
ogy in Kissimmee River, Florida. Proc. Annu. Conf. Southeast. Assoc.
Fish Wildl. Agencies 50(1998):12-25.

Heidinger, R. C. 1975. Life history of the largemouth bass, pp. 11-20. 

 

In:

 

R. H. Stroud and H. Clepper (eds.). Black bass biology and manage-
ment, Sport Fishing Institute, Washington, DC.

Henderson, J. E. 1996. Management of nonnative aquatic vegetation in
large impoundments: Balancing preferences and economic values of
angling and nonangling groups. Multidimensional approaches to reser-
voir fisheries management. Am. Fish. Soc. Symp. 16:373-381.

Henderson, J. E., J. P. Kirk, S. D. Lamprecht and W. E. Hayes. 2003. Eco-
nomic impacts of aquatic vegetation in two South Carolina reservoirs. J.
Aquat. Plant Manage. 41:53-56.

Hooge, P. N., W. M. Eichenlaub and E. K. Solomon. 2001. Using GIS to Ana-
lyze Animal Movements in the Marine Environment, pp. 37-51. 

 

In:

 

 G. H.
Kruse, N. Bez, A. Booth, M. W. Dorn, S. Hills, R. N. Lipcius, D. Pelletier,
C. Roy, S. J. Smith and D. Witherell (eds.). 2001 Spatial Processes and
Management of Marine Populations. Alaska Sea Grant College Program,
Anchorage, AK.

Hunt, J. and C. A. Annett. 2002. Effects of habitat manipulation on repro-
ductive success of individual largemouth bass in an Ozark reservoir. N.
Am. J. Fish. Manage. 22:1201-1208.

Maceina, M. J. 1996. Largemouth bass abundance and aquatic vegetation in
Florida lakes: An alternative interpretation. J. Aquat. Plant Manage.
34:43-47.

Maceina, M. J., P. W. Bettoli and D. R. DeVries. 1994. Use of a split-plot anal-
ysis of variance design for repeated measures fishery data. Fisheries
19(3):14-20.

Maceina, M. J. and W. C. Reeves. 1996. Relations between submersed macro-
phyte abundance and largemouth bass tournament success on two Ten-
nessee river impoundments. J. Aquat. Plant Manage. 34:33-38.

Maceina, M. J. and J. V. Shireman. 1980. The use of a recording fathometer
for determination of distribution and biomass of hydrilla. J. Aquat. Plant
Manage. 18:34-39.

Maceina, M. J., J. W. Slipke and J. M. Grizzle. 1999. Effectiveness of three
barrier types for confining grass carp in embayments of Lake Seminole,
Georgia. N. Am. J. Fish. Manage. 19:968-976.

Pothoven, S. A., B. Vondracek and D. L. Pereira. 1999. Effects of vegetation
removal on bluegill and largemouth bass in two Minnesota lakes. N. Am.
J. Fish. Manage. 19:748-757.

Sammons, S. M. and M. J. Maceina. 2003. Effects of a drip-delivery fluridone
treatment on largemouth bass movement and population characteristics
in Lake Seminole, Georgia. Final Report to Georgia Department of Nat-
ural Resources, Social Circle, Project F-67. 107 pp.

Sammons, S. M., M. J. Maceina and D. G. Partridge. 2003. Changes in behav-
ior, movement, and home ranges of largemouth bass following large-
scale hydrilla removal in Lake Seminole, Georgia. J. Aquat. Plant Man-
age. 41:31-38.

Sammons, S. M., M. J. Maceina and D. G. Partridge. 2005. Population char-
acteristics of largemouth bass associated with changes in abundance of
submersed aquatic vegetation in Lake Seminole, Georgia. J. Aquat. Plant
Manage.

SAS Institute, Inc. 2000. SAS system for linear models. Release 6.10. Cary, NC.
Savino, J. F. and R. A. Stein. 1982. Predator-prey interaction between large-

mouth bass and bluegills as influenced by simulated, submersed vegeta-
tion. Trans. Am. Fish. Soc. 121:255-266.



 

24

 

J. Aquat. Plant Manage.

 

 43: 2005.

 

Seaman, D. E. and R. A. Powell. 1996. An evaluation of the accuracy of ker-
nel density estimators for home range analysis. Ecology 77:2075-2085.

Skogerboe, J. G. and K. D. Getsinger. 2001. Endothall species selectivity eval-
uation: Southern latitude aquatic plant community. J. Aquat. Plant Man-
age. 39:129-135.

Slipke, J. W., M. J. Maceina and J. M. Grizzle. 1998. Analysis of the recre-
ational fishery and angler attitude toward aquatic hydrilla in Lake Semi-
nole, a southeastern reservoir. J. Aquat. Plant Manage. 36:101-107.

Spencer, S. R., G. N. Cameron and R. K. Swihart. 1990. Operationally defin-
ing home range: Temporal dependence exhibited by hispid cotton rats.
Ecology 71:1917-1822.

Trebitz, A. S. and N. Nibbelink. 1996. Effect of pattern of vegetation removal on
growth of bluegill: a simple model. Can. J. Fish. Aquat. Sci. 53:1844-1851.

Unmuth, J. M. L., M. J. Hansen and T. D. Pellet. 1999. Effects of mechanical
harvesting of Eurasian watermilfoil on largemouth bass and bluegill pop-
ulations in Fish Lake, Wisconsin. N. Am. J. Fish. Manage. 19:1089-1098.

Warden, R. L. and W. J. Lorio. 1975. Movements of largemouth bass
(

 

Micropterus salmoides

 

) in impounded waters as determined by underwa-
ter telemetry. Trans. Am. Fish. Soc. 104:696-702.

Wilde, G. E., R. K. Riechers and J. Johnson. 1992. Angler attitudes toward
control of freshwater vegetation. J. Aquat. Plant Manage. 30: 77-79.

Wiley, M. J., R. W. Gordon, S. W. Waite and T. Powless. 1984. The relation-
ship between aquatic macrophytes and sport fish production in Illinois
ponds: A simple model. N. Am. J. Fish. Manage. 4:111-119.

Winter, J. D. 1996. Advances in underwater biotelemetry, pp. 555-590. 

 

In:

 

B. R. Murphy and D. W. Willis (eds.). Fisheries Techniques, 2nd edition.
American Fisheries Society, Bethesda, MD.

Woodward, K. O. and R. L. Noble. 1999. Over-winter movements of adult
largemouth bass in a North Carolina reservoir. Proc. Annu. Conf. South-
east. Assoc. Fish Wildl. Agencies 51(1997):113-122.

 

Mapping the Distribution of Torpedograss
and Evaluating the Effectiveness

of Torpedograss Management Activities
in Lake Okeechobee, Florida

 

CHARLES G. HANLON AND MARK BRADY

 

1

 

ABSTRACT

 

Thousands of hectares of native plants and shallow open
water habitat have been displaced in Lake Okeechobee’s
marsh by the invasive exotic species torpedograss (

 

Panicum
repens

 

 L.). The rate of torpedograss expansion, it’s areal dis-
tribution and the efficacy of herbicide treatments used to
control torpedograss in the lake’s marsh were quantified us-
ing aerial color infra red (IR) photography. During a 5-year
period, torpedograss coverage increased by 21%, from 89 to
107 ha, inside three 1-km
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 study sites. In 1996, torpedograss
covered more than 6,700 ha of the lake’s 40,000 ha marsh. A
torpedograss management program was implemented in
2000 to control the spread of torpedograss and allow reestab-
lishment of native vegetation. Between 2000 and 2002 nearly
4,300 ha of torpedograss were treated with the herbicide
imazapyr (2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-1H-
imidazol-2-yl]-3-pyridinecarboxylic acid) or a combination of
the herbicides imazapyr and glyphosate (isopropylamine salt
of N-(phosphonomethyl) glycine). In some areas, torpedo-
grass control exceeded 95% for greater than one year. Over-
all, torpedograss control averaged 83% and 60% in the

central and northwest marsh, respectively. We estimate that
the herbicide treatments resulted in the control of more
than 3,000 ha of mostly monoculture torpedograss. Follow-
ing a reduction in torpedograss coverage, native plants in-
cluding spikerush (

 

Eleocharis cellulosa

 

 Torr.) and fragrant
water lily (

 

Nymphaea odorata

 

 Sol.) became established in
many of the previously impacted areas.
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INTRODUCTION

 

Torpedograss is an invasive perennial grass species that is
native to Europe, Asia and Africa (Hossian et al. 1999). It is a
prominent grass weed of many agricultural crops (Holm et
al. 1977, Peng 1984, Chandrasena 1990) and is one of the
most invasive perennial grass species of terrestrial, wetland
and aquatic natural areas in tropical and subtropical regions
of the world (Sutton 1996). In Florida, torpedograss is found
throughout much of the state and was present in 72% of sur-
veyed public lakes and rivers (Schardt 1994).

In Lake Okeechobee, Florida, torpedograss has severely
impacted the lake’s 40,000 ha marsh landscape by displacing
more than 6,700 ha of native plants and shallow areas of
open water. Two of the most impacted native species include
spikerush and beakrush (

 

Rhynchospora

 

 spp.) (Richardson et al.
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