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Abstract.—Many of Florida’s natural lakes have experienced degradation of habitat re-
sulting from anthropogenic influences, which can impact Florida Bass Micropterus floridanus 
populations. Over the past 40 years, the Florida Fish and Wildlife Conservation Commission 
(FWC) and cooperating agencies have employed a variety of enhancement strategies to com-
bat these habitat changes. We provide a historical overview of habitat degradation, large-scale 
habitat enhancement strategies that have been conducted, and resulting effects that these strat-
egies have had on Florida Bass recruitment and fisheries in Florida lakes. We provide a case 
study evaluation of different large-scale enhancement strategies aimed at improving degraded 
habitat in four natural systems: (1) extreme lake drawdown conducted at Lake Griffin, Florida; 
(2) mechanical removal of macrophytes and organic sediment under dewatered conditions 
at Lake Tohopekaliga, Florida; (3) hydraulic dredging of macrophytes and organic sediment 
under inundated conditions at Lake Panasoffkee, Florida; and (4) lake-wide herbicide treat-
ment of hydrilla over a 25-year period at Lake Istokpoga, Florida. The Lake Griffin draw-
down showed significant increases in Florida Bass recruitment, angler catch, and effort. The 
Lake Tohopekaliga habitat enhancement project produced at least one strong year-class, which 
achieved higher growth rates than other cohorts and contributed positively to the fishery after 
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3 years. The Lake Panasoffkee habitat enhancement project did not show any significant im-
pacts to Florida Bass recruitment, but significant increases in angler catch of Florida Bass were 
measured. We failed to detect significant relationships between hydrilla coverage and Florida 
Bass recruitment at Lake Istokpoga, Florida, although hydrilla coverage had significant effects 
on angler catch and effort of Florida Bass. We show that a variety of habitat enhancement 
strategies can be utilized to improve habitat and thereby maintain quality or improve declining 
Florida Bass fisheries.

Introduction
Many of Florida’s natural lakes have experienced 
habitat degradation due to anthropogenic impacts 
such as altered hydrology, eutrophication, and intro-
duction of nonnative aquatic macrophytes. Altered 
hydrology for water supply and flood control via 
water control structures have reduced maximum sur-
face water levels 20–50% in Florida lakes (Williams 
et al. 1985), which has resulted in reduced macro-
phyte diversity (Keddy and Fraser 2000), decreased 
water quality, increased abundance and persistence 
of tussocks (dense emergent macrophyte patches 
commonly dominated by pickerelweed Pontederia 
cordata, cattail Typha spp., smartweed Polygonum 
spp., and water primrose Ludwidgea spp.), and ac-
cumulation of organic materials (Moyer et al. 1995; 
Allen and Tugend 2002; Hoyer et al. 2008; Bunch 
et al. 2010). Accelerated nutrient loading from ag-
ricultural discharge (see Canfield et al. 2000), storm 
water runoff, and municipal waste (see Bonvechio 
and Bonvechio 2006) have advanced eutrophication 
in many of Florida’s lakes (Williams et al. 1985). 
As lakes become hypereutrophic, organic sediments 
accumulate and abundance of submersed aquatic 
macrophytes decline (Lee and Jones 1991; Harper 
1992; Bachmann et al. 2002). Introduction and inva-
sion of nonnative aquatic macrophytes can displace 
native macrophytes, impede navigation, reduce wa-
ter quality, and degrade littoral habitat (Langeland 
1996). Hydrilla Hydrilla verticillata is one of the 
most prolific invasive macrophytes and was first dis-
covered in 1960 at two locations in Florida, a canal 
near Miami and the Crystal River (Blackburn et al. 
1969). Within a decade, hydrilla was established in 
major water bodies of all drainage basins in the state 
and, by 1995, covered 40,000 ha of water in 43% of 
public lakes (Langeland 1996).

Habitat degradation from these anthropogenic 
impacts has resulted in loss of critical Florida Bass 
Micropterus floridanus habitat for spawning and 
juvenile rearing, which can influence Florida Bass 
populations (Colle and Shireman 1980; Colle et al. 
1987; Moyer et al. 1995; Hoyer and Canfield 1996; 

Maceina 1996; Canfield et al. 2000; Allen and Tu-
gend 2002; Allen et al. 2003; Bonvechio and Bon-
vechio 2006). Florida Bass support the most popu-
lar freshwater sport fishery in Florida; thus aquatic 
habitat restoration and enhancement of degraded 
ecosystems is a high priority for the state of Florida 
(FWC 2012). The FWC has initiated more than 50 
lake restoration projects over the past four decades 
in an effort to maintain high quality littoral habitat 
or improve degraded habitat (Table 1).

Habitat enhancement strategies have included 
planting of native aquatic macrophytes (Denson and 
Langford 1982); removal of tussocks (Alam et al. 
1996; Mallison et al. 2010); control of nonnative 
aquatic macrophytes (e.g., hydrilla) via chemical 
(Fox et al. 1996), mechanical (McGehee 1979), and 
biological (Shireman and Maceina 1981) processes; 
removal of organic sediment (i.e., muck) via scrap-
ing and hydraulic dredging (Moyer et al. 1995; Al-
len and Tugend 2002; Allen et al. 2003; Tugend and 
Allen 2004); and extreme lake drawdowns (Wegener 
and Williams 1974; Johnson et al. 1981; Gottgens 
and Crisman 1991; Nagid et al. 2003). The first lake 
enhancement project conducted by FWC was an ex-
treme lake drawdown at Lake Tohopekaliga, Florida 
in 1971 and was successful in rejuvenating littoral 
substrate and increasing Florida Bass abundance 
by 500% in enhanced areas within 2 years after re-
flooding (Wegener and Williams 1974). Drawdowns 
consolidate and compact organic sediments, release 
previously bound nutrients, control expansion of ex-
otic macrophytes, stimulate growth of native aquatic 
macrophytes, and improve Florida Bass populations 
(Wegener and Williams 1974; Moyer et al. 1995). 
However, the response can be relatively short-lived, 
and subsequent drawdowns on the same system ap-
pear to be less responsive (Nagid et al. 2003). Thus, 
control of organic sediments and nuisance plant 
communities may require more than just dewater-
ing in some cases. The FWC has used drawdowns 
in combination with muck removal and mechanical 
removal of tussocks to improve Florida Bass fish-
eries on some major resources. Moyer et al. (1995) 
showed short-term benefits to Florida Bass popula-
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Table 1.  List of lakes, lake size (ha), large-scale habitat enhancement strategies, and years of enhancement (1971–
2012) by Florida Fish and Wildlife Conservation Commission and cooperating agencies. Large-scale habitat en-
hancement strategies include extreme lake drawdown (DD), muck removal via scraping (MS), muck removal 
via hydraulic dredging (MD), mechanical tussock removal (TR), nuisance macrophyte control (MC), and native 
macrophyte planting (MP).

Lake name (county) Lake size (ha) Habitat enhancement(s) Enhancement year(s)

Alligator (Columbia) 324 MS 2001
Alligator (Osceola) 1,378 DD, MS, TR, MP 1997–1999
Arbuckle (Polk) 1,549 TR, MC, MP 1997–1998, 2000–2001
Bear (Santa Rosa) 44 DD 1975, 1980
Carlton (Lake) 159 DD 1977
Center (Osceola) 166 DD, MS, TR, MP 1992–1993, 1999, 2001
Clear (Orange) 137 MC, MP 1993
Coon (Osceola) 60 DD, MS, MP 1999
Cypress (Osceola) 1,658 MS, MC 1997–1998, 2000–2001
East Tohopekaliga (Osceola) 4,843 DD, MS, MC 1990, 1997, 2001
Fairview (Orange) 162 MC 2001
Turkey (Orange) 131 MS 1999
Griffin (Lake) 3,760 DD, MP 1984, 1999
Hatchineha (Osceola) 2,697 MC 1997, 2001
Iamonia (Leon) 2,330 MS 2000
Istokpoga (Highlands) 11,211 DD, MS, TR, MC 1987–2012
Jackson (Osceola) 413 MS, TR, MC 1994–2001
Jackson (Leon) 1,620 MS 1998–1999
Jesup (Seminole) 4,051 MC 1996–1999
Josephine (Highlands) 500 MS, MC 2001
June-in-Winter (Highlands) 1,418 MC, MP 1999, 2001
Juniper (Walton) 271 DD 1984
Karick (Okaloosa) 28 DD 1993
Keenansville (Indian River) 1,012 MC 1999–2001
Kissimmee (Osceola) 14,142 DD, MS, TR, MC 1977, 1995–2001
Lancester (Orange) 18 MS 2001
Lizzie (Osceola) 321 DD, MS, MP 1999
Marian (Osceola) 2,322 TR, MC 1995, 1999–2001
Merrit’s Mill Pond (Jackson) 82 DD 1991, 1995
Miccosukee (Leon) 2,555 DD, MS, MC 1999
Middle (Pasco) 87 TR, MP 1994
Miona (Sumter) 169 MP 1998
Monroe (Volusia) 3,806 MP 1989, 1992
Munson (Leon) 103 MD 1999–2001
Newnans (Alachua) 3,035 DD 1989
Okeechobee (Okeechobee) 181,299 MS 2000–2001
Orange (Alachua) 5,141 MS, TR, MC 1996–1997, 2001, 2005
Osborne (Palm Beach) 144 MP 1999
Panasoffkee (Sumter) 1,805 MD, TR 2005–2008
Piney Z (Leon) 78 DD, MS, MC 1997–1998, 2001
Rodman (Marion) 3,700 DD 1996, 1999, 2002, 2005,  
   2009, 2012
Smith (Washington) 65 MS 2001
Stone (Escambia) 53 DD 1970, 1979
Talquin (Gadsden) 3,581 DD, MP 1983, 1991, 1997,   
   1998–2011
Tiger (Polk) 890 MS 2001
Thonotosassa (Hillsborough) 331 DD, MC, MP 1993, 1996–1999
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Table 1.  Continued.

Lake name (county) Lake size (ha) Habitat enhancement(s) Enhancement year(s)

Tohopekaliga (Osceola) 7,600 DD, MS, TR, MC 1971, 1979, 1987,   
   1994–2000
Trafford (Collier) 605 MS 2006–2010
Trout (Osceola) 110 DD, MS, TR, MP 1995, 1999
Tsala Apopka (Citrus) 7,733 MS 2000–2001
Lake Weohyakapka (Polk) 766 MS, MC 2000–2001

tions at Lake Tohopekaliga, Florida following a lake 
drawdown and muck removal. Allen and Tugend 
(2002) showed prolonged benefits for age-0 Florida 
Bass at Lake Kissimmee, Florida following a lake 
drawdown and muck removal, but were unable to 
detect significant differences in adult abundance or 
catch rates (Allen et al. 2003). Tussock removal had 
significant positive water quality impacts at Lake Is-
tokpoga, Florida (Alam et al. 1996) and stimulated 
aquatic macrophyte succession at Orange Lake, 
Florida (Mallison et al. 2010). Although these stud-
ies did not evaluate changes to Florida Bass popu-
lations, they demonstrate the positive effects of re-
moving tussocks and its associated organic material.

In this paper, we provide a case study evaluation 
of four different large-scale habitat enhancement 
strategies aimed at improving degraded habitat in 
natural lakes: (1) extreme lake drawdown conducted 
on Lake Griffin, Florida in 1984; (2) mechanical re-
moval of macrophytes and organic sediment under 
dewatered conditions at Lake Tohopekaliga, Florida 
in 2004; (3) hydraulic dredging of macrophytes and 
organic sediment under inundated conditions at Lake 
Panasoffkee, Florida from 2005 to 2008; and (4) her-
bicide treatment of hydrilla over a 25-year period at 
Lake Istokpoga, Florida. We document changes in 
the habitat resulting from large-scale enhancement 
activities and evaluate their effect on Florida Bass 
recruitment and fishery characteristics.

Case Study Lakes

Lake Griffin

Lake Griffin is a 3,760-ha hypereutrophic lake with-
in the Ocklawaha Chain of Lakes in central Florida 
(Florida Lakewatch 2009). Floodplain alteration, 
water stabilization, agricultural discharge, and ur-
ban stormwater and wastewater discharges have ac-
celerated eutrophication in the Ocklawaha Chain of 
Lakes. Eutrophication has resulted in continuous al-
gal blooms, increased flocculent organic sediments, 

and drastic declines in native rooted aquatic vegeta-
tion. By the early 1980s, little aquatic vegetation re-
mained in the lake, and creel surveys indicated that 
angler effort and harvest of sport fish was reduced to 
a fraction of historical levels.

Sport fish populations in Lake Griffin showed 
moderate improvement following a 1.3-m drop in 
water level in 1973 due to a levee failure at Moss 
Bluff Dam, the primary water control structure at 
Lake Griffin. Thus, a planned extreme lake draw-
down was proposed as a management option to re-
establish aquatic vegetation and improve sport fish 
populations. In March 1984, the lake was lowered 
1.8 m for 53 d, exposing 30% of the lake bottom. 
Refill to low pool was accomplished in September 
1984. The objectives of this study were to evaluate 
the effects of a planned extreme lake drawdown on 
aquatic macrophyte coverage and Florida Bass re-
cruitment and fishery characteristics.

Lake Tohopekaliga

Lake Tohopekaliga is a 7,600-ha natural lake border-
ing the City of Kissimmee in central Florida and is a 
major component of the Kissimmee Chain of Lakes 
within the Kissimmee River system. Although well 
known for providing quality fishing opportunities, 
Lake Tohopekaliga, Florida has been influenced 
by urbanization, invasive macrophyte introduction, 
agriculture, municipal waste, and altered hydrology 
(Wegener and Williams 1974; Moyer et al. 1995; 
Bonvechio and Bonvechio 2006). Prior to 1964, wa-
ter level in Lake Tohopekaliga naturally fluctuated by 
about 3.2 vertical meters each year (U.S. Geological 
Survey, unpublished data). However, a navigational 
lock and water control structure was constructed in 
1964 at the lake’s outflow (Canal 31), which resulted 
in a substantial reduction in annual water level fluc-
tuation. This reduction has negatively impacted the 
ecological processes that would naturally remove or-
ganic sediments from the lake. Thus, lake managers 
with the FWC have employed various habitat ma-
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nipulation strategies in an effort to mitigate habitat 
degradation from these influences (see Wegener and 
Williams 1974; Moyer et al. 1995).

In 2004, the FWC initiated an extreme draw-
down and subsequent mechanical removal of mono-
culture macrophyte communities and associated 
organic sediment within the littoral zone at Lake 
Tohopekaliga to mimic the natural hydrological 
cycle and slow the natural lake succession process. 
Enhancement activities were conducted at 13 sites, 
encompassing 1,419 ha of exposed lake bottom or 
roughly 53 km of shoreline. A total of 6,498,252 
m3 of organic sediment and plant material were re-
moved at a cost of US$7.6 million. This material 
was either placed on uplands (39 sites) or used to 
construct in-lake disposal islands (30 islands). The 
objectives of this study were to evaluate effects of a 
planned extreme lake drawdown and muck removal 
on Florida Bass recruitment, growth, and fishery 
characteristics.

Lake Panasoffkee

Lake Panasoffkee is located in central Florida (Sum-
ter County) and receives 75% of its water budget 
from spring runs flowing into the lake and flows 
out into the Withlacoochee River. Calcium carbon-
ate precipitates naturally in the lake at a rate of 0.45 
m/100 years, which is transforming the lake into a 
marsh. Historically, Lake Panasoffkee had a sur-
face area of 1,805 ha (Crawford and Allen 2006), 
but sedimentation and tussock formation decreased 
the surface area to 1,039 ha by 2000, thereby reduc-
ing available spawning habitat for Florida Bass. 
The Lake Panasoffkee Restoration Council (LPRC) 
was formed in 1998 in order to develop a restora-
tion plan. The LPRC created a four-step restoration 
plan that included a large-scale hydraulic dredging 
and tussock removal project: (1) a pilot project at the 
site of the Coleman Landing boat ramp to determine 
how much area would be needed for dumping spoil, 
to examine discharge for water quality standards, 
and to monitor recolonization rates of submersed 
aquatic vegetation (SAV), primarily eelgrass Vallis-
neria spp.; (2) dredge 309 ha of historic spawning 
habitat down to solid bottom; (3) remove tussocks 
and dredge 396 ha of lake bottom along the east-
ern side of the lake to restore open water and natural 
shoreline areas; and (4) dredge and remove vegeta-
tion from 41 residential canals on the western shore-
line of the lake.

The Coleman Landing pilot project removed 
105,535 m3 of sediments from a 10-ha area in 2000. 

Commencement of the full-scale in-lake restora-
tion efforts began in July 2004 and was completed 
on October 31, 2008. During this phase, 6.3 million 
m3 of accumulated organic sediment were dredged 
and removed from a 370-ha area of the lake. Tus-
socks were also removed from approximately 430 
ha of the lake. This restoration effort restored 70 ha 
of historic fish spawning areas to hard bottom and 
increased the total area of open water in the lake by 
37% to 1,340 ha. Between February 2007 and April 
2008, all 41 residential canals connected to the lake 
were dredged. Total expenditures for this project 
were $28.3 million. The objectives of this study 
were to evaluate the effects of sediment and tussock 
removal on Florida Bass recruitment and fishery 
characteristics.

Lake Istokpoga

Lake Istokpoga is an 11,211-ha shallow (mean depth 
= 1.5 m; maximum depth = 3 m), eutrophic natural 
lake in Highlands County, Florida. Water levels are 
highly regulated for flood control and downstream 
irrigation needs (mean fluctuation = 0.46 m [SD 
= 0.09]). Hydrilla was first observed in the lake in 
1979 (Eggeman 1994) and has been a major compo-
nent of the aquatic plant community for more than 
25 years, expanding to as much as 10,000 ha (>90% 
coverage) in 1996. Since its introduction, hydrilla 
management at Lake Istokpoga has experienced 
shifts in agency oversight and transitioned through 
multiple plant management tools.

Prior to July 2008, the Florida Department of 
Environmental Protection (FDEP) had management 
responsibilities for exotic and invasive plants and 
managed hydrilla at the lowest feasible level as de-
termined by the Florida Aquatic Plant Management 
Act (2012), with emphasis on maintenance of navi-
gation, access, and flood control. In July 2008, the 
FWC was given aquatic plant management respon-
sibilities within the state of Florida. The FWC de-
veloped a Hydrilla Management Position Statement 
(FWC 2011) that recognizes the difficulty and high 
costs of managing hydrilla in water bodies where 
hydrilla is well established. The FWC uses a risk-
based analysis that considers human safety issues, 
economic concerns, budgetary constraints, fish and 
wildlife values, and recreational use, with input from 
resource management partners and local stakehold-
ers (FWC 2011). Hydrilla was controlled with a sys-
temic herbicide (fluridone) from 1987 to 2003, but 
a contact herbicide (endothall) has been the hydrilla 
management tool since 2004 due to fluridone resis-
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tance. Hydrilla management strategies are vastly 
different between the systemic and contact herbi-
cide treatments. The objectives of this study were 
to examine the relationship between hydrilla man-
agement strategies and Florida Bass recruitment and 
fishery characteristics.

Methods

Lake Griffin

Emergent vegetation was measured annually from 
1983 to 1988 using infrared aerial photographs 
and validated with field measurements. Submersed 
aquatic vegetation was measured annually along 
12 fixed transects by chart recorder. Transects ran 
east to west across the width of the lake, and sub-
mersed vegetation was extrapolated along contour 
lines by field validation as submersed vegetation 
typically grew from the shoreline out. Aerial pho-
tographs were used in combination with sonar to 
map areas where submersed vegetation grew near 
the surface.

Each year from 1983 (predrawdown) to 1988, 
0.4-ha block nets (net depth = 3 m; mesh size = 6.35 
mm) were used to assess Florida Bass recruitment 
in littoral areas using either three- or four-sided 
sets. Block nets were set at eight fixed sites in the 
fall each year, four in the north end of the lake with 
flocculent organic sediment (i.e., muck) and four in 
the southern portion of the lake with sand substrate. 
Rotenone was applied to each net at a concentration 
of 2 ppm, and fish were collected over the 3-d pe-
riod following rotenone application and measured to 
the nearest mm total length (TL). Length frequen-
cies were constructed for each sample, and young-
of-the-year (YOY) fish were considered to be those 
falling within the size range of the first modal peak 
(DeVries and Frie 1996; Allen et al. 2003). Catches 
of juvenile Florida Bass in block nets were com-
pared among years and between areas from 1983 
to 1988 using a repeated measures analysis of vari-
ance (ANOVA) with year, area, and their interac-
tion as fixed effects, site as the subject, and an alpha 
of 0.05 (PROC MIXED; SAS v9.3, SAS Institute, 
Cary, North Carolina). If significant differences in 
the fixed effects were detected, means were separat-
ed out using the LSMEANS procedure. Data were 
loge(x+ 1)-transformed for this analysis to meet test 
assumptions.

Florida Bass were collected by boat electrofish-
ing during daytime hours in the spring (February–
March) of each year. A subsample of 3–5 fish per 

centimeter group were sacrificed and aged in 1984, 
1985, 1987, and 1988. Age data were extrapolated 
to the entire sample using an age-length key to de-
termine age composition each year (DeVries and 
Frie 1996) and assess year-class strength. A year-
round roving creel survey was conducted annually 
from 1981 to 1988 to estimate Florida Bass directed 
angling effort and catch. Mean Florida Bass effort 
and catch was compared between the predrawdown 
(1981–1983) and postdrawdown (1986–1988) peri-
ods using a t-test with an alpha of 0.05.

Lake Tohopekaliga

Total nitrogen, total phosphorus, chlorophyll-a 
concentrations (μg/L), and secchi depth (m) were 
recorded using standard methods from water sam-
ples collected by the Florida Lakewatch program 
(Florida Lakewatch 2009). Samples were gener-
ally collected for three lake sites each month, but 
overall number of samples collected and analyzed 
varied among years. Means were calculated for 
each parameter each year (N = 6–41) during sum-
mer months (April–September), and preenhance-
ment (2001–2004) versus postenhancement (2005–
2010) years were compared using a pooled t-test. 
Estimated areal coverage of hydrilla was obtained 
from the FDEP and FWC.

Florida Bass were collected by boat electro-
fishing at Lake Tohopekaliga in the spring (Janu-
ary–March) of each year from 2001 to 2010. Prior 
to 2006, fish were collected at night from six fixed 
transects, with additional samples collected at se-
lect locations if more fish were needed for growth 
or size structure targets. Effort (20 min) was only 
standardized for the fixed location samples, so only 
these data were used to calculate electrofishing 
catch rate. Beginning in 2006, Florida Bass were 
collected during daytime hours from randomized 
locations (N = 19–27). Each location was sampled 
for 15 min using standardized long-term monitor-
ing (LTM) methods (Bonvechio 2009). Bonvechio 
et al. (2008) compared standardized LTM sampling 
techniques to historical fixed transect sampling on 
six Florida lakes (including Lake Tohopekaliga, 
Florida) and found no significant difference in 
catch rates or size structure information.

To assess growth, a subsample of 3–5 fish per 
centimeter group were sacrificed and aged annu-
ally using procedures described in Bonvechio and 
Bonvechio (2006). We first estimated the mean 
length at age by extrapolating the age data to the 
entire sample using an age-length key (DeVries and 
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Frie 1996). We then compared mean length at age 
among years for this 10-year study period using an 
ANOVA as outlined in Larson (1992). We used the 
electrofishing catch rate of age-2 fish as an index 
of recruitment to ensure that fish were fully sus-
ceptible to the gear. We used an ANOVA to evalu-
ate log-transformed mean catch rate of age-2 fish 
between the 2004 year-class (enhancement) and all 
other year-classes. We also used catch-curve resid-
uals to index recruitment using methods described 
by Maceina (1997). We constructed weighted catch 
curves for the 2008–2010 age samples, and for 
each year, we used the loge(x + 1) of percent com-
position (to allow for comparisons across years) 
for the 2002–2006 year-classes. We then averaged 
residuals across these 3 years. Roving angler creel 
surveys were conducted each fall (August–Novem-
ber) during the study period to estimate Florida 
Bass catch, harvest, and effort.

Lake Panasoffkee

Aquatic macrophyte percent area coverage (PAC) 
and community structure data were obtained from 
Florida Lakewatch in 1993, 2003, 2005, and 2007 
and the Southwest Florida Water Management Dis-
trict in 2010. From 2002 to 2012, Florida Bass were 
sampled annually in the spring (May) and fall (De-
cember) using boat electrofishing. Ten fixed sites 
were each sampled for 10 min during night time. 
All Florida Bass were collected and measured for 
TL (cm). Length frequencies were constructed for 
each seasonal sample, and YOY were considered 
to be those falling within the size range of the first 
modal peak (DeVries and Frie 1996; Allen et al. 
2003). Electrofishing catch rates of YOY Florida 
Bass were used as an index of recruitment (Allen 
et al. 2003). Mean catch rates of YOY Florida Bass 
were grouped into three time periods: preenhance-
ment (2002–2004), enhancement (2005–2008), and 
postenhancement (2009–2012). All transects from 
each time period were pooled to calculate mean 
catch rate for that time period. An ANOVA was 
used to compare mean catch rates of YOY Florida 
Bass between the three time periods, using an alpha 
of 0.05. Peak-season (March–October) roving creel 
surveys were conducted from 1998 to 2002 (preen-
hancement) and 2008–2010 (postenhancement) to 
estimate Florida Bass angling effort, catch, and 
harvest. Florida Bass catch was divided into legal 
(≥356 mm TL) and sublegal (≤356 mm TL) catego-
ries. One-way ANOVA was used to compare means 
between time periods for all metrics.

Lake Istokpoga

We used annual hydrilla coverage (ha) estimated in 
October from 1987 to 2012 by the FDEP. Florida Bass 
were collected annually by boat electrofishing in fall 
(October–November) of 1987–2012. The sampling 
protocol varied annually from 1987 to 2000 based 
on available habitat and hydrilla abundance within 
the littoral zone. Starting in 2000, 22 fixed transects 
were sampled for 15 min, and all Florida Bass were 
measured to the nearest mm TL. No electrofishing 
sample was collected in 1995 due to limited access 
from expansive hydrilla. Length frequencies were 
constructed for each annual sample, and YOY were 
considered to be those falling within the size range of 
the first modal peak (DeVries and Frie 1996; Allen et 
al. 2003). Electrofishing catch rates of YOY Florida 
Bass were used as an index of recruitment (Allen et 
al. 2003). A peak season roving creel survey was con-
ducted from November to March 1991–2012 (exclud-
ing 1995 and 1996) to estimate Florida Bass angling 
effort, catch, and harvest.

We performed simple linear regression analyses 
in SAS v9.3 using the REG procedure. All models 
met the assumptions of residual normality and ho-
mogeneity of variance. We regressed catch per unit 
effort of YOY Florida Bass on net change in hydrilla 
coverage between years and hydrilla coverage in the 
same year (postspawn for the year-class analyzed) in 
Lake Istokpoga from 1987 to 2012 for two treatment 
strategies (fluridone and endothall). Treatment strat-
egies were analyzed separately because the objec-
tives of the strategies were different. Fluridone treat-
ment years were characterized by large changes in 
net coverage, often from PAC over 50% to less than 
5%. Endothall treatment years were characterized by 
narrow changes in net coverage with PAC generally 
ranging from 20% to 40%. Angler effort and catch 
were regressed on hydrilla coverage during the creel 
period (as estimated from the fall survey) in Lake 
Istokpoga from 1991 to 2012 for the two treatment 
strategies (fluridone and endothall). An alpha of 0.05 
was considered in detecting significant difference 
for each of the models.

Results

Lake Griffin

Prior to the drawdown, vegetation surveys in 1983 
indicated a total of 24 ha of emergent aquatic mac-
rophytes and 7 ha of submerged aquatic macro-
phytes. By the summer of 1985, reestablishment 
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and rapid expansion of Illinois pondweed Pota-
mogeton illinoensis and naiad Najas sp. were ob-
served. The total area of submerged vegetation was 
approximately 100 ha in September 1985 with Il-
linois pondweed and naiad accounting for 95% of 
the total coverage. By the summer of 1986, sub-
merged macrophytes covered 770 ha, but hydrilla 
was the dominant species. A whole lake fluridone 
treatment was applied in 1987 and removed most 
of the submersed aquatic macrophytes.

Block net samples revealed strong year-classes 
of Florida Bass in 1985 and 1986 following the draw-
down (Table 2). Regardless of area, logged mean 
number of YOY Florida Bass captured per net was 
significantly higher in both 1985 (t30 = –2.29; P = 
0.029) and 1986 (t30 = –3.67; P = 0.001) when com-
pared to the predrawdown catch in 1983. The age 
composition documented strong year-classes in 1985 
and 1986, as well as a poor 1987 year-class (Table 
3). The age composition from 1987 and 1988 showed 
that the 1985 and 1986 year-classes comprised 83% 
of the total catch. Following treatment and elimina-
tion of submersed aquatic macrophytes in 1987, year-
class production of Florida Bass declined to predraw-
down levels (t30 = –0.62; P = 0.542).

A substantial increase in effort and catch oc-
curred after the strong year-classes of 1985 and 1986 
entered the fishery (Figure 1). Mean Florida Bass di-
rected effort was significantly higher (t4 = –7.23; P 
= 0.002) after the drawdown (48,492 h) compared to 
predrawdown levels (19,455 h). Mean catch of Flor-
ida Bass was also significantly higher (t2 = –3.61; 
P = 0.034) during the postdrawdown period (N = 
13,872) compared to predrawdown (N = 3,361).

Lake Tohopekaliga

Mean summer chlorophyll-a and total nitrogen 
concentrations were significantly higher in posten-
hancement years compared to preenhancement years 

(pooled t-test; t7 = 3.52–4.14; P < 0.01), with an 
overall increase in means (±1 SE) from 23 ± 7 to 40 
± 3 μg/L and from 1,010 ± 77 to 1,282 ± 40 μg/L, 
respectively. No changes in mean Secchi depth or 
total phosphorus concentration were observed (t7 = 
–1.51–0.09; P > 0.175). Hydrilla coverage estimates 
were variable throughout the 10-year study period, 
ranging from 33% to 83%.

Annual mean catch rates (±1 SE) of age-2 fish 
ranged from 0.07 ± 0.02 to 0.38 ± 0.05 fish/min for 
the full time series, but due to differences in method-
ologies, we only included LTM electrofishing data 
from 2006 to 2010 in this analysis. Data suggest that 
the 2004 year-class, which was produced the year 
of the enhancement, exhibited relatively higher re-
cruitment as compared to other postenhancement 
years. We found that log-transformed mean catch 
rate of age-2 fish was significantly greater for this 
year-class than all other year-classes (LSMEANS; t1 
= 2.496–3.571; P < 0.01), except 2007 (LSMEANS; 
t1 = 1.464; P = 0.146). Other confounding factors 
may have influenced electrofishing catch rates; for 
example, approximately 25% of the variation in 
mean catch could be explained by hydrilla coverage 
in a given sampling year, with increasing catch as-
sociated with increasing coverage. Average weight-
ed catch curve residuals indicated relatively strong 
recruitment in 2002, 2004 and 2005 and relatively 
weaker recruitment in 2003 and 2006 (Figure 2, bot-
tom). Unlike catch rate, average residuals were not 
significantly associated with environmental fluctua-
tions, including hydrilla coverage and chlorophyll-a 
concentration.

When comparing mean length at age among 
years, the age*year interaction was signifi-
cant (F67,7068 = 15.48; P < 0.001), so we used the 
LSMEANS procedure (SAS 2000) to separate the 
means. Mean length was highest for the 2004 year-
class for ages 1, 2 and 5 and was in the highest 

Table 2.  Mean number of total and young-of-year (YOY) Florida Bass collected in 0.4-ha littoral blocknet sam-
ples from muck and sand bottom habitats in fall 1983 through fall 1988 in Lake Griffin. Standard errors are given 
in parentheses.

 1983 1984 1985 1986 1987 1988

Muck sites      
 Total 13 (4.6) 13 (4.9) 191 (118.5) 300 (122.6) 40 (19.4) 8 (2.1)
    YOY 10 (4.1) 0.8 (0.5) 184 (117.5) 276.5 (110.0) 28 (13.3) 0.3 (0.3)

Sand sites      
    Total 76 (22.4) 16 (7.0) 76 (21.4) 138 (17.5) 75 (17.4) 24 (2.2)
    YOY 58 (16.8) 5 (2.2) 66 (17.0) 110 (19.1) 53 (18.1) 6 (1.3)
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Table 3.  Age distribution (percentage) of Florida Bass collected by spring electrofishing from Lake Griffin during 
1984–1988 (samples not taken in 1986).

 Age

Year 1 2 3 4 5 6 7 8 9 10

1984 35 31 15 7 4 3 2 <1 0 1
1985 2 36 33 12 5 1 2 3 0 0
1987 57 26 2 6 4 1 2 <1 0 <1
1988 7 44 39 1 3 1 1 <1 2 0

Figure 1.  Florida Bass directed effort (error bars represent standard errors) and catch from annual roving creel 
surveys conducted on Lake Griffin from 1981 to 1988. Annual estimates were calculated by fiscal year (i.e., 1981 
= July 1, 1981 to June 30, 1982).

grouping for ages 3 and 4 (P < 0.05); thus, the 2004 
year-class gained a growth advantage during their 
first year of life and generally maintained that ad-
vantage through time (Figure 2, top). This growth 
advantage resulted in fish reaching harvestable size 
(356 mm TL) up to 6 months earlier than other 
year-classes in the data set.

We expected the 2004 year-class to enter the 
fishery in 2007 based on growth rates. Angler effort 
and angler catch exhibited a short-term jump in 2007 
(Figure 3), and mean angler catch rate increased sig-
nificantly through time following the enhancement 
(Kendall tau correlation; b = 0.720; P = 0.028), 
reaching levels similar to those observed years prior 
to the drawdown (Figure 3).

Lake Panasoffkee

Submersed aquatic vegetation PAC ranged from 
65% to 77% from 2000 to 2007; however, hydrilla 
accounted for the majority of coverage. The FDEP 
permit required SAV coverage of at least 60% fol-
lowing the lake enhancement with reestablishment 
of eelgrass beds. Following the enhancement, eel-
grass recolonized most of the dredged area and cov-
ered 70% of the lake bottom in open-water areas. 
In 2011, less than 5% of SAV was estimated to be 
exotic species. Mean (SE) total phosphorous, total 
nitrogen, and chlorophyll-a levels before and after 
the restoration project were 41.5 (5.31) and 27.5 
(5.28) μg/L, 870 (64.60) and 770 (28.75) μg/L, and 



10 dotson et al.

Figure 2.  Mean length at age (top) and recruitment indices (bottom) for Florida Bass collected from electrofishing 
samples at Lake Tohopekaliga during spring (January–March). Only data for the 2002 to 2006 year-classes are 
shown here. TL = total length; CPUE = catch per unit effort.

21.1 (3.13) and 6.7 (1.50) μg/L, respectively, and 
mean secchi depth was 2.9 (0.20) and 3.2 (0.28) m 
before and after the enhancement (Florida Lake-
watch 2009).

We did not detect any significant differences 
in mean catch rates of YOY Florida Bass between 
preenhancement, enhancement, or postenhancement 
electrofishing samples (Table 4) for spring (F(2.8) = 
0.85; P = 0.462) or fall (F(2,8) = 0.14; P = 0.869) sam-
ples. Mean catch rates (SE) ranged from 0.09 to 6.17 
(0.85), 0.07–1.18 (0.17), and 0.3–2.58 (0.57) fish/
min during spring electrofishing for preenhance-
ment, enhancement, and postenhancement periods, 
respectively. Mean catch rates (SE) ranged from 

0.09 to 0.68 (0.18), 0.19–0.76 (0.12), and 0.08–0.65 
(0.17) fish/min during fall electrofishing for the 
preenhancement, enhancement, and postenhance-
ment periods, respectively.

Angling effort and catch rates were highly vari-
able during preenhancement and postenhancement 
time periods. Mean Florida Bass catch (F(1,6) = 22.98; 
P = 0.003), harvest (F(1,6) = 5.97; P = 0.05), and total 
number of Florida Bass less than 356 mm TL (mini-
mum legal harvest size) released (F(1,6) = 19.80; P 
< 0.01) were significantly higher postenhancement. 
There were no significant differences in mean total 
effort (F(1,6) = 0.79; P = 0.41), Florida Bass directed 
angler effort (F(1,6) = 4.08; P = 0.09), or total num-



11effects of habitat management on florida bass

Figure 3.  Estimates of angler effort (top), total angler catch (middle) and angler catch rate (bottom) from roving 
angler surveys conducted on Lake Tohopekaliga during fall (August–November) 2001 to 2010. The dotted vertical 
line separates the pre- and postenhancement periods.
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Table 4.  Mean electrofishing catch per unit effort 
(CPUE; fish/min) of young-of-year Florida Bass sam-
pled at Lake Panasoffkee, Florida. Predredging samples 
were collected from 2002 to 2004, during-dredging 
samples were collected from 2005 to 2008, and post-
dredging samples were collected from 2008 to 2010. 
Standard errors are given in parentheses. 

Time period Spring CPUE Fall CPUE

Predredging 2.47 (1.88) 0.44 (0.18)
During dredging 0.83 (0.25) 0.45 (0.12)
Postdredging 0.94 (0.57) 0.34 (0.17)

ber of Florida Bass greater than 356 mm TL released 
(F(1,6) = 1.89; P = 0.22) between the two time periods 
(Table 5).

Lake Istokpoga

Hydrilla coverage ranged from less than 5% to 90% 
from 1987 to 2012. There was not a significant rela-
tionship between hydrilla coverage and YOY Florida 
Bass catch rate for either endothall (R2 = 0.023, P = 
0.723) or fluridone (R2 = 0.115, P = 0.216) treatment 
strategies (Figure 4). There was not a significant re-
lationship between net change in hydrilla coverage 
between years and YOY Florida Bass catch rates for 
either endothall (R2 = 0.168, P = 0.313) or fluridone 
(R2 = 0.151, P = 0.152) treatment strategies. Al-
though the highest catch rates for YOY Florida Bass 
were observed following a net increase in hydrilla 
coverage between 20% and 40%, catch rates ob-
served during each of the treatments displayed high 
variability (0.06–0.77 fish/min, fluridone; 0.07–0.47 
fish/min, endothall).

Hydrilla coverage was positively correlated 
with average catch of adult Florida Bass during en-
dothall treatment years (R2 = 0.584, P = 0.046), but 
not during fluridone (R2 = 0.286, P = 0.073) treat-
ments (Figure 5). During the treatment periods, 

mean catch of adult Florida Bass ranged from 7,237 
to 66,109 (fluridone) and 12,688–41,619 (endo-
thall), with the highest catches observed when hy-
drilla coverage was managed below 50% (10–20%, 
fluridone; 15–40%, endothall). No significant ef-
fect was detected for hydrilla coverage on angler 
effort under the endothall treatment (R2 = 0.010, P 
= 0.830); however, a significant negative effect of 
hydrilla coverage on angler effort was observed for 
the fluridone (R2 = 0.375, P = 0.034) treatment (Fig-
ure 6). Effort data also showed high annual varia-
tion (25,092–124,237 h, fluridone; 49,437–77,477 
h, endothall). The highest effort was observed when 
hydrilla was maintained at less than 20% coverage 
(5–20%, fluridone; 5–15%, endothall).

Discussion
We evaluated four different large-scale habitat ma-
nipulation strategies, and all of these evaluations 
provided evidence of positive impacts for Florida 
Bass populations, although many were short-term. 
The extreme lake drawdown of Lake Griffin resulted 
in dramatic increases in native submersed macro-
phytes for 2 years. Specifically, muck sites on the 
northern end of the lake devoid of macrophytes pre-
drawdown supported native macrophytes postdraw-
down. There were two strong year-classes following 
the drawdown in 1985 and 1986, similar to what 
has been previously observed after extreme lake 
drawdowns (Wegener and Williams 1974; Nagid et 
al. 2003). Eventually, hydrilla out-competed native 
submersed macrophytes and became the dominant 
species, resulting in a whole-lake fluridone treat-
ment and elimination of nearly all submerged mac-
rophytes in 1987. With the loss of submersed macro-
phytes, Florida Bass recruitment subsequently fell to 
levels observed prior to the drawdown.

The 2004 Lake Tohopekaliga enhancement 
represents an extension of the drawdown strategy 

Table 5.  Mean estimates for total effort (h), total Florida Bass (FLB) effort (h), total FLB catch, total FLB kept, 
total FLB released less than 356 mm, and total FLB greater than 356 mm released from creel surveys on Lake 
Panasoffkee from predredging years (1998–2002) and postdredging years (2008–2010). * denotes significant dif-
ferences in means between time periods.

     Total FLB Total FLB 
 Total Total FLB Total FLB Total FLB <356 mm >356 mm 
Time period effort effort catch kept released  released

Predredging 47,911 19,939 10,190* 1,351* 7,371* 787
Postdredging 62,867 32,959 19,561* 3,187* 12,799* 1,016
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Figure 4.  Estimates of hydrilla percent area coverage and Florida Bass (FLB) young-of-year catch per unit effort 
(number/min) during fluridone (1987–2003) and endothall (2004–2012) treatment years at Lake Istokpoga.

with the addition of mechanical removal of dense 
vegetation and associated organic sediment (i.e., 
muck). Unfortunately, it was not possible to sepa-
rate out the effects of the drawdown, mechanical 
removal of vegetation and muck, and other environ-
mental factors, including shifts in hydrilla coverage 
and chlorophyll-a concentration. Additionally, three 
major hurricanes with high winds and heavy rain 
fall passed through Lake Tohopekaliga immediately 
following the habitat enhancement project. Hoyer et 
al. (2008) hypothesize that these hurricanes contrib-
uted to increases in total phosphorous, nitrogen, and 
chlorophyll-a concentrations based on similar trends 
observed in nearby lakes that did not receive habitat 
enhancement. Nevertheless, we observed relatively 
strong year-classes for 2 years following enhance-
ment. The 2004 year-class also exhibited signifi-
cantly faster growth, with fish attaining an average 
growth advantage in their first year of at least 35 
mm TL over other year-classes. These results mir-
ror those reported for a similar habitat enhancement 
conducted at Lake Kissimmee, Florida in 1995–1996 

(Allen et al. 2003). Despite two strong year-classes 
and a similar growth advantage 1 year following the 
enhancement, Allen et al. (2003) were unable to de-
tect any changes in adult Florida Bass abundance or 
angler catch rate. We believe the strong recruitment 
and increased growth of the 2004 year-class likely 
resulted in the pulse in angler catch observed at Lake 
Tohopekaliga in 2007; thus, the habitat enhancement 
resulted in a positive, yet short-lived, benefit to the 
Florida Bass population and fishery.

Hydraulic dredging has been seldom used 
in Florida lakes because it is the most expensive 
lake enhancement strategy. The Lake Panasoffkee 
dredging study represents the first evaluation of 
this type of enhancement strategy on a large lake 
in Florida. This restoration effort substantially en-
larged the size of the lake, and eelgrass recolonized 
most of the dredged area covering 70% of the lake 
postenhancement. Total angler effort was decreas-
ing prior to dredging, due to access points blocked 
by vegetation and lack of open water in the lake. 
Although mean angler effort for Florida Bass did 
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Figure 5.  Estimates of hydrilla percent area coverage and Florida Bass (FLB) catch (numbers) during fluridone 
(1987–2003) and endothall (2004–2012) treatment years at Lake Istokpoga.

not differ significantly between pre- and posten-
hancement periods, the highest angler effort oc-
curred in 2009 and 2010 after the completion of the 
enhancement project. The number of Florida Bass 
caught and harvested also increased significantly 
after dredging was completed. We were unable to 
detect any significant differences in Florida Bass 
recruitment following the enhancement, but angler 
catch of Florida Bass less than 356 mm TL was sig-
nificantly higher, possibly indicating an increase in 
abundance of juveniles that was not detected with 
our sampling methodology as a result of changes 
in catchability between years (Bayley and Austen 
2002; Hangsleben et al. 2013).

Our final case study focused on the impacts of 
hydrilla management on the Lake Istokpoga Flor-
ida Bass population and recreational fishery. We 
were not able to detect a significant relationship 
between hydrilla coverage and relative abundance 
of age-0 Florida Bass at Lake Istokpoga. Similarly, 
Allen et al. (2003) was not able to detect a signifi-
cant relationship between hydrilla coverage and ju-
venile Florida Bass relative abundance at Lake Kis-

simmee, Florida from 1983 to 2001. There was a 
positive, though insignificant relationship between 
net change in hydrilla coverage and relative abun-
dance of YOY Florida Bass. Hydrilla management 
during fluridone treatment years (1987–2003) were 
characterized by large fluctuations in coverage. 
For example, hydrilla coverage decreased from 
70% to less than 2% within a single year (i.e., win-
ter/spring 2001 treatment). Endothall treatments 
(2004–2012) resulted in more stable hydrilla cov-
erage that did not exceed 50%. We observed lower 
catch rates of age-0 Florida Bass when there was 
a negative net change of hydrilla coverage during 
the spring spawn. Conversely, we observed higher 
catch rates of age-0 Florida Bass when hydrilla in-
creased (positive net change) in the spring. Florida 
Bass catch increased significantly with increases in 
hydrilla coverage during the endothall treatment 
years. Angling effort declined significantly with 
increasing hydrilla coverage during the fluridone 
treatment years. High variability in the data sets in-
dicates that hydrilla is not the only parameter that 
affects the Florida Bass population.
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Figure 6.  Estimates of hydrilla percent area coverage and Florida Bass (FLB) effort (hours) during fluridone 
(1987–2003) and endothall (2004–2012) treatment years at Lake Istokpoga. 

The results of our study and other studies in 
Florida (Moxley and Langford (1982); Hoyer and 
Canfield 1996; Tate et al. 2003; Havens et al. 2005) 
show the relationship between Florida Bass recruit-
ment and SAV (including hydrilla). In Lake Griffin, 
for example, we documented increased recruitment 
at moderate SAV coverage (~20%) following the 
drawdown, but subsequently observed weak re-
cruitment when SAV was nearly eliminated from 
the system. Miranda and Pugh (1997) suggested 
that greatest juvenile Largemouth Bass Micropterus 
salmoides abundance occurs at 10–25% vegetation 
coverage. In the Lake Tohopekaliga study, hydrilla 
coverage was positively correlated with electrofish-
ing catch rate, angler catch, and angler catch rate of 
Florida Bass. Florida Bass and Largemouth Bass 
year-class strength has been positively correlated 
to percent coverage of SAV (Durocher et al. 1984; 
Hoyer and Canfield 1996; Miranda and Pugh 1997). 
In Lake Okeechobee, Florida, Havens et al. (2005) 
reported multiple years of failed recruitment fol-
lowing the severe reduction and continued absence 
of SAV. However, when water levels returned to a 

range favorable for growth and expansion of SAV, it 
coincided with successful recruitment, demonstrated 
by increased catch per unit effort of juvenile Florida 
Bass. Similarly, Rogers and Allen (2008) reported 
failed Florida Bass recruitment at Lake Okeechobee, 
Florida following a greater than 75% lake-wide re-
duction in coverage of aquatic macrophytes (primar-
ily SAV species) due to hurricane impacts.

Furthermore, many anglers directly associate 
the presence of Micropterus spp. to the presence of 
SAV (including hydrilla) and believe SAV is direct-
ly linked to their ability to locate and catch Microp-
terus spp. For example, Henderson et al. (2003) 
showed that 62% of creel respondents believed that 
hydrilla helped their fishing success at Lake Mur-
ray, while at Lake Moultrie 58% of creeled anglers 
believed that removal of hydrilla hurt their fishing. 
Wilde et al. (1992) also reported similar results 
from a mail survey study, with Largemouth Bass 
anglers expressing opposition to aquatic vegeta-
tion control in Texas water bodies. At Lake Istok-
poga, Florida Bass catch significantly increased 
with increasing hydrilla up to 50% coverage (en-
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dothall), but when hydrilla expanded beyond 50% 
(fluridone), effort significantly declined. Similarly, 
Slipke et al. (1998) documented dramatic declines 
in Largemouth Bass intergrades (hybrid of Florida 
Bass and Largemouth Bass) fishing effort when hy-
drilla coverage increased from 8% to 65% over a 
period of 20 years on Lake Seminole, Georgia and 
Florida. Colle et al. (1987) observed an 85% reduc-
tion in angler effort on Orange Lake, Florida when 
plant coverage exceeded 85% of the lake; however, 
Florida Bass angler catch rates were similar to those 
documented when hydrilla was less than 20%.

Because hydrilla is frequently the dominant 
submerged macrophyte in Florida lakes and reser-
voirs, lake managers should consider hydrilla man-
agement as a tool for Florida Bass fisheries. Howev-
er, it can be difficult to effectively manage hydrilla, 
particularly in instances where chemical resistance 
has been documented. Our results suggest that hy-
drilla coverage of 20–30% appears conservative to 
maintaining angler effort and catch of Florida Bass. 
Intermediate levels of vegetation has also been sug-
gested, even in the absence of a negative associa-
tion with Florida Bass catch or effort, to balance the 
needs of other angler and user groups so as to maxi-
mize the economic potential of a lake (Bonvechio 
and Bonvechio 2006).

Florida lakes have been severely impacted by an-
thropogenic influences, but the FWC and its coopera-
tors have executed many large-scale habitat enhance-
ment strategies to improve littoral habitat, which has 
shown some benefit to Florida Bass populations and 
fisheries. Results of these large-scale evaluations can 
be difficult to interpret as many factors can mask 
underlying changes, including environmental shifts 
and the resulting influence these shifts can have on 
sampling efficacy (e.g., catchability; Hangsleben 
et al. 2013). Here, we have documented significant 
improvements to some Florida Bass populations, but 
even for those situations where fishery benefits were 
limited, these habitat enhancements were success-
ful in slowing habitat degradation and maintaining 
the existing quality of the fishery, which could have 
been negatively impacted as habitat further degraded. 
Florida lakes face many challenges in the future with 
continued population growth, urbanization, advanced 
eutrophication, expansion of exotic species, and wa-
ter withdrawals for consumption. The FWC and its 
cooperators must remain proactive by maintaining 
high-quality habitat that currently exists and restor-
ing degraded habitat for the sustainability of Florida 
Bass populations. Furthermore, it is imperative for 

lake managers to consider the trade-offs of the ben-
efits of an enhancement project and other stakeholder 
concerns (e.g., Filipek and Gibson 1982).
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