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Abstract: Behavioral shifts by bass (Micropterus spp.) anglers toward catch and release practices has severely decreased the ability of managers to control
predator-prey dynamics and reduced effectiveness of harvest as a management tool. Lack of harvest reduces managers’ ability to use harvest regulations
to influence bass growth and can result in slower growth and poor condition due to excessive predator abundance and reduced prey availability. This
scenario appears to have developed in a tropical reservoir where angler harvest has been limited. Largemouth bass (M. nigricans) were experimentally
removed from Cerrillos Reservoir, Puerto Rico, to test if targeted population reduction could improve prey availability and condition of largemouth
bass in tropical systems. Specific objectives were to 1) assess the response of prey species abundance and size distributions to reduced predator abun-
dance, and 2) determine the response of largemouth bass size structure and relative weight to experimental population reductions. The experimental re-
movals resulted in increased abundance and decreased mean size of sunfish (Lepomis spp.) and tilapia (Coptodon and Oreochromis spp.) as recruitment
of prey species increased. Abundance of threadfin shad (Dorosoma petenense) also increased. Largemouth bass W, increased, indicating improvement
in prey availability and improved predatory success. However, recruitment of largemouth bass also increased, highlighting the need for harvest, either

by anglers or managers, to maintain population abundance necessary to maintain improvements in size-structure and condition.
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The relationship between largemouth bass (Micropterus nig-
ricans) or Florida bass (Micropterus salmoides) as predators and
bluegill (Lepomis macrochirus) as prey is one of the most frequent-
ly described predator-prey interactions in fisheries management
(Olson et al. 1995, Brenden and Murphy 2004, Oplinger et al.
2011). When bass and bluegill populations are balanced, bluegill
populations yield abundant prey to multiple size classes of bass re-
sulting in rapid growth and good condition in bass (e.g., Schramm
and Willis 2012). Conversely, abundant bass populations can de-
plete prey resources resulting in slow growth and poor condition
of bass, while the intense predation reduces bluegill abundance,
lowers bluegill intraspecific competition, and can result in prey
size structure dominated by fewer individuals and larger adults
(McHugh 1990, Aday and Graeb 2012). Similar relationships have
been reported between bass and other prey species (e.g., Olson
1996, Nakazawa et al. 2007, Einfalt 2015).

Bass and bluegill populations in small impoundments are usu-
ally manipulated through specific stocking and harvest regimes
designed to control predator-prey dynamics to maximize desired
fishery conditions (Willis 2010). Insufficient harvest can lead to
overpopulation of bass, intense intraspecific competition, and
slow growth. This scenario, known as bass crowding, is a common
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problem in small impoundments in the southern U.S. (Schramm
and Willis 2012). The theoretical solution to crowded bass popu-
lations is to reduce numbers of predators to reduce intraspecific
competition (Willis 2010; Aday and Graeb 2012). However, man-
aging bass populations using harvest regulations has become more
difficult in recent decades as bass anglers have shifted towards
catch and release practices (Quinn 1996, Bonds et al. 2008, Myers
et al. 2008).

Kim et al. (2022) recently split largemouth bass into two sepa-
rate species with Florida bass retaining M. salmoides and renam-
ing largemouth bass as M. nigricans. Populations of both species
have been established in freshwater systems far beyond their native
range, including subtropical and tropical regions, such as the is-
land of Puerto Rico. Largemouth bass populations in Puerto Rico
reservoirs are intergrade fish with variable genetic contributions
from each species (Neal et al. 1999, Peterson et al. 2017). Whereas
Neal and Noble (2002) reported significant differences in longevity
between Puerto Rico’s intergrade largemouth bass and pure Flori-
da bass, we will hereafter refer to Puerto Rico fish as “largemouth
bass”

Most management models for largemouth bass were designed
for temperate systems, and although the knowledge base for bass
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management in tropical reservoirs is expanding (e.g., Dadzie and
Aloo 1990, Aloo and Dadzie 1995, Neal et al. 2002, Neal and No-
ble 2002, Waters and Noble 2004, Neal and Noble 2006, Neal et
al. 2008), many uncertainties still exist. Unlike in temperate re-
gions, tropical largemouth bass grow more rapidly as juveniles and
usually reach maturity in less than 1 year (Gran 1995). Spawning
season is prolonged up to 6 months with multiple spawning events
(Dadzie and Aloo 1990, Gran 1995), which is energetically expen-
sive and may result in reduced somatic growth of adults (Neal and
Noble 2006). Tropical waterbodies typically have bass populations
composed of many mid-sized fish with few large fish because lon-
gevity is greatly truncated, with few fish surviving beyond age 3
(Neal et al. 2002).

The phenomenon of reduced maximum size and longevity oc-
curs in several of the reservoirs in Puerto Rico, characterized by
3-4 distinct year classes observable in length distributions that
typically consist of quality (300-379 mm TL) and preferred+
size (380+ mm TL) fish (Neal et al. 2009, Neumann et al. 2012).
Cerrillos Reservoir in Puerto Rico does not follow this tropical
pattern. Prey species were stocked in Cerrillos Reservoir by the
Puerto Rico Department of Natural and Environmental Resources
(DNER) in 1996, including threadfin shad (Dorosoma petenense),
tilapia (Coptodon and Oreochromis spp.), bluegill, and redear sun-
fish (Lepomis microlophus). Largemouth bass were stocked the
following year, with this species being the only trophic-level pisci-
vore in the reservoir. The original stocking density is unclear, but
Peterson (2015) reported that a total of 48,520 presumed Florida
Bass were stocked in 1997 in Cerrillos, Guajataca, and Lucchetti
Reservoir, combined, for an average stocking density of about 80
fish ha™'. Whereas Cerrillos Reservoir was the only introductory
stocking in that year, it is likely that a greater density of fish was
allocated to Cerrillos Reservoir than the other two established
reservoirs. This was the only reported stocking of Micropterus in
Cerrillos Reservoir, yet Peterson (2015) reported introgression of
the two species by 2011, and suggested that the stock was not pure
when introduced. Redbreast sunfish (Lepomis auritus), channel
catfish (Ictalurus punctatus), white catfish (Ameiurus catus), west-
ern mosquitofish (Gambusia affinis), and Amazon sailfin catfish
(Pterygoplichthys pardalis) are also present, though the timing of
their introductions is unknown.

From 1997 to 2000, the reservoir was not open to the public
for fishing, allowing the bass population to quickly expand. In
2000, the reservoir was opened to fishing three to four days per
week, although long periods of closure (weeks to months) were
common. In 2003, a management station and boat ramp were con-
structed at the reservoir, and management biologists from DNER
were stationed at the facility to provide reliable access Thursday
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to Sunday each week. No length or bag limits were imposed for
any fish species; however, anglers were required to report harvest
(species, lengths, and numbers) at the management station before
leaving the reservoir. Despite the reliable access and lack of harvest
restriction, prey populations became depleted, leading to slow bass
growth, poor condition, and limited appeal to anglers. The most
abundant size classes of bass displayed W, values indicative of prey
limitation and crowding (Anderson 1980, Neal et al. 2001).

Like classical bass crowding in the southern U.S. (Schramm and
Willis 2012), condition of adult largemouth bass in Cerrillos Res-
ervoir declined sharply as fish grew and entered a growth bottle-
neck (mean W, =83; Fox and Neal 2011). This resulted in a single
slow-growing length mode comprised of multiple age classes, with
only a few larger fish. In 2003, a protected slot (356-508 mm TL)
limit was established to improve growth and condition in Cerrillos
Reservoir by encouraging harvest of small largemouth bass and to
protect larger fish. However, limited access, limited effort, and an-
gler unwillingness to harvest small fish continued the inadequate
harvest of smaller bass and prevented the success of the regulation
(Fox and Neal 2011). The regulation was removed early in 2011,
and the regulation was changed to a 10 bass per day bag with one
bass 2508 mm TL.

Experimental removals of largemouth bass from Cerrillos Res-
ervoir were conducted to test if targeted population reductions
could improve condition and size structure of largemouth bass
in tropical systems. We hypothesized that reduction in predator
abundance and biomass would reduce predatory pressure, allow-
ing prey populations to expand, which would increase foraging
success for the remaining bass population. Our objectives were
to 1) assess the response of prey species abundance and size dis-
tributions to reduced predator abundance, and 2) determine the
response of largemouth bass size structure and relative weight to
experimental population reductions.

Methods
Study Site

Cerrillos Reservoir was impounded in 1992 and reached full
pool in 1996. The reservoir is in the Cordillera Central (English:
Central Mountain Range) of Puerto Rico, northeast of the city of
Ponce. It is a 160-ha reservoir at full pool with mostly steep rocky
shorelines and a maximum depth >80 m, and is a clear, oligotro-
phic system (Fox and Neal 2011). The primary purposes for the
impoundment are flood control, hydropower, agricultural and
drinking water supply, and recreation (USGS 2008), which can
contribute to significant annual fluctuations in water level (=10 m).
The watershed is mostly composed of steep mountains with for-
est and coffee plantations (active and abandoned). Most angling



occurs in boats and bank angling is negligible except at the man-
agement facility due to the steep rocky shoreline and surrounding
terrain.

Largemouth Bass Population Collection, Estimates, and Removals

Boat-mounted electrofishing standardized to an output of
3000 W (range 3000-3500; Burkhardt and Gutreuter 1995) was
used to collect largemouth bass. Mark-recapture population sur-
veys were used to estimate largemouth bass population abundance,
biomass, size structure, and condition (W,) in spring from 2012 to
2014. The entire shoreline and available offshore habitats were sys-
tematically electrofished in March. Offshore habitats consisted of
an island in the lower end of the reservoir and flooded timber and
rocky ridges in the middle and upper reaches of the reservoir. All
largemouth bass collected were measured (mm, TL) and weighed
to the nearest 2 g, and stock-size fish (>200 mm) were marked by
removing about 80% of one pelvic fin prior to release. Right and
left fins were alternated between years. Marked fish were given
4-5 wk to reintegrate into the population prior to recapture efforts.
During the recapture sampling, the entire shoreline and available
offshore habitats were sampled using boat-mounted electrofishing
and all largemouth bass were collected, measured (TL, mm), and
examined for marks.

The number of stock-size largemouth bass was estimated using
Chapmans modification to the Petersen index (Chapman 1951),
with a target 95% confidence interval of no more than +25% of
population size (Robson and Regier 1964). Biomass and its confi-
dence bounds were estimated by multiplying the mean weight (kg)
of stock-sized largemouth bass by the estimated population size
and its confidence bounds. Condition was determined on all large-
mouth bass (2150 mm TL) using the largemouth bass W, index
developed by Wege and Anderson (1978) with Henson’s (1991)
modified parameters for intercept and slope.

Experimental removals of largemouth bass ranging from 200-
380 mm TL were selected based on the density dependent growth
impacts observed in Neal et al. (2010) and Neal et al. (2011). Bass
population reductions were conducted in 2012 and 2013 during
and immediately following recapture efforts for population esti-
mation. Removal efforts continued until 20% of the estimated
biomass for that year had been removed. The largemouth bass
population was sampled again in 2014 to assess the response to
consecutive population reductions.

Prey Fish Community Assessment

Abundance and size distribution of sunfish, tilapia, and thread-
fin shad were examined prior to (2012) and one year following
(2014) the second removal of largemouth bass. Sunfish and tilapia
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were collected by electrofishing (3000-3500 W output power) at
six sites throughout the reservoir in January and April (immedi-
ately prior to initiation of largemouth bass removals in 2012). Each
site was divided into two transects (North and South). One tran-
sect from each site was randomly selected to be sampled during
the day (0900-1500 h) and the second transect was sampled
during the night (2100-0300 h). Each transect was sampled for
900 sec. All fish collected were identified, measured (mm; TL), and
released. Catch per unit of effort (CPUE; fish h™') was calculated
for the reservoir by combining all sampling events (day and night,
January and April) per year as an estimate of sunfish and tilapia
relative abundance.

Threadfin shad were collected using a frame trawl in January
and April from six open water sites prior to (2012) and one year
following (2014) the second removal of largemouth bass. A cus-
tom frame fry trawl with aperture dimensions of 3 x 3 m, with
6-mm mesh in the body of the trawl, 4-mm in the cod end, and to-
tal length of 10.5 m (Neal and Prchalova 2012) was used to sample
open water habitat in Cerrillos Reservoir. The reservoir was divid-
ed into three sections: upper (river arm), middle, and lower (dam),
with two sites sampled in each section. Three different water layers
were sampled at each site: the upper open water with depth range
0-3 m, the middle open water 3-6 m, and the lower open water
6-9 m. The depth of towing was determined by the length of the
rope between the buoy on the surface and the upper rim of the
trawl frame (0, 3 and 6 m, respectively).

Trawling was conducted at night using a two-boat system. The
first boat was used as a trawler, pulling the trawl on preset tran-
sects. The second boat was used to retrieve the cod end, empty the
catch, and process the samples. Mean (SE) duration of each trawl
tow was 119 (0.46) sec, which resulted in a mean trawled distance
of 118 (0.82) m with average speed of 3.0 (0.01) km h™ and a mean
sampled volume of 1064 (7.35) m®. Before beginning a tow, the
trawl was flushed at sampling depth to remove any fish that may
have entered the net during deployment by leaving the cod end
open and towing the trawl for thirty seconds. At the end of each
tow, the funnel section of the trawl was retrieved using the surface
buoy, and the catch was moved down the funnel section through
the open cod end to the bucket on board the retrieval boat. The
catch was stored in a labeled zip-sealed plastic bag and placed on
ice for processing in the laboratory.

Iced catches were processed the next day. Total length (TL)
of each fish was measured to the nearest millimeter. When large
numbers of threadfin shad were captured, sub-sampling was used.
At least 50 subadult/adult (>30 mm TL) individuals per tow were
measured, and the rest were counted collectively. Threadfin shad
<30 mm TL were considered to be larvae and were counted and



weighed separately. Abundance was calculated as number per unit
effort (NPUE; fish 1000 m~ water trawled) for January and April
for each year by combining all trawl tows (sections and depths).
Because lower abundance of threadfin shad was expected in Jan-
uary compared to April (Neal and Prchalova 2012), the two sam-
pling periods were analyzed separately.

Statistical Analyses

Largemouth bass W, was compared between 2012 (prior to
removals) and 2013 and 2014 (following first and second removal).
This allowed estimation of the response to population reduction.
Condition was compared using general linear models (PROC
GLM, SAS Institute 2013; Hansen et al. 2007) between pre-
removal (2012) and post-removal (2013-2014) years, with year set
as a class variable, length category (LCAT; Gabelhouse 1984) as
a continuous variable, and the year x LCAT interaction included
to determine if any of the parameters differed among years. Least
squares means (LSMEANS, SAS Institute 2013) were calculated
for each parameter to account for the unbalanced design and to
provide appropriately adjusted means that take other model effects
into account. For significant comparisons, differences among
variables were determined using the pairwise differences (pdiff)
option with the Sidak adjustment to control familywise error for
multiple comparisonsin theleast squares means procedure. Length-
frequency distributions were compared between 2012-2014 using
Kolmogorov-Smirnov two-sample (Zar 1996) and chi-squared
(Michaletz et al. 1995) tests.

Catch per unit effort of sunfish and tilapia was compared be-
tween pre (2012) and post-removal (2014) years using a paired
two-sample ¢-test (McDonald 2014). Length-frequency distribu-
tions were compared between pre- and post-removal years using
a Kolmogorov-Smirnov two-sample test (Zar 1996). Number per
unit effort of juvenile and adult threadfin shad was compared by
month using a paired two-sample t-test between pre- and post-
removal years. For all statistical analyses, a = 0.05 was set as the
level of significance.

Results
Largemouth Bass

Prior to the first experimental removal, the 2012 population
estimate of stock-size bass was 9639 (SE = 908) largemouth bass,
with an associated biomass of 3440.5 (165.4) kg and mean W, =
83 (0.24) (Table 1). In April 2012, 2333 largemouth bass were
experimentally removed, accounting for a biomass reduction of
715 (0.127) kg or 20.8% (0.9%) of the total population by weight
(Table 1, Figure 1).
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Table 1. Sampling effort and population estimate data for largemouth bass from Cerrillos Reservoir,
Puerto Rico, spring 2012—2014. Error is the relative width of the confidence interval (target was

less than 25%). CPUE is catch-per-unit-effort for all (overall) and for stock-size (200+ mmTL)
largemouth bass. Marking and recapture effort is hours of electrofishing (pedal down time) recorded
during sampling. Removal effort is an estimate of additional untimed electrofishing effort following
completion of the population estimate that was required to reach the removal target.

Year
Variable 2012 2013 2014
Marking effort (h) 157 16.7 10.6
Recapture effort (h) 259 212 133
Removal effort (h) ~30 ~30 0
Number marked 1493 956 1054
Number captured 1889 853 871
Number recaptured 292 101 81
Population estimate 9639 8011 11,218
95% confidence interval 908 1372 2206
Error (%) 9.4 17.1 19.6
CPUE overall (fish h™") 98 74 116
CPUE stock (fishh™") 95 57 99
Mean weight (g) 357 386 365
Total biomass (kg) 3440.5 3093.7 4100.0
Number removed 2333 1993 0
Biomass removed (kg) 715 620 0
9% Biomass removed 20.8 20.0 0
Relative weight (Wr) 83 85 %
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Figure 1. Estimated length distribution of largemouth bass in Cerrillos Reservoir, Puerto Rico, in
2012, 2013, and 2014. The population prior to experimental reduction is represented by the stacked
white and black bars. White bars represent fish that were removed during that year’s experimental
reduction. Black bars represent the fish remaining in the population.



In 2013, the population was estimated to be 8011 (SE = 1372)
largemouth bass, with an associated biomass of 3093.7 (270.4) kg.
Mean condition increased, with mean (SE) W, climbing two per-
centage points to 85 (0.31). A second biomass removal was con-
ducted, with 1993 largemouth bass accounting for a biomass
reduction of approximately 620 (0.130) kg or 20.0% (0.9%). Re-
moval efforts in 2012 and 2013 began during the recapture phase
of the bass population estimate sampling, and once the estimate
was completed, continued with untimed electrofishing. It took ap-
proximately 5 days of electrofishing to reach the goal of removing
20% of the total biomass each year. We used two electrofishing
boats, each with one operator and one or two netters to collect the
fish. Additionally, we used a third boat with a single operator to
transport fish to shore where they were loaded into hauling tanks
on trucks for transport to a different reservoir.

One year after the second experimental removal, the popula-
tion was estimated to be 11,218 (SE = 2206) largemouth bass with
an associated biomass of 4100 (411.4) kg. Although population
size and biomass in 2014 were greater than prior to removals, con-
dition of largemouth bass increased across all length categories
(Figure 2). Overall mean W, increased 5 units to 90 (SE = 0.37;
LSMEANS, F;,, = 117.09, P < 0.001). These increases were signifi-
cant in all length categories (P < 0.001) except memorable-size fish
(P = 0.71). Length frequency distributions differed among years
(D=0.09-0.14, P < 0.001). The lower end of the crowded size range
shifted towards larger sizes, with a strong peak at 310-330 mm TL.

Prey Fish

Mean (SE) CPUE of sunfish increased from 38 (6) in 2012 to
72 (10) fish h™ (¢,, = 2.78, P = 0.007) in 2014 and for tilapia in-
creased from 57 (9) to 162 (29) fish h* (¢,, = 3.38, P = 0.001) fol-
lowing the removals (Figure 3). Concurrently, mean total length
decreased among sunfish (D = 0.15, P = 0.002) and tilapia (D = 0.41,
P < 0.001). Overall mean threadfin shad NPUE (fish 1000 m~ wa-
ter trawled) did not significantly increase (t;,= -0.89, P = 0.376)
following the removals. However, mean NPUE of larval (<30 mm
TL; t,, = 2.314, P = 0.041) and juvenile/adult shad (=30 mm TL;
t,, = 2.400, P = 0.035) from prior to the first removal in 2012 to
1 year after the second removal in 2014 within January samples
were different (Figure 4). Similar results were found in April sam-
ples for juvenile/adult shad (t,; = 2.504, P = 0.029), but no differ-
ence was detected for larval shad density (¢, = 0.523, P = 0.611).
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Figure 2. Mean (SE) condition (I%,) of largemouth bass for the total population (overall) and by

length category in Cerrillos Reservoir from 2012, 2013, and 2014. Length classes are those for large-
mouth bass from Gabelhouse (1984).
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Figure 3. Mean (SE) catch-per-unit-effort (CPUE) and length distributions in 2012 prior to
experimental largemouth bass population reduction (pre) and 2014 one year after second
population reduction (post) for sunfish (Top A & B; Lepomis spp.) and tilapia (Bottom C & D;
Coptodon and Oreochromis spp.). In B and D, the solid line is prior to largemouth bass population
reduction and the dashed line following the second largemouth bass population reduction.
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Figure 4. Mean (SE) larval (<30 mmTL; Top) and juvenile/adult (>30 mm TL; Bottom) threadfin
shad number-per-unit-effort (NPUE) in 2012 prior to experimental largemouth bass population
reduction (pre) and 2014 one year after second population reduction (post). Open bars = January,
grey bars = April. Asterisk (*) denotes statistically significant difference.

Discussion

Neal et al. (2001) suggested that the rapid decline in condition
of the largemouth bass population in Cerrillos Reservoir following
initial introduction was due to predator overpopulation and subse-
quent prey limitation. That report recommended liberal harvest of
small largemouth bass to reduce crowding and to increase growth
rates and body condition for the remaining population. However,
angler harvest was insufficient to test this recommendation (Fox
and Neal 2011). The experimental removals in the current study
demonstrated that largemouth bass mean condition can be in-
creased when population size is reduced. Further, predator reduc-
tion led to increased prey availability and smaller size structure
when recruitment increased. Positive correlations between relative
weight and prey abundance have previously been documented for
largemouth bass (Wege and Anderson 1978), pumpkinseed (Lep-
omis gibbosus; Liao et al. 1995), northern pike (Esox lucius; Paukert
and Willis 2003), and walleye (Sander vitreus; Marwitz and Hubert
1997, Porath and Peters 1997).

This was the first significant increase in largemouth bass con-
dition in this reservoir since it was initially stocked in 1997. The
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relationship between relative weight and growth has been demon-
strated for several temperate species including largemouth bass
(Wege and Anderson 1978, Neumann et al. 1994), hybrid striped
bass (Morone saxatilis x M. chrysops; Brown and Murphy 1991),
black crappie (Pomoxis nigromaculatus; Guy and Willis 1995),
white crappie (Pomoxis annularis; Gabelhouse 1991), and north-
ern pike (Willis 1989, Neumann and Willis 1996). Unlike con-
dition, which can change over relatively short periods of time
(weeks; Blackwell et al. 2000), changes in length tend to present
more slowly, specifically in mature fish (von Bertalanffy 1938).
Mosher (1984) suggested that there could be a threshold for rela-
tive weight that has to be met before growth in length can respond.
Because largemouth bass were in reduced condition prior to the
removal, it is likely that they would need to invest more energy
into improving condition before significant investment in growth
in length would occur.

Previous research in northern temperate climates found that
population reductions are necessary for several consecutive years
to be effective. Willis (2010) conducted annual harvests of subslot
largemouth bass (<300 mm TL) from a high density, slow growing
population in South Dakota, and reported that it took 3 years of
removals before the size structure of the population began to shift
towards target proportional size distribution (PSD) and condition.
However, due to higher year-round temperatures, largemouth bass
in Puerto Rico reservoirs experience a much longer growing sea-
son than those in South Dakota ponds, and population changes
likely occur more rapidly. The Cerrillos Reservoir population re-
sponded with a 2 unit increase in W, a year after the first removal
and another 5 unit increase after the second removal.

Population abundance and biomass increased following the
second removal, despite 20% of biomass being removed in two
consecutive years. This may be due to the expanded size structure,
which opens a wider breadth of potential prey to the population
and allows greater recruitment success. When most of the popu-
lation is crowded into a narrow size range, their potential popula-
tion size and biomass is limited by the prey available to that size
range (Shelton et al. 1979, Diana 1987, Heath and Roft 1996), and
competition inhibits recruitment. Further, few prey survive the
predator gauntlet to grow to adult sizes, thus limiting reproduction
and recruitment of prey (Swingle 1950, Swingle 1956, Gabelhouse
1987). As the largemouth bass size structure expands, the popula-
tion can exploit a greater available prey base leading to improved
condition and increased growth. Conversely, the bass population
responded to the biomass reductions with subsequent strong re-
cruiting classes following each population reduction.

It is likely that removals of this magnitude will need to oc-
cur periodically in Cerrillos Reservoir to maintain the observed



improvements or to reach ultimate target levels in condition and
growth rate. In the South Dakota study, all harvest of largemouth
bass ceased once the population reached target size structure and
condition, and when the population was sampled again 7 years lat-
er, it had returned to its original state of high density, low condi-
tion, slow growing bass (Willis 2010). Likewise, Neal et al. (2016)
reported that the Cerrillos Reservoir largemouth bass W, declined
to 86 by 2016, 3 years after the second removal. Thus, regular re-
movals of small largemouth bass may be the best way to manage
this and similar populations to maintain quality fishing oppor-
tunities (Novinger 1990, Neumann et al. 1994, Noble and Jones
1999, Wilson and DiCenzo 2002, Willis 2010). Concerted efforts
to promote harvest of small largemouth bass with anglers could
be successful, although it is unclear at this point whether angling
pressure alone is sufficient to reach harvest goals even if anglers
harvest all small fish caught. Regardless, this research demonstrat-
ed that prey abundance and size structure can be manipulated
via targeted reduction in predator populations, and that predator
condition will respond to increases in prey availability in closed
tropical systems.
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