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Abstract: Largemouth bass (Micropterus salmoides) are the primary sport fish in Puerto Rico reservoirs and the majority of management efforts directed
at this species primarily employ electrofishing in sampling activities. However, little attention has been given to evaluating electrofishing sampling efficiency in these systems. To evaluate differences in diel and seasonal electrofishing efficacy, largemouth bass were sampled in two diel periods (day:
0900–1500 h; night: 2100–0300 h) every three months over a three-year period in Lucchetti Reservoir, Puerto Rico, using a boom-mounted electrofisher. No overall statistical difference was observed between day and night electrofishing catch rates for stock-size (≥200 mm TL) largemouth bass in Lucchetti Reservoir (F = 1.51, df = 3, P = 0.2222), yet night catch rates were greater in 9 out of 12 samples. Monthly mean catch rates were lowest in May and
highest in February. Length-frequency distributions differed between day and night samples in 3 out of 4 pooled sampling months (February, August,
November; all P ≤ 0.0078). If management objectives target high catch rates of largemouth bass, night electrofishing may be most efficient; however,
length bias may be of concern and both day and night sampling may be necessary to accurately illustrate true population parameters.
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Electrofishing is the principal technique used for collecting
largemouth bass (Micropterus salmoides); however, electrofishing
efficiency has been shown to be controlled by a wide variety of
physical, chemical, and biological factors including time of day,
season, water temperature, conductivity, recruitment patterns, and
habitat (Witt and Campbell 1959, Reynolds and Simpson 1978,
Dumont and Dennis 1997, Gelos et al. 2010). Biases in electrofishing efficiency due to these factors have been observed to affect
both catch rates and size distributions estimated by this gear (Burkhardt and Gutreuter 1995, Edwards et al. 1997, Sammons and
Bettoli 1999, Schoenebeck and Hansen 2005, Hanson et al. 2008).
Furthermore, behavior and habitat use of fishes can affect electrofishing efficiency both seasonally and over diel periods. For example, Sammons and Maceina (2005) found that largemouth bass
were relatively sedentary and located offshore in deeper water during the day, but became more active at dusk and moved towards
shoreline areas, where they remained during the night. Further,
Waters and Noble (2004) found that under low water-conditions,
largemouth bass were consistently found offshore and become
more mobile.
Largemouth bass are the primary sport fish in Puerto Rico
reservoirs (Neal et al. 2009), and population abundance and sizestructure estimates are often obtained using electrofishing (Neal
and Noble 2002, Neal et al. 2008). However, little attention has
been given to evaluating efficiency of electrofishing sampling in
these tropical systems. Therefore, the objectives of this study were
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to evaluate differences in diel and monthly electrofishing catch rates
for largemouth bass, and to provide sampling recommendations for
maximizing sampling efficiency in small Puerto Rico reservoirs.

Study Area
This study took place in Lucchetti Reservoir, a 108-ha impoundment in the mountain region of southwestern Puerto Rico.
The area receives an average of 198 cm of rainfall annually and
was originally tropical forest, although much of the landscape is
now used for agriculture. The primary function of the reservoir is
water storage for irrigation, but the creation of the Lucchetti Field
Station and associated facilities by the Puerto Rico Department of
Environmental and Natural Resources has improved recreational
access and increased reservoir popularity among boating anglers
(Churchill et al. 1995, Neal et al. 2009). The fish community in
Lucchetti Reservoir consists of armored catfish (Pterygoplichthys
pardalis), bluegill (Lepomis macrochirus), channel catfish (Ictularis
punctatus), largemouth bass, marbled bullhead (Amieurus nebulosus marmoratus), Mozambique tilapia (Oreochromis mossambicus), redbreast tilapia (Tilapia rendalli), redear sunfish (L. microlophus), and threadfin shad (Dorosoma petenense) (Neal et al. 2009).
Lucchetti Reservoir has been categorized from mesotrophic to
eutrophic on the basis of nutrients, physical limnology, chlorophyll
a, and phytoplankton biomass data. Water transparency is usually
>1 m and generally fluctuates 0.75 to 2.0 m (Churchill et al. 1995).
Water temperature and photoperiod has a typical annual range of
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Methods
Lucchetti Reservoir was sampled for largemouth bass by electrofishing during day (0900 to 1500 h) and night (2100 to 0300 h)
every three months between May 1998 and February 2001. The
months sampled were chosen to distribute effort among months
recognized for spawning (i.e., February and May, Ozen and Noble
2002) and young-of-year recruitment (November, Ozen 2002),
including a transition period (August). Sampling was conducted
using a boom-mounted electrofisher at 240-V pulsed DC with
a target output of 3,000 W. Prior to sampling, six shoreline sites
were randomly established. Before each sample period, three sites
were randomly chosen for the day sample and the three remaining
sites were used for the night sample. Each site was sampled for 900
sec of electrofishing time. All largemouth bass were collected and
measured for total length (mm).
To avoid the effects of variable recruitment and gear bias, only
stock-size largemouth bass (≥200 mm; Gabelhouse 1984) were
used for catch per-unit-effort and length-frequency comparisons.
Before analyses, mean catch per-unit-effort and total length values for each sampling date were log-transformed to stabilize the
variance to mean ratios. Mean catch-per-unit effort from each diel
sampling period was pooled by month across years and compared
using the two-way analysis of variance (ANOVA, SAS Institute
2008). Length distributions from each diel sampling period was
also pooled by month across years and analyzed with multiple
two-way Kolmogorov-Smirnov tests and the NPAR1WAY procedure (SAS Institute 2008). Significance was established at an alpha
level of P ≤ 0.05.

Table 1. Mean catch per-unit-effort data for stock length (≥200 mm; Gabelhouse
1984) largemouth bass collected with electrofishing during day (0900 to 1500 h)
and night (2100 to 0300 h) over a three-year period from Lucchetti Reservoir, Puerto
Rico. The number of samples for each sampling period is in parenthesis.
Day

Night

Year

Month

Mean

SE

Mean

SE

1998

May
Aug
Nov
Feb
May
Aug
Nov
Feb
May
Aug
Nov
Feb

16.47 (1)
48.00 (3)
53.49 (3)
92.46 (2)
31.27 (3)
67.54 (3)
102.66 (3)
132.41 (3)
58.33 (3)
84.84 (3)
147.33 (3)
112.16 (3)

–
10.6
5.96
32.47
11.87
30.51
13.53
16.66
33.58
21.67
32.67
15.84

21.47 (1)
120.00 (1)
89.50 (2)
80.15 (2)
93.51 (3)
62.38 (3)
65.61 (2)
172.66 (3)
89.83 (3)
114.75 (2)
192.50 (2)
113.07 (2)

–
–
50.50
36.15
4.26
3.49
51.77
48.89
31.24
47.25
7.50
6.92

1999

2000

2001

175
Day
Night

150

Mean CPUE (#/hour)

25 to 29 C and 11 to 13 h daylight, respectively (Gran 1995). The
maximum depth is 22.2 m (Neal et al. 1999).
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Figure 1. Mean catch-per-unit effort (number per hour of electrofishing; CPUE) by
month for stock length (≥ 200 mm; Gabelhouse 1984) largemouth bass collected
during day (0900 to 1500 h) and night (2100 to 0300 h) electrofishing in Lucchetti
Reservoir, Puerto Rico. Monthly data are pooled across three years (May 1998 to
February 2001). Error bars represent one standard error.

Results
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Collectively, no differences were observed between day and
night electrofishing catch rates for largemouth bass in Lucchetti
Reservoir (F = 1.51, df = 3, P = 0.2222); however, mean catch perunit-effort was greater during night than day in 9 of 12 sample
periods (Table 1). Overall, mean catch per-unit-effort was highest in February and lowest in May (Figure 1). Among months, no
statistical differences were observed in mean catch per-unit-effort
between diel sampling periods (F = 5.24, df = 3, P = 0.0953); however, pair-wise comparisons showed differences between August
and February (P = 0.0411), February and May (P = 0.0004), and
May and November (P = 0.0093).
Day and night samples appeared to collect different size classes of
fish (Figure 2). Day sampling tended to catch smaller (< 300 mm TL)
largemouth bass in February (P < 0.0001) but larger fish (> 300 mm
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Figure 2. Length-frequency distributions by month for stock length (≥200 mm;
Gabelhouse 1984) largemouth bass collected during day (0900 to 1500 h) and night
(2100 to 0300 h) electrofishing in Lucchetti Reservoir, Puerto Rico. Monthly data are
pooled across three years (May 1998 to February 2001).

Electrofishing Efficacy in Puerto Rico
TL) in November (P < 0.0001) than night sampling. August day sampling collected fewer of the smallest fish (< 260 mm TL) and more
intermediate (270–300 mm TL) largemouth bass than night sampling (P = 0.0078).

Discussion
Although overall differences in diel catch rates were not evident
in Lucchetti Reservoir, more fish were collected at night than day
in 9 of 12 sampling periods. The lack of a significant difference
might be a result of our sampling design or annual variation in
diel catch rates. Regardless of the lack of statistical significance,
mean night catch rates were on average 35% greater than mean
day catch rates in all four sampling months when the data were
pooled (Figure 2), suggesting that greatest electrofishing catch
rates can be achieved by sampling during the night. This supports
findings from temperate studies that reported greater largemouth
bass catch rates at night (e.g., Gilliland 1987).
Observed differences in day versus night catch rates are most
likely due to diel behavioral shifts and environmental factors. Nocturnal inshore movements of age-0 (Irwin and Noble 2000) and
adult (Woodward and Noble 1999, Sammons and Maceina 2005
) largemouth bass have been reported in temperate reservoirs of
the continental United States. Malvestuto and Sonski (1990) hypothesized that largemouth bass followed bluegill feeding movements from the limnetic zone during the day to the littoral zone at
night. A similar pattern was observed for telemetered largemouth
bass in Lake Seminole (Sammons and Maceina 2005), which is a
sunfish-dominated system (Sammons and Maceina 2006). Diet
compositions for largemouth bass in Lucchetti Reservoir during
the same time-frame as this electrofishing study found the most
common prey items were threadfin shad and tilapia. However, diet
composition varied among diel periods. During the day, threadfin shad composed 71% of largemouth bass diet by weight, while
tilapia composed 22%; whereas at night threadfin shad composed
only 55% of bass diet by weight, while tilapia composed 37% (Neal
et al. 2001). It is possible that the diel differences in mean catch
rates observed in Lucchetti Reservoir may have been influenced by
diel changes in prey utilization, as threadfin shad prefer off-shore
habitat while tilapia and sunfish tend to be littoral.
Miranda and Boxrucker (2009) recommended that most standardized electrofishing sampling should be conducted during the
day, but noted that night electrofishing should be used when water transparency exceeds 1 m. Transparency in Lucchetti Reservoir is usually >1 m, suggesting that night electrofishing would be
more effective than day electrofishing for conducting standardized
sampling programs in this reservoir. Dumont and Dennis (1997)
reported that water transparency explained diel variability in elec-
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trofishing catch rates in four of eight instances in which differences
in catch rates were observed. In reservoirs with high turbidity, electrofishing catch rates of largemouth bass tend to be more similar
between night and day sampling (e.g., Bennett and Brown 1969).
Monthly patterns in electrofishing catch rates were observed in
Lucchetti Reservoir, with the greatest and lowest mean catch rates
in February and May, respectively. This contradicts the pattern
generally observed in temperate waters, where largemouth bass
tend to be in deeper water during the late-winter pre-spawn period
and then move shallower in the spring and are more vulnerable
to electrofishing gear (Pope et al. 2009). Because water temperature (typical annual range 25 to 29 C) and photoperiod (11 to 13 h
daylight) patterns are fairly consistent in Puerto Rico, spawning in
Lucchetti Reservoir often commences as early as December or January and may be protracted over six months with peak spawning
typically in February or March (Gran 1995, Waters 1999, Ozen and
Noble 2002). This could explain the high catch rates in February,
when male and female largemouth bass move shallow to spawn,
and the low catch rate in May, when post-spawn largemouth bass
may have moved off-shore to replenish energy reserves by feeding
on threadfin shad (Waters 1999).
Another explanation for monthly differences in catch rates
could be annual patterns in growth and gear-recruitment. In Lucchetti Reservoir, rapid (1.25 mm/d; Neal et al. 2002) growth of age0 fish spawned between January and June leads to recruitment to
stock size by November or for certain February, contributing to the
greater catch rates during these months.
Differences in length-frequency distributions were observed in
three out of four months sampled. Pooled by month, all months
but May showed diel differences in length frequency distributions,
yet the direction of these differences was not consistent throughout the year. Gilliland (1987) reported diel differences between day
and night-collected length frequencies during the fall, but noted
no diel differences during the spring. In May, all largemouth bass
in Lucchetti Reservoir have recruited to stock-size, but no age-0
fish have recruited. As mentioned above, largemouth bass may
have moved offshore in May to recover from spawning (Waters
1999), resulting in the observed lower catch rates. This movement
would likely be size-specific, whereas larger fish are more likely
to have moved offshore than smaller fish. This would provide a
smaller size-range of fish available for sampling in May compared
to other months, reducing the opportunity to detect differences
in diel length frequency distributions. Diel differences in other
months may be due to larger fish moving inshore at night, except
in May, when they remained offshore to recover from spawning.
This study demonstrated how largemouth bass catch rates can
vary temporally, and supported the importance for implementing
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standardized electrofishing protocols for this species in Puerto Rico.
Diel differences in electrofishing catch-rates suggested that time of
day and month should be carefully considered when establishing
sampling protocols. For assessment purposes, the current protocol
of standardized day sampling could be continued in order to maintain continuity with historical data sets. However, night electrofishing would be more efficient for large-scale collection efforts such as
mark-recapture studies. Furthermore, mark-recapture electrofishing to estimate abundance of stock-size and larger largemouth bass
is best conducted in February, because most age-0 fish are still very
small and most age-1 fish are stock size (200 mm; Gabelhouse 1984)
or larger at this time of year. Thus, by sampling in February there is
no need to account for recruitment to stock size between marking
efforts and recapture efforts for the population estimate. However, if
the goal of the sampling is to measure recruitment, sampling in later
months may be preferred.
Day and night electrofishing samples should not be used interchangeably for standardized sampling programs in Puerto Rico,
due to likely diel differences in efficiency that may affect both
catch-rate and size structure estimates. However, given that both
day and night sampling have differential biases associated with
them, combining day and night sampling may more accurately
illustrate true population parameters. Because the physicochemical environments of most Puerto Rico reservoirs are relatively homogenous, our results may be extended to unstudied Puerto Rico
systems of similar size to Lucchetti Reservoir. Furthermore, habitat heterogeneity can affect the determination of stock structure
indices, therefore an SDI and a better evaluation of the distance of
shoreline sampled may need to be considered in future electrofishing events.
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