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Abstract: We conducted 2 experiments to evaluate the potential of feeding schedules
designed to elicit compensatory growth and increase growth of hybrid bluegill (F;: male
bluegill Lepomis macrochirus x female L. cyanellus). The first experiment evaluated a
commercially prepared pellet and consisted of 3 treatments: fish fed every day and fish
starved for 2 or 4 days after cessation of hyperphagia. The second experiment evaluated
2 diets, mealworms and commercial pellets, fed every day and on a 2-day starvation
schedule. Growth and feed consumption in starvation treatments did not significantly
exceed that of controls in either experiment. Our results contradict those of earlier stud-
ies that showed increased growth and consumption with similar feeding methods. Our
results suggest that increasing growth rate using feeding schedules designed to elicit
compensatory growth may not be practical when feeding an artificial pelleted diet, and
feeding strategies of this type may be difficult to implement for large-scale hybrid
bluegill production. However, our results suggest that hybrid bluegill do not need to be
fed every day to optimize growth and that alternative feeding regimes could signifi-
cantly reduce labor costs.
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Compensatory growth is a period of rapid weight gain following a period of
food deprivation. Compensatory growth has been observed in invertebrates, mam-
mals, birds, and fish (Wilson and Osbourn 1960, Broekhuizen et al. 1994, Jobling
1994); however, the mechanisms underlying this phenomenon are not fully under-
stood. Most studies suggest a physiological change, whereby organisms reduce their
basal metabolic rate, increase food conversion efficiency, and begin excessive con-
sumption (hyperphagia) once food supplies are available (Miglavs and Jobling 1989,
Russell and Wootton 1992, Wieser et al. 1992, Jobling 1994).

Regardless of the mechanism, compensatory growth has potential for increasing
commercial production in aquaculture. Hayward et al. (1997) were the first to show
that compensatory growth occurred in hybrid bluegill fed mealworms (Tenebrio
molito) on various feeding schedules. We attempted to duplicate their experiment
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using a commercially produced diet. Our first experiment used a commercially pre-
pared pelleted diet and 3 treatments used by Hayward et al. (1997): fish fed every
day, fish starved for 2 days and fish starved for 4 days. Because we were unable to du-
plicate the results reported by Hayward et al. (1997), we performed a second experi-
ment to try to more closely duplicate their protocol and experimental design, as well
as to directly compare mealworms to a commercial pellet diet.

We thank M. G. Walsh, G. Cummings, and M. Willis for assistance with labora-
tory work. Additional thanks to G. Gebhart for help with laboratory equipment and J.
Parsons for feed analyses. Financial support was provided by the Federal Aid in
Sport Fish Restoration Act under Project F-41-R of the Oklahoma Department of
Wildlife Conservation and Oklahoma State University through the Oklahoma Coop-
erative Fish and Wildlife Research Unit (cooperators: Oklahoma Department of
Wildlife Conservation, Oklahoma State University, U.S. Geological Survey Biologi-
cal Resources Division, and the Wildlife Management Institute).

Methods

Experiment 1

We acclimated approximately 70 hybrid bluegill to laboratory conditions (14
hours light: 10 hours dark photoperiod and 20 C water) for 2 weeks and trained them
to consume a pelleted diet. During September 1999, fish were selected for size uni-
formity (2.90-3.27 g) and individuals were placed into 15 20-liter aquaria. Each
aquarium was equipped with an airstone, a 100-watt aquarium heater, and visual di-
viders to prevent agonistic behavior from influencing neighboring fish. These fish
were acclimated for 8 days prior to the initiation of feeding trials. During acclimation
fish were fed to satiation and water temperatures were elevated to 24 C, the water
temperature used by Hayward et al. (1997).

The experiment consisted of 3 treatment groups, selected on the basis of their
performance as reported in Hayward et al. (1997): a continuously fed control (PC)
and 2 treatments consisting of 2- and 4-day starvation periods following feeding (P2
and P4, respectively). The feeding schedule of each group followed the procedures
described by Hayward et al. (1997) with 1 exception. Hayward et al. (1997) removed
food items after 24 hours; however, because pellets dissolve, we removed excess pel-
lets after 2 hours so we could make accurate estimates of consumption. Our observa-
tions indicated that fish consumed food primarily during the first 30 minutes after
feeding and rarely consumed additional food when fed twice per day. Therefore, we
concluded that a 2-hour feeding period was sufficient to estimate daily consumption.
The experimental diet was a commercially produced 2.4-mm floating pellet (EXTR
450, Rangen Inc., Angleton, Texas). All feedings took place between 0800 and 0830
hours daily. Aquaria were cleaned and quarter volume water changes were made
every 3-5 days to maintain water quality.

We monitored daily food consumption by feeding an excess number of pellets,
counting and removing all pellets remaining after 2 hours, and multiplying the num-
ber consumed by the mean dry pellet weight (0.0121 g). Each fish was measured
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(nearest 1 mm) and weighed (nearest 0.01 g) weekly, 1 hour before feeding. At the
conclusion of each feeding day, the daily weight-specific consumption for treatments
P2 and P4 was evaluated. Fish in treatments P2 or P4 were fed on consecutive days
until the daily weight-specific consumption no longer significantly exceeded that of
the control group (Student’s ¢-test; P < 0.05), then the predetermined starvation pe-
riod (2 or 4 days) was initiated the following day. The experiment was scheduled to
end at the conclusion of a feeding cycle on or beyond 80 days for both treatment
groups.

Absolute growth rate (AGR) and gross growth efficiency (GGE) were calcu-
lated using the following formulae:

AGR = (Wi — W))/T GGE = (W;-W))/CC

where Wyand W; are the final and initial weights, respectively, T is the total number
of days and CC is the cumulative consumption. Growth, consumption, and food con-
version efficiency data were analyzed using analysis of variance (SAS 1998). Post
hoc contrasts were made using least square means. Comparisons were considered
significant if P < 0.10 and all probabilities are reported. We performed correlations
between CC and AGR to estimate the effect of consumption on growth.

Experiment 2

We acclimated approximately 100 hybrid bluegill to the laboratory for 2 weeks.
Thirty-two hybrid bluegill (11.25-14.75 g) were selected in the same manner as in
Experiment 1, except we chose fish similar in size to Hayward et al. (1997; Table 1).
These fish were randomly placed into individually numbered, 3.25-liter chambers
(20 x 12.5 x 13 cm) of clear plexiglass. Each chamber was perforated with 32 holes
(3.5 mm) on the sides to allow water circulation and fitted with a clear plexiglass lid.
The chambers were placed side by side on a rack that elevated them 30 cm off the
bottom of a 2.7 x 0.6 x 0.6-m flow through circulation tank. Municipal water, filtered
through an organic filtration cartridge, filled the tank to within 1 cm of the top of the
chambers. The tank was fitted with airstones and 8 300-watt submersible aquarium
heaters to maintain water temperatures at 24 = 1 C throughout the experiment. The
lab was maintained at a constant photoperiod of 14 hours light: 10 hours dark.

This experiment consisted of 2 diet types and 2 feeding schedules. The diet
types were a 4.8-mm floating pellet (EXTR 400, Rangen Inc., Angleton, Texas) and
mealworms. The feeding schedules consisted of a control group fed every day and a
2-day starvation group. This resulted in 4 treatments: pellet control (PC), mealworm
control (MC), pellet 2-day starvation (P2), and mealworm 2-day starvation (M2).
The feeding protocols for the control and 2-day starvation groups were similar to Ex-
periment 1. Due to differences in chamber size and feed type, pellets broke down
more slowly in this experiment than in Experiment 1 and were allowed to remain for
7 hours after feeding. Feedings occurred between 1000 and 1015 hours daily. Con-
sumption data was collected by weighing and feeding a known number of food items
(pellets or mealworms), counting the number removed, and multiplying the number
consumed by the mean weight of the fed items. Collection of fish live weights, statis-
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tical analyses, and termination of the feeding trials were performed identically to Ex-
periment 1. Two fish were excluded from the PC treatment on day 45 of the experi-
ment due to apparent illness, and were not included in the final analyses. None of the
remaining fish exhibited signs of illness and remained healthy throughout the experi-
ment.

Results

Experiment 1

Differences in mean final weights (F = 3.46; df =2, 12; P = 0.065) and absolute
growth rates (F = 3.42; df = 2, 12; P = 0.067) were significant (Table 1) among treat-
ments. Pairwise comparisons indicated treatment P4 had a significantly lower final
weight and absolute growth rate (P < 0.05) than the control, whereas treatment P2
was not significantly different (P > 0.10) than either group. No significant difference
occurred between mean gross growth efficiencies (F = 0.96; df =2, 12; P =0.4104)
(Table 1).

Growth was positively correlated with cumulative consumption (R?>=0.95, P <
0.01). Differences in cumulative consumption were significant among treatments (F
=7.98;df =2, 12; P =0.0063). Controls consumed significantly more food than both
the P2 and P4 treatments (1.7 and 2.3 times more than P2 and P4, respectively, P <
0.05, Table 1). Mean consumption per feeding day did not differ among treatments (F
=0.63;df =2, 12; P =0.5473, Table 1).

The mean feeding period following starvation for treatments P2 and P4 was 1.9
and 2.2 days, respectively. This resulted in feeding day to deprivation day ratios less
than 1.0 (Table 1). For treatment P2, 7 of the 21 no-feed/refeed cycles did not induce
hyperphagia and resulted in a 1-day feeding period. Treatment P4 followed each star-
vation period with at least 1 day of hyperphagia.

Treatments PC, P2, and P4 concluded on days 82, 82, and 81 of the experiment,
respectively. Because only 1 day separated the conclusion of the 3 groups, the final
weights were compared without adjusting for the additional day; however, all other
calculations were based on the total number of days. Water temperatures fluctuated
throughout the experiment (mean temperature = 23.4 C, range = 19.5-29.0 C) and
daily temperature fluctuations may have influenced daily consumption. This problem
was alleviated in the second experiment.

Experiment 2

Absolute growth rates did not differ among treatments (F=0.41; df =3, 26; P =
0.75, Table 1). Mean gross growth efficiencies (Table 1) were significantly higher for
pellet diets (treatments P2 and PC) than mealworm diets (treatments M2 and MC) (F
=60.0; df = 1, 26; P =0.0001). Pellets consisted of 40.0% protein and 6.1% moisture,
while mealworms consisted of 21.6% protein and 58.9% moisture. These differences
in diet composition may have resulted in the differences in utilization efficiencies.

Growth was positively correlated with cumulative consumption (pellet R? =
0.95 and mealworms R2=0.97, P < 0.01). There was no significant difference in cu-
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mulative consumption between treatments M2 and P2 and their corresponding con-
trol groups (P > 0.10, Table 1). Mean consumption per feeding day was significantly
different among the 4 groups (F = 7.64; df = 3, 26; P = 0.0008). Pairwise compar-
isons revealed that M2 consumed a significantly greater amount per feeding day than
all other groups (P < 0.01). Differences in consumption per feeding day were not
significant for MC, P2, and PC (Table 1). Feeding periods for treatments M2 and P2
averaged 2.5 and 2.3 days, respectively. There were 19 cycles during the experiment
and hyperphagia was not induced during 2 cycles for treatment M2 and 3 cycles for
treatment P2.

Treatment groups fed mealworms and those fed pellets concluded on day 86 and
82 of the experiment, respectively. Because of the difference in termination dates,
only absolute growth rates were statistically analyzed.

Discussion

Our results differ dramatically from those of Hayward et al. (1997, 2000),
which indicated that hybrid bluegill fed mealworms on a 2-day no-feed/refeed sched-
ule would significantly outgrow continuously fed controls. Initially, we wished to
evaluate feeding schedules that elicited compensatory growth (Hayward et al. 1997)
using a commercially prepared fish feed. We expected that fish fed a pelleted diet
would increase their growth rate in response to starvation schedules and that the re-
sponse might differ in magnitude to that of fish fed mealworms. However, we could
not duplicate the results of Hayward et al. (1997, 2000) with either mealworms or a
commercially prepared diet.

The differences in results between our study and those of Hayward et al. (1997,
2000) are probably due to differences in duration of hyperphagia. In 2 previous ex-
periments (Hayward et al. 1997, 2000) fish were hyperphagic for approximately 6
days after a 2-day starvation period. Fish in our experiments did not exhibit these
prolonged periods of hyperphagia. Hybrid bluegill growth is directly correlated to
consumption (Wang et al. 1998, and the present study); therefore, reduced feeding
periods in our experiments negatively influenced growth.

We have no explanation for the differences in the duration of hyperphagia be-
tween the studies. The only major deviation between our second experiment and pre-
vious work was the length of time food remained in the water. Because commercial
pellets dissolved, it was not practical to allow the feed to remain in the aquaria for a
24-hour period as was done by Hayward et al. (1997, 2000). Based on our observa-
tions, however, it appears that most feeding occurred during the first 30 minutes after
food was introduced, and we do not feel that the shortened feeding period greatly re-
duced daily consumption.

Social interactions have been shown to negatively affect growth (Jobling and
Reinsnes 1986, Jobling and Baardvik 1994) and may be detrimental to feeding strate-
gies of this type. Hayward et al. (2000) tested 2-day no-feed/refeed schedules on
group-held hybrid bluegill in the laboratory and found that the growth of treatment
groups did not significantly exceed that of continuously fed controls. The effects of
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social interactions on feeding regimes designed to elicit compensatory growth need
further evaluation before these strategies are implemented for large-scale production.

To be useful for aquacultural production, compensatory growth must be easy to
induce and monitor, practical in a production setting, and occur over a range of envi-
ronmental conditions. Biomass and consumption must be estimated daily to accu-
rately estimate hyperphagia and this would not be practical in a production setting.
Additionally, our experiments indicated that compensatory growth may be difficult
to induce. Finally, experiments holding fish in groups indicate that compensatory
growth may be overcome by social interactions (Hayward et al. 2000). Although we
did not increase absolute growth rate, our results suggest that fish do not need to be
fed daily to optimize growth and alternative feeding strategies could significantly re-
duce labor costs associated with feeding. Our results, as well as Hayward et al.
(1997, 2000) suggest that feeding strategies could be useful to fish producers and are
worth further study.
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