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Abstract
Adjustments to rearing practices should be justified with increases in production, stocking success, or angler satisfaction. Largemouth bass (Micropterus
salmoides) production was assessed between hatchery ponds where fish were
restricted to an invertebrate diet or received supplemental fathead minnow
(Pimephales promelas) forage during 2015. At harvest, age-0 bass yield was
4.5 times greater and average fish length was 38 mm longer, in the pond that
received fathead minnow. In 2016, a second study evaluated the timing of
minnow supplementation that included earlier stockings of small fathead
minnow (<30 mm) compared to delayed supplementation with larger (>30
mm) minnows. With earlier supplementation, bass yield was 2.3 times greater
and fish averaged 14 mm longer at harvest. Bass survival was approximately
38% higher during 2015 when supplementation occurred and 25% higher
during 2016 when minnow supplementation began earlier. Our findings show
invertebrate forage was probably limiting bass production in hatchery ponds
and supplementing with appropriately-sized fathead minnows increased
age-0, largemouth bass production.
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1. Introduction
Largemouth bass (Micropterus salmoides) fisheries provide important recreational opportunities and associated economic benefits in North America [1]. As
such, many state and provincial fish hatcheries regularly produce largemouth
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bass for stocking in environments that contain suitable habitat. In South Dakota,
USA, stocking advanced-sized (>100 mm TL) largemouth bass (age-1) in the
spring generally results in increased survival compared to stocking smaller (<75
mm), younger (age-0) fish in the fall [2]. Thus, efforts to produce larger, age-1,
bass in the spring can enhance supplementation efforts that ultimately lead to
greater availability of fish.
A variety of rearing techniques exist to enhance growth and size-at-stocking
of largemouth bass that include, reducing fish densities [3], increasing forage by
providing fathead minnow (Pimephales promelas) [4], and (or) transferring bass
to tanks and converting fish to pelleted diets [5] [6]. In South Dakota, fathead
minnows are an abundant resource [7] that have been used to supplement aquatic invertebrate prey during the extensive rearing phase of largemouth bass in
hatchery ponds (Personal Communication, Jerry Broughton, Hatchery Manager). Age-0 bass that are large enough to convert to piscivory generally exhibit increased growth compared to those that are not [8]. Moreover, pellet-reared largemouth bass may have difficulty recruiting within lakes compared to bass that
are acclimated to capturing live prey fish [9]. Pellet-reared juvenile muskellunge
(Esox masquinongy) showed lower post-stocking survival than minnow-reared
fish, due to higher predation mortality [10].
The availability and timing of fathead minnow supplementation may have an
important influence on age-0 bass production in hatchery ponds, although the
combination of availability and timing has not been well documented. Stocking
of fathead minnows during the early rearing phase may provide little benefit to
age-0 bass growth, if invertebrate prey are abundant and (or) the ratio of minnow-length to bass-length is too great (i.e., gape limitation). Similarly, minnows
may provide limited growth enhancement if stocked too late during the growing
season. In this study, we evaluated largemouth bass growth and survival in response to supplemental minnow stockings. We also compared numbers of largemouth bass produced with or without supplemental minnow stockings in the
initial study, and then we examined early and late-season minnow stockings
compared to late-season only, minnow stockings.

2. Methods
Largemouth bass rearing experiments were conducted during 2015 and 2016 at
Blue Dog State Fish Hatchery, near Waubay, South Dakota (45˚21'30.89"N,
97˚19'03.63"W). In most years, approximately 100 adult largemouth bass
broodstock are allowed to spawn naturally in 0.4-ha, unlined ponds with each
pond receiving 15 to 20 pairs. Age-0 bass are harvested when fry approach 25
mm (in total length) and are then stocked into separate, grow-out rearing ponds
at reduced densities.
Experiments were conducted in lined, 0.8-ha rearing ponds (n = 2), that were
filled in late June and fertilized with ~85 kg of alfalfa meal/ha prior to stocking
fish on June 29 or 30. Each year, the same size and number of bass were stocked
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into each pond; overall mean stocking density of age-0 bass was 6330 fish/ha
with a mean total length of 22 mm. Additional fertilizer was applied to all ponds
at a rate of ~85 kg of alfalfa meal/ha at approximately 10-day intervals for a total
of 4 applications per pond.
In 2015, one largemouth bass rearing pond was supplemented with fathead
minnow beginning on July 23 and continuing through September 30 (Table 1).
An effort was made to stock minnows each weekday if fathead minnows from the
previous day appeared to have been consumed (i.e., not visible in the pond).
Another bass rearing pond was used as a control and was not supplemented with
fathead minnows. Due to the fragile nature of small minnows (13 to 30 mm TL), it
was difficult to accurately estimate biomass of minnows stocked into the rearing
pond through mid-August (hereafter “early minnow stocking”). However, larger
minnows (>30 mm TL) stocked after mid-August (hereafter “late minnow stocking”) could be quantified, resulting in an estimate of 320 kg being provided. The
size classification for early (13 to 30 mm) and late (>30 mm) minnows was determined based on total length measurements from 100 minnows during each period.
In 2016, we stocked both ponds with fathead minnows, and evaluated the influence of stocking time on largemouth bass performance. One pond received
both early (July 14 to August 16) and late (August 16 to harvest) stockings of
minnows while the other pond received only late minnow stockings (Table 1).
The frequency that minnows were stocked was the same as in 2015. Again, the
fragile nature of the early fathead minnows did not allow for quantification, but
during the late period, 232 kg of larger minnows (>30 mm in TL) from the same
source were provided to both ponds.
During both 2015 and 2016, the same amount of fertilizer was used between
pond types, so it is unlikely that any water quality differences affected the results.
Pond water temperatures remained above 21˚C for 62 days in 2015 and 51 days
in 2016. In addition, dissolved oxygen concentration was measured weekly when
water temperatures exceeded 21˚C and all concentrations remained above 7.5
mg/L. Overall climate conditions during these comparisons were typical of July
through October for the northern Great Plains of North America with temperatures beginning to decrease during September.
Largemouth bass were harvested from ponds in early (2016) to middle (2015)
October by draining ponds and collecting fish in a screened, catch basin. At
Table 1. Timeline for early (<30 mm TL) and late (>30 mm TL) fathead minnow supplementation during 2015 and 2016.
Year

Treatment

Early-minnow
stocking period

Late-minnow
stocking period

2015

No minnows

NA

NA

Early- and late-season minnows

July 23 to Aug 15

Aug 16 to Sept 30

Late-season minnows

NA

Aug 16 to Sept 22

Early- and late-season minnows

July 14 to Aug 15

Aug 16 to Sept 22

2016
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harvest, a random sample of 50 bass was collected from each pond and measured
for total length (mm) and combined weight (kg). The number of largemouth
bass (LMB) in each pond was estimated as,
=
LMB

( no.fish

kg ) × total weight harvested ( kg ) .

Survival was determined by dividing the number harvested by the number
stocked and multiplying by 100. Based on total length measurements of harvested fish, the percentage of bass within 5 mm length groups was determined
and then extrapolated to the number of bass harvested to develop length-frequency
distributions for each pond. We compared the length-frequency distributions of
largemouth bass between ponds (each year) using a Kolmogorov-Smirnov
two-sample test in Systat 12 (Systat Software, Inc. San Jose, California, USA).
Statistical significance was set at α = 0.05.

3. Results
Number of bass harvested and yield were substantially greater in the pond supplemented with minnows compared to the pond without supplementation during 2015 (Table 2). Estimated survival of bass in the minnow-supplemented
pond exceeded 100%, likely owing to overestimation of initial stocking densities.
Nonetheless, bass survival in the minnow-supplemented pond was notably
greater (i.e., 1.5 times) than that observed in the un-supplemented, control
pond (Table 2). At harvest, the size-frequency distribution of largemouth bass
differed significantly between the minnow-supplemented and the control pond
(Kolmogorov-Smirnov test; D = 0.98; P < 0.001), with mean size larger in the
minnow-supplemented pond (Figure 1). Nearly all bass (96%) in the minnow-supplemented pond were greater than 100 mm in total length at harvest,
whereas only 2% of bass in the non-supplemented minnow pond achieved 100
mm. At harvest, bass length was more variable in the pond that received minnows (Figure 1).
In 2016, number of bass harvested, survival, and yield were all substantially
higher in the pond that received both early and late-season minnows (Table 2).
At harvest, size structure was significantly larger in the pond that received both
early and late minnows (D = 0.5, P < 0.001) and this resulted in an additional
Table 2. Largemouth bass harvest statistics (mean total length (±SE) in millimeters, number, percent survival, and total weight in kilograms) for 0.8-hectare, lined ponds during the
2015 and 2016 growing seasons. NA indicates that the estimated survival exceeded 100%.
Year

Treatment

Length

Number

Survival

Weight

2015

No minnows

85 (1)

3960

79.3

30

Early- and late-season
minnows

123 (2)

5900

NA

134

Late-season minnows

125 (2)

2016

39.3

51

Early- and late-season
minnows

139 (2)

3334

64.9

117

2016
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Figure 1. Size frequency distribution of age-0 largemouth bass harvested in
2015 from (a) a pond without fathead minnow supplementation or (b) a pond
with fathead minnow supplementation. Largemouth bass mean (±SE) length
in millimeters is presented for each figure.

2000 bass ≥ 130 mm being produced (Figure 2). The length range of bass at
harvest was similar between both ponds (Figure 2).

4. Discussion
We considered these experiments whole-system manipulations that were
un-replicated. As such, true cause and effect are difficult to infer. However, the
consistency of increased largemouth bass yield with increased fathead minnow
supplementation increases the likelihood that these results are repeatable and
reduces the concern for lack of treatment replication [11].
The importance of fish prey to the diet of age-0 largemouth bass in natural
systems has been well documented. Post [8] showed that age-0 largemouth bass
that were able to switch to, and maintain, piscivory during their first summer of
life exhibited growth rates nearly twice that of fish that did not shift until their
second summer. Similar findings occurred in this study, with minnow-fed bass
DOI: 10.4236/ojas.2020.103020
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Figure 2. Size frequency distribution of age-0 largemouth bass harvested in
2016 from (a) a pond with late-supplemented minnows or (b) a pond with
early- and late-minnow supplementation. Minnows provided during the early-minnow stocking period were less than 30 mm in total length whereas those
provided during the late-minnow stocking were greater than 30 mm. Largemouth bass mean (±SE) length in millimeters is presented for each figure.

achieving an average of 38 mm in additional length and 104 kg of additional
biomass in 2015. In 2016, conversion to early piscivory produced bass that were
on average 14 mm longer and an additional 66 kg of biomass compared to postponing minnow supplementation. These findings indicate that forage may have
been limiting bass production within the hatchery ponds, despite the use of reduced stocking densities of 6200 to 6412 fish/ha compared to historical density
of 37,500 fish/ha used at this hatchery [12].
Increasing forage resources through minnow supplementation also increased
bass survival within the hatchery ponds. Removing, or delaying, minnow supplementation could have subjected bass to increased mortality, due to either lack
of energy reserves, characteristic of smaller-sized fish [13] [14] or cannibalism
[8]. Cannibalism among age-0 largemouth bass is a concern and increases when
DOI: 10.4236/ojas.2020.103020
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size variability exists [15]. Initial variation in bass size at stocking was not determined in our study, but should not have been different because all age-0 bass
originated from the same spawning pond. Reduced survival in 2015, in the pond
without minnow supplementation, and in 2016, with delayed supplementation,
suggests cannibalism and (or) size-dependent starvation was increased in those
ponds [15]. In another study that used a similar stocking density (e.g., 7500
fish/ha) and provided supplemental forage, bass survival averaged 70% [4]. This
is comparable to the survival of bass in 2016 (~65%) when minnow supplementation began early and continued for the remainder of the growing season.
The most uniform size structure occurred in the pond that did not receive
minnow supplementation during 2015. This suggests the invertebrate forage was
consumed evenly by all bass compared to the supplemental minnow forage.
Supplementing the ponds with frequent, low density stockings of minnows may
have contributed to the increased size variation owing to size-structured piscivory in largemouth bass. Bass that transition more quickly from invertebrates to
minnows would have a growth (i.e., size) advantage over others because they are
capable of feeding on a progressively larger size of minnow throughout the
summer [16].
This experiment showed that the availability and timing of supplemental forage (minnows) can influence largemouth bass production in hatchery ponds
during the early rearing phase. Minnow supplementation greatly increased bass
size at harvest while also increasing their survival. Laboratory studies, based on
handling time and prey selectivity, have shown that for young largemouth bass
(≤75 mm) optimal-sized fathead minnow range from 7.5 to 35 mm [17]. Thus,
increasing the early-stocking density of small minnows (<35 mm) could enhance
piscivory among young bass and further increase their size at harvest in rearing
ponds [18]. Developing techniques that increase the catch rate (i.e., sampling
gear; [19]) or production (e.g., [18]) of small fathead minnow would provide
practical solutions to increasing their availability during the early rearing phase,
when largemouth bass are smaller than 75 mm.
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