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Abstract

Walleye (Sander vitreus) recreational fisheries are frequently maintained by
stocking hatchery-reared fish. Producing juvenile walleye in recirculating aq-
uaculture systems (RAS) is becoming more common, but information on the
post-stocking performance of RAS-reared walleye remains limited. This study
evaluated the survival and growth of RAS-reared juvenile walleye stocked into
Belvidere Dam, South Dakota. Approximately 14,000 juvenile walleye were
cultured in a RAS to an individual mean weight of 0.156 g and stocked into
Belvidere Dam on 15 June 2023. Trap netting occurred approximately one
month later. Both trap nets and boat electrofishing were conducted in 2024.
No walleye were captured in the trap nets in 2023. However, in 2024, 72 wall-
eye were caught in trap nets and 37 were captured by electrofishing. Catch per
unit effort was 14.4 fish/net-night in June 2024 and 55.5 fish/h in October
2024. Median individual total length increased from 251 mm in June 2024 to
344 mm in October 2024, representing a median growth of 94 mm over ap-
proximately four months. Stock-length and quality-length walleye were pre-
sent within 16 months post-stocking, and relative weights indicated excellent
body condition. These results demonstrate that RAS-reared walleye can sur-
vive and exhibit rapid growth following stocking in a small reservoir system,
supporting the use of RAS as an effective tool stocking for the management of
recreational walleye fisheries.
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1. Introduction

Walleye (Sander vitreus) are a highly valued sportfish that have been widely in-
troduced beyond their native range [1]-[3]. Because of problematic natural repro-
duction, many walleye fisheries are frequently maintained by hatchery production
and stocking [4]-[8]. An estimated one billion hatchery-reared walleye fry and
juveniles are stocked annually in North America [9]-[12].

Traditional walleye culture relies on spawning wild broodstock, followed by egg
incubation, and then either direct stocking of fry or additional rearing of larval
fish on natural feed in outdoor ponds [13]-[19]. More recently, recirculating aq-
uaculture systems (RAS) have emerged as an alternative approach [20]. These sys-
tems offer increased control, faster growth, and the ability to produce larger fish
relative to traditional pond-based methods, while also increasing bio-security and
decreasing water needs [21] [22].

Although RAS culture techniques for walleye are now relatively well-developed
[20] [23]-[26], very little information exists regarding the survival and growth of
RAS-reared walleye after stocking. Only two studies have documented the post-
stocking survival and growth of walleye juveniles reared using RAS. Marchant et
al. [27] provided substantial detail, while Johnson et al. [20] lacked detailed de-
scriptions of environmental conditions, fish communities, or sampling design
[20]. Additional evaluations of post-stocking survival and growth are needed to
better understand the effectiveness of RAS-reared walleye in establishing or main-
taining recreational fisheries.

The objective of this study was to evaluate the post-stocking survival and growth
of RAS-reared walleye released into Belvidere Dam, a small reservoir in South Da-
kota, USA.

2. Methods
2.1. Study Area

United States

South Dakota

Belvidere Lake

Jackson County

0.8

Kilometers

Figure 1. Location of Belvidere Dam in Jackson Country, in the state of South Dakota, USA.
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Belvidere Dam (43.83475 °N, 101.26686 W) is a 17-ha impoundment located
on the east edge of the city of Belvidere, South Dakota, USA (Figure 1). The res-
ervoir experienced a partial winterkill during the winter of 2022-2023, resulting
in a severely degraded fish community [28]. Black bullhead (Ameiurus melas)
were the only fish captured in Belvidere Dam following the winterkill. Besides
walleye, the reservoir was restocked with adult northern pike (Esox lucius), adult
yellow perch (Perca flavescens), adult channel catfish (/ctalurus punctatus), and
juvenile largemouth bass (Micropterus salmoides) in the spring and summer of

2023 and juvenile largemouth bass again in the spring of 2024 [28].

2.2. Walleye Culture

Fertilized walleye eggs were incubated at Cleghorn Springs State Fish Hatchery,
Rapid City, South Dakota, USA, in 2023. The eggs originated from feral brood-
stock collected in South Dakota. USA. After hatch, the larval walleye were grown
in a recirculating aquaculture system (RAS) at the hatchery. Fish were reared in
four, 2.4 m? circular tanks. Flow rates per tank were initially set at 0.00126 m*/s
and gradually increased to a maximum of 0.00284 m’/s. Water temperature dur-
ing rearing was initially 15.5°C and progressively increased during the rearing pe-
riod to approximately 22.2°C. Turbidity was maintained at approximately 50
NTU using Old Mine #4 ball clay (Kentucky-Tennessee Clay Company, Gleason,
Tennessee, USA) during the first 21 days of rearing. Larval walleye were initially
fed Otohime B2 (Marubeni Nisshin Feed Co., Ltd., Tokyo, Japan) and gradually
transitioned to a 50:50 mixture of Otohime and Gemma (Skretting Nutreco, Sta-
vanger, Norway) weaning diets.

On 15 June 2023, 14,000 juvenile walleye were stocked into Belvidere Dam.
Mean individual weight for each walleye was 0.156 g, with a total weight of 2,184
g stocked. This was an introductory stocking of walleye into Belvidere Dam; no
walleye were present even prior to the winterkill event [28]. Thus, all walleye cap-

tured during this study originated from the RAS stocking.

2.3. Post-Stocking Sampling

Trap nets and boat electrofishing were used to evaluate re-capture walleye after
stocking. Five standard mesh trap nets (two 0.9 x 1.5 m frames, three 0.9 m diam-
eter hoops, a single throat, a 0.9 x 15.2 m lead, and 19 mm bar knotted mesh) were
set on 20 July 2023 and 18 June 2024. Nets were set overnight in nearshore habitat
for approximately 24 hours and pulled the following day, totaling five net-nights
of effort during each survey. Night boat electrofishing was conducted on 7 Octo-
ber 2024 and consisted of 2,400 seconds (four 10-minute runs) of on-time effort.
Walleye captured during netting or electrofishing were measured (total length) to
the nearest mm and weighed to the nearest g.

Catch per unit effort (CPUE), an index of relative abundance [29], was defined
as the number of walleye captured per hour of on-time electrofishing effort and
the number of walleye captured per trap net-night [28]. In addition, CPUE for
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Stock-length walleye (CPUE-S > 254 mm, [30]) was calculated. Stock length rep-
resents the size when the walleye were considered recruited to the population.

Proportional size distribution of quality-length walleye (PSD) was calculated:

PSD = ((number of fish > quality length ) /(number of fish > stock length)) x100

Walleye condition was quantified with relative weight (W;) and was calculated
as described by Blackwell et al [31], with the appropriate standard weight equa-

tion used for walleye <150 mm and >150 mm.

2.4. Data Analysis

Length-frequency distributions were summarized by sampling period and
method using 10-mm length bins. Differences in size structure between sampling
periods (June and October 2024) were evaluated using boxplots of total length,
with individual fish lengths overlaid to illustrate variation among sampling meth-
ods. Median total length by survey date was used to visualize growth trajectories
following stocking.

Data were analyzed using R [32]. Because length variances differed between
sampling periods (F-test, p < 0.05), differences in total length between June and
October 2024 were evaluated using a nonparametric Wilcoxon rank-sum test. The
magnitude of change in median total length was estimated using the Hodges-Leh-
mann estimator with 95% confidence intervals. Statistical significance was prede-
termined at p < 0.05. Eighty percent confidence intervals for CPUE were calcu-
lated using the following formula: CI = mean + 1.282 (SE). Ninety percent confi-

dence intervals for PSD were calculated similarly with CI = mean + 1.645 (SE).

3. Results

No walleye were captured during the July 2023 trap net survey. However, walleye
were detected in both trap net and night electrofishing surveys conducted in 2024
(Table 1). Trap nets in June captured 72 walleye (14.4 fish/net-night), whereas
night electrofishing conducted in October captured 37 walleye (55.5 fish/h). A to-
tal of 109 walleye were captured in post-stocking surveys, which is nearly 0.8% of
the 14,000 walleye stocked in 2023. Stock-length walleye (>254 mm) were present
during both 2024 sampling periods, and quality-length walleye were present in the

electrofishing survey.

Table 1. Catch per unit effort (CPUE, 80% confidence interval), catch per unit effort of
stock length fish (CPUE-S, 80% confidence interval), proportional size distribution of qual-
ity-length fish (PSD, 90% confidence interval), and relative weight (W, 90% confidence
interval) of walleye captured from Belvidere Dam in 2024. CPUE for trap nets is fish per
trap night and CPUE for electrofishing is fish per hour effort.

Walleye Captured

Trap Net
N 72
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Continued
CPUE 14.4 (7.6)
CPUE-S 8.0 (4.6)
PSD 0
W, 102.2 (1.7)
Electrofishing
N 37
CPUE 55.5 (22.5)
CPUE-S 55.5 (22.5)
PSD 3(4)
W, 96.9 (0.4)

Length-frequency distributions differed between June and October (Figure 2).
Trap-net samples collected in June had total lengths mostly from 225 to 275 mm,
whereas electrofishing samples in October consisted primarily of fish ranging
from approximately 300 to 375 mm.

Walleye total length increased significantly from June to October (W = 2663, p
< 2.2 x 107'% Figure 2). Median total length increased from 251 mm (19.25 IQR)
to 344 mm (17.00 IQR; 95% CI = 87-100 mm Hodges-Lehmann Estimator).

|
i
350 - -
T = =
E .
< Method
& 3007 . E3 Night Electrofishing
] o
— ‘ Trap Net
Ic
|2 250
>
200 1 o®
June 2024 October 2024
Date

Figure 2. Boxplot of total length (mm) of RAS-reared walleye sampled at Belvidere Dam
during 2024 surveys. The horizontal line within each box represents the median length of
walleye sampled for the given survey year, and the box bounds indicate the interquartile
range (25th - 75th percentiles). Points represent individual fish lengths, colored by sam-
pling method.

4. Discussion

The results from this study indicate that walleye reared in a recirculating aquacul-

ture system survived and grew after release into Belvidere Dam. The absence of
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juvenile walleye in the 2023 trap netting is because of gear-specific sampling bias.
Trap nets are known to be relatively ineffective at capturing smaller, juvenile in-
dividuals [33] [34]. In addition, sampling for age-0 fish, like the walleyes in this
study, is typically recommended to occur in the fall when the fish are of adequate
size to be effectively sampled [35] [36]. Boat electrofishing in the fall is a much
more established method to sample juvenile walleyes than trap nets [33] [37]-[40].

Walleye were present at stock length (254 mm) approximately 12 months post-
stocking and reached quality length (381 mm) within 16 months post-stocking.
Mean relative weights of the recaptured walleye were in the upper 90s to low 100s.
These findings compare favorably with previous studies documenting post-stock-
ing survival and growth of intensively-reared walleyes in RAS [20] [27].

Because trap netting and electrofishing were done at different times of the year
growth estimates could only be done at a cohort, rather than individual fish, level.
That being said, the growth observed in Belvidere Dam walleye exceeded 340 mm
median total length by approximately 16 months post-stocking, surpassing re-
ported age-2 averages from other walleye fisheries in relatively close geographic
proximity [27] [41] [42]. The Iowa Department of Natural Resources [42] re-
ported mean back-calculated lengths of 234 mm at age-1 and 328 mm at age-2 for
walleye. Similarly, age-2 walleye in a western South Dakota reservoir average ap-
proximately 300 mm total length [41]. Walleye growth in Belvidere also exceeded
that observed in Owen Dam, South Dakota, where median total length at approx-
imately 16 months post-stocking was 275 mm and no individuals exceeded 300
mm [27]. Relative weight values near or exceeding 100 indicate excellent body
condition [31], indicating that the stocked walleye were able to find and capture
food [43].

Stocking density and fish size at stocking are important factors influencing
post-stocking survival of walleye [20] [44]-[46]. In this study, walleye were stocked
at an extremely high density (824 walleye/ha). Fayram et al [44] suggested an ap-
propriate stocking rate of 75 walleye/ha. The relatively high stocking rates used in
this study could be problematic, potentially leading to density-dependent growth
reductions [47] [48], cannibalism [49], and decreased cost-efficiencies [44]. De-
spite stocking densities exceeding this recommendation, RAS-reared walleye at
Belvidere Dam still survived and grew substantially over 16 months. The RAS-
reared walleyes stocked in this study were also smaller than those reported by
Johnson et al. [20], where walleye were stocked at nearly 1 g.

Fish community interactions may have influenced walleye survival and growth
at Belvidere Dam. Black bullheads, which survived the previous winter winterkill
event, will eat small fish like the juvenile walleyes stocked in this study [50]. How-
ever, the primary negative effect of bullheads on juvenile walleyes may be compe-
tition for food [51] [52]. A negative correlation between bullhead abundance and
walleye recruitment has been observed [51]. Juvenile largemouth bass were
stocked concurrently with walleye in 2023. Largemouth bass are piscivorous and

will eat juvenile walleye [53]-[56], although predation is likely not as big of an
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impact as dietary overlap [54] [57]. The 75 adult northern pike stocked prior to
walleye stocking could have also consumed stocked walleye [58] [59], but their
predatory impact is generally considered less than that of largemouth bass [53].
Even though Belvidere experienced a recent winterkill prior to the stocking of
RAS-reared walleye in this study, it was not a reservoir devoid of fish. Thus, the
survival and growth of RAS-reared walleyes observed in this study indicates that
at least some of the stocked walleyes were able to avoid predation and could com-
pete against other fish species potentially consuming similar prey items.

This study used RAS-reared walleyes originating from South Dakota brood-
stock. A similar study documenting the survival and growth of RAS-reared wall-
eyes in a small reservoir used fish originating from Nebraska broodstock [27].
While genetic differences between broodstock sources can influence walleye sur-
vival and growth [60]-[62], it appears that using either of the genetically-different
brood sources in this and the Marchant ef al. [27] study can be reared in RAS,
stocked, and successfully recruit into a fishery.

As with most field-based evaluations of stocked fish, this study has several lim-
itations. Approximately 0.8% of the 2023 cohort was detected in post-stocking
surveys; however, this value should not be interpreted as a true survival estimate.
Post-stocking survival was inferred from catch per unit effort (CPUE), which pro-
vides an index of relative abundance and may be influenced by gear sampling ef-
ficiency [33] [34] [63], environmental conditions, and seasonal timing [33] [63]
[64]. Trap nets and electrofishing are known to exhibit gear-specific biases when
sampling juvenile and subadult walleye [33] [34]. Additionally, sampling was not
conducted in 2025 due to low water levels, limiting the evaluation of longer-term
survival. Finally, RAS walleye rearing techniques continue to be refined, which

may also affect growth and survival outcomes.

5. Conclusion

This study is one of only three documenting the post-stocking survival of RAS-
reared juvenile walleye. Rapid growth to quality length within 16 months post-
stocking was observed, and walleye persisted at detectable levels across sampling
periods. These findings support the potential use of recirculating aquaculture sys-
tems as a viable hatchery production strategy for walleye stocked into recreational
fisheries. However, further evaluations of other winterkilled and non-winterkilled
reservoirs stocked with both RAS-reared and pond-reared walleye should be com-
pleted.
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