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Abstract

Hatcheries incubating walleye (Sander vitreus) eggs may in-
crease water temperatures later during egg development in an at-
tempt to manipulate hatching time. This study examined the effect
of one such increasing temperature scenario on egg survival and
hatching time. Walleye eggs were subjected to one of two treat-
ments: constant incubation temperature of 16°C until hatch (approx-
imately two weeks), or an incubation temperature of 11°C for one
week with an increase to 16°C until hatch. Mean (x SE) survival of
eggs incubated in a constant temperature was 73.2% (+ 0.2) and
was not significantly different than the 66.8% (+ 0.1) survival of wall-
eye eggs subjected to the increased temperature treatment. Daily
Temperature Units (DTU) to hatch were nearly identical and were
also not significantly different. The results of this study indicate that
the water temperature incubation regime was not harmful to the
eggs and suggests that other temperature modification strategies
may also not be injurious.

Introduction

Walleye (Sander vitreus) are a popular sport fish species belonging
to the Percidae family. They have been introduced far beyond their
native range of northern Canada to the southern United States [1-4].
Poor natural reproduction and overexploitation make stocking pro-
grams essential for maintaining walleye fisheries [5-7]. An estimat-
ed 1 billion walleye fry and juveniles are stocked annually in North
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America, with additional production needed to meet angler demand
(1,2,8,9].

The artificial spawning of wild or feral walleye broodstock begins
the rearing process. Fertilized eggs are then typically hatchery-incu-
bated, with the resulting fry either directly stocked or cultured further
to a larger juvenile size prior to stocking [10]. Egg survival can be
highly variable, making it important to understand the potential im-
pacts of those variables which may be impacting walleye fry hatching
rates [11,12].

Temperature is a vital factor in walleye egg growth and develop-
ment [2,3]. Optimal incubation temperatures are between 9 and 15°C,
with declining hatch rates and increasing development abnormalities
at temperatures outside of this range [13]. In natural systems, success-
ful recruitment is associated with steadily rising water temperatures,
while highly variable temperatures may lead to weak recruitment
[14,15]. Although walleye eggs are tolerant of some temperature fluc-
tuations [15,16], it is not unusual for hatcheries to begin incubation at
a lower temperature and gradually increase it during incubation. For
example, Summerfelt and Johnson [17] described starting walleye
egg incubation at 7°C and gradually increasing temperatures up to
15°C. Walleye egg hatching can be synchronized and accelerated by
increasing incubating water temperature [18-20].

At Blue Dog State Fish Hatchery, Waubay, South Dakota, USA,
well water at 10°C is used initially during walleye egg incubation. To
prevent hatch issues associated with incubation at that temperature
throughout the duration of incubation and to synchronize hatching
times, the water temperature is increased up to 16°C towards the end
of incubation. The effect of this temperature regime on walleye egg
survival is unknown. Thus, the objective of this study was to examine
the effects of increasing water temperature from 11°C to 16 °C during
walleye egg incubation on percent survival and the timing of hatch-
ing.

Methods

Wild walleye were collected from the Grand River, near Mobridge,
South Dakota, USA and spawned on 5 May 2022. After fertilization,
the eggs were pooled and transported approximately four hours to
McNenny State Fish Hatchery in rural Spearfish, South Dakota, USA.
Upon arrival, 20 eggs were randomly chosen and placed into a 9.5 cm
diameter plastic Petri dishes containing 30 mL of well water (total
hardness as CaCO, = 360 mg/L, alkalinity as CaCO, = 210 mg/L, pH
= 7.6, total dissolved solids = 390 mg/L). This procedure was repeat-
ed for 10 Petri dishes (200 eggs total were used). Petri dish incubation
techniques for walleyes are described by Voorhees and Barnes [21],
with daily water exchanges. Dead eggs and hatched fry were counted
and removed daily as well.

Two temperature regimes were used in this experiment. Five Petri
dishes were incubated at 16°C, the other five dishes were incubated for
the first seven days in a refrigeration unit at 11°C (Wine Enthusiasts
Model 268 78 28 01, Valhalla, New York, USA) and then incubated
at 16°C through hatch. Egg survival to fry hatch was calculated using
the following formula:
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Initial Egg Number — Number of Dead Eggs and Fry

Survival (%) = 100
urvival (%) x Initial Egg Number

Data were analyzed using t-tests and Levene’s test with the SPSS
(24.0) statistical analysis program (IBM, Armonk, New York, USA).
Percentage data were log transformed prior to analysis to stabilize
variances [22]. Significance was pre-determined at p < 0.05.

Results

Percent survival to hatch was not significantly different between
the two incubation temperature treatments (Table 1). Mean (£ SE)
percent survival of the eggs incubated at a constant 11°C was 73.2%
(+0.2), compared to 66.8% (+ 0.1) for the eggs where the incubation
temperature was increased. Daily Temperature Units (DTU) to hatch
was also not significantly different between the treatments. However,
DTU to hatch was significantly more variable in the eggs where incu-
bation temperatures increased to 16°C (P = 0.005).

Table 1: Mean + SE percent survival to hatch and daily temperature units
(DTU) to hatch for walleye eggs incubated at different temperature treat-
ments: an ambient temperature of 16°C throughout incubation, or at 11°C
for the first seven days of incubation and then increased to 16°C until hatch
(n=5).

Temperature Regime

Constant 16°C 11°C increased to 16°C P
Survival (%) 73.2+£0.2 66.8+0.1 0.33
Mean hatch (DTU) 155+1 157+4 0.74

Discussion

The results of this experiment indicate increasing walleye egg in-
cubation temperature from 11°C to 16°C does not negatively impact
survival to hatch. The temperature regime used in this study some-
what mimics that of natural systems, where rising temperatures are
beneficial for successful walleye reproduction [14,15]. Summerfelt
and Johnson [17] described using a similar incubation temperature
protocol, increasing temperatures from 7°C at the start of walleye egg
incubation to as high as 15°C just prior to hatch. Although Schneider
et al. [15] did not increase temperatures during walleye egg incuba-
tion, they noted no negative effects on egg survival when tempera-
tures fluctuated over the course of hatchery incubation. Short-term
4-hour temperature changes of 4.4°C during walleye egg incubation
was also benign [23]. Lastly, even though the 16°C temperature used
in this study was above the 15°C listed as optimal for walleye egg
incubation by Koenst and Smith [13], it was not high enough to cause
detrimental effects.

The approximately 70% egg survival-to-hatch observed in this
study was typical of the 60% to 80% survival reported for production
hatcheries [13,15,17,24,25]. However, it is higher than the 50% to
60% survival to hatch of walleye eggs from Lake Oahe, South Dakota
over several previous years [26-31]. In contrast, Czesny et al. [10]
reported survival to the eyed stage of development of walleye eggs at
over 90% during a small-scale experiment.

The 155 daily temperature units until hatch observed in
this study for both treatments were similar to that reported by
[32,33,12,21]. However, McElman and Balon [34] reported a
range from 101-t0-169 DTU-to-hatch for walleye eggs incu-
bated at a constant temperature of 15°C. Ney [35] also report-
ed a range of DTU-to-hatch of 168 DTU at 8°C and 210 DTU at

15°C. A mean of 265 DTU-to-hatch was observed from a wild popu-
lation of walleyes in Minnesota, USA [36]. Walleye egg hatching can
occur over a few hours to several days [37] and is prolonged in cooler
incubation temperatures [13,38].

Walleye egg hatching can be accelerated and synchronized by in-
creasing incubating water temperature [18-20]. This study indicated
that such temperature increases can occur later in incubation without
negatively impacting survival. Temperature increases to synchronize
hatch have also been used in other fish species [18-20].

In conclusion, because walleye egg survival-to-hatch and DTU-
to-hatch are not affected by the increasing temperature regime used
in this study, it is likely that similar temperature manipulations could
be used by hatchery personnel to control the timing of hatching. In
addition, walleye egg incubation temperatures could also likely be
manipulated to synchronize hatching times.
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