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ABSTRACT
Stirring eggs and milt during artificial spawning of salmonids is a well-established practice. However, it has not been 

objectively evaluated. This experiment compared egg survival of spawns of landlocked fall Chinook salmon 

(Oncorhynchus tshawytscha) that were either stirred with a turkey (Meleagris gallopavo) tail feather or unstirred 

during sperm activation. There was no significant difference in egg survival to the eyed-stage of development between 

the two treatments, with mean percent (SE) survival in the stirred eggs at 44.6% (7.4) compared to 42.9% (5.8) in the 

unstirred eggs. Mean percent (SE) survival to hatch was also not significantly different for stirred eggs at 40.0% (7.1) 

compared to unstirred eggs at 39.1% (6.0). Based on the results of this study, stirring landlocked fall Chinook salmon 

eggs and milt during sperm activation is unnecessary and can be eliminated with no impact to egg survival to hatch. 

Keywords: Chinook salmon; Oncorhynchus tshawytscha; Artificial spawning; Stirring

INTRODUCTION
Artificial spawning of salmonids has been practiced for many 
years [1]. The dry method of fertilization, whereby milt is placed 
on eggs prior to addition of water, is commonly used [1-3]. After 
water is added, the entire egg/milt/water mass is typically stirred 
with a feather or fingers [2-7].

In most fish species, sperm is immobile in milt, and becomes 
active when contacted with an activating solution such as water 
[1,8]. Once activated, sperm can pass through the egg micropyle 
for fertilization [9]. Stirring is believed to improve egg 
fertilization rates and subsequent egg survival by minimizing the 
swimming distance to the micropyle of the short-lived sperm 
[3,7,10,11]. Feathers are frequently used for stirring because they 
are assumed to be gentle instruments with little ability to cause 
egg damage during stirring [5,6].

Stirring during salmonid spawning is a well-established tradition. 
However, there have been no controlled studies verifying the 
need for this technique. Thus, the objective of this study was to 
evaluate the stirring of eggs and milt during the sperm activation 
period of landlocked fall Chinook salmon 
(Oncorhynchus tshawytscha) artificial spawning.

MATERIALS AND METHODS
Female landlocked fall Chinook salmon were spawned on 1 
November 2022, at Whitlock Spawning Station, Lake Oahe, 
near Gettysburg, South Dakota, USA. Before females were 
spawned milt was taken from males by hand expression. Milt was 
pooled and placed in 50 ml conical centrifuge tubes. The 
centrifuge tube with milt was closed and placed in a rack on ice 
until used. Immediately following eggs from 12 females were 
pneumatically expelled and used in this experiment. The eggs 
were expelled into a suspended mesh bag to allow the ovarian 
fluid to drain. These eggs from a single female were then split in 
two parts with half of the eggs being transferred to another mesh 
bag.

Each bag was then gently set into a shallow plastic pan (33 cm × 
28 cm × 12 cm). Each pan received 25 ml of pooled milt, to 
approximate milt-to-egg ratio used during normal spawning 
operations (50 ml of milt per spawn). After placement of the milt 
on the eggs, 1,200 ml of lake water (10˚C, total hardness as 
CaCo3, 210 mg/L; pH, 7.6; total dissolved solids, 390 mg/L) was 
poured into each pan. During sperm activation one pan was 
allowed to sit, while the other pan that included the egg/milt/
water mass was gently stirred with a wild turkey (Meleagris gallopavo)
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Data were analyzed using the SPSS (24.0) statistical program 
(IBM, Armonk, New York, USA) using paired t-test. 
Significance was predetermined at P<0.05.

RESULTS
There was no significant difference in survival to the eyed stage 
of egg development between the stirred and unstirred 
treatments, with percent mean (SE) survival of 44.6% (7.4) and 
42.9% (5.8), respectively (Table 1). Similarly, survival to hatch 
was not significantly different between the treatments, with 
percent mean (SE) survival at 40.8 % (7.1) for the stirred eggs 
and 39.1% (6.0) for the unstirred eggs. Of the total of 12 
spawns, percent survival to the eyed stage of egg development 
was higher in five for the stirred treatment and in four for the 
unstirred treatment. In three of the spawns, percent survival was 
identical between the treatments. Percent survival to hatch was 
higher in six spawns in the stirred treatment and five spawns in 
the unstirred treatment. Percent survival to hatch was identical 
between the treatments for one spawn.

Percent eyed-egg (%) Percent hatch (%)

Female Stir No stir Stir No stir

1 85 65 85 60

2 80 60 75 55

3 80 60 60 45

4 60 70 60 70

5 40 60 40 60

6 50 50 50 50

7 40 35 40 30

8 35 45 25 45

9 25 25 20 25

10 20 15 15 5

11 10 20 10 20

12 10 10 10 5

Overall mean (SE) 44.6 (7.4) 42.9 (5.8) 40.8 (7.1) 39.1 (6.0)

improve fertilization rates [3,4]. Sperm motility in salmonids is 
typically very brief and may decrease in as soon as 30 seconds 
[11,13,14]. By stirring, the newly-activated-and-mobile sperm 
were believed to be put in closer proximity to the egg micropyle, 
maximizing the likelihood of fertilization before either 
micropyle closure in 45 to 60 seconds or sperm motility ceases 
[15]. In the conditions used in this study, landlocked fall 
Chinook salmon sperm were able to reach the micropyle 
without needing any assistance that stirring may have provided.
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tail feather. Sperm activation was allowed for 30 seconds 
[11].

After these 30 seconds each mesh bag of fertilized eggs was 
immediately removed from their respective pans and rinsed in 
lake water for approximately 10 seconds. Samples containing 
approximately 20 eggs were removed from each bag and placed 
into 1 L plastic bags that were full of lake water. The bags 
containing the eggs were put into a cooler containing a small 
amount of ice, to maintain a temperature of approximately 
10˚C, during the four-hour transport to McNenny State Fish 
Hatchery, in rural Spearfish, South Dakota, USA.

After arrival at the hatchery, 10 eggs from each bag were placed 
into 9.5 cm diameter Petri dishes, each dish containing 
approximately 30 ml of well water (11˚C, total hardness as 
CaCO3=210 mg/L, pH=7.6, total dissolved solids=390 mg/L). 
The eggs were incubated in a refrigeration unit (Danby model 
DWC350BLPA, Findlay, Ohio, USA; New Air model AW-180E, 
Huntington Beach, California, USA) at 11˚C using the process 
described by Neumiller et al. [12]. Water exchanges were done 
weekly until the eyed stage of egg development at 28 days, after 
which water was exchanged every three days. Throughout the 
duration of incubation, eggs mortalities, as indicated by a change 
of color to white due to yolk coagulation were removed and 
recorded [1]. Percent survival to the egg eyed stage of 
development and percent survival to hatch were calculated using 
the following equations, respectively.

DISCUSSION
The results of this study indicate stirring of eggs and milt during 
landlocked fall Chinook salmon spawning is unnecessary. While 
not unexpected, these results contradict the established 
tradition, and common knowledge, of many fish culturists 
[1,3,5-7]. It must be noted that this is the first study to use 
controlled experimentation to evaluate these long-held beliefs.

Stirring during sperm activation is believed to be necessary to 
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Table 1. Percent survival of eggs to the eyed-stage of development and hatch, from individual female landlocked fall Chinook salmon 
(Oncorhynchus tshawytscha). The eggs were split and either stirred or not stirred during milt activation in artificial spawning.
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While stirring with a turkey feather in this study did not improve 
egg survival, it also did not harm the eggs. Egg sensitivity 
dramatically increases immediately after fertilization and the 
lack of stirring-induced mortality appears to indicate that 
feathers are indeed gentle instruments [16]. None-the-less, 
stirring is a step of the spawning process that could be 
eliminated, thereby increasing the efficient use of human labor 
during artificial spawning of salmonids.

Similar traditions during landlocked fall Chinook salmon 
spawning in South Dakota, though not as old as stirring gametes 
during fertilization, have also been challenged and deemed 
unnecessary. For example, controlled experimentation indicated 
no benefits from milt residence times with eggs of two minutes 
or longer. Much shorter residence times, corresponding to 
actual sperm motility durations of less than 30 seconds, 
produced similar egg survival [11,17,18]. In addition, using 
ovarian fluid for sperm activation was also discredited through 
controlled experimentation [19].

It is unknown if the results of this study with landlocked fall 
Chinook salmon apply to other Chinook salmon populations or 
other salmonid species. As controlled experimentation occurs 
with other species, more conclusive general recommendations 
can be made. It is also unknown if the results of the small pilot-
scale study are representative of the results that would occur at 
production levels of spawning. However, the ratio of eggs, milt, 
and water used in this study are typical of those used at 
production-level spawning of landlocked fall Chinook salmon in 
South Dakota. Lastly, it must be noted that, although unlikely, 
the results of this study could have been influenced by the water 
temperature and unique water chemistry used during artificial 
spawning [20].

CONCLUSION
In conclusion, based on the results of this study, stirring 
landlocked fall Chinook salmon eggs and milt during sperm 
activation is unnecessary and can be eliminated with no impact 
to egg survival to hatch. By eliminating stirring, landlocked fall 
Chinook salmon spawning operations will require less labor and 
become more efficient. These results may be specific to the 
landlocked fall Chinook salmon used in this study, making 
additional controlled experimentation necessary with other 
populations of both landlocked and oceanic Chinook salmon. 
In addition, research is needed to determine if stirring is needed 
during the spawning of other salmonid species, as well as other 
fish species in general. If indeed stirring can be eliminated 
during artificial spawning of most fish species, substantial time 
savings and improvements in efficiency could be realized.
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