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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.
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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
[9].

fertilization rates and subsequent egg survival by minimizing the

for fertilization Stirring is believed to improve egg
swimming distance to the micropyle of the shortlived 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

landlocked fall Chinook

(Oncorhynchus tshawytscha) artificial spawning.

period of salmon

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 x 12 cm). Each pan received 25 ml of pooled milt, to
approximate miltto-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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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.
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#of eyed eggs
S ival t d st %) = X 100
urvival to eyed stage (%) initial number of eggs (10)

# of hatchedeggs

x 100
initial number of eggs (10)

Survival to hatch (%) =

Data were analyzed using the SPSS (24.0) statistical program
(IBM, Armonk, New York, USA)

Significance was predetermined at P<0.05.

using paired t-test.

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) 429 (5.8) 40.8 (7.1) 39.1 (6.0)

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.

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

J Aquac Res Dev, Vol.14 Iss.8 No:1000785

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,
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

maximizing the

without needing any assistance that stirring may have provided.
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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 stirringinduced mortality appears to indicate that
feathers are indeed gentle instruments [16]. None-theless,
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.

ACKNOWLEDGEMENTS

We would like to thank the reservoir spawning crew who assisted
in the collection of gametes during this experimentation.

FUNDING

Financially supported by South Dakota Department of Game,
Fish and Parks, United States of America.

] Aquac Res Dev, Vol.14 Iss.8 No:1000785

OPEN 8 ACCESS Freely available online

CONFLICTS OF INTEREST

There are no conflicts of interest.

REFERENCES

1. Piper RG, McElwain IB, Orme LE, McCraren JP, Fowler LG. Fish
hatchery management. (1st edn), U.S. Department of the interior, fish
and wildlife service, Washington, D.C. 1982.

2. Leach GC. Artificial propagation of brook trout and rainbow trout:
With notes on three other species. US government printing office.

1923.

3.  Leitritz E, Lewis RC. Trout and salmon culture: Hatchery methods.
UCANR Publications. 1980.

4. Stickney RR. Principles of aquaculture. John Wiley and Sons, Inc.
1994.

5.  Wilkinson J. Trout Spawn. Globe Gazette. 2001.

6. Steuck M. Fall trout spawn in full swing. lowa DNR news. 2019.

7. Trout spawning underway. Massachusetts Division of fisheries and
wildlife. 2022.

8. Rurangwa E, Kime DE, Ollevier F, Nash JP. The measurement of
sperm motility and factors affecting sperm quality in cultured fish.
Aquaculture. 2004;234(1-4):1-28.

9. Billard R, Cosson MP. Some problems related to the assessment of
sperm motility in freshwater fish. ] Exp Zool. 1992;261(2):122-131.

10. Ginsburg AS. Sperm-egg association and its relationship to the
activation of the egg in salmonid fishes. Development. 1963;11(1):
13-33.

11. Reese SE, Long AJ], Meyer HA, Barnes ME. Landlocked fall
Chinook Salmon sperm motility after short term milt storage. Int ]
Innov Stud Aquat Biol Fish. 2017;3:9-13.

12. Neumiller HK, Blain GA, Barnes ME. Incubation of landlocked fall
Chinook Salmon eggs in petri dishes. N Am ] Aquac. 2017;79(2):
183-186.

13. Christen R, GATTI JL, Billard R. Trout sperm motility: The
transient movement of trout sperm is related to changes in the
concentration of ATP following the activation of the flagellar

movement. Eur ] Biochem. 1987;166(3):667-671.

14. Fitzpatrick JL, Henry JC, Liley NR, Devlin RH. Sperm
characteristics and fertilization success of masculinized coho salmon
(Oncorhynchus kisutch). Aquaculture. 2005;249(1-4):459-468.

15. Rottmann RW, Shireman JV, Chapman FA. Techniques for taking
and fertilizing the spawn of fish. Stoneville, Mississippi: Southern
regional aquaculture center; 1991.

16. Jensen JO, Alderdice DF. Comparison of mechanical shock
sensitivity of eggs of five Pacific salmon (Oncorhynchus) species and
steelhead trout (Salmo gairdneri). Aquaculture. 1989;78(2):163-181.

17. Shannon J, Huysman N, Voorhees JM, Krebs E, Barnes ME. Effect
of activated milt residence time on landlocked fall Chinook Salmon
egg survival. Open ] Appl Sci. 2020;10(4):135-141.

18. Stevens ], Voorhees JM, Huysman N, Krebs E, Barnes ME. Effects
of two activated milt residence times on landlocked fall Chinook
salmon egg survival to the eyed stage of development. N Am ] Aquac.
2021;83(3):203-206.

19. Wipf M, Barnes ME, Durben DJ. An evaluation of two egg
collection and two fertilization techniques during landlocked fall
Chinook salmon spawning. N Am ] Aquac. 2011;73(3):339-342.

20. Finn RN. The physiology and toxicology of salmonid eggs and larvae

in relation to water quality criteria. Aquatic Toxicology. 2007;81(4):
337-354.


https://books.google.co.in/books?hl=en&lr=&id=FPiHkQiZL_AC&oi=fnd&pg=PR15&dq=Fish+hatchery+management.+(1st+edn),+U.S.+Department+of+the+Interior,+Fish+and+Wildlife+Service,+Washington,+D.C.+&ots=ORll2A2-p-&sig=JwSwIve-4CBGZnzvTnVVdhVwq_o&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=FPiHkQiZL_AC&oi=fnd&pg=PR15&dq=Fish+hatchery+management.+(1st+edn),+U.S.+Department+of+the+Interior,+Fish+and+Wildlife+Service,+Washington,+D.C.+&ots=ORll2A2-p-&sig=JwSwIve-4CBGZnzvTnVVdhVwq_o&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=WObjCRJQyJYC&oi=fnd&pg=PA2&dq=2.%09Leach+GC+(1923)+Artificial+propagation+of+brook+trout+and+rainbow+trout:+with+notes+on+three+other+species.+No.+955,+U.S.+Government+Printing+Office&ots=WGzTnvVURU&sig=SnuY2c6pgA5RSgCX2Yaf1A4O7NY&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=WObjCRJQyJYC&oi=fnd&pg=PA2&dq=2.%09Leach+GC+(1923)+Artificial+propagation+of+brook+trout+and+rainbow+trout:+with+notes+on+three+other+species.+No.+955,+U.S.+Government+Printing+Office&ots=WGzTnvVURU&sig=SnuY2c6pgA5RSgCX2Yaf1A4O7NY&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=4w93EbtEFMYC&oi=fnd&pg=PA7&dq=3.%09Leitritz+E,+Lewis+RC+(1980)+Trout+and+salmon+culture:+hatchery+methods.+Vol.+164,+University+of+California+Division+of+Agriculture+and+Natural+Resources,+Publication+4100.&ots=g035KOt71q&sig=u4ArGnUZoPFOT2W-0jciohbLK-A&redir_esc=y
https://www.cabdirect.org/cabdirect/abstract/19950103534
https://globegazette.com/trout-spawn/article_5e3bd879-d1cc-5d7f-bc99-899d73c9cd01.html
https://www.iowadnr.gov/About-DNR/DNR-News-Releases/ArticleID/4285/Fall-trout-spawn-in-full-swing
https://www.mass.gov/news/trout-spawning-underway
https://www.sciencedirect.com/science/article/abs/pii/S0044848603008330
https://www.sciencedirect.com/science/article/abs/pii/S0044848603008330
https://onlinelibrary.wiley.com/doi/abs/10.1002/jez.1402610203
https://onlinelibrary.wiley.com/doi/abs/10.1002/jez.1402610203
https://journals.biologists.com/dev/article/11/1/13/36604/Sperm-egg-Association-and-its-Relationship-to-the
https://journals.biologists.com/dev/article/11/1/13/36604/Sperm-egg-Association-and-its-Relationship-to-the
https://www.researchgate.net/profile/Michael-Barnes-34/publication/316656078_Landlocked_Fall_Chinook_Salmon_Sperm_Motility_after_Short_Term_Milt_Storage/links/5909fdb7458515ebb4a3e8de/Landlocked-Fall-Chinook-Salmon-Sperm-Motility-after-Short-Term-Milt-Storage.pdf
https://www.researchgate.net/profile/Michael-Barnes-34/publication/316656078_Landlocked_Fall_Chinook_Salmon_Sperm_Motility_after_Short_Term_Milt_Storage/links/5909fdb7458515ebb4a3e8de/Landlocked-Fall-Chinook-Salmon-Sperm-Motility-after-Short-Term-Milt-Storage.pdf
https://www.tandfonline.com/doi/abs/10.1080/15222055.2017.1281854
https://www.tandfonline.com/doi/abs/10.1080/15222055.2017.1281854
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1987.tb13565.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1987.tb13565.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1987.tb13565.x
https://febs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1432-1033.1987.tb13565.x
https://www.sciencedirect.com/science/article/abs/pii/S0044848605001213
https://www.sciencedirect.com/science/article/abs/pii/S0044848605001213
https://www.sciencedirect.com/science/article/abs/pii/S0044848605001213
https://www.ncrac.org/files/biblio/SRAC0426.pdf
https://www.ncrac.org/files/biblio/SRAC0426.pdf
https://www.sciencedirect.com/science/article/abs/pii/0044848689900306
https://www.sciencedirect.com/science/article/abs/pii/0044848689900306
https://www.sciencedirect.com/science/article/abs/pii/0044848689900306
https://www.scirp.org/journal/paperinformation.aspx?paperid=99591
https://www.scirp.org/journal/paperinformation.aspx?paperid=99591
https://www.scirp.org/journal/paperinformation.aspx?paperid=99591
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/naaq.10192
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/naaq.10192
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/naaq.10192
https://www.tandfonline.com/doi/abs/10.1080/15222055.2011.603966
https://www.tandfonline.com/doi/abs/10.1080/15222055.2011.603966
https://www.tandfonline.com/doi/abs/10.1080/15222055.2011.603966
https://www.sciencedirect.com/science/article/abs/pii/S0166445X0700032X
https://www.sciencedirect.com/science/article/abs/pii/S0166445X0700032X

	Contents
	Evaluation of Stirring during Artificial Spawning of Landlocked Fall Chinook Salmon
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	REFERENCES




