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Abstract: This study compared the survival of landlocked fall Chinook salmon Oncorhynchus tshawytscha eggs incu-

bated in either upwelling jars, either with or without daily formalin treatments, or vertically-stacked trays treated daily 

with formalin in a production hatchery. In the first year of the study, survival to the eyed-egg stage was significantly 

greater in eggs incubated in jars without formalin compared to trays, but there was no significant difference in survival to 

hatch between the treatments. In the second year, there were no significant differences in eggs incubated in trays, in jars 

without formalin treatments, and in jars with formalin treatments. In the final year, there was no significant difference in 

eyed-egg survival between eggs incubated in trays and jars without formalin, but survival to hatch was significantly 

greater in the eggs incubated in jars. Jar incubation is recommended to maximize the survival of landlocked fall Chinook 

salmon eggs.  
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INTRODUCTION 

Salmonid eggs are incubated at production hatcheries us-
ing both vertically-stacked trays and upwelling jars [1-3]. 
Vertically-stacked trays have the advantage in that they use 
minimal floor space, require relatively small amounts of wa-
ter, and allow for the handling of individual trays without 
disturbing the entire stack [1-3]. However, regular treatments 
of formalin or hydrogen peroxide must be used to control 
fungus (water molds) until at least the eyed-egg stage [1, 4], 
and are recommended for use until hatch during tray incuba-
tion of landlocked fall Chinook salmon Oncorhynchus 
tshawytscha eggs [5]. While formalin is the most suitable 
chemical for fungal control, its use poses serious risks to 
human health [6, 7], and techniques to minimize or eliminate 
formalin use in aquaculture are extremely desirable.  

Compared to the lack of egg movement in trays, eggs are 
lightly rolled in incubation jars due to upwelling water [2]. 
Jars can hold more eggs per unit than trays, but require more 
space and use relatively more water [1]. Unlike vertically-
stacked trays, jars can be inexpensive to make [8-10].  
Anti-fungal chemical treatments may not be required, as 
Rach et al. [11] showed by using high flow rates during trout 
egg incubation in small experimental jars. However, no in-
formation is available on the use of high flows with trout and 
salmon eggs in larger production jars. There is also a paucity  
of published material examining salmonid egg incubation in 
trays compared to jars. Thus, the objective of this study was  
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to evaluate the effects on the survival of landlocked fall Chi-
nook salmon eggs incubated in either trays or jars with or 
without daily formalin treatments.  

METHODS 

All experimentation occurred at McNenny State Fish 
Hatchery, Spearfish, South Dakota. Landlocked fall Chinook 
salmon eggs were spawned as described by Barnes et al. 
[12]. Upon arrival at McNenny the eggs were disinfected in 
a 100 mg/L buffered iodine solution for 10 min prior to 
placement in either vertically-stacked trays (MariSource, 
Fife, Washington) or 15.2 cm diameter upwelling jars (Eagar 
Inc, Salt Lake, Utah). Manufacturers’ recommended capaci-
ties are 12,000 trout eggs per 11 L volume tray and 16,000 
trout eggs per 7.5 L volume jar. Well water (11°C; 360 mg/L 
total hardness as CaCO3; 210 mg/L alkalinity as CaCO3;  
390 mg/L dissolved solids; 7.6 pH) supplied both incubator 
types. Flows were set at 12 L/min, which was the minimum 
required for slight rolling of the eggs in the jars, and are the 
same flows typically used during landlocked fall Chinook 
salmon egg incubation in trays [5, 13]. Eggs were invento-
ried by water displacement [1] prior to placement into the 
incubation units. 

On incubation day 32, dead eggs were removed from 
each incubation unit (individual jar or tray) and re-
inventoried to determine survival to the eyed-egg stage. The 
remaining viable eggs were then placed back into their re-
spective incubation unit. At complete hatch on incubation 
day 44, dead eggs and fry were removed and counted from 
each incubation unit. Percent survival to the eyed stage of 
development and hatch were determined by the following 
formulas:  
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% eye-up = 100 x (number of eyed eggs / initial number 
of green eggs) 

% hatch = 100 x [1- (total mortality during incubation / 
initial number of green eggs)]  

The study began in 2009 and was replicated with some 
changes in 2012 and 2013. Methods unique to each study 
year are as follows: 

2009 Methods 

Eggs were obtained from spawning operations at Lake 
Oahe, South Dakota. Three jars and three trays each received 
4,700 eggs (1,000 mL at an egg size of 4.7 eggs/mL of water 
displaced). Eggs in the trays received daily 15-min treat-
ments of 1,667,000 g/L formalin (Parasite-S

®
 Western 

Chemical, Ferndale, Washington), via a peristaltic pump 
(Cole-Parmer, Vernon Hills, Illinois), throughout incubation. 
Eggs in the jars did not receive formalin treatments.  

2012 Methods  

Eggs were obtained from spawning operations at Lake 
Sakakawea, North Dakota. Three incubation trays and six 
jars each received 8,250 eggs (1,500 mL at 5.5 eggs/mL). 
Similar to 2009, treatments consisted of three trays receiving 
daily 1,667,000 g/L formalin treatments and three jars that 
did not receive any formalin. An additional treatment 
whereby three jars received daily 15-min treatments of 
1,667,000 g/L formalin was included in 2012.  

2013 Methods  

Eggs were obtained from spawning operations at Lake 
Oahe, South Dakota. Three incubation trays and three jars 
each received 5,000 eggs (1,000 mL at 5.0 eggs/mL). Treat-
ments consisted of three trays receiving daily 1,667,000 g/L 
formalin treatments and three jars that did not receive any 
formalin.  

Percent survival data was arcsine square root transformed 
[14] prior to statistical analysis (SPSS 9.0). In 2009 and 
2013, data was analyzed using Student’s t-tests. Data col-
lected in 2012 was analyzed by one-way analysis of variance 
and Tukey’s mean comparison procedure. Significance was 
predetermined at P < 0.05.  

RESULTS AND DISCUSSION 

Egg survival was generally similar among the incubation 
types, with or without jar formalin treatments (Table 1). In 
2009, egg survival to eye-up was significantly greater  
(P = 0.035) in the jars than the trays, but there was no differ-
ence in survival to hatch (P = 0.13) despite a relatively large 
difference in treatment means. However, small sample sizes 
may have precluded any determination of statistical signifi-
cance [15]. 

 In 2012, there were no significant differences in either 
survival to eye-up (P = 0.81) or hatch (P = 0.81) among the 
treatments. In 2013, there was no difference in survival to 
eye-up between the jars and trays, but survival to hatch was 
significantly greater with jar incubation. However, the hatch-
ing results for the eggs in the trays during 2013 should be 
viewed with caution. During one of the last daily formalin 
treatments, the automatic timer for the peristaltic pump ran 

longer than the prescribed 15-min treatment. Although unan-
ticipated longer duration formalin treatments were not di-
rectly observed, possible formalin-induced egg mortality 
may explain the relatively large mortality from eye-up to 
hatch observed in the tray-incubated eggs in 2013 [16].  

 
Table 1.  Mean (SE) percent survival of landlocked fall Chi-

nook salmon eggs either incubated in vertically-

stacked trays or upwelling jars, with or without 

daily 15-min 1,667 mg/L formalin treatments. Means 

with different letters in a column in a given year are 

significantly different (P < 0.05; N = 3).  

 Percent Survival 

 Formalin Eye-up Hatch 

2009    

Trays yes 49.5 + 1.3 a 46.5 + 1.3 

Jars no 55.0 + 1.2 b 52.3 + 1.5 

2012    

Trays yes 23.9 + 2.2 21.2 + 1.4 

Jars yes 24.9 + 0.9 22.9 + 1.0 

Jars no 25.4 + 1.4 18.7 + 1.6 

2013    

Trays yes 45.0 + 1.4 32.1+ 1.3 a 

Jars no 48.3 + 1.6 44.1+ 1.5 b 

 
The results of this study indicate that incubating salmon 

eggs in jars or trays are both acceptable methods. However, a 
disadvantage of tray incubation is the need to use chemicals 
to control fungal growth. Hydrogen peroxide and formalin 
are both approved in the United States for fungal control on 
salmonid eggs [17], but formalin is more effective at fungal 
control and less toxic to developing landlocked fall Chinook 
salmon eggs [13]. However, formalin has been identified a 
suspected human carcinogen [6], and has defined exposure 
limits for hatchery personnel [7]. It is also relatively expen-
sive, particularly when shipping costs are included, and re-
quires hatchery staff time and special equipment to dispense 
safely.  

Although this study indicates that salmon eggs can be in-

cubated in upwelling jars without any antifungal chemical 

treatments, jars do have the disadvantage of requiring more 
space and water than vertically-stacked incubation trays  

[1-3]. Using small experimental jars, Rach et al. [11] con-

cluded that the flow needed for fungal control was relative to 
the size of the jar and the number of eggs. Flows too low led 

to the proliferation of water molds, while flows too high 

caused egg mortality due to excessive egg movement [11].  
The 12 L/min used in the current study produced enough egg 

rolling to prevent fungal growth. Based on the lack of mor-

tality in the jars in comparison to the trays, 12 L/min was 
also evidently not high enough to kill these landlocked fall 

Chinook salmon eggs.  

In 2012, soft egg disease (pre-mature hatch) was ob-
served in all of the incubation units. This disease occurs spo-
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radically with landlocked fall Chinook salmon eggs incu-
bated at McNenny [18] and has been observed in other sal-
monid hatcheries as well [19, 20]. Barnes et al. [18] indi-
cated that formalin treatments provided some remediation 
against the lethal effects of soft-egg disease. In 2012, ap-
proximately 10% of the eyed eggs died from eye-up to hatch 
in both the jars and trays that received daily formalin treat-
ments. However, over 25% of the eyed eggs died prior to 
hatch in the jars that were not treated with formalin.  

The relatively consistent results from this study occurred 
over a large range of egg survival. Typical egg survival to 
the eyed-stage of development is approximately 40% in 
landlocked fall Chinook salmon from Lake Oahe [12]. Egg 
survival in this study was nearly 55% in the first year of the 
study, dropped to 25% in the second year, and rebounded to 
45% in the final year.  

Although no other studies have been published compar-
ing the use of jar and tray incubators, it is highly probable 
that the results from this study would apply to the incubation 
of eggs from other salmonids. Egg incubation in trays is rela-
tively standardized among this group of fish [1-3], and egg 
anatomy and physiology are also very similar [21, 22]. 

Provided there are no space or water limitations, land-
locked fall Chinook salmon egg incubation in jars without 
any anti-fungal chemical control is recommended based on 
the reduction in chemical and labor costs, the elimination of 
potentially-lethal formalin treatment errors, and the elimina-
tion of human health risks due to formalin exposure. How-
ever, if an outbreak of soft-egg disease in landlocked fall 
Chinook salmon is anticipated because of egg flaccidity, 
daily formalin treatments during jar incubation may be nec-
essary as suggested by Barnes et al. [18].  

CONFLICT OF INTEREST 

The authors confirm that this article content has no con-
flicts of interest. 

ACKNOWLEDGEMENTS 

We thank Eric Krebs, Sarah Zimmerman, Raesha Ray, 
and Amanda Davis for their assistance with this study. 

REFERENCES 

[1] Piper RG, McElwain IB, Orme LE, McCaren JP, Fowler LG, 
Leonard JR. Fish hatchery management. Washington, DC: US. Fish 

and Wildlife Service 1982. 

[2]  Stickney RS, Ed. Culture of salmonid fishes. Florida: CRC Press 

1991.  
[3] Pennel W, Barton BA, Eds. Principles of salmonid culture. Am-

sterdam: Elsevier 1996. 
[4]  Post G. Textbook of fish health. Neptune City: T.F.H. Publications 

1987. 
[5] Barnes ME, Cordes RJ, Sayler WA. Use of formalin during incuba-

tion of eyed eggs of inland fall Chinook salmon. Prog Fish Cult 
1997; 59: 303-6. 

[6]  Marking LL, Rach JJ, Schreier TM. Evaluation of antifungal agents 
for fish culture. Prog Fish Cult 1994; 56: 225-31. 

[7]  Substance technical guidelines for formalin. Washington DC: 
OSHA (Occupational Safety & Health Administration): 2006 up-

dated [cited: November 12, 2012]. Available from: 
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_id

=10076&p_table=STANDARDS 
[8]  Tottmann RW, Shireman JV. Hatching jar that is inexpensive and 

simple to assemble. Prog Fish Cult 1988; 50: 57-8.  
[9]  Dewey D, Wagner EJ. Inexpensive polyvinyl chloride egg incuba-

tion jar. Prog Fish Cult 1993; 55: 207-9. 
[10]  Sloan KN. Alternative to expensive, commercially produced egg-

hatching jars for salmonids. Prog Fish Cult 1996; 58: 52-4. 
[11] Rach JJ, Marks JA, Dawson VK. Effect of water flow rates in 

hatching jars to control fungal infections of rainbow trout eggs. 
Prog Fish Cult 1995; 57: 226-30. 

[12] Barnes ME, Hanten RP, Cordes RJ, Sayler A, Carreiro J. Repro-
ductive performance of inland fall Chinook salmon. N Am J  

Aquacult 2000; 62: 203-11. 
[13]  Barnes ME, Gaikowski MP. Use of hydrogen peroxide during 

incubation of landlocked fall Chinook salmon eggs in vertical-flow 
incubators. N Am J Aquacult 2004; 66: 29-34. 

[14] Ott L. An introduction to statistical methods and data analysis. 
Boston: PWS Publisher 1984. 

[15] Kuehl RO. Design of experiments: statistical principles of research 
design and analysis. 2nd ed. Pacific Grove; Brooks/Cole 2000. 

[16]  Howe GE, Marking LL, Bills TD, Schreier TM. Efficacy and toxic-
ity of formalin solutions containing paraformaldehyde for fish and 

egg treatments. Prog Fish Cult 1995; 57: 147-52. 
[17]  Drugs approved for use in aquaculture (poikilothermic food spe-

cies). Silver Spring, MD: FDA (U.S. Food and Drug Administra-
tion): 2003 updated [cited: October 31, 2012]. Available from: 

http://www.fda.gov/animalveterinary/developmentapprovalprocess/
aquaculture/ucm132954.htm 

[18] Barnes ME, Cordes RJ, Sayler WA, Hanten RP. Soft-egg disease in 
landlocked fall Chinook salmon eggs: Possible causes and thera-

peutic treatments. N Am J Aquacult 2003; 65: 126-33. 
[19]  Warren JW. Diseases of hatchery fish. Portland: US Fish and Wild-

life Service 1991. 
[20] Wedemeyer GA. Physiology of fish in intensive culture systems. 

New York: Chapman and Hall 1996. 
[21]  Groot EP, Alderdice DF. Fine structure of the external egg mem-

brane of five species of Pacific salmon and steelhead trout. Can J 
Zool 1985; 63: 552-66. 

[22]  Weisbart M. Osmotic and ionic regulation in embryos, alevins, and 
fry of the five species of Pacific salmon. Can J Zool 1968; 46: 385-

97. 
 

 

Received: January 14, 2014 Revised: April 01, 2014 Accepted: April 02, 2014 

© Wipf et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/-

licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 


