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ABSTRACT 

Thiamine (vitamin B1) status in Yukon and Kuskokwim River 

Chinook salmon Oncorhynchus tshawytscha was examined 

through egg thiamine concentration from returning females. 

Thiamine in juvenile muscle and liver tissues was also determined 

in northern Bering Sea salmon species and the percent dietary 

thiaminase (an enzyme that destroys thiamine) was calculated 

based on stomach contents.   Seventy four percent of the females 

had egg thiamine concentrations associated with secondary 

effects of thiamine deficiency (1.5 – 8.0 nmol/g), while three 

percent of the returning females in 2012 had egg thiamine 

concentrations low enough to produce overt fry mortality (< 1.5 

nmol/g);  Only 23 % of the female eggs were thiamine replete (> 8.0 

nmol/g).  Egg thiamine (nmol/g) in Chinook from upper Yukon was 

higher in 2001 (11.7) than in 2012 (6.2).  In 2001 Chinook and Chum 

Oncorhynchus keta salmon egg thiamine was similar at the Bethel, 

Kuskokwim River site. Average Yukon River Chinook salmon egg 

thiamine concentrations decreased with migratory distance of 

females in 2012.  Thiamine concentrations in juvenile muscle 

tissue were all above critical levels (> 3 nmol/g) and varied with 

dietary thiaminase positive prey fish.  Total thiamine 

concentrations (nmol/g) in juvenile Chinook salmon muscle (3.8) 

were similar to Coho Oncorhynchus kisutch (4.15), but lower than 

Chum Oncorhynchus keta (8.9) and Pink salmon Oncorhynchus 

gorbuscha (9.6).  Thiaminase was present in Chinook (73%) and 

Coho salmon (54%) diets, and was lower in diets of Chum (4%) and 

Pink (11%) salmon.  These results provide evidence that 

insufficient thiamine may contribute to the poor production levels 

observed in Yukon River Chinook salmon.  
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Figure 2.  Mean (SD)  thiamine concentrations (nmol/g)  in muscle and liver tissue of juvenile Chinook, 

Coho, Chum, and Pink salmon species in the northern Bering Sea (2012). 

Chinook salmon returns to western Alaska have markedly  

declined since the late 1990s.   

Causes of reduced productivity and poor returns are  

unknown, and have led to several initiatives to improve  

assessment and understanding of the mechanisms  

driving Chinook decline (ADF&G, 2013; Schindler, et al.  

2013).  

 

Thiamine deficiency was first linked to reproductive  

failure in wild fish in the mid-1990s (Fitzsimons 1995;  

Fisher et al. 1996). Thiamine is an essential dietary  

nutrient and is required as a co-factor in energy  

production in the Krebs cycle.  Deficiency can cause  

fry and adult mortality, and secondary effects such as   

immune dysfunction, reduced growth, altered gene  

Expression and other physiological or metabolic  

Issues.  Consumption of prey fish containing  

thiaminase, an enzyme that destroys thiamine, has  

been associated with reproductive failures and  fish 

population  declines.   

The objectives of this study were to:   

1) Assess the potential for early life stage mortality and the  

potential for secondary effects of thiamine deficiency in Yukon  

River Chinook based on egg thiamine concentrations. 

 

2)  Examine the role of diet on muscle and liver thiamine  

concentrations in 1+ juvenile salmon collected from the Northern  

Bering Sea. 

OBJECTIVES 

INTRODUCTION EGG THIAMINE RESULTS 

CONCLUSIONS 

Bases: 

 nicotinic acid 

 pyridine 

 cysteine 

 sulfhydryl reagents 

 other Lewis bases 

Thiamine Thiazole Thiamine analog 

Thiaminase activity is a base substitute  reaction 

JUVENILE TISSUE THIAMINE & STOMACH RESULTS  

Only 11% of the egg samples at the Whitehorse hatchery were fully thiamine replete and 89% were  in the range for secondary effects of low thiamine.  

Overall, 3 %  of the Yukon Chinook eggs had thiamine concentrations low enough to result in overt fry mortality;  74% of the eggs had thiamine 

concentrations with a potential to develop secondary effects of thiamine deficiency.  Average egg thiamine concentration decreased with increasing 

migratory distance of adults.  Samples from 2012 had much lower egg thiamine concentrations than those obtained in 2001.  Chinook egg thiamine from 

2012 had lower egg thiamine concentrations than those obtained in 2001.   Chinook salmon egg thiamine from Bethel, Kuskokwim River in 2001 was 

similar to concentration observed in 2001 Chum eggs at Bethel. 

Concentrations of total thiamine in muscle and liver of juvenile Chinook and Coho salmon were lower than that 

found in juvenile Chum and Pink salmon.  Total muscle and liver thiamine from juvenile salmon was reflected in 

the proportion of thiaminase positive forage fish in their stomachs (Table 1). 

Table 1. Juvenile salmon stomach contents (SD). 

1. Thiamine deficiency is one plausible explanation for the observed 

decline  in Yukon River Chinook salmon requiring confirmation.   

 

2.     2012 Yukon River Chinook Egg Thiamine 

          3%   of eggs have potential for overt fry mortality  

        74 %  potentially affected by secondary effects of low thiamine 

        23%   less than ¼ were fully thiamine replete 

 

3.   Chinook  egg thiamine decreased as river distance traveled increased 

4. 2012 Yukon Chinook egg thiamine  were lower than 2001 

and  corresponded with the change (decline) in Chinook 

returns 

 

5.    2001 Kuskokwim River salmon  

        Chinook egg thiamine similar to Chum egg thiamine 

 

6. Bering Sea juvenile tissue thiamine reflected dietary level 

of  thiaminase 

Effect of migration distance  traveled and comparison 

between egg thiamine in 2001 & 2012. 


