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 I am indebted to Dr. Peter Sorensen, 
professor of fisheries in the Department of 
Fisheries, Wildlife, and Conservation Biology 
(FWCB); Hangkyo Lim, research associate in 
Dr. Sorensen’s Lab; and Aaron Claus, FWCB 
student and UROP researcher under Dr. 
Sorensen’s direction.

 Without their steadfast guidance, patience, 
and support, my project would have been 
impossible to complete. 



 Arg = arginine

 Ser = serine

 Cys = cysteine

 Ala = alanine



 Can goldfish be trained to discriminate 
between amino acid odor mixtures?

 If so, to what level of specificity can they be 
trained?  How complex can the amino acid 
mixtures be?

 How do goldfish discriminate between amino 
acids odor mixtures?  Do they learn individual 
amino acids, or do they identify an odor by 
sensing the amino acids collectively?



 Amino acids play an important and 
unspecified role in how goldfish feed. 

 Olfactory discrimination of amino acids has 
never been investigated and published for 
goldfish, making my study the first of its 
kind.

 Goldfish are close relatives of invasive 
common carp (Cyprinus carpio).  If properly 
understood, goldfish olfaction could be a 
bridge to effective carp management and 
control.



 The stimulatory ineffectiveness of the individual 
components of a mixture cannot be taken to 
imply that these constituent substances do not 
contribute to the stimulatory effectiveness of the 
mixture as a single unit (Dodson and Bitterman 1989).

 Brown bullheads can be trained to discriminate 
between amino acid odor mixtures and have 
independent olfactory receptive pathways for 
different categories of amino acids (i.e. basic, 
acidic, etc.) (Valentincic et al. 2000). 



 Aaron Claus, FWCB student and UROP 
researcher, conducted an identical 
experiment to mine in the months preceding 
my UROP project.  He demonstrated that 
goldfish can discriminate between odor 
mixtures containing two and three amino 
acids, respectively.  Laboratory disturbances 
prevented his study from progressing any 
further. 



 Goldfish can discriminate between complex, 
similar amino acid odor mixtures.

 Goldfish can be trained to distinguish 
between three-component (tertiary) amino 
acid odor mixtures.

 Goldfish do not learn to detect individual 
amino acids.  They identify mixtures by 
sensing constituent amino acids as a 
collective unit.



 Developed and fine-tuned by Dr. Sorensen 
over the course of many months.

 Nine groups of three goldfish each were held 
in 70 liter glass aquaria separated into halves 
by clear plastic dividers.

 Dividers had large holes that allowed fish to 
swim from side to side and, more 
importantly, forced them to make a decision.



 Overhead lamps were turned on to signify the 
beginning of a trial.

 Two amino acid liquid odors, one rewarded 
with food pellets (S+) and the other 
unrewarded (S-), were simultaneously 
injected into different sides of a tank over the 
course a 15 second trial.

 Random selection of S+ and S- sides for each 
tank.

 Positions of fish in each tank (daily mean 
position score for both S+ and S- sides) were 
quantified for each trial by summing the 
locations of fish at 1.5 second intervals.



 After three trials, S+ and S- daily mean position 
scores for each tank were averaged over three 
trials, yielding aggregate (additive) daily mean 
position scores.

 Aggregate scores graphed in Microsoft Excel (see 
Results).

 Odors tested until fish demonstrated an ability to 
discriminate between them (minimum one week).

 Three trials per weekday, one per weekend day if 
odors of previous week had not been learned.

 Weekdays:  Trials 1 and 2 separated by 15 minutes, 2 and 3 by 60 
minutes.

 Weekends:   Maintenance feeding if the odors of the previous week had 

been learned. 



 Over six weeks, as the complexity of test 
odors was enhanced with the addition of 
amino acids, the goldfish demonstrated a 
consistent ability to discriminate between the 
them.

 Goldfish can discriminate between complex 
tertiary amino acid odor mixtures.  This is a 
novel discovery.

 Goldfish discriminated between:
◦ Arg + Ser (S+) and Arg (S-).
◦ Arg + Ser + Cys (S+) and Arg + Cys (S-).
◦ Arg + Ser + Cys (S+) and Arg + Ala + Cys (S-).
◦ See Figure 1. 





 The end of my UROP term terminated my 
involvement with the project.  The goldfish 
have since demonstrated an ability to 
discriminate between four-component amino 
acid mixtures.  

 Tests will continue until their discriminatory 
ability expires.

 A publication may be in the offing. 



 In an isolated environment devoid of stimulation 
other than feeding, goldfish have a remarkable 
ability to sense the signs and signals of imminent 
feeding by a human.  

 Understanding the small details of the protocol 
and correcting my own experimental tendencies 
were extremely important.

 When the stakes are high and feeding is no 
guarantee, goldfish can discriminate between 
complex, similar amino acid odor mixtures.

 Further research is needed to explore the 
biological and ecological significance of these 
results (invasive carp management, etc.).
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