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Introduction 
  Thermal marking is widely used throughout Alaska to differentiate between wild and 
hatchery stocks. Over one billion hatchery fish in Alaska were marked with otolith thermal 
marks in 2010, and recovery of these marks plays a critical role in fisheries management and the 
protection of wild stocks. In Trans-boundary waters along the Pacific coast of the United States 
(watersheds in which natal rivers lie within Canadian jurisdiction but whose estuaries and marine 
recovery areas lie within U.S. boundaries), thermal mark recovery provides data that is used to 
insure that both Canada and the United States manage salmon stocks effectively. 

 
  A fundamental assumption of these recovery efforts is that all thermal marks have an 
equal probability of being detected by a given reader and that probability of detection approaches 
100%, regardless of the mark’s placement within the otolith. Marks that are created after 
hatching, however, can be less distinct than those generated before hatching. If the assumption 
that all marks are equally detectable is in error, then recovery data and the associated population 
estimations could be biased, and the resulting misrepresentation of wild stock abundance could 
potentially result in inadequate protection and preservation measures. 
 
 Our primary objective was to determine if the placement of a thermal mark in the otolith 
affected mark detection rates. Specifically, we determined if thermal mark patterns created 
before hatching were as detectable as those created after the hatching event. 
  
Methods 
  Synopsis: Three groups of coho salmon (Oncorhynchus kisutch) were used to assess the 
role of thermal mark placement relative to the hatch event in mark detectability and recovery. To 
achieve this goal, Group A was thermally marked prior to the hatch event and Group B was 
thermally marked after the hatch event. A control group (Z) was raised without marking to serve 
as a surrogate for unmarked (wild) individuals. Otoliths were removed from all three groups and 
organized into a known sample that included marked and unmarked individuals. The sample was 
read in a blind test by four independent readers. Results were compared to the known values of 
each otolith (e.g. pre-hatch mark, post-hatch mark, and no mark) to determine accuracy rates. A 
logistic regression was used to identify and measure the impact of mark placement and reader 
variability on mark detection rates.  
 

Beginning in October, 2008, approximately 3000 fertilized coho salmon (Oncorhynchus 
kisutch) eggs were incubated at Macaulay Hatchery in Juneau Alaska. After the embryos reached 
the eyed stage, 1000 eggs (Group A) were thermally marked with a 5-ring pre-hatch mark (5H) 
using standard marking practices at Macaulay Hatchery. An additional 1000 eggs (Group B) 
were thermally marked with a 5-ring post-hatch mark (H5). Temperature differential and timing 
for ring and space deposition on the otoliths were kept as close as possible to produce two 
identical marks that differed only in placement relative to the hatch event. The remaining 1000 
eggs (Group Z) were left unmarked to provide a control group that replicates wild fish. 

 
All fish were removed from incubation trays in May 2009 and placed in 100-L containers 

so that fry could be reared until they reached the fingerling stage using feeding protocols 
established by Macaulay Hatchery culturalists. An accident with hatchery water flow levels 



resulted in heightened mortality for Group A, reducing their numbers to 196 total fish. 
Fingerlings were removed from all tanks in October 2009 and placed into a single holding tank 
for an additional 7 months. To allow identification between groups, Group A had the adipose fin 
clipped, Group B had the right ventral fin clipped, and Group Z was not clipped.   

 
  By May 2010, the fish weighed 10 to 15 grams each. They were sacrificed and separated 
into their respective mark groups based on fin-clip identification. The group totals were as 
follows: Group A = 196; Group B = 846; and Group Z = 916. Technicians at the Thermal Mark 
Lab removed the sagittal otoliths. Standard Thermal Mark Lab procedure is to mount each left 
otolith on a glass slide for mark detection while archiving the right side for future use or mark 
recovery validation. The increased mortality in Group A, however, reduced their numbers below 
what was considered an acceptable total sample size. Consequently, both left and right otoliths 
were included in the mark recovery sample to compensate for this loss. Because left and right 
otoliths express thermal marks in the same way, they were considered independent, identical 
samples for the purposes of this reading comparison. To maintain methodological homogeneity, 
the same procedure was used with otoliths from Groups B and Z.  
 
  After the otoliths were mounted to glass slides, the pseudo-random number generator in 
Microsoft Excel was used to randomly distribute slides from all three groups into three separate 
samples consisting of 300 total otoliths each. The proportions of marked and unmarked fish in 
each sample are defined in Appendix 1. Each sample was assigned to a single reader. After the 
otoliths from each sample were read by each technician, the samples were rotated among the 
three technicians for second and third reads. All reads were blind; technicians were aware of the 
potential marks found within each sample, but not of the ratio or order of marked to unmarked 
otoliths. Following standard lab procedures, all readers had reviewed the marks from reference 
otoliths prior to sample reading. 
 
Results 
 All three technicians correctly identified over 95% of the otoliths in each of their 
respective samples as being unmarked, marked with a pre-hatch mark, or marked with a post-
hatch mark (Tables 1-3). 
 
Table 1 

    True Mark   
  Pre Post None   
 Pre 109 0 1 110 
Reader 1 Post 2 86 0 88 
 None 6 4 72 82 
  117 90 73 280 
            
    pc = 95.4 %   



 
Table 2 

    True Mark   
  Pre Post None   
 Pre 111 0 0 111 
Reader 2 Post 2 94 0 96 
 None 4 3 72 79 
  117 97 72 286 
       
    pc = 96.8%   

Table 3 
    True Mark   
  Pre Post None   

 Pre 119 1 1 121 
Reader 3 Post 0 83 0 83 
 None 3 6 78 87 

  122 90 79 291 
            
    pc = 96.2%   

 
Averaging across all three readers produced a mean accuracy rating of 96.1%, with a 

standard deviation of 0.008. 
 

A total of 43 samples (20 from Sample 1, 14 from Sample 2, and 9 from Sample 3) were 
identified by all three readers as carrying a post-hatch mark while the master sample list used to 
generate the reader samples listed them as having no mark. Examination of these slides clearly 
showed a post-hatch mark, and no errors were detected on the master sample list. As the post-
hatch mark was carried by fish that were externally marked with a clipped ventral fin, it was 
assumed that re-growth of the fin resulted in miss-identification of the fish as non-marked fish. 
To preserve the assumption of error-free known values for all read samples, these specimens 
were removed from statistical consideration. 

 
Mean error rate for a reader identifying an otolith as not marked when it carried a pre-

hatch mark was 1.52%, with a standard deviation of 0.56%. Mean error rate for a reader 
identifying an otolith as not marked when it carried a post-hatch mark was 1.51%, with a 
standard deviation of 0.51%. Mean error rate for a reader identifying an otolith as marked with 
either mark when it was in fact unmarked was 0.23%, with standard deviation of 0.20%. 
 
Discussion 
 The results demonstrate that these readers could correctly identify an otolith’s mark 
status, and show virtually no difference between the detection rates of thermal marks laid down 
either prior to or following the hatch event. This supports the continued use of post-hatch thermal 
marking of salmonids and validates the assumption of equal detection rates between equivalent 
thermal marks on either side of the hatch event.  



 
 A smaller experiment examining the same difference in detection rates was conducted in 
2002 by the Thermal Mark Lab, using the archived right otoliths from commercial sockeye 
(Oncorhynchus nerka) samples matched to read data from the left sides (unpublished research). 
As no true values for mark status were available, reader agreement from the historical read data 
was used as a proxy for true, known-value mark status following standard lab practice as per 
Blick and Hagen (2002). A total of 768 adult-sized otoliths were selected from the archives as 
unmarked, marked with a single-band pre-hatch mark or a single-band post-hatch mark, 
randomized into two separate samples, and assigned to two readers. Although the general lack of 
statistical control on the earlier experiment prevents direct comparison between the two (reader 
agreement instead of known values, otoliths from adult sockeye instead of juvenile coho, and 
varying instead of identical thermal marks), the result were similar to our work, with a 1.4% read 
error rate on pre-hatch marks, and 2.2% read error rate on post-hatch marks. 
  
Conclusion 
 
 The results of the current work support the use of post-hatch marks in commercial 
salmonid stocks. Both individual reader accuracy as well as agreement between readers point to 
equivalence in mark detection rates independent of placement relative to the hatch event. While 
other factors may influence detection rates in samples taken from the commercial fishery or 
similar wild sampling events, it does not appear that mark placement is among them. 
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Appendix 1- Proportions of Marked Fish in a Sample 
 
Tables 1 - 3 define the proportion p of fish carrying a pre-hatch mark a, a post-hatch mark b, or 
no mark z within a given sample by the first reader of that sample. Thus the proportion of a given 
sample correctly identified is 
(1) 

n
np x

x =  

 in which x is either a, b, or z, nx is the number of specimens marked with x in a sample, and n is 
the total number of specimens in the sample. The number of otoliths incorrectly identified is 
(2) 

n
np ε

ε =  

in which nε is the total number of mis-identified otoliths in the sample regardless of the type of 
error. The total proportion of correct otolith identifications over all three categories in a given 
sample by a given reader is then 
(3) 
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and the total error can also then be calculated as  
(4) cpp −= 1ε . 
 
 



Appendix 2- Financial 
 
Name of Project: Thermal Mark Recovery Validation Costs 

Labour 
Wages & Salaries  Project Costs  
ADF&G Fish and Wildlife Technician III Salaries $15,313.59

  
Total Labor Costs $15,313.59

Subcontractors & Consultants 
Macaulay Hatchery Cooperative Agreement $34,020.00

  
Total Contract Costs $34,020.00

Project Costs 
Lab Supplies $2,838.58
Photo Shop $669.97
Systat Software $1,014.00

Total Project Costs $4,522.55

Overhead / Indirect Costs (not to exceed 20% of PSC Amount) 
State of Alaska Indirect: (14% of total cost) $7,539.86

  
Total Overhead Costs $7,539.86

Budget Summary 

Total Labor Costs $15,313.59
Total Contractual Costs $34,020.00
Total Supplies Costs $4,522.55
Total Overhead Costs $7,539.86

Project Total $61,396.00
 


