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Traditional tagging methods for fish can have issues relating to both animal welfare and economic 1 

costs. Biometric data such as iris patterns can be captured via digital cameras allowing non-invasive 2 

tagging, and inexpensive and rapid analysis. The purpose of this study was to investigate if the iris of 3 

Atlantic Salmon (Salmo salar) is a suitable biometric template for long term identification of 4 

individuals. Atlantic Salmon were individually tagged in the body cavity using PIT-tags at the juvenile 5 

pre-smolt stage and the left eye was photographed 6 times over a 533 day period. Description of 6 

changes in iris stability was assessed both qualitatively and using iris-recognition software. 7 

Identification of individual Atlantic Salmon using the iris was not successful over the entire period, as 8 

the iris pattern changed significantly with time. Over a shorter time period (4 months) with frequent 9 

samplings, iris software was able to correctly identify individual fish. The results show that iris 10 

identification has potential to replace other methods for Atlantic Salmon over short timeframes.  11 

Individual identification of fish is important for scientific research on both wild and farmed fish. 12 

Methods for individual tagging of fish are many, but mostly involve placement of external or internal 13 

tags that can be read either directly or by electronic equipment (Thorstad et al., 2013). Both the 14 

handling of the fish during the tagging process and the tagging itself can have obvious animal welfare 15 

issues and could also affect the fish in regard to what is being studied (e.g. growth, behavior or 16 

mortality, Jepsen et al., 2015). Finding non-invasive alternatives to physical tagging could reduce the 17 

amount of stress and pain fish have to undergo and improve quality of the science produced via 18 

reduced tagging effects. For some research identifying individuals using DNA is possible but requires 19 

handling the fish to obtain samples and for a large number of fish, the costs involved can be 20 

substantial. Biometric identification using patterns or other structures unique among individuals, 21 

may for many species of animals be a cost efficient and non-invasive method for mark-recapture. 22 

Biometric identification in humans is well documented with methods as fingerprints, iris, face and 23 

voice recognition systems (Jain et al., 2006). Manual photoidentification of individual animals was 24 

pioneered in the 1970 on orcas (Orcinus orca) (Bain, 1990) and since been used in a range of taxa. 25 
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With the digital revolution in both image and computer processing, automatic identification using 26 

biometric algorithms has been attempted on a range of species such as Delta Smelt (Hypomesus 27 

transpacificus) (Castillo et al., 2019), Rio Grande Cooter (Pseudemys gorzugi) (Suriyamongkol and 28 

Mali, 2018), Whale Shark (Rhincodon typus) (Holmberg et al., 2009), and several mammal species 29 

(reviewed in Kumar and Singh, 2016).   30 

 When evaluating traits with regard to suitability for use in biometric authentication, the most 31 

important factors are universality, uniqueness, permanence and measurability (Jain et al., 2006). For 32 

human use other aspects have to be considered, such as social acceptability of the method and 33 

possibilities for the method to be circumvented.  34 

Wild Atlantic Salmon has a high cultural and economic importance in Norway, but these wild stocks 35 

are under threat from escaped farmed salmon, identified as being the greatest threat to Norwegian 36 

wild salmon populations (Forseth et al., 2017).  This has led to repeated demands that farmed 37 

salmon should be tagged as to both make it possible to remove escapees from rivers and identify the 38 

producer that was responsible for the escape. In 2004 a committee appointed by The Norwegian 39 

Directorate of Fisheries defined criteria that should be met for potential tagging/identification 40 

methods for aquaculture salmon. These criteria focused on that the methods should, 1) not raise 41 

animal welfare concerns, 2) not affect marketing or human consumption, 3) be suitable for pre-smolt 42 

size fish (5-10 cm), 4) have easily accessible results from analysis/identification both in terms of 43 

effort and time, 5) be suitable for a large number of fish and 6) total cost per fish should be low. 44 

Norwegian aquaculture companies have been reluctant to implement physical tagging of fish due to 45 

several reasons, including concerns about costs related to tagging and subsequent removal of 46 

physical tags before the fish reaches the consumer. Biometric identification has the potential to 47 

address all of the criteria for tagging/identification methods defined above, using automated 48 

pattern-recognition techniques.  49 
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Atlantic Salmon have two obvious templates for biometric identification, melanophore spot pattern 50 

and the iris pattern. Melanophore spot pattern of has been used for individual identification of 51 

Brown Trout (Salmo trutta) (Bachman, 1984) and the potential for the method has been explored for 52 

melanophore spots on the operculum of Atlantic Salmon (Stien et al., 2017). However for Atlantic 53 

Salmon this method has issues with permanence of the trait, as both change in size of spots and 54 

addition on new spots over time (visible in Fig. 1). Further, many individuals have no or insufficient 55 

number of spots for the method to work.  56 

Iris recognition is a mathematical pattern-recognition technique that allows rapid matching with high 57 

accuracy, see Daugman, (1993, 2009) for details relating to the method. Suitability of iris as a 58 

biometric trait for Atlantic Salmon is clear in terms of universality and measurability, but the 59 

uniqueness and permanence of the trait have not been previously reported. The only example we 60 

have found were the iris pattern is used for individual identification of fish, is in Goldfish (Carassius 61 

auratus) (Yoshida et al., 2013). In this case line drawings of eye patterns were overlaid and 62 

compared, and not the method widely used and recognized as iris recognition.  63 

Here we investigated the potential for use of iris recognition as a long term biometric method for 64 

individual identification of Atlantic Salmon.  65 

MATERIALS AND METHODS 66 

In April 2016, 2986 age 1+ hatchery-reared Atlantic Salmon pre-smolt were tagged with 12.5-mm PIT 67 

tags (Biomark HPT12). Tags were inserted to the body cavity using a Biomark gun implanter with pre-68 

loaded needles. Fish were anesthetized using benzocaine (20%) 1.5–2 ml/10 l. The fish were kept in a 69 

large indoor tank for 533 days and photographed and scanned for PIT number sequence five times 70 

during this period (Table 1). Number and timing of samplings were restricted by the Norwegian Food 71 

Safety Authority based on animal welfare considerations. We expected the smoltification period, 72 

when juvenile salmon undergo physiological changes necessary to transition from freshwater to 73 

saltwater, to be the period with the highest chance for substantial changes in the iris pattern.  For 74 
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this reason, samplings were conducted at shorter intervals early in the experiment. Photos of the fish 75 

left eye were taken using high resolution digital single-lens reflex cameras with settings and lenses 76 

changing with both size of the fish and experience gained on speeding up the process. A great deal of 77 

time was spent at each sampling to adjust flash angles and input of natural and photographic lighting 78 

to avoid glares and reflections in the area of interest. Photos were used rather than an iris scanner 79 

for two reasons 1) iris software has not been tailored for use on fish, making iris detection and 80 

extraction highly variable, 2) to test the method with the same type of data that could be expected in 81 

practical use (photos received from anglers etc.). Length of fish was measured for fork length (FL, 82 

Table 1), and fish that had shed their PIT tag were removed from the experiment. During the fourth 83 

scanning event, 1146 fish were removed from the experiment to avoid crowding in the tank as the 84 

fish grew larger.  85 

Iris pictures were processed using iris software from Neurotechnology (VeriEye 2.10 Standard SDK). 86 

Initial analysis on a limited number of individuals found no correct matches using pictures from the 87 

1st, 5th and 6th samplings, whereas correct matches were found from the 2nd- 4th. Visual assessment of 88 

changes in iris over the time period (Fig. 1), makes this result consistent with the clearly visible 89 

changes that occurred. A subset of fish from the 2nd- 4th samplings (n=14) chosen based on having 90 

good picture quality on the 2nd sampling, were selected for further analysis. Pictures of these fish on 91 

the 2nd- 4th samplings were registered in to a separate database and there after the software was 92 

used to match the same images one by one to the database. Manual pre-processing was applied to 93 

these images by adding a white ring around the iris to aid the program to correctly extract the iris. 94 

This was necessary due to the algorithm having problems detecting the outer limit of the iris. This is 95 

almost certainly a consequence of the algorithm being designed for human use and expecting the iris 96 

to be surrounded by the white sclera facilitating iris extraction, which is not the case for salmon. 97 

During identifying iris images, the false acceptance rate of the program was set to 100% as not to 98 

exclude any matching scores. The image matching score is based on the number of features matched 99 
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by the algorithm, this score is not impacted by image size (pixels count). The algorithm was not 100 

disclosed by Neurotechnology due to its proprietary nature. Qualitative assessment of iris stability 101 

over time was also conducted (Fig. 1).  102 

 103 

RESULTS 104 

Successful identification of individual salmon based on iris recognition varied within the experiment, 105 

with no success for images taken at the 1st, 5th and 6th samplings. Iris recognition was successful for 106 

images from the 2nd – 4th sampling. Substantial changes in iris pattern were visible from the parr 107 

stage (1st sampling) to the smolt stage (2nd sampling). This was not unexpected, as the juvenile 108 

salmonids undergo large physiological changes during smolitification. During the first summer in 109 

saltwater (2nd to 4th sampling) changes in iris were less prominent, with the overall pattern being 110 

clearly recognizable. The last samplings were spaced out in time compared to the earlier samplings (6 111 

month apart), likely making changes in iris more prominent. Images from the 5th sampling appear to 112 

be more similar to images from the 4th sampling than the 6th sampling. At the 6th sampling 113 

approximately half of the fish were sexually mature and had developed breeding (nuptial) coloration. 114 

Development of breeding coloration in Atlantic Salmon involves base colour of the fish changing from 115 

dark back and silvery sides to a more overall brown colour with black, white and red spots. 116 

Development of breeding colours also seem to change iris coloration and pattern. Intrestingly, also 117 

pupil shape changed thoughout the experiment in most fish. 118 

The subsample of 41 pictures of 14 fish from the 2nd - 4th sampling (May, June and September, one 119 

fish had a poor quality picture from the 3rd sampling which was excluded) that were registered in to a 120 

separate database and then matched against each other showed positive results. In this test the 121 

other pictures of the same fish from the other samplings consistently had the highest scores (Fig. 2). 122 

Some fish had matches with other fish, but the scores of these false matches were always lower than 123 
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of the true matches. Only two true match scores (11:2-11:4, 11:4-11:2, score 37) were lower than the 124 

highest false match score (6:4-8:4, 39) (Fig. 2). 125 

DISCUSSION 126 

Individual identification of Atlantic Salmon using iris recognition was not a viable method for 127 

identifying fish over time period spanning the entire juvenile to adult stage using the methods and 128 

software applied in this study. No matches were made from the 1st sampling (parr stage) to any of 129 

the other samplings. This is not surprising, given the major physiological transformation the fish 130 

undergo during smolitification, transforming the fish from a life in fresh water to saltwater, involving 131 

changes in appearance from dark brownish with parr marks to a silvery pelagic form. For the 2nd to 132 

the 4th sampling (124 days) where fish developed from smolts to post-smolt/pre-adults, successful 133 

matching was achieved. Images of a subset of fish (n=14) from the 2nd to 4th sampling, showed that 134 

individual recognition of was successful for all fish in this test. For the 5th and 6th samplings no 135 

matches were found with images collected at other dates.  136 

Only two true match scores from the subset from the 2nd to 4th sampling (11:3-11:4, 11:4-11:3, 37) 137 

were lower than the highest false match score (6:4-8:4, 39). Ranked match scores per image were 138 

always higher for true matches than for false. According to the software manufacturer the default 139 

value for accepting a score as a true match is set to 48. Using this value would mean that zero false 140 

matches would be accepted and eight of 80 true matches would be rejected in our study. These 141 

values of false acceptance and false rejections could suggest that the uniqueness of the iris of 142 

Atlantic Salmon is close to what is found in of humans, while permanence is not. For comparison, 143 

success rate of PIT-tag identification of the fish over the same period was approximately 98% due to 144 

some fish shedding their PIT-tags (Foldvik and Kvingedal, 2018). The percentage correct top ranked 145 

matches in the subset from the 2nd to 4th samplings (100%) is high compared to biometric studies on 146 

other species of fish 80% in Delta Smelt (Castillo et al., 2019), 50.97% in manta rays (Manta alfredi 147 

and Manta birostris) (Town et al., 2013), 81% in Whale Shark and 85% in Atlantic Salmon (Stien et al., 148 

http://dx.doi.org/10.1643/CI2020035


7 
 

Foldvik, Anders; Jakobsen, Frank; Ulvan, Eva Marita. 
Individual recognition of Atlantic Salmon using iris biometry. Copeia 2020 ;Volum 108.(4) s. 
767-771 doi 10.1643/CI2020035 
 

2017). These numbers are however not directly comparable as all these studies differ in biometric 149 

templates, algorithms, duration and number of individuals included.  150 

The positive matches for the subset from the 2nd to 4th samplings span 124 days, whereas the 5th and 151 

6th samplings were 185 and 360 days after the 4th sampling, respectively. It is likely that the increased 152 

duration between sampling affects the chance of identification. Also, approximately half of the fish 153 

were sexually mature at the 6th sampling and had begun developing breeding coloration. Differences 154 

in iris coloration between return migrating adult salmon caught in sea and river fisheries have also 155 

been observed (personal observation A. Foldvik). Pictures taken late June 2016 of the iris of salmon 156 

caught in the rivers Tana and Neiden, show that 95% of river caught salmon (n= 63) had no blue or 157 

blueish green iris coloration. Whereas pictures taken during the same period of sea caught salmon 158 

from the Alta and Trondheim fjords the proportion of salmon without any blue or blueish green iris 159 

was only 3% (n=33).  160 

Whereas the human iris absorbs light, many marine organisms have evolved partly reflective irides, 161 

which in addition to function as a light barrier also camouflages the eye (Gur et al., 2018). Guanine-162 

based crystals in the iris above the absorbing pigmented layer create a complex optical response of 163 

reflection and scattering (Gur et al., 2018) that can make the appearance of the iris change with 164 

orientation in regards to both camera and light source. Salmon also seem to have partly reflective 165 

irides, making both image acquisition and comparison more difficult than for human irides.  166 

Economic founding and design of this experiment was focused on examining the long term stability 167 

of the iris pattern, and the analysis of performance metrics such as uniqueness and permanence of 168 

iris over shorter time periods has therefore been limited. For situations where fish can be sampled 169 

repeatedly over short time intervals, iris recognition has a potential to replace invasive methods. To 170 

estimate the number of individuals that could be successfully identified over different durations, a 171 

more in-depth analysis of permanence and uniqueness would have to be performed. Reliability of 172 

identification could likely be increased by including both eyes and/or combining iris recognition with 173 
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melanophore spot pattern recognition. In addition, fish length could be used as a metric to reduce 174 

the number of potential matches, applying known maximal growth (shrinkage) rates between 175 

samplings. The increasing number of cameras in many Atlantic Salmon pens for different monitoring 176 

purposes, coupled with the continuous improvement of machine vision and artificial intelligence 177 

should create ideal possibilities for implementing visual biometric techniques for individual 178 

identification of farmed Atlantic Salmon. 179 

Although the iris was unsuitable as a template for long-term biometric identification of Atlantic 180 

Salmon, over shorter durations the method has potential to replace invasive tagging methods or 181 

supplement other biometric identification methods, minimizing tagging effects and improving animal 182 

welfare.  183 

ACKNOWLEDGMENTS 184 

We are grateful to the staff at the Norwegian Institute for Nature Research Station at Ims, and 185 

especially S. Johnsen, for technical assistance during the study. We would also like to thank E. 186 

Kvingedal and J. H. Hårdensson Berntsen for help with handling of the fish and recording of the data.  187 

LITERATURE CITED 188 

Bachman R. A. 1984. Foraging behavior of free-ranging wild and hatchery brown trout in a stream. 189 

Transactions of the American Fisheries Society. 113(1):1–32. 190 

Bain, D. 1990. Examining the validity of inferences drawn from photo-identification data, with special 191 

reference to studies of the killer whale (Orcinus orca) in British Columbia. Report of the International 192 

Whaling Commission, Special, (12):93-100. 193 

Castillo, G.C., Sandford, M.E., Hung, T.C., Yang, W.R., Tigan, G., Ellison, L., Lindberg, J.C. and Van 194 

Nieuwenhuyse, E.E. 2019. Evaluation of chromatophores as natural marks for delta smelt: the effects 195 

of life-stage and light intensity. Environmental Biology of Fishes, 102(9):1137-1147. 196 

http://dx.doi.org/10.1643/CI2020035


9 
 

Foldvik, Anders; Jakobsen, Frank; Ulvan, Eva Marita. 
Individual recognition of Atlantic Salmon using iris biometry. Copeia 2020 ;Volum 108.(4) s. 
767-771 doi 10.1643/CI2020035 
 

Daugman, J. G. 1993. High confidence visual recognition of persons by a test of statistical 197 

independence. IEEE transactions on pattern analysis and machine intelligence. 15:1148–1161. 198 

https://doi.org/10.1109/34.244676 199 

Daugman, J. G. 2009. How iris recognition works, p. 715-739.  In: The Essential Guide to Image 200 

Processing (ed. A.C. Bovik), Elsevier. https://doi.org/10.1016/B978-0-12-374457-9.X0001-7  201 

Forseth, T., Barlaup, B. T., Finstad, B., Fiske, P., Gjøsæter, H., Falkegård, M., Hindar, A., Mo, T. A., 202 

Rikardsen, A. H., Thorstad, E. B., Vøllestad, L. A. and Wennevik, V. 2017. The major threats to 203 

Atlantic salmon in Norway. ICES Journal of Marine Science 74:1496–1513. 204 

https://doi.org/10.1093/icesjms/fsx020 205 

Foldvik, A. and Kvingedal, E. 2018. Long-term PIT tag retention rates in Atlantic salmon (Salmo 206 

salar). Animal Biotelemetry, 6(1):3 207 

Gur, D., Nicolas, J. D., Brumfeld, V., Bar‐Elli, O., Oron, D., and Levkowitz, G. 2018. The dual 208 

functional reflecting Iris of the Zebrafish. Advanced Science, 5(8):1800338. 209 

Holmberg, J., Norman, B. and Arzoumanian, Z. 2009. Estimating population size, structure, and 210 

residency time for whale sharks Rhincodon typus through collaborative photo-identification. 211 

Endangered Species Research. 7(1):39-53. 212 

Jain, A.K., Bolle and R., Pankanti, S. 2006. Biometrics: Personal Identification in Networked Society. 213 

New York: Springer Science and Business Media. 214 

Jepsen, N., Thorstad, E.B., Havn, T., Lucas, M.C. 2015 The use of external electronic tags on fish: an 215 

evaluation of tag retention and tagging effects. Animal Biotelemetry 3, 49 (2015).  216 

Kumar, S. and Singh, S. K. 2016. Visual animal biometrics: survey. IET Biometrics 6:139–156. 217 

Stien, L. H., Nilsson, J., Bu,i S., Fosseidengen, J. E., Kristiansen, T. S., Øverli, Ø. and Folkedal, O. 218 

(2017). Consistent melanophore spot patterns allow long‐term individual recognition of Atlantic 219 

salmon Salmo salar. Journal of Fish Biology 91(6):1699–712. 220 

http://dx.doi.org/10.1643/CI2020035
https://doi.org/10.1093/icesjms/fsx020


10 
 

Foldvik, Anders; Jakobsen, Frank; Ulvan, Eva Marita. 
Individual recognition of Atlantic Salmon using iris biometry. Copeia 2020 ;Volum 108.(4) s. 
767-771 doi 10.1643/CI2020035 
 

Suriyamongkol, T., and  Mali, I. 2018. Feasibility of using computer-assisted software for recognizing 221 

individual Rio Grande Cooter (Pseudemys gorzugi). Copeia, 106(4):646-651. 222 

Thorstad, E. B., Rikardsen, A. H., Alp, A. and Økland, F. 2013. The use of electronic tags in fish 223 

research – An overview of fish telemetry methods. Turkish Journal of Fisheries and Aquatic Sciences 224 

13:881-896 225 

Town, C., Marshall, A. and Sethasathien, N., 2013. Manta Matcher: automated photographic 226 

identification of manta rays using keypoint features. Ecology and evolution, 3(7):1902-1914. 227 

Yoshida, M., Terabayashi, I., Kamei, T., Misawa, A., Yamamoto, M. and Umino, T. 2013. Individual 228 

identification of Goldfish from eye morphology: The eye mark method. Zoological Science 229 

30(11):962–6. 230 

 231 

FIGURE CAPTIONS 232 

Fig. 1. Example of images, original and cropped side by side, of an individual Atlantic Salmon from the 233 

1st to 6th sampling spanning a period of 533 days.  234 

Fig. 2. Matching scores from iris recognition software for 41 iris images from 14 fish from the 2nd to 235 

the 4th sampling. The numbering given on the axis is a combination of fish individual (1-14), and 236 

which sampling the image was collected. So e.g. 3:2 is fish individual number 3 from the 2nd sampling. 237 

Scores of iris images matched against themselves were omitted. True and false matches indicated 238 

with bold and italic fonts, respectively. The color of circles indicate which individual the image is from 239 

and size is scaled to the matching score. 240 

http://dx.doi.org/10.1643/CI2020035

