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Abstract. 34S and 13C analyses were used to determine the origin of trout specimens. The isotope record of their 
scales and muscles are compared with a database previously obtained from wild- and reared fish coming from 
Polish rivers and pond farms. The comparison made it possible to find out whether the trout were wild or reared. 
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1. Introduction 

 
Trout are among the most valuable fish for angling and for eating. Wild trout are 

protected and their catching is strongly limited. State laws restrict their capture to fishing 
with artificial baits. Anglers must also abide by seasonal-, size-, and number limits. During 
spawning any catching of fish is forbidden and, in some rivers sectors, fishing may be 
forbidden for all the times. For efficient protection, fish sold in shops also need to be under 
control. In this case, knowledge of the origin of sold fish can be important and, sometimes, 
methods for identifying the origin of fish can be required in order to exclude an illegal 
source. Isotope techniques can be very useful in this purpose. 

Hobson (1999) points out the value of isotope analyses as a useful indicator for 
understanding the ecology of migratory animals and for recognising relations between food 
and animal tissues. The isotopic composition of animal tissue reflects diet. Fish scales, 



34 

especially, contain an isotopic record of the whole life of a fish, while the muscles may 
inform about the last months. The isotopic composition of fish scales reflects the isotopic 
composition of the most common diet, which originates partly from river water 
(autochthonous diet) and partly outside the river (allochthonous diet). In large rivers 
autochthonous diet dominates while, in small streams, allochthonous diet is more 
significant. Reared fish differ very greatly in their isotopic composition compared to wild 
populations because they are fed commercial pellets (Dempson, Power 2004). 

Research on fish ecology uses -analyses to study: (1) food web relations (Hobson 
1999; Fry 2002, 2006; Jardine et al. 2004; Hutchinson, Trueman 2006; Murchie, Power 
2008; Solomon et al. 2008, Blanco et al. 2009), (2) fish migration, (3) to recognize fish 
origin (McCarthy, Waldron 2000; Dempson, Power 2004; Charles et al. 2004; Kennedy et 
al. 2004; Ciancio et al. 2005, 2008; Jardine et al. 2005a, b, Sinnatamby et al. 2008; 
Solomon et al. 2008) and (4) to distinguish anadromous and resident forms of salmonid 
species.  

The results derived from the present study show the possible application of stable 
isotope techniques for identifying the origin of fish. Comparison of the S and C isotopic 
composition of fish scales extracted from wild- and reared fish with the isotopic record of 
trout (Salmo trutta m. fario) of unknown origin was the tool used to distinguish wild- from 
reared specimens. The wild fish (trout and grayling) used for comparison originated from 
the Polish rivers (SE Poland), the reared trout came from commercial pond farms and the 
specimens of sea trout, living in the Baltic Sea, were caught in Pomeranian rivers. Their 
isotopic composition and relationship between their isotopic record with different riverine 
conditions were studied previously (Trembaczowski, Niezgoda 2011). The trout of 
unknown origin were delivered by a guard of the fisheries of the Polish National Angling 
Association. 

 
2. Method 

 
Muscle and scale samples collected from two trout were analyzed for S and C isotopes. 

Samples were cleaned (washed in distilled water, rinsed with acetone) and dried in air at the 
temperature at 60oC. The fish scales were washed with distilled water until they were clean. 
A small amount of KOH was added to remove other organic materials like slime or the 
remains of skin. Samples of dry muscle were homogenized with a mortar.  

The amount of dry material needed for 13C analysis was small (6–9  mg), while the 
amount used for 34S analysis was larger (300–1000 mg) due to low S concentration. The 
dry samples were combusted in a Parr bomb and the sulphur extracted as barium sulphate 
was converted to SO2 for 34S analysis in a vacuum line at 800oC (Halas, Szaran 2001, 
2004). The samples used for 13C analysis were combusted with CuO at the temperature at 
560oC in sealed pyrex glass ampoules. Isotope analyses were performed with a dual-inlet 
system, triple-collector mass spectrometer. The 34S data are expressed relative to VCDT 
using NBS-127 as a standard and 13C relative to PDB using NBS-22 and IA-R042 
(powdered bovine liver). The standard uncertainty in all cases was 0.05‰. All samples 
were prepared and measured twice; no significant differences were found.  
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3. Results and discussion 
 
The scales and muscles of two adult trout were delivered to the laboratory to ascertain 

whether they were wild or reared. The fish, being sold during the spawning period, were 
confiscated by a guard. Although the seller assured that the trout came from a farm, it was 
suspected  that they were wild fish illegally caught. 

The isotope record of scales extracted from fish inhabiting different rivers reflect their 
distinct habitat conditions (nature of available diet), whereas the -values of scales from 
reared trout reflect the isotopic composition of the pellets used for feeding (Dempson, 
Power 2004). This information may be key to determining whether the fish was wild or 
reared. Results of -analyses are shown in Table 1. These -values may be compared with 
-values obtained for wild and reared fish (trout and grayling) from Polish rivers (see  
Fig. 1). 

 
TABLE 1 

 
Sulphur and carbon isotopic composition of two trout of unknown origin. 

 
-values Trout A Trout B 


34

S (‰) scales -2.27 -2.08 


34

S (‰) muscles +2.03 -6.27 


13

C (‰) scales -22.24 -23.35 


13

C (‰) muscles -26.84 -26.22 

 
The values of 34S in trout scales from several Polish rivers range from: -13‰ to +7‰ 

and the 13C values of the scales, from: -31‰ to -21‰ (Trembaczowski, Niezgoda 2011). 
This isotopic record reflects the diet of wild fish living in natural conditions. Reared trout, 
fed commercial pellet produced from fish meal, have a different isotopic composition. They 
are substantially enriched in the heavier sulphur isotope than are wild fish because the feed 
(pellet) is produced from sea fish. The 34S recorded in the scales of reared trout range 
from: +11‰ to +26‰. Compared to the wild fish, the reared trout also show enrichment in 
the heavier carbon isotope with 13C ranging from: -22‰ to -19‰. Average values of 34S 
for the sampled reared trout are close to +16‰ and average 13C values, close to -21‰. 
The 34S of a pellet sample is +14.26‰, and the 13C, -22.92‰.  
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Fig. 1. The comparison of 13C and 34S values extracted from trout of unknown origin (UTS – scale 
extract, UTM – muscle extract) on the background of the results of the earlier study (Trembaczowski, 
Niezgoda 2011).Wild trout and grayling originated from five rivers in SE Poland – Bystrzyca, 
Wieprz, Por, San, Krężniczanka. 

 
4. Conclusion 

 
This study has demonstrated that stable isotope -values of analyzed trout of unknown 

origin are similar to those of wild fish living in natural conditions and that they differ 
considerably from those of trout that are fed artificial food. These two trout could not have 
entered the pond by passing through the grill from the river as young fish as, in that case, 
the isotopic composition of their tissues, scales and especially muscles, would have been 
changed during growth and both S and C -values would be higher than they are. On the 
other hand, adult trout could not have got into the pond through the grill. Our S and C  
-analyses confirm that the trout had been taken from the river and had not been reared in 
ponds.  
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and constructive comments.  

 
5. References 

 
Blanco, A., Deudero, S., & Box, A. (2009). Muscle and scale isotopic offset of three fish species in the 

Mediterranean Sea: Dentex dentex, Argyrosomus regius and Xyrichtys novacula. Rapid Communication Mass 
Spectrometry, 23(15), 2321-2328. 



37 

Charles, K., Roussel, J.-M., & Cunjak, R.A. (2004). Estimating the contribution of sympatric of anadromous and 
freshwater resident brown trout to juvenile production. Marine and Freshwater Research, 55(2), 185-191. 
DOI: 10.1071/MF03173. 

Ciancio, J.E., Pascual, M.A., Lancelotti, J., Riva Rossi, C., & Botto, F. (2005). Natural colonization and 
establishment of a Chinook salmon, Oncorchynchus tshawytscha, population in the Santa Cruz River, an 
Atlantic basin of Patagonia. Environmental Biology of Fishes, 74(2), 219-227. 

Ciancio, J. E., Pascual, M. A., Botto, F., Amaya-Santi, M., O'Neal, S., Riva Rossi, C., & Iribarne, O. (2008). 
Stable isotope profiles of partially migratory salmonid populations in Atlantic rivers of Patagonia. Journal of 
Fish Biology, 72(7), 1708-1719. DOI: 10.1111/j.1095-8649.2008.01846.x. 

Dempson, J.B., & Power, M. (2004). Use of stable isotopes to distinguish farmed from wild Atlantic salmon, 
Salmo salar. Ecology of Freshwater Fish, 13(3): 176-184. DOI: 10.1111/j.1600-0633.2004.00057.x. 

Fry, B. (2002). Stable isotopic indicators of habitat use by Mississippi River fish. Journal of the North American 
Benthological Society, 21(4) 676–685. 

Fry, B. (2006). Stable Isotope Ecology. New York: Springer. 
Halas, S., & Szaran, J. (2001). Improved thermal decomposition of sulfates to SO2 and mass spectrometric 

determination of 34S IAEA SO-5 and NBS-127 sulfate standards. Rapid communication Mass Spectrometry, 
15(17), 1618-1620. 

Halas, S., & Szaran, J. (2004). Use of Cu2O-NaPO3  mixtures for SO2 extraction from BaSO4 for sulfur isotope 
analysis. Isotopes in Environmental and Health Studies, 40(3), 229-231. 

Hobson, K. A. (1999). Tracing origins and migration of wildlife using stable isotopes: a review. Oecologia, 
120(3), 314-326. 

Hutchinson, J. J., & Trueman, C. N. (2006). Stable isotope analyses of collagen in fish scales: limitation set by 
scale architecture. Journal of Fish Biology, 69(6), 1874-1880. DOI:10.1111/j.1095-8649.2006.01234.x. 

Jardine, T.D, Cartwright, D.F, Dietrich, J.P., & Cunjak, R.A. (2005a). Resource use by salmonids in riverine, 
lacustrine and marine environments: Evidence from stable isotope analysis. Environmental Biology of Fishes, 
73(3). 309-319. 

Jardine, T.D., Gray, M.A.,  McWilliam, S.M., & Cunjak, R.A. (2005b). Stable Isotope Variability in Tissues of 
Temperate Stream Fishes. Transactions of the American Fisheries Society, 134(5), 1103-1110. DOI: 
10.1577/T04-124.1. 

Kennedy, B.P., Chamberlain, C.P., Blum, J.D., Nislow, K.H., & Folt, C.L. (2005). Comparing naturally occurring 
stable isotopes of nitrogen, carbon, and strontium as markers for the rearing locations of Atlantic salmon 
(Salmo salar) Canadian Journal of Fisheries and Aquatic Sciences, 62(1), 48-57. 

McCarthy, I.D, & Waldron, S. (2000). Identifying migratory Salmo trutta using carbon and nitrogen stable isotope 
ratios. Rapid Communications in Mass Spectrometry, 14(15), 1325-1331. 

Murchie, K.J., & Power, M. (2004). Growth- and feeding-related isotopic dilution and enrichment patterns in 
young yellow perch (Perca flavescens). Freshwater Biology, 49(1), 41-54. 

Sinnatamby, R.N., Dempson, J.B., & Power, M. (2008). A comparison of muscle- and scale-derived 
13

C and 
15

N 
across three life-history stage of Atlantic salmon Salmo salar. Rapid Communication Mass Spectrometry, 
22(18), 2773-2778. 

Solomon, C.T., Carpenter, S.,R., Rusak, J.A., & Zanden, J.V. (2008). Long-term variation in isotopic baselines 
and implications for estimating consumer trophic niches. Canadian Journal of Fisheries and Aquatic 
Sciences., 65(10), 2191-2200. 

Trembaczowski, A., & Niezgoda, H. (2011). Relationship between isotope composition of sulphur in sulphate 
dissolved in river water and sulphur extracted from fish scales, Isotopes in Environmental and Health Studies, 
47(2), 189-213. 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




