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The preferred tissue for analyses of fish stable isotope ratios for most researchers is muscle, the sampling of
which typically requires the specimen to be sacrificed. The use of non-destructive methods in fish isotopic
research has been increasing recently, but as yet is not a standard procedure. Previous studies have reported
varying levels of success regarding the utility of non-lethally obtained stable isotope materials, e.g. fins,
but none have accounted for the potential compounding effects of inorganic components of fin rays or
lipids. Comparisons of carbon (δ13C) and nitrogen (δ15N) stable isotope ratios of muscle with adipose
and caudal fin of two salmonids, Atlantic salmon (Salmo salar L.) and brown trout (Salmo trutta L.),
revealed that caudal fin can be used as a non-destructive surrogate for muscle in stable isotope analysis,
but that adipose fin, where available, is a better proxy. The use of a published model to inexpensively
counteract the confounding effect of lipids, which are depleted in 13C, greatly improved the relationship
between fish muscle and fins. However, efforts to account for the inorganic components of fin rays were
counterproductive and required twice the biomass of fins clipped from each fish. As this experiment was
conducted on wild fish, controlled laboratory studies are required to confirm these field observations.

Keywords: carbon-13; decalcification; fins; fish; isotope ecology; lipids; methodology; muscles;
nitrogen-15; sampling techniques

1. Introduction

The use of stable isotope analysis (SIA) in ecological research has increased rapidly during the
last two decades [1] and has provided ecologists with a powerful tool within a wide range of
ecological contexts [2]. For over a decade, fish biologists have recognised white muscle as the
preferred tissue for SIA as it shows less variability in δ13C and δ15N compared with other tissues
[3]. However, the use of muscle for SIA typically requires the sacrifice of the individual (but see
[4]). For many researchers this poses a dilemma, as frequently the rationale of the research is to
further understand the ecology of rare or endangered species to improve conservation strategies
[5] or if repeated sampling of individuals is desirable [6]. Some recent studies, however, have
advocated the use of alternative structures that can be sampled non-destructively, such as feathers
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2 C.T. Graham et al.

and claw clippings [7] and blood in birds [8], nail clippings in newts [9] and hair in humans
[10] and wolves [11]. However, it is arguably in the research of fish that alternative, non-lethally
sampled tissues have been used most extensively in SIA, including scales [12–14], adipose fins
[15–17], various rayed fins [13,18,19], mucus [20] and potentially blood [21].

Fin tissues represent potential non-destructive proxies for muscle and other lethally sampled
tissues such as liver or otoliths [3,22]. However, in the majority of studies, the fins used for
stable isotope ratios are rayed fins such as caudal and pectoral fins. Fin rays are an integral
part of the skeleton of bony fishes [23], containing inorganic components such as apatites [24]
that may be metabolically inert and form a non-diet origin. In order to correct for the influence
of inorganic carbon, samples for SIA are typically acidified using a hydrochloric acid solution
[3,25,26]. However, this treatment can affect δ15N values [3,26]. Therefore, many workers analyse
separate HCl-treated samples for δ13C and untreated samples for δ15N, increasing not only the
monetary and labour costs but also the amount of fin clipped from each fish. Although not present
in all families of fish, the adipose fin does not contain any fin rays [27] and may represent a better
proxy for muscle compared with rayed fins.

When conducting studies of trophic interactions between fish consumers and their prey, the lipid
composition in the muscle of fish potentially complicates the interpretation of diet consumed, as
lipids are known to be depleted in 13C [28–30]. A number of methodologies have been developed
to extract lipids using chloroform–methanol or hexane–isopropanol solvent mixtures prior to
analysis. Such lipid-corrected values for δ13C are believed to reflect assimilated carbon more
accurately [31]. Although it has been suggested that lipid extraction methodologies may affect
δ15N values [31,32] and again, many workers analyse two samples, adding to both the financial and
labour costs, other research has concluded no or varying effect of lipid extraction methodologies
on sample δ15N on a variety of tissue types [33,34]. However, lipid-normalising models have been
developed as the lipid content of tissues can be estimated from the ratio of carbon to nitrogen
within tissues. Recently, the most widely used model, that of McConnaughey and McRoy [32],
has been modified and improved for fish muscle [31], providing researchers with an accurate and
cost effective alternative to lipid removal techniques.

Here, we compare δ13C and δ15N values of muscle with adipose fin and acidified and non-
acidified caudal fin (to examine the possible influences of inorganic carbon in fin rays) of two
widely distributed salmonid species, the Atlantic salmon (Salmo salar L.) and the brown trout
(Salmo trutta L.), to determine which non-lethally sampled fin is the more suitable proxy for
muscle in SIA. As the muscle of salmonids can have high lipid content [31], the relationship
between the stable isotope ratios of the fins and muscle corrected for lipid content is examined
using the model modified by Kiljunen et al. [31]. We conducted this study on wild fish and
therefore had no control on the dietary history of the fish. However, in a laboratory-controlled
experiment, Suzuki et al. [35] showed the half-life values were similar for Japanese sea bass
(Labeolabrax japonicus) muscle and fin tissue for both δ13C and δ15N. Our study also focuses on
situations were fish are consumers/predators and not when they themselves are prey, as we did
not compare the fin tissue isotope values to that of the entire fish (see [4]), although muscle mass
comprises approximately 50% of fish total mass [36].

2. Methods

In May 2006, 30 wild brown trout (aged between 0+ and 3+; fork length (FL) range 69–232 mm)
were collected from the River Awbeg, southwestern Ireland (52.14◦N, 8.81◦W). Wild Atlantic
salmon (aged 1+ and 2+; n = 25; FL range 82–135 mm) was collected from the Outeragh River,
southern Ireland (52.39◦N, 7.92◦W) in October 2007. All fish were killed in a solution of 2% clove
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Isotopes in Environmental and Health Studies 3

oil and transported on ice to the laboratory where they were frozen (−20◦C) prior to processing
within a week.

After defrosting at room temperature, all fish were measured and weighed to the nearest mil-
limetre and 0.01 g, respectively. Dorsal white muscle tissue was excised from between the dorsal
fin and the lateral line, insuring that no skin or bones were included in the sample. The adipose
fin was removed, as was a section of the dorsal section of the caudal fin (approximately <1 cm2).
All tissues were oven-dried at a constant temperature of 60◦C for 24–48 h. The dried caudal fin
sample was divided equally, with one half treated with HCl acid to remove inorganic C, by adding
1 M l−1 drop-by-drop until effervescence of carbon dioxide gas ceased, following Jacob et al. [26]
prior to being re-dried at 60◦C for 24–48 h. The remaining caudal fin section was analysed without
treatment to determine the δ15N value unaffected by acid washing. Muscle tissue was ground with
a mortar and pestle to a fine homogenous powder prior to being weighed into combustible tin cups.
Adipose and caudal fins (both acidified and untreated) were clipped into an appropriate size for
analysis using scissors. All samples were weighed to 400 μg. Unfortunately, two of the samples of
untreated trout caudal fins were lost. Simultaneous analysis of stable carbon and nitrogen isotope
ratios of all samples was determined by continuous flow mass spectrometry at the Max Planck
Institute for Limnology, Germany, by combustion in a Eurovector elemental analyser interfaced
to a Micromass Isoprime isotope ratio mass spectrometer (see [37]). The reference materials used
were secondary standards of known relation to the international standards of Vienna PDB for car-
bon and atmospheric N2 for nitrogen. Typical precision for a single analysis was ±0.1‰ for both
δ13C and δ15N. Lipid-corrected δ13C values were calculated based on the model given in Kiljunen
et al. [31]. This approach relies on the ratio of elemental C:N in order to estimate lipid content. As
such, sample masses must be determined to a high level of precision. The salmon tissue samples
in this study were weighed to a precision of 0.001 mg, whereas the trout samples were weighed
to a precision of 0.1 mg. Due to this limited resolution, it was not possible to reliably estimate
lipid-corrected δ13C values for trout using the model of Kiljunen et al. [31].

Paired t-tests were used to compare δ13C and δ15N values between different tissues. The δ13C
and δ15N values of different fins were regressed on muscle isotope values using least-squares
linear regression. These statistical tests were conducted using SPSS 12.1 for Windows. Cochran’s
test for homogeneity and t-tests comparing regression slopes with unity (i.e. to test that the
relationship between fin and muscle isotope values was isometric) were conducted in Excel 2003
for Windows XP.

3. Results

The average difference in stable isotope ratios of fins relative to muscle differed between the two
species, with all three fin types being 13C and 15N-enriched relative to muscle in trout. Conversely,
in salmon, fins were 13C and 15N-depleted relative to muscle. The degree of enrichment differed,
however, with generally a greater difference in δ15N compared with δ13C (Table 1).

3.1. δ15N: muscle vs. fins

There was no difference between the δ15N values of muscle and adipose fin in trout (average
difference = 0.7‰, Table 1). However, there were differences between muscle and both treated
and untreated caudal fin δ15N for both species, and between δ15N values of muscle and adipose
fin in salmon (average differences ranged between −0.9 and 1.3‰, Table 1). While there was
no significant difference between the δ15N values of muscle and adipose fin in trout (Figure 1),
there was considerable scatter around the regression line, resulting in a relatively low R2 value of
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4 C.T. Graham et al.

Table 1. Results of paired t-tests comparing δ13C and δ15N values of muscle and the three fin types examined in
salmon and trout.

Atlantic salmon Brown trout

Paired t-tests t d.f. Sig. Av. diff. t d.f. Sig. Av. diff.

δ15N: muscle vs. adipose fin 13.57 24 <0.001 −0.9 ± 0.1 −0.95 29 =0.349 0.7 ± 0.1
δ15N: muscle vs. caudal fin 12.55 24 <0.001 −0.8 ± 0.1 −4.02 27 <0.001 1.3 ± 0.7
δ15N: muscle vs. acidified

caudal fin
12.55 24 <0.001 −0.7 ± 0.1 −7.09 29 <0.001 0.6 ± 0.1

δ13C: muscle vs. adipose fin 5.528 24 <0.001 −0.6 ± 0.1 −11.68 29 <0.001 0.7 ± 0.1
δ13C: muscle vs. caudal fin 3.846 24 =0.001 −0.4 ± 0.1 −15.67 27 <0.001 1.2 ± 0.1
δ13C: muscle vs. acidified

caudal fin
5.046 24 <0.001 −0.7 ± 0.1 −7.48 29 <0.001 0.7 ± 0.1

δ13C: lipid-corrected muscle
vs. lipid-corrected adipose
fin

−2.378 24 =0.026 0.2 ± 0.7

δ13C: lipid-corrected muscle
vs. lipid-corrected caudal
fin

0.487 24 =0.63 −0.1 ± 0.1

δ13C: lipid-corrected muscle
vs. lipid-corrected acidified
caudal fin

−1.112 24 =0.277 0.1 ± 0.1

Notes: The mean (±SD) difference between tissues reflects enrichment/depletion relative to muscle. Due to limited resolution in the
weighing of trout samples, it was not possible to estimate lipid-corrected δ13C values for these fish.

0.42 (Table 2). Although there were significant differences between muscle and both treated and
untreated caudal fin δ15N values for both species, and between δ15N values of muscle and adipose
fin in salmon (Table 1), regressions between muscle δ15N and all three fin types were highly
significant for both species (Table 2, all p < 0.01). In salmon, the relationships were strongest
in adipose fin, intermediate in caudal fin and less strong in decalcified caudal fin. Conversely, in
trout they were strongest in caudal fin, then adipose fin and finally decalcified caudal fin (Table 2).

3.2. δ13C: muscle vs. fins

There were significant differences between the δ13C of muscle and each of the three fin types in both
salmon and trout (Table 1). However, the average difference between δ13C of muscle and each of
the three fin types in both species was small (0.4–1.2‰, Table 1), resulting in relationships between
muscle and fin δ13 carbon values with R2 values between 0.53 and 0.82 (Figure 1 and Table 2). In
both species, relationships were strongest for adipose, then caudal and finally decalcified caudal
fin (Table 2). The regression between δ13C of muscle and adipose fin was strong in salmon
(R2 = 0.66) and particularly so in trout (R2 = 0.82).

3.3. δ13C: lipid-corrected muscle vs. lipid-corrected fins

When the lipid correction model of Kiljunen et al. [31] was applied to the Atlantic salmon tissue
types, the mean difference between lipid-normalised muscle and fins decreased substantially to
<0.2‰ for all three fin types (Table 1). Furthermore, arithmetic lipid correction also increased
predictive power (as estimated by R2). Following lipid correction, adipose fin once again showed
the highest predictive power (R2 = 0.85), followed in turn by caudal fin (R2 = 0.7) and decalcified
caudal fin (R2 = 0.62). There were no significant differences between lipid-corrected δ13C values
for muscle and lipid-corrected caudal fin and decalcified caudal fin tissues (Table 1). Although
lipid-corrected adipose fin was enriched by on average less than 0.2‰ relative to lipid-corrected
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Isotopes in Environmental and Health Studies 5

(b)

(c)

(a)

(e)

(f)

(d)

Figure 1. Linear regressions examining relationships between δ13C and δ15N values of muscle and each of the three fin
types: adipose fin, caudal fin and decalcified caudal fin for salmon (open markers) and trout (filled markers). A 1:1 line is
shown for clarity.
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6 C.T. Graham et al.

Table 2. Parameters of least-square regressions of δ13C and δ15N of muscle and three different fin types of salmon
and trout (±standard error).

Atlantic salmon Brown trout

Linear regression n R2 Slope (b) Intercept (a) p n R2 Slope (b) Intercept (a) p

δ15N: muscle vs.
adipose fin

25 0.37 0.88 (±0.24) 2.41 (±2.4) =0.001 30 0.42 0.57 (±0.13) 4.979(±1.5) <0.001

δ15N: muscle vs.
caudal fin

25 0.36 0.77 (±0.23) 1.59 (±2.3) =0.002 28 0.58 0.938(±0.15) 0.996(±1.8) <0.001

δ15N: muscle vs.
acidified caudal fin

25 0.26 1.1 (±0.38) −1.7 (±3.9) =0.009 30 0.38 0.754(±0.18) 3.438(±2.1) <0.001

δ13C: muscle vs.
adipose fin

25 0.66 0.59 (±0.9) −15.97 (±3.3) <0.001 30 0.82 0.969(±0.09) −0.215(±2.5) <0.001

δ13C: muscle vs.
caudal fin

25 0.64 0.64 (±0.1) −13.73 (±3.8) <0.001 28 0.69 0.838(±0.11) −3.389(±3.1) <0.001

δ13C: muscle vs.
acidified caudal fin

25 0.53 0.67 (±0.13) −12.93 (±4.9) <0.001 30 0.57 0.812(±0.13) −4.630(±3.8) <0.001

δ13C: lipid-corrected
muscle vs. lipid-
corrected adipose fin

25 0.85 0.71 (±0.64) −10.23 (±2.3) <0.001

δ13C: lipid-corrected
muscle vs. lipid-
corrected caudal fin

25 0.7 0.62 (±0.09) −13.71 (±3.1) <0.001

δ13C: lipid-corrected
muscle vs. lipid-
corrected acidified
caudal fin

25 0.62 0.72 (±0.12) −9.94 (±4.3) <0.001

Table 3. Average (±SD), minimum and maximum C:N values of Atlantic salmon
muscle and adipose, caudal and acid-treated caudal fin tissue.

Muscle Adipose fin Caudal fin Acidified caudal fin

Average 3.46 (±0.02) 3.97 (±0.03) 3.69 (±0.02) 3.99 (±0.05)
Minimum 3.41 3.65 3.49 3.49
Maximum 3.88 4.28 4.08 4.49

muscle, they were still statistically significantly different, despite the strong significant relationship
between the two (Table 1 and Figure 2). The average, minimum and maximum of the Atlantic
salmon muscle, adipose, caudal and HCl-treated caudal fin C:N ratios are shown in Table 3.

Table 4. Results of t-tests examining whether the slopes of regressions between different tissues types were significantly
different from unity (i.e. the relationship was isometric).

Salmon Trout

Comparison of regression slope with unity t d.f. Sig. diff. t d.f. Sig.

δ15N: muscle vs. adipose fin 0.38 46 p > 0.05 3.39 56 p < 0.01
δ15N: muscle vs. caudal fin 1.04 46 p > 0.05 0.4 52 p > 0.05
δ15N: muscle vs. decalcified caudal fin −0.25 46 p > 0.05 1.36 56 p < 0.01

δ13C: muscle vs. adipose fin 4.63 46 p < 0.01 0.36 56 p > 0.05
δ13C: muscle vs. caudal fin 3.53 46 p < 0.01 1.47 52 p > 0.05
δ13C: muscle vs. decalcified caudal fin 2.49 46 p < 0.01 1.41 56 p > 0.05

δ13C: estimated defatted muscle vs. estimated defatted adipose fin 0.45 46 p > 0.05
δ13C: estimated defatted muscle vs. estimated defatted caudal fin 4.37 46 p < 0.01
δ13C: estimated defatted muscle vs. estimated defatted decalcified

caudal fin
2.35 46 p < 0.01
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Isotopes in Environmental and Health Studies 7

Figure 2. Scatterplots showing the relationship between estimated lipid-free muscle δ13C values for salmon and three
different fin types: (A) adipose fin, (B) caudal fin and (C) acidified caudal fin. 1:1 lines are shown for clarity.
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8 C.T. Graham et al.

3.4. Correction factor to account for enrichment/depletion of fins relative to muscle

The regression of salmon adipose, caudal and decalcified caudal fin δ15N values on muscle δ15N
showed that these tissues were predictably 15N-depleted relative to muscle (Table 4), allowing
a simple arithmetic correction to estimate muscle δ15N from fin tissues. In trout, adipose fin
δ15N values were not statistically distinguishable from muscle values. The relationship between
trout muscle δ15N and that of acid-treated and non-treated caudal fins differed. Whereas a simple
correction factor could be applied to non-treated caudal fins, the slope of the regression between
muscle and acid-treated caudal fin was significantly different from unity and therefore a simple
correction factor was not possible (Table 4).

4. Discussion

Comparison of δ13C and δ15N values of muscle, caudal and adipose fin tissues taken from the
same individuals has revealed the existence of significant relationships between muscle tissue and
each of the fin types. However, there was a considerable difference between the capacities of each
of the three fin types in predicting muscle δ13C or δ15N values, with adipose fin proving to be the
most suitable proxy.

Brown trout adipose fins were a suitable proxy for δ15N values of muscle as the δ15N values of
the two tissues were statistically indistinguishable. The isometric relationship between all three
Atlantic salmon fin tissues and brown trout untreated caudal fin with muscle δ15N values means
that a simple correction factor could be applied in order to predict muscle δ15N values from the fins
of these salmon. However, this was not the case with brown trout decalcified caudal fins, which
were an unsuitable surrogate for muscle δ15N values. Despite significant relationships between
muscle δ15N and each of the fin types, there was considerable variation in the strength of these
relationships, with a maximal R2 values of 0.58. This compares to values generally ranging from
0.5 to 0.98 in the literature [19,38,39], although in some tropical fish this can be as low as 0.1
[19]. Previous studies have shown that relationships between fin and muscle δ15N are typically
less robust compared with fin–muscle δ13C relationships [13,18,19].

In our study, salmon fins were 15N-depleted compared with muscle, similar to previous findings
[17,18]. However, the trout we sampled had fins that were 15N-enriched relative to muscle which
is in contrast with the results of McCarthy and Waldron [40], who reported that adipose fin tissues
of brown trout were 15N-enriched in relation to muscle. The existence of such differences among
not only a family of fish but between populations of the same species is notable. This may reflect
a seasonal effect or variation in the turnover times between different tissues following a recent
dietary switch, despite evidence that 15N turnover time in fish fins and muscle is similar [35].
Regardless, it does suggest that study or population-specific conversion factors may be required.
Similar to the recommendations of Jardine et al. [19] we suggest that δ15N values of fin tissues
can be used in the place of muscle but that there will be a small degree of error associated with
this substitution.

Comparison between salmon and trout muscle δ13C values with the different fin tissues has
revealed the clear potential for adipose fins to be used as a reliable proxy for muscle tissue. In
trout, all fin tissues were slightly 13C-enriched but closely related to muscle δ13C. This reflects
the results of other studies on a range of fish species from both tropical and temperate regions,
including other salmonids [18,19,41]. Although the relationships between salmon fin and muscle
tissue δ13C were also strong, in contrast to trout, fin tissues were 13C-depleted relative to muscle.
However, this difference may reflect inter-species differences in the lipid content of the different
tissues, which would be nullified by the lipid correction model, such as was the case with the
Atlantic salmon here.
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Isotopes in Environmental and Health Studies 9

The coefficients of determination estimated in our regressions of fin δ13C values on muscle
δ13C varied between 0.53 and 0.82. These results compare favourably with other studies, e.g. of
tropical fishes (R2 between 0.59 and 0.96) [19], salmonids (R2 between 0.33 and 0.97) [18,38,
41] and other temperate fishes (R2 between 0.92 and 0.97) [13,39,42]. However, although our
regressions were significant, there were differences between all fin and muscle δ13C values with
considerable scatter around the regression line. However, this phenomenon is not uncommon
and has been reported for lake trout (Salvelinus namaycush) [38], steelhead trout (Oncorhynchus
mykiss) [41] and barramundi (Lates calcarifer) [19]. It is possible that individual variation and
weak relationship between muscle and fin tissue may reflect variation in the level of influence of
lipid-derived C at both the level of the individual and between tissues.

The use of stable isotopes to infer consumer diet requires an understanding of how the isotope
ratio of the food source is reflected in the tissues of the consumer [43], especially when utilising
mixing models to calculate the contribution of different sources to the tissues of an animal [44,45].
It is well established that lipids are 13C-depleted [28–30] and that lipid-corrected values for δ13C
are believed to reflect assimilated carbon more accurately. Therefore, the comparison of interest
for δ13C should be if the lipid-corrected fin values accurately reflect the lipid-corrected muscle
values and hence, diet of the study fish. With the application of the lipid correction model [31],
the average difference of δ13C between muscle and fin was reduced considerably to less than
0.2‰ for all fin types, which is very similar to the typical analytical precision for a single analysis
of δ13C (±0.1‰ based on the standard samples analysed). Despite this minor discrepancy, there
was a difference between the lipid-corrected δ13C values of salmon muscle and adipose fin. The
isometric relationship of the regression between lipid-corrected adipose fin and lipid-corrected
muscle was strong, and a simple correction factor of −0.2‰ applied to the lipid-corrected δ13C
values of adipose fin would provide reliable and accurate estimates of the lipid-corrected δ13C
values of salmon muscle. However, as the difference between lipid-corrected δ13C values of
salmon muscle and each fin type was similar to the level of precision for a single analysis of δ13C,
there is most likely no correction factor required.

The use of this lipid correction model [31] undoubtedly greatly improved the ability of fins to
predict the δ13C isotopic ratio of muscle. This is the first study that we know which has used the
model of Kiljunen et al. [31] when testing the suitability of any tissue as a non-destructive method
of sampling fish. Dempson and Power [17] lipid-corrected the δ13C values of muscle using the
model of McConnaughey and McRoy [32] prior to their analysis. In contradiction to the results
here, the lipid-corrected δ13C values of the adipose fins were enriched in 13C by 0.5‰ relative
to muscle, which they attributed to the larger multi sea-winter salmon having more lipids in their
adipose fins. However, the lipid-normalisation model used by McConnaughey and McRoy’s [32]
assumed a C:N ratio of 4 to be normal for animal tissue. Therefore, the discrepancy between
the lipid-corrected δ13C values of muscle and adipose fins in the salmon tested by Dempson
and Power [17] is most probably caused by an underestimation of muscle C:N values in adult
salmon, which can be quite high and variable (mean C : N = 6.78 ±2.67 SD) compared with
other fish species as reported by Kiljunen et al. [31]. Other researchers investigating the use of
other tissues as a non-lethal form of obtaining stable isotope samples from fish have indicated
that lipid correction was not necessary when C:N ratios are below 4 [19,38,41]. However, lipids
can result in considerable depletion in 13C at C:N ratios between 3.2 and 4 of up to 1.3‰ [31].
Jardine et al. [19] reported an increase of up to 0.9 in the C:N ratio of muscle compared with
caudal fin of tropical fish, which is higher than the 0.7 discrepancy between tissues of any of
the salmon individuals in this study. It is likely that the correction of these tissues would have
greatly enhanced the relationship between these δ13C values tissues. However, we must highlight
that this lipid correction model of Kiljunen et al. [31] was developed and validated for correcting
the lipid content of fish muscle and no other tissue such as fins, particularly those containing
inorganic constituents such as caudal fins, as we have applied it here. However, it is clear that
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10 C.T. Graham et al.

lipids complicate the interpretation of mixing model outputs [31] and hence lipid-corrected δ13C
data are ideally what is desired when applying such mixing models.

We hypothesised that the inorganic content of the caudal fin would reduce the effectiveness of
this tissue to accurately predict the stable isotope ratios of carbon of the fish muscle. However,
the decalcification process actually impaired rather than improved the ability of caudal fin to act
as a proxy for flesh. HCl treatment can affect the C:N ratio, even on samples that are presumably
calcium carbonate free [26] and therefore may have influenced the comparison of lipid-normalised
decalcified caudal fin with muscle. This procedure also doubles the number of samples required
for analyses as the δ15N values were affected by the decalcification process as demonstrated
elsewhere [3,26], doubling not only the price but the biomass of fin clip required. We therefore
conclude that there is no benefit in the decalcification of inorganic fin rays when using rayed fins
as a non-lethal form of obtaining stable isotope ratios of fish.

The clipping of adipose fin as a standard marking technique is widely used on millions of
salmonids every year that are reared for stocking fisheries. Traditionally, the adipose fin has been
considered as vestigial without clear function. Recently, however, the detection of an extensive
neural network throughout the adipose fin suggests that it is operating as a mechanosensory
organ nervous tissue [27]. Laboratory experiments have indicated reduced swimming proficiency
after the removal of the adipose fin of rainbow trout (O. mykiss), suggesting that it may act as a
precaudal flow sensor, particularly in turbulent water [46]. The clipping of any fin also exposes
the fish to potential of infection. Nevertheless, experimental evidence indicates that the removal
of the adipose fin has less impact than the removal of other fins [47] and its removal may be
preferential over the killing of the fish to obtain a sample for SIA.

The destructive sampling of fish is undesirable and the results of this study support the use of
non-lethally obtained fin samples of fish for SIA of δ13C and δ15N. Although it appears from the
data here that adipose fin is the most suitable for predicting δ13C and δ15N values of muscle, many
species of fish do not possess an adipose fin. However, the use of rayed fins also accurately predicts
the δ13C and δ15N values of muscle, without the requirement to decalcify this tissue to account
for inorganic carbon components of the fin rays. However, samples ought to be corrected for lipid
content when estimating the δ13C values of fins. This is not solely because of the difference in
the lipid content of various tissues but rather due to the fact that lipid-corrected values reflect the
assimilated carbon from the diet more accurately.

There are numerous advantages of non-lethal sampling of fish fins, e.g. it permits the repeated
collection of values from the same individual over time, which can be very useful in tracking
individual migration patterns or ontogenetic shifts in feeding ecology. Most importantly, it allows
researchers to use this powerful tool to study fish that are threatened or endangered without the
need to sacrifice every individual they sample. However, difference in fractionation recorded in
δ15N among not only a family of fish but between populations of the same species is notable and
may restrict the general application of these results and therefore may require the sacrifice of
some individuals to determine any conversion factor required.
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