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Abstract White muscle has been traditionally used in
determining §'°C and §'°N signatures in fish but ethics
and the current conservation status of many species
mean the application of non-lethal sampling procedures
is mandatory. In this study we test whether fins and
scales can be used as non-lethal alternatives of muscle
tissue for stable isotope analysis by comparing their
6'3C and 6" N signatures, in two native (Barbus haasi,
Squalius laietanus) and three introduced fish species
(Rutilus rutilus, Lepomis gibbosus and Alburnus
alburnus), collected in rivers from north-eastern Spain.
Our results showed fins and scales were generally
enriched in "*C and depleted in '°N compared to mus-
cle, and that both tissues were generally a moderate
predictor of the isotopic composition of muscle for most
species with the exception of Ebro chub (R*= 0.59—
0.97). This study highlights the importance of determin-
ing the isotopic relationship between lethal and non-
lethally sampled tissues before making straightforward
equivalences, and also pinpoints the need for a more
comprehensive understanding of how isotopic discrim-
ination occurs in fins, scales and muscle tissues.
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Introduction

Stable isotope analysis of C and N (hereafter 6'°C and
6"°N, respectively) is a common method in studies of
animal ecology (Vander Zanden et al. 1999; Post 2002).
The predictive enrichment in 6'°N throughout trophic
levels (i.e. 3—4 %o) enables the determination of the
animal trophic position, and the similarity in §"°C be-
tween diet and consumer allows the determination of
foraging habitat (Vander Zanden et al. 1997). White
muscle tissue has been traditionally used in determining
the §'°C and 6'°N signatures in fish due to the low lipid
content and its easy homogenization compared to other
tissues such as gonads or liver (Pinnegar and Polunin
1999; Jardine et al. 2005; Sinnatamby et al. 2008).
Preference for low lipid content tissues is based on '*C
depletion in lipids as a result of discrimination against
the heavier isotope during lipogenesis (DeNiro and
Epstein 1977; Pinnegar and Polunin 1999). However,
other tissues obtained by a non-lethal sampling may be
equally suitable for stable isotope analysis. Poor knowl-
edge regarding the isotopic similarity between lethally
and non-lethally sampled tissues limits the adoption of
these non-lethal alternatives for future studies of stable
isotopes (Kelly et al. 2006; Fincel et al. 2012; Tronquart
et al. 2012). A reduction of lethally sampled tissues
currently broadens the scope of many studies, particu-
larly for threatened/endangered species, while reducing
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the number of animals used in research is also needed
according to animal welfare standards (Maceda-Veiga
2013).

Examining how non-lethally sampled tissues com-
pare in isotopic signatures with the muscle tissue is the
first step for the progressive replacement of the white
muscle in stable isotope analysis (Jardine et al. 2005;
Blanco et al. 2009; Tronquart et al. 2012). Non-lethally
sampled tissues, such as fins and scales, arise as poten-
tial non-lethal alternatives for muscle in 5'*C and 5'°N
isotopes in fish with some additional advantages such as
easy preservation, transportation and even low lipid
content (Grey et al. 2009; Inamura et al. 2012). In
addition, fins and scales are typically the target tissues
in studies of genetics and ageing in high valuable fish
species (Metcalf and Swearer 2005), suggesting that fish
health is not affected seriously by fin clipping and the
removal of some scales. For stable isotope analysis, fins
and muscle tissues are reportedly to have the most
similar isotopic signatures but making straightforward
equivalences is generally discouraged (Hobson and
Clark 1992; Kelly et al. 2006; Blanco et al. 2009). The
isotopic values of non-lethally sampled tissues could be
equivalent to those of muscle by using correction factors
(e.g., constant enrichment or depletion in a given isoto-
pic signature) (Blanco et al. 2009; Fincel et al. 2012).
However, such correction factors are unlikely to be of
widespread use because the isotopic composition of fish
tissues can differ between species, populations and sam-
pling sites (Kelly et al. 2006; Fincel et al. 2012; Willis
etal. 2013).

The present study aimed to test whether fins and
scales of two native (Barbus haasi, Squalius laietanus),
and three introduced fish species (Rutilus rutilus,
Lepomis gibbosus and Alburnus alburnus) collected in
rivers from north-eastern Spain can be used as non-
lethal alternatives of muscle tissue in carbon and
nitrogen stable isotope analysis. Tronquart et al. (2012)
have recently suggested that fin tissue presents equiva-
lent isotopic signatures with muscle in roach, pumpkin-
seed and a closely related species to Ebro chub (former-
ly S.cephalus) in temperate European rivers. Therefore,
we expected to observe the same isotopic relationship
between these tissues in our set of species. As tissue
isotopic relationships are influenced by tissue constitu-
ents, we also predicted the strength of the isotopic
relationship between muscle and fins would be higher
than between muscle and scale tissues. Finally, we
discussed the suitability of the correction factors for
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determining muscle’s isotopic signature from that of
the non-lethally sampled tissues in these species.

Material and methods
Fish sampling and tissue collection

Sampling was performed on two consecutive days in
September 2008 as part of a pilot study to determine
parasite baseline of fish inhabiting three Mediterranean
rivers in north-eastern Spain. Fish were caught with a
portable electro fishing unit which generated up to
400 Vand 2 A pulsed DC in Sant Joan de Vilatorrada
(E:400340, N:4622900) in Llobregat basin with the
exception of B. haasi collected in Stria, (E:396054,
N:4631395), and S. laietanus in Sabadell (E:424071,
N:4603425) in Llobregat and Besos basins, respectively
(Fig. 1). Each fish was then euthanised using an over-
dose of MS-222 (3-aminobenzoic acid ethyl ester;
Sigma-Aldrich®), identified individually in plastic bags
and kept in ice in isothermal bags during surveys and
then frozen upon arrival at the laboratory. Later, fish
were unfrozen, measured to the nearest mm (fork length,
FL) and weighed to 0.01 g (total body wet weight, W).
We also collected a sample of white muscle tissue
(~2 cm?) from each fish and 10-30 scales from mid
dorsal section below the dorsal fin and a caudal fin clip
(~0.5 cm?). Fin and scales were then rinsed with distilled
water, shaken, and observed under a stereomicroscope
to guarantee organic debris removal.

Sample processing for stable isotope analysis

All samples were dried at 60 °C for 48 h and grounded
to fine powder. To minimize the effect of the high lipid
content of muscle compared to fins or scales on §'°C,
muscle samples underwent lipid-extraction with three
consecutive 10 min baths in chloroform-methanol
(CHCl; - CH30H; 2:1) and ultrasonic irradiation at three
consecutive series discarding the supernatant at each
bath. Alternatively, §'°C values in muscle could be also
reliably standardised by the application of a mathemat-
ical correction (Satterfield and Finney 2002; Post et al.
2007). Although chloroform-methanol extraction is
widely applied to remove the lipid content, it may
modify 6'°N signatures (Post et al. 2007). This bias,
however, can be considered irrelevant to a certain extent
because it is within the range of the analytical error
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Fig.1 Localisation in the Iberian Peninsula of the 3 fishing points in the 2 basins: the native species caught in Sabadell (Squalius laietanus)
and Stria (Barbus haasi) and the exotic ones in Sant Joan de Vilatorrada (A/burnus alburnus, Lepomis gibbosus and Rutilus rutilus)

(6"°N=0.3 %) for continuous flow techniques used in
stable isotope analysis (Pinnegar and Polunin 1999; Post
et al. 2007). Sub-samples of the powdered muscle
(~0.30 mg), scale (~0.35 mg) and caudal fin clip
(~0.50 mg) were then homogenised, weighed to the
nearest pg, and placed into ultraclean tin capsules. For
the determination of isotopic composition, samples were
oxidised in a Flash EA1112 and TC/EA coupled to a
stable isotope mass spectrometer Delta C through a
Conflo III interface (ThermoFinnigan). Analytical accu-
racy was controlled using replicate assays of certified
standards indicating an analytical error of 0.1 %o and
+0.3 %o for 6'°C and 6'°N, respectively. The isotopic
ratio mass spectrometry facility at University of
Barcelona applies international standards (IAEA CH7,
IAEA CH6 and USGS 40 for C, IAEA N1, IAEA N2
and IAEA NO3 for N), which are analysed every 12
samples to calibrate the system and compensate for any
drift over time. Isotope ratios are expressed convention-
ally as ¢ values in ppt (%o) according to the following
equation: 0X=[(Rsample/Rstandara) — 111,000, where X
(%o) is '°C, >N, and R are the corresponding ratios

BC/2C and B N/”N, related to the standard values: R
standard for '*C is Pee Dee Belemnite (PDB), for °N is
atmospheric nitrogen (AIR).

Statistical analysis

Using parametric statistics as data achieved normality
and homogeneity of variances after arcsine square-root
transformation based on Shapiro-Wilk and Levene’s
tests, mean d'°C and 6"°N signatures were compared
between muscle, fins and scales collected from each fish
species using a one-way repeated measures ANOVA.
As there is no proper function in R for post-hoc
(pairwise comparisons) after this type of ANOVA, we
applied a paired #-test and then corrected the p-values
using the procedure described by Benjamini and
Hochberg (1995) (“p.adjust” function in R) (see Garcia
2004 for details). To further explore the suitability of fin
and scales as surrogates for muscle tissue in 6"°C and
§"°N analysis, we also determined the isotopic relation-
ship between these tissues using the standardised major
axis (SMA) linear regressions (‘Imodel2’ function in R).
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Compared to ordinary least squares regressions, SMA
regression enables a more accurate calculation of the
regression parameters assuming natural variability and
measurement error in the two variables analysed
(Legendre 1998). All analyses were performed in R
v.2.15.2 (R Development Core Team 2012) using the
libraries ‘stats’ and ‘lmodel2’, and assuming the alter-
native hypothesis at P <0.05.

Results

Mean 6"°C and 6'°N values significantly differed be-
tween the three tissues analysed in each of the five fish
species: bleak (n=25; §'°C: F=107.6, P<0.001; 6"°N:
F=103.9, P< 0.001), pumpkinseed (n= 22; §'°C: F=
51.2, P< 0.001; 6"°N: F=34.0, P< 0.001), roach (n=
12; 6°C: F=162.8, P< 0.001; §"°N: F= 81.7, P<
0.001), Ebro chub (n= 27; §'3C: F= 44.5, P< 0.001;
§"°N: F=40.7, P< 0.001) and Iberian redfin barbel (n=
10; 6'3C: F=49.7, P<0.001; 6'°N: F=70.3, P<0.001)
(Table 1). For all the species, our results showed a
variety of scenarios depending on the target isotope,
tissue and species, although most species consistently
showed significant differences between muscle and
non-lethally sampled tissues (Table 1). The differences

Fig. 2 SMA linear regressions between muscle 6'°N and 6'°C >
values and fin (xp) and scale (xg) tissues in: a bleak (4lburnus
alburnus); b Iberian redfin barbel (Barbus haasi); ¢ pumpkinseed
(Lepomis gibbosus); d roach (Rutilus rutilus); and e Ebro chub
(Squalius laietanus). Dotted lines and filled circles represent fin,
while dashed lines and empty triangles represent scales. Note that
only in significant relationships (from Table 2) the fitted line is
shown

can be accounted for the fact that fins and scales were on
average depleted in N (| A"’ N| =0.37+0.84;
| A15N| =1.76+0.75, respectively) and enriched in
Be (| APc| =015 £ 084; | ABC| =231 + 0.56,
respectively) as compared to muscle tissue (Table 1).
These results were mostly concordant with the deter-
mination of tissue-isotope relationships calculated with
the standardised major regression analysis. Of the five
fish species examined, roach, pumpkinseed and Ebro
chub showed a significant relationship between the iso-
topic values of the muscle and those of scales and fin
tissues (Fig. 2, Table 2). Ebro chub showed the strongest
relationship between the isotopic signatures of the three
tissues examined (Fig. 2e, Table 2). However, the esti-
mated explained variation in the tissue-isotope pairs for
the remaining species was moderate (R°= 0.59-0.75)
and the slopes of the linear regressions (b) deviated

Table 1 Biometric variables and the comparison of isotopic signatures between tissues (muscle, caudal fin and scale) and species (x-=SD)

Species n  Fork length (mm) Weight (g) Tissue SN (%o) AN (%)  6"C (%) APC (%o0)
Alburnus alburnus 25  102.68+7.06 11.17£2.61 Muscle 15.75+£0.54 —24.19+0.36

Caudal fin  16.22+0.90 +041£1.09 —23.61+£0.65 * +0.56+0.73

Scale 13.26+0.76 *  —2.55+0.73 —21.98+0.37 *  +2.24+0.43
Barbus haasi 10 119.60+14.59 26.75+11.59 Muscle 6.15+0.32 —25.84+0.29

Caudal fin ~ 5.86+0.40 -0.25+0.33 —25.18+0.46 * +0.70+0.34

Scale 477033 *  —1.29+0.39 -23.19+0.60 *  +2.46+0.52
Lepomis gibbosus 22 75.86+6.10 9.5542.35 Muscle 17.38+0.94 —23.63+1.01

Caudal fin 16.46+0.79 *  —0.82+0.54 -23.49+1.06 +0.25+0.62

Scale 15.72+0.89 *  —1.60+0.52 —21.46+0.89 *  +2.44+0.55
Rutilus rutilus 12 123.83+10.10 31.18+7.52 Muscle 13.33£0.71 —25.96+0.58

Caudal fin 12.85+0.77 *  —0.48+0.39 -25.36+0.92 * +0.55+0.52

Scale 11.38+0.81 *  —1.96+0.49 —23.25+0.68 * +2.71+0.34
Squalius laietanus 27 139.11£24.60 40.75+21.15 Muscle 14.94+2.08 —29.74+3.18

Caudal fin 14.16+2.19 *  —0.67+0.60 —30.54+3.20 * —0.61+0.77

Scale 13.5442.18 *  —1.32+0.57 -27.85+3.25 *  +2.05+0.62

Asterisks indicate significance at P< 0.05 (one-way repeated measures ANOVA for each species. When significance was achieved, a paired
t-test was used for pair-wise comparisons between muscle and non-lethal tissues). A'>N and A'® C are the mean (+SD) difference expressed
as 0X scale or fin — 0X muscles Where Xis > Noor 13 C
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Table 2 the regression coefficients for standardised major axis regressions of stable isotopic signatures in muscle on those of fins or scales
and the 95 % confidence intervals of the slopes are also shown

tissue 0N e
R? P slope intercept R? P slope intercept
Alburnus alburnus ~ fin 0.00 0.931 0.56 (0.35-0.88) 6.76 0.01 0.713 0.53 (0.33-0.84) —11.67
scale  0.24 0.030 *  0.68 (0.44-1.03) 6.81 0.11 0.151 0.93 (0.59-1.46) —3.85
Barbus haasi fin 0.42 0.083 0.74 (0.37-1.49) 1.79 0.23 0.278 0.81 (0.33-1.96) -5.59
scale  0.04 0.625 1.10 (0.46-2.61) 0.82 0.28 0.223 0.48 (0.20-1.15) —-14.53
Lepomis gibbosus ~ fin 0.67 <0.001 * 1.26(0.95-1.66) —3.46 0.66 <0.001 * 1.03(0.77-1.39) 0.50
scale  0.71 <0.001 * 1.05(0.80-1.35) 0.88 0.59 <0.001 * 0.93 (0.68-1.29) -3.89
Rutilus rutilus fin 0.75 <0.001 * 0.92 (0.65-1.30) 1.54 0.74 0.001 *  0.62 (0.42-0.91) —-10.11
scale  0.63 0.002 *  0.88 (0.58-1.33) 3.38 0.74 <0.001 * 0.86 (0.60-1.21) —6.03
Squalius laietanus  fin 093 <0.001 * 0.93 (0.83-1.05) 1.61 094 <0.001 * 0.98 (0.88-1.08) —0.01
scale 094 <0.001 * 0.93(0.83-1.03) 228 097 <0.001 * 0.96 (0.88-1.03) -3.20

Asterisks indicate significant linear regressions at P<0.05.

somewhat from 1 either in fins or scale tissues, although
this value was included in all 95 % confidence intervals
with the exception of §'C in roach’s fin (Table 2). A
weak and marginally significant relationship was ob-
served in bleak for '°C in scale tissue, and none of
the tissue-isotopic relationships was significant for
Iberian red-fin barbel (Table 2).

Discussion

The refinement of scientific procedures goes towards
the use of non-lethally sampled tissues for stable isotope
analysis. Nevertheless, our study suggests caution when
making straightforward equivalences between the isoto-
pic composition of the muscle and that of fins and
scales. As previously reported (e.g. Jardine et al. 2005;
Kelly et al. 2006; Hanisch et al. 2010; Tronquart et al.
2012), the highest isotopic similarity in non-lethally
sampled tissues with fish muscle was observed for most
species in fins (| A°N| <0.8%0; | A'*C| <0.7%o)
compared to scale tissue (| A"N| >1.3%o; | A"C| >
2.1%o). These authors also reported that fins or scales
were generally a moderate predictor of the isotopic
composition of muscle tissue (R*=0.33-0.99) as ob-
served in the current study for most species with the
exception of Ebro chub (R?=0.59-0.97). Tronquart
et al. (2012), however, reported a higher explained
variation and slope values for roach, pumpkinseed and
chub than those found in the current study. Such
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differences could be attributed to the different regression
methods applied to both data-sets since the ordinary
least square (OLS) regression was used in Tronquart
et al. (2012). As the application of OLS regression to
our data set would have produced even lower R* and
slope values than those obtained from the SMA regres-
sion (Legendre 1998), this fact cannot explain the dif-
ferences observed between both set of results. There are,
however, other factors that were not considered here,
such as differences in the water quality between rivers or
the inter-population variability in the physiological re-
sponse of fish to environmental conditions (Blanco et al.
2009; Willis et al. 2013), which may have influenced the
isotopic relationships between tissues.

The discrepancies observed in the isotopic relation-
ships among different tissue samples might reflect dif-
ferent isotopic fractionation related to tissue constituents
(Pinnegar and Polunin 1999; Vollaire et al. 2007). As
lipids were extracted, the observed depletion in '*C in
muscle tissue is unlikely to be lipid content related. The
presence of carbonates (i.e. fin rays or scales) could be
responsible for the enrichment in '*C we observed in the
current study either in fins or scales related to muscle,
although this effect ( | AC | <1%o) seems to have irrel-
evant biological repercussion (Hanisch et al. 2010;
Ventura and Jeppesen 2010; Inamura et al. 2012). An
additional explanation to the high '*C in scales might be
that glycine is the predominant amino acid of scales’
collagen and it is enriched by 8%o 6'°C compared to
other amino acids (Hare et al. 1991; Sinnatamby et al.
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2008). Finally, differences in the isotopic composition
between tissues found in the current study could be
attributed to differences in turn-over among fish tissues
since muscle tissue has a faster metabolic rate than fins
and scales, and then the former is likely to reflect better
short-term changes in fish diet (Sinnatamby et al. 2008).

In conclusion, this study demonstrates variation in
tissue-isotopic relationships across this particular set of
species. For the species where the differences observed
in the isotopic composition of fins and muscle is low and
remain constant (| A'”N| <3%, and | APC| <1%o),
such differences are likely to have a low influence in
the determination of animals’ trophic position or forag-
ing grounds, although they might affect more sensitive
analysis such as the determination of animals’ nutrition-
al status (Post et al. 2007). The application of the linear
regressions equations could improve the accuracy of
tissue-isotopic conversions but the moderate explained
variation (R*= 0.59-0.75) observed in the current study
suggests that the resulting bias in tissue-isotopic conver-
sions cannot be considered negligible for most species.
Further studies should examine the likely mechanisms
behind the observed isotopic composition of these spe-
cies’ tissues as well as the consequences of fin clipping
or scale removal for fish well-being to convert fins and
scales into full suitable non-lethally sampled tissues for
stable isotope analysis.
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