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Preservation in 70% ethanol solution does not affect δ13C and δ15N values 
of  reindeer blood samples – relevance for stable isotope studies of  diet
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Abstract: We compared duplicate samples of  whole blood samples from 18 reindeer that were preserved either by 
immediate freezing or by immersion in 70% ethanol. All samples were dried at 60 °C, powdered, treated with 1:1 chlo-
roform:methanol, and dried again before isotope analysis. There were no differences in the values of  δ13C and δ15N be-
tween the methods of   preservation. Isotopic differences were absolutely small (δ13C = 0.1±0.10/00; δ

15N=0.2±0.20/00), 
random in direction, and within the limits of  analytical precision for the mass spectrometer. Preservation in ethanol 
thus appears to be an effective and efficient method for preserving blood samples for stable isotope analysis under 
field conditions.
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Introduction 
Stable isotope analysis of  carbon and nitrogen 
from animal tissues has proven an accurate, 
reliable, and cost-effective method for inves-
tigating the assimilated diet of  animal species 
from a wide range of  taxonomic groups, in-
cluding ungulates, at varying timescales (De-
Niro & Epstein, 1�78, 1�81; Ben-David et al., 
2001; Halley & Minagawa, 2005; Halley et al., 
2006). The technique has obvious application 
to the analysis of  reindeer diet, which is divid-
ed into three main classes of  forage (C3 plants, 
lichens, and mushrooms), each of  which have 
distinct isotopic signatures (Körner et al., 1��1; 

Kohzu et al., 1���; Hobbie et al., 1���; Maguas 
et al., 1��5; unpubl. data). 

A practical difficulty with the technique is 
that reindeer typically live in remote locations, 
where immediate freezing of  tissue, and main-
taining samples in a frozen state on the journey 
to the laboratory, may be difficult. Here we re-
port the results of  an experiment comparing 
duplicate samples of  reindeer blood immedi-
ately frozen, and preserved in 70% ethanol, 
which indicate that ethanol preservation does 
not affect the δ13C and δ15N values of  reindeer 
tissue samples. Preservation in 70% ethanol is 
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thus a practical and robust method of  preserv-
ing reindeer blood samples for stable isotope 
studies of  reindeer diet.

Material and methods
We collected 18 duplicate samples of  whole 
blood (1 ml) from domestic reindeer. Ten sam-
ples (5 adult males, 5 adult females) were col-
lected on 15th and 16th September 2006,  at the 
summer grazing grounds of  Reindeer herding 
district 37 Skárfvággi, West-Finnmark reindeer 
herding area, at Kåfjord in northern Troms, 
Norway (hereafter D-37). A further eight sam-
ples (all adult males) were collected at FGFRI, 
Reindeer Research Station, Finland (hereafter 
FGFRI) on 11th April 2007.

One sample from each animal was immedi-
ately frozen to c. -5 oC, while the other was 
preserved in 1-2 ml of  70% ethanol. Samples 
were kept for at least 2 months, frozen samples 
in a freezer and ethanol-preserved samples at 
room temperature. Samples were then dried 
in an oven at 60 oC for 24 hours to evaporate 
all ethanol and water from the samples. Com-
pletely removing the ethanol in this way is re-
quired as otherwise the carbon and nitrogen 
in the ethanol would affect the values for the 
sample. Dried samples were ground to pow-
der, and treated with 10 ml of  1:1 chloroform:
methanol for 12 hours to remove any lipids 
(which may reflect stored and recently metab-
olised food rather than the recent diet). The 
mixture was centrifuged at 2000 rpm for 10 
minutes, and the supernatant discarded. The 
residue was flushed with a further 10 ml 1:1 
chloroform, centrifuged and supernatant dis-
carded as before, dried in air in a draft chamber 
overnight, and then in an oven at 60 oC for at 
least 12 hours.

0.5-1.0 mg of  the resulting powder were 
loaded into tin cups and analysed for varia-
tions in the proportion of  the 12C and 13C, and 
14N and 15N, isotopes. Analysis was carried 
out using a Elemental Analyzer N1500 fitted 

by a ConflowII interface to a Finnegan MAT 
252 mass spectrometer housed at the Gradu-
ate School of  Environmental Earth Sciences 
at the University of  Hokkaido, Japan. Results 
are expressed in standard delta (δ) notation as 
deviations in parts per thousand (0/00) from 
the isotopic ratios of  the relevant standards, 
PeeDee Belemnite for carbon and atmospheric 
nitrogen for nitrogen (Brand, 1��6); the appa-
ratus is normally accurate to within 0.20/00 for 
both carbon and nitrogen.

Results
Males and females from the D-37 sample var-
ied slightly in absolute δ13C and δ15N values. 
This was probably due to slight differences in 
diet between sexes (Halley et al., in prep.). The 
D-37 and FGFRI sample groups also showed 
differing absolute δ13C and, especially, δ15N 
values. This was due to the differing diets of  
the two groups, the Skárfvággi animals con-
suming a natural diet while the FGFRI animals 
had been fed a uniform artificial diet of  com-
mercial livestock feed pellets for the previous 
�2 days.

Neither males and females from D-37, nor 
samples from D-37 and FGFRI, varied signifi-
cantly in either the size, or direction, of  dif-
ferences in δ13C and δ15N values between 
frozen and ethanol-preserved sample pairs (M 
vs. F, δ13C: Mann-Whitney, U=10.0, n=10, 
P=0.68 n.s.; δ15N: Mann-Whitney, U=10.0, 
n=10, P=0.68 n.s.; D-37 vs FGFRI, δ13C: 
Mann-Whitney, U=26.0, n=18, P=0.24 n.s.; 
δ15N: Mann-Whitney, U=37.5, n=18, P=0.83 
n.s.). The sample sets were therefore combined 
for further analysis.

The δ13C and δ15N values for each frozen 
and ethanol-preserved sample pair are present-
ed in Table 1. 

Mean differences in isotope values be-
tween sample pairs were small for both ele-
ments: mean difference δ13C = 0.1±0.10/00; 
δ15N=0.2±0.2 0/00. Moreover, there was no 
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tendency for one preservation method to be 
consistently higher or lower in value than the 
other, for either carbon or nitrogen. δ13Cfrozen 
was greater than δ13Cethanol in 6 cases; smaller in 
7 cases, and in 5 cases they were equal. δ15Nfrozen 
was greater than δ15Nethanol in 7 cases; smaller in 
5, and in 6 cases values were identical.  Paired 
samples tests for both δ13C and δ15N demon-
strate that values for frozen and ethanol pre-
served pairs were highly significantly correlat-
ed (Pearson correlation coefficient δ13C: 0.8��, 
n=18, P<0.001; δ15N 0.��8, n=18, P<0.001); 
and that sample pairs did not vary significantly 
in values (paired sample t-test: δ13C t=0.3�2, 
17d.f., P=0.70; δ15N t=0.744, 17d.f., P=0.47). 

Discussion
The results show clearly that differences in 
δ13C and δ15N values between paired samples 
where one sample was frozen and the other 
preserved in ethanol were both very small in 
magnitude, and not biased in direction. The 
deviations from identical values appear gen-
erally to be within the range of  experimental 
error; the mass spectrometry equipment used 
is by itself  normally considered to be accurate 
to within ca. 0.2 0/00. Moreover, the scatter in 
values, positive or negative, appears random 
when a systematic effect should produce a bias 
in one direction. 

Several studies have investigated the effect 

Table 1. Comparison of  δ13C and δ13C values of  reindeer whole blood samples preserved by freezing and 
in 70% ethanol. Values are expressed in ‰, relative to the appropriate standard (see methods).

Sex Collection	date Place
δ13C	-	
Frozen

δ13C	-	
Ethanol

δ15N	-	
Frozen

δ15N	-	
Ethanol

Difference,	
δ13C

Difference,	
δ15N

M 15-16/9/2006 D-37 -25.2 -25.1 0.8 0.8 			-0.1 			0.0
M 15-16/9/2006 D-37 -25.4 -25.4 1.1 1.0 				0.0 			0.1
M 15-16/9/2006 D-37 -25.6 -25.5 0.5 0.5 			-0.1 			0.0
M 15-16/9/2006 D-37 -25.4 -25.4 0.7 0.8 				0.0 		-0.1
M 15-16/9/2006 D-37 -25.6 -25.6 0.9 0.9 				0.0 			0.0
F 15-16/9/2006 D-37 -25.5 -25.7 1.7 1.7 				0.1 			0.1
F 15-16/9/2006 D-37 -25.2 -25.3 0.2 0.4 				0.0 		-0.2
F 15-16/9/2006 D-37 -25.2 -25.4 0.5 0.4 				0.3 			0.1
F 15-16/9/2006 D-37 -25.4 -25.3 0.5 0.5 				0.0 			0.0
F 15-16/9/2006 D-37 -25.3 -25.5 0.4 0.2 				0.2 			0.1
M 11/04/2007 FGFRI -24.6 -24.7 6.4 6.3 				0.2 			0.1
M 11/04/2007 FGFRI -24.7 -24.8 6.6 6.7 				0.1 		-0.1
M 11/04/2007 FGFRI -25.1 -24.9 6.2 5.9 			-0.1 			0.2
M 11/04/2007 FGFRI -25.0 -25.0 6.0 6.0 			-0.1 			0.0
M 11/04/2007 FGFRI -25.2 -25.0 5.8 6.4 			-0.2 		-0.6
M 11/04/2007 FGFRI -24.7 -24.9 5.7 6.1 				0.1 		-0.5
M 11/04/2007 FGFRI -24.9 -24.8 6.3 6.2 			-0.1 			0.1
M 11/04/2007 FGFRI -25.0 -24.9 6.2 6.2 			-0.1 			0.0
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of  ethanol preservation in various animals, in-
cluding tissues of  invertebrates, fish, birds, and 
sheep (Tillberg et al., 2006; Hobson et al., 1��7; 
Gloutney & Hobson, 1��8; Sarakinos et al., 
2002 for review). In general, vertebrates show 
no significant change in values, while some 
invertebrates can be slightly but consistently 
enriched in δ13C values. Our data is consistent 
with this pattern, and adds to the overall body 
of  data indicating that ethanol preservation is 
suitable for use as a preservative in stable iso-
tope studies of  vertebrate tissues.

In summary, the evidence indicates that pre-
serving reindeer blood in ethanol does not 
affect the final values of  δ13C and of  δ15N, 
relative to freezing samples immediately. The 
method therefore offers a convenient method 
for field preservation of  reindeer blood in-
tended for stable isotope analyses of  diet.

Acknowledgements
We would like to thank all at Reindeer herding district 37 
Skárfvággi for allowing us to work on their reindeer, and 
for their help and assistance in taking samples. 

References
Ben-David, M., Shochat, E. & Adams, L. 2001.	Utility	

of	stable	isotope	analysis	in	studying	foraging	ecology	
of	 herbivores:	 examples	 from	 moose	 and	 caribou.	 –		
Alces	37:	421-434.

Brand, W. A. 1996.	High	precision	isotope	radio	moni-
toring	techniques	in	mass	spectrometry.	–	J. Mass Spec-
trometry 31:	225-235.

DeNiro, M. J. & Epstein, S. 1978.	Influence	of	diet	on	
the	distribution	of	carbon	isotopes	in	animals.	–	Geo-
chim. Cosmochim. Acta	42:	495-506

DeNiro, M. J. & Epstein, S. 1981.	Influence	of	diet	on	
the	distribution	of	nitrogen	isotopes	in	animals.	–	Geo-
chim. Cosmochim. Acta	45:	341-351

Halley, D. J., Kaji, K. & Minagawa, M. 2006.	 Varia-
tion	in	stable	isotope	ratios	of	carbon	and	nitrogen	in	
Hokkaido	sika	deer	Cervus nippon	during	1990-2000:	
possible	 causes	 and	 implications	 for	 management.	
–	Wildl. Biol.	12:	211-217

Halley, D. & Minagawa, M. 2005.	African	buffalo	diet	
in	 a	 thicket-dominated	 biome	 as	 determined	 by	 iso-
topic	analysis.	–	African Zoology	40:	160-163	

Hobbie, E. A., Macko, S. A. & Shugart, H. A.	1999.	In-
sights	into	nitrogen	and	carbon	dynamics	of	ectomyc-
orrhizal	and	saprotrophic	fungi	from	isotopic	evidence.	
–	Oecologia 118:	353-360

Hobson, K. A., Gibbs, H. L. & Gloutney, M. L. 1997.	
Preservation	 of	 blood	 and	 tissue	 samples	 for	 stable-
carbon	and	stable-nitrogen	isotope	analysis.	–	Can. J. 
Zool.	75:	1720-1723.

Kohzu, A., Yoshioka, T., Ando, T., Takahashi, M., 
Koba, K. & Wada, E.	 1999.	 Natural	 13C	 and	 15N	
abundances	of	field-collected	fungi	and	their	ecological	
implications.	–	New Phytol.	144:	323-330.

Maguas, C., Griffiths, H. & Broadmeadow, M. S. A. 
1995.	Gas	exchange	and	carbon	isotope	discrimination	
in	 lichens:	 Evidence	 for	 interactions	 between	 CO2-
concentrating	 mechanisms	 and	 diffusion	 limitation.	
–	Planta	196:	95-102.

Sarakinos, H. C., Johnson, M. L. & Vander Zanden, M. 
J. 2002.	 A	 synthesis	 of	 tissue-preservation	 effects	 on	
carbon	 and	 stable	 isotope	 signatures.	 –	 Can. J. Zool. 
80:	381-387.

Tillberg, C. V., McCarthy, D. P., Dolezal, A. G. & Sua-
rez, A. V.	2006.	Measuring	the	trophic	ecology	of	ants	
using	stable	isotopes.	–	Insectes sociaux	53:	65-69.

Manuscript received 29 October, 2007
accepted 11 January, 2008

Konservering av blodprøver fra  rein i 70% etanolløsning påvirker ikke verdiene av δ13C and δ15N–verdiene og er en 
fullgod metode for analyse av stabile isotoper

Abstract in Norwegian / Sammendrag: Vi sammenlignet to og to prøver av blodprøver fra 18 reinsdyr. Prøvene var enten 
konservert ved umiddelbar frysing eller ved bruk av 70% etanol. Alle prøver ble tørket ved 60 °C, pulverisert og be-
handlet med kloroform:metanol i forholdet 1:1. Til slutt ble de tørket på nytt før gjennomføring av isotopanalysen. 
Vi fant ingen forskjell i verdiene av δ13C and δ15N mellom de to konserveringsmetodene. I absolutte verdier var 
isotopforskjellene små (δ13C = 0.1±0.1 0/00; δ15N=0.2±0.2 0/00). Forskjellene var tilfeldige og innenfor grensene 
for massespektrometerets presisjon. Bruk av etanol framstår som en effektiv og fullgod metode til konservering av 
blodprøver for analyse av stabile isotoper under feltforhold.


