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A b s t r a c t  We used stable carbon isotopes to analyse in- 
dividual variation in arctic fox diet. We extracted colla- 
gen from bones (the lower jaw), and measured stable 
carbon isotopes. The foxes came from three different lo- 
calities: Iceland, where both microtines and reindeer are 
rare; west Greenland, where microtines are absent; and 
Sweden, where scat analyses showed the primary food to 
be microtine rodents and reindeer. The Icelandic samples 
included foxes from both coastal and inland habitats, the 
Swedish sample came from an inland area, and the 
Greenland sample from coastal sites. The spatial varia- 
tion in the isotopic pattern followed a basic division be- 
tween marine and terrestrial sources of protein. Arctic 
foxes from inland sites had ~13C values of -21.4 (Ice- 
land) and -20.4%o (Sweden), showing typical terrestrial 
values. Coastal foxes from Greenland had typical marine 
values o f - 1 4 . 9  %o, whereas coastal foxes from Iceland 
had intermediate values of-17.7%0. However, there was 
individual variation within each sample, probably caused 
by habitat heterogeneity and territoriality among foxes. 
The variation on a larger scale was related to the avail- 
ability of different food items. These results were in ac- 
cordance with other dietary analyses based on scat ana- 
lyses. This is the first time that stable isotopes have been 
used to reveal individual dietary patterns. Our study also 
indicated that isotopic values can be used on a global 
scale. 
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Introduction 

In the analysis of mammalian diet, the most commonly 
used methods are analysis of stomach contents, faecal 
pellets or food remains. This gives a picture of the last 
meal at a specific time, but might not be typical of the 
overall diet. To obtain a more general picture of the diet 
one can collect faecal pellets or food remains over lon- 
ger periods, but it is then often difficult or impossible 
to obtain information about individual variation in diet. 
In contrast, an analysis of stable isotopes will provide 
in-formation about the average diet of individuals over 
a longer period (DeNiro and Epstein 1978a), even a 
life-time in a relatively short-lived animal such as a 
fox. DeNiro and Epstein (1981) showed in a laboratory 
study, and Vogel (1978) in a field study, that an ani- 
mal's diet is isotopically reflected in its tissues. Further, 
Tieszen et al. (1983) showed that different tissues have 
different carbon turnover times. Metabolically active 
tissues (e.g. liver) have faster carbon turnover than less 
metabolically active tissues (e.g. bone). They therefore 
recommend isotope analysis of bone collagen, which 
has a very long turnover time, in combination with an 
analysis of faeces and/or stomach contents for dietary 
studies in animals. 

Carbon isotopes are used in dietary studies to distin- 
guish between terrestrial and marine protein intake, for 
which a difference of c. 7%o is expected between the two 
extremes (Chisholm et al. 1983). This difference is due 
to fractionation between the marine and the atmospheric 
carbon reservoir. Carbon isotopes have also been used to 
distinguish between consumers of C3 and C4 plants, 
where the isotopic difference is due to different photo- 
synthetic pathways in the plants (Smith and Epstein 
1971). There are no C4 plants in this part of the world, 
so expected end values for terrestrial C3 plant consumers 
would be -21 to -22%o, as seen in numerous studies (e.g. 
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DeNi ro  and Eps te in  1978b; Vogel  1978; Ch i sho lm et al. 
1983; Schoen inge r  et al. 1983; H o b s o n  1987; Bada  et al. 
1990; Bocherens  1990). Hence ,  an expec ted  end value  
for a mar ine  pro te in  consumer  wou ld  be - 1 2  to -13%0 as 
seen in Green land ic  e sk imos  (Tauber  1981) or in seals  
(Schoen inger  and DeNi ro  1984). 

Previous  d ie tary  studies on animals  us ing  stable car-  
bon i so topes  inc lude  a wide  range  o f  app l ica t ions  us ing 
dif ferent  species  f rom different  geograph ica l  areas. Die-  
tary d i f ferences  be tween  (1) t rophic  levels  (Welch  and 
Parson 1993) or  food  webs  (Rau et al. 1983; Pe terson  
and F ry  1987; Sche l l  and Z i emann  1988; Sho l to -Doug las  
et al. 1991); (2) spec ies  (DeNi ro  and Eps te in  1978b; 
Vogel  1978; A m b r o s e  and DeNi ro  1986; Hobson  1987; 
Bocherens  1990; R a m s a y  and Hobson  1991); and (3) 
popu la t ions  (van der  M e r w e  et al. 1990; Vogel  et al. 
1990; Al i sauskas  and Hobson  1993) have been  dis-  
cussed.  

Here  we wil l  use in fo rmat ion  f rom an analys is  o f  sta- 
ble  carbon  i so topes  in arctic fox (AIopex lagopus) to ex- 
amine  ind iv idua l  and spat ia l  var ia t ion  in its diet. We wil l  
compare  these resul ts  wi th  data  on arct ic  fox diet  f rom 
faecal  ana lyses  and prey  remains  at fox dens. This  is thus 
the first  t ime an analys is  o f  s table  i so topes  has been  
c o m b i n e d  with  da ta  f rom faeces  to reveal  d ie tary  pat-  
terns for a m a m m a l  species.  

The  arct ic  fox  is a c i r c u m p o l a r  smal l  carnivore .  I t  is 
d i s t r ibu ted  over  the tundra ,  nor th  o f  and  above  the tree 
l ine,  in both  Euras i a  and Nor th  A m e r i c a ,  and on i s lands  
and a long  coas ts  in the Arct ic .  The  arct ic  fox is cons i -  
dered  to be an oppor tun i s t i c  omnivo re  (Hers te insson  
1984; Gar ro t t  and  Ebe rha rd t  1987). In in land  areas  such 
as F e n n o s c a n d i a  (Col le t t  1912; Os tbye  et al. 1978), 
Canada  ( M a c p h e r s o n  1969), and S iber ia  (Bann ikov  
1970), the d o m i n a n t  food  is l e m m i n g s  and voles.  In 
these  areas  arct ic  foxes  are also k n o w n  to scavenge  on 
ca rcasses  o f  r e indee r / ca r ibou  (Rangifer tarandus). In 
coas ta l  areas,  e.g. in Ice land ,  they  feed  on inver tebra tes ,  
seab i rds  and seal  ca rcasses  (Hers te insson  1984), but  
also on eggs  and bi rds  on i s lands  wi th  dense  b i rd  colo-  
nies  in A l a s k a  and Sva lba rd  (Fay  and S tephenson  1989; 
F ra f jo rd  1993). S o m e t i m e s  they  even fo l low po la r  bears  
(Ursus maritimus) over  the pack  ice for  le f t -overs  (Ban-  
n ikov  1970). 

We  s tudied  var ia t ion  in diet  in one area  where  both  
micro t ine  rodents  and re indeer  are common ,  Sweden  
(Angerb j6 rn  et al. 1991); in another  area  where  re indeer  
are presen t  but  micro t ines  absent ,  wes t  Green land  (Birks  
and Penfo rd  1990); and in a third area  where  both are ab- 
sent  or rare,  I ce land  (Hers te insson  1992). 

Methods 

Sample preparation and measurement 

Fleshy parts on the jaw bones were removed and all bones were 
boiled for at least 1 h before drying and drilling. We drilled one 
or two holes in the lower jaw and extracted collagen from the 

bone powder according to Brown et al. (1988). In addition, we 
extracted lipids after demineralisation using a modified version of 
the method of Kates (1980). The carbon isotopic values of lipids 
have been shown to differ from those of bone collagen by as 
much as 7O/oo (Smith and Epstein t971; DeNiro and Epstein 
1978a; Vogel 1978; Lid6n et al. 1994). It is therefore necessary to 
make absolutely certain that all lipids are removed prior to iso- 
tope analysis. After lipid extraction and evaporation of the sol- 
vents (chloroform/methanol), we freeze-dried the samples over- 
night, prior to the final collagen extraction steps. Stable carbon 
isotopes were measured on a VG Isotech Prism mass spectrome- 
ter with a measurement uncertainty of less than 0.1%0. The re- 
sults are reported with respect to the PDB standard (PeeDee Bel- 
emnite Carbonate, a marine carbonate). 

Study sites and material 

Iceland 

The arctic fox is found all over Iceland. It is heavily persecuted on 
account of the damage it can do to eider (Somateria mollissima) 
colonies where farmers harvest eider down from nests, and be- 
cause of purported predation on lambs in spring and summer. Lo- 
cal authorities employ foxhunters each spring to kill foxes occupy- 
ing known breeding dens. The jaws in this study and information 
on food remains at dens were provided by these hunters. Food 
habits have also been determined at all seasons in a coastal area of 
northwestern Iceland (Hersteinsson 1984). 

It is convenient to divide the country into two major habitat 
types, coastal and inland (Hersteinsson 1984, 1989). In coastal 
habitats the foxes have access to what the sea brings ashore in ad- 
dition to many species of birds. In inland areas, the ptarmigan 
(Lagopus mutus) and carcasses of sheep and in some areas rein- 
deer are important food species. There are bird cliffs in coastal 
areas of the country, particularly in the northwest, and also in 
some inland areas where colonies of fulmars, in particular, breed. 
Overall, food abundance and population densities of arctic foxes 
are higher in coastal areas than further inland, and the blue morph, 
which is well camouflaged when foraging on the shoreline in all 
seasons, is more common on the coast than the white morph, 
while in inland regions the frequencies of the colour morphs are 
more equal (Hersteinsson 1989). 

Sweden 

The arctic fox is distributed over the northern part of Fen- 
noscandia, in mountains and on tundra above the tree line. They 
are also known to conduct long migratory movements (Pullianen 
1965) and are regularly found along the coasts of the Bothnian 
Gulf and Norway. The foxes in Fennoscandia undergo drastic fluc- 
tuations in numbers, following their main prey species, the Norwe- 
gian lemming (Lemmus lemmus) and several species of voles (Mi- 
crotus spp., Clethrionomys spp.; Angerbj6rn et al. 1991). Domes- 
tic reindeer, on which the foxes scavenge, are also frequent in the 
area. The arctic fox population has been very small for about 75 

Table 1 Mean values of ~13C (%0) for arctic fox bones from 
Greenland, Iceland and Sweden. One-way ANOVA for differences 
between locations was F(3,22) = 26.4, P<0.0001. There were dif- 
ferences between all samples except between the Icelandic inland 
and the Swedish inland 

Location Habitat ~13C 95% C I SD n 

Greenland coastal -14.9 -13.6-16.3 1.04 4 
Iceland coastal -17.7 -16.8 -18.6 1.68 8 
Iceland inland -21.4 -20.3 -22.6 0.52 6 
Sweden inland -20.4 -19.4 -21.3 1.24 8 
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years in Fennoscandia and its existence is threatened due to low 
population density (Hersteinsson et al. 1989; Angerbj/Srn et al. 
1991; Tannerfeldt et al. 1994). 

Of the Swedish sample, seven foxes came from the Scandian 
mountains and one from a forested area closer to the coast of the 
Bothnian Gulf. Five of these foxes are roadkills from the collec- 
tions of the Museum of Natural History in Stockholm, and the 
other three foxes belong to the Swedish Arctic Fox Project, having 
died of natural causes in the Vindelfj~illens nature reserve (Anger- 
bj6rn et al. 1991). 

Greenland 

Due to the massive ice cap covering Greenland, most arctic foxes 
here are found close to the coast. However, Braestrup (1941) dis- 
tinguished between inland foxes, predominantly of the white 
colour morph, and coastal foxes of the blue colour morph. In con- 
trast to the northern and eastern coast of Greenland, no lemmings 
or voles are found on the west coast of Greenland (Braestrup 
1941; Birks and Penford 1990), but herds of caribou are present, 
as well as several species of birds, e.g. geese, ducks, passerines, 
and ptarmigan, and also seabirds. All four foxes from Greenland 
were shot by hunters and came from the collections of the Muse- 
um of Natural History in Stockholm. They were all reported to be 
from coastal areas in the west, but the exact locations are not 
known. 

Resul ts  

Iceland 

The isotopic pattern for arctic foxes from Iceland fol- 
lowed a basic divis ion be tween mar ine  and terrestrial 
sources of protein (Fig. 1). Foxes f rom in land sites 
showed typical  terrestrial values of a]3C from -20 .8  to 
-22.5%0, with a mean  of -21.4%0. The coastal foxes, 
on the other hand,  had a mean  al3C value of -17.7%0, 
showing an in termediate  isotope signature. However, 
one coastal fox from the north-east  and one from the 
south-west,  the only fox of  the white colour morph 
among the coastal foxes, had more terrestrial isotope val- 
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Fig. 1 A map of Iceland showing localities for the arctic foxes 
and a13C values for bone collagen (%o). White and blue colour 
morphs are shown by open and closed symbols respectively 
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Fig. 2 613C values for bone collagen (%0) for inland and coastal 
Icelandic foxes against their age (years) 

Fig. 3 The diet of arctic foxes in different areas: inland Iceland, 
coastal Iceland and inland Fennoscandia. The different food spe- 
cies have been categorized into three groups, viz. of marine, inter- 
mediate and terrestrial origin 

ues ( -19.2%0 and -21.0%0, respectively).  Excluding  
those two terrestrial values, the range of coastal foxes 
was f r o m - 1 5 . 7  to -17.9%0. 

There was considerable  variat ion in the 313C value 
be tween  individuals.  The coastal foxes from Iceland 
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Fig. 4 513C values for bone collagen (0/00) from arctic foxes from 
northern Sweden 

came from different areas (Fig. 1) and had significantly 
higher variance in ~3C values than inland foxes from 
Iceland [coastal S D =  1.68, versus inland S D = 0 . 5 2 ;  
F(7,5) = 8.78, P<0.05]. When we look at the subsample 
from the north-west (NW) and compare its variance with 
the inland subsample from the south-west, we still get a 
higher variance in the coastal sample [coastal SD = 0.78, 
versus inland SD =0.18,  F(5 ,2)=  18.8, P = 0 . 0 5 ]  sug- 
gesting a more diverse diet in terms of marine and terres- 
trial protein at coastal than at inland sites. 

The subsample of coastal foxes from north-west Ice- 
land also showed lower ~3C values with age [Fig. 2, b = 
-0.031, t (5)= -2.82, P<0.05], but no such effect was 
detected for inland sites [b=  0.01, t (5)= 1.27, P =  
0.27], or from the whole coastal sample [b = -0.033, 
t(7) = -1.14, P = 0.30]. This implies that the observed 
age effect was dietary rather than physiological. Thus, 
young coastal foxes had a more marine diet than older 
coastal foxes. However, we found no differences be- 
tween the sexes for the Icelandic foxes (ANOVA: 
F(1,12) = 0.59, P = 0.47). 

Food remains found at dens in coastal and inland Ice- 
land are shown in Fig. 3. It is clear that the diet during 
summer is very different in inland and coastal Iceland. 
Various marine birds, such as fulmar (Fuhnarus glacial- 
is), guillemots, eider and seagulls, in addition to marine 
fish, are prominent among food remains at coastal dens 
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Fig. 5 513C values for bone collagen (%o) for arctic foxes on 
Greenland. White and blue colour morphs are shown by el)e[] and 
closed symbols respectively 

in summer, while terrestrial and intermediate food types 
like ptarmigan, passerines and geese predominate at in- 
land dens. The remains of lamb carcasses are found in 
both habitat types. 

Similar data are not available for winter diet, but the 
results of a scat analysis in a coastal area in Iceland 
(Hersteinsson 1984) suggest that during winter, spring 
and summer around 80% of the prey items taken by 
coastal foxes are of marine origin. In the autumn this 
proportion is lower, around 50-60% (Fig. 3). 

Inland foxes, however, are believed to depend heavi- 
ly on ptarmigan in winter, as well as cached geese, 
waders and passerine birds together with eggs of differ- 
ent species. Sheep carcasses are also exploited in win- 
ter, as are reindeer carcasses in eastern Iceland (Her- 
steinsson 1984). In some inland areas of  Iceland the 
arctic fox has access to nesting fulmars and gulls, spe- 
cies which are more generally associated with coastal 
habitats (Fig. 3). 

Sweden 

In Sweden, seven of eight individuals came from in- 
land sites and showed typical terrestrial values, ranging 
from -20.3 to -22.2%0 (Fig. 4). The only fox closer to 
the coast, at a salmon-bearing river, had a value of 
-18.10/00, thus showing some influence of marine protein. 
The diet of arctic foxes in Sweden is dominated by lem- 
mings and voles, temporarily depending on the status of 
the vole cycle (A. Angerbj6rn, unpublished). Reindeer 
and birds are the second most important food items. In 
another area in Fennoscandia, northern Finland at an in- 
land site (Fig. 3), food remains at dens and scats collect- 
ed over a number of years showed that the fox diet con- 
sisted of reindeer and microtines followed by fresh water 
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fish during winters (A. Kaikusalo and A. Angerbj6rn, 
unpublished). 

Greenland 

Three of the four individuals from Greenland showed 
typical marine values of 513C, -14.2 to -14.8%0 (Fig. 5). 
The fourth fox, the only white one, showed some influ- 
ence of terrestrial protein, -16.4%0. In a study discussing 
summer diet on Greenland, M¢ller-Nielsen (1991) re- 
ported a pair of coastal foxes that lived entirely on ma- 
rine fish from rock pools. Braestrup (1941) reported that 
the diet of coastal foxes in west Greenland included mol- 
luscs, crabs, small fishes, eiders and other birds, and seal 
carcasses. The diet of foxes at an inland site (Birks and 
Penford 1990) was dominated by reindeer during winter 
and spring and by insects and birds (mostly passerines) 
during summer. 

Discussion 

The arctic fox shows a spatial variation in diet which 
can be divided into two components, variation between 
habitats, and local individual variation within each hab- 
itat. 

First, we found the largest variation in 513C between 
different areas. The inland foxes from Sweden and Ice- 
land had typical terrestrial values (-20.4 and -21.4%0 re- 
spectively), whereas those from coastal Greenland had 
typical marine values @14.9%0). The coastal foxes from 
Iceland on the other hand had intermediate values 
(-17.7%0). [The value from a sample of an Alaskan arc- 
tic fox of-20.6%0 given by Schoeninger and DeNiro 
(1984) must be interpreted as coming from inland Alas- 
ka.] A diet consisting of terrestrial protein only should 
generate 513C values of-21 to -22%0 (Schoeninger et al. 
1983), while the end value for a 100% marine diet would 
be -12 to -13%0 (Tauber 1981). However, the protein in 
arctic fox diet can be of both terrestrial origin, as for 
reindeer (-27.7%o muscle) or lemmings (-26.1%0 mus- 
cle, Schell and Ziemann 1988), or of marine origin 
as for seals (-12.3%0, Schoeninger and DeNiro 1984) 
and marine fish (-14.6%0, Sholto-Douglas et al. 1991). 
Prey species that should have intermediate 513C values 
are shore birds, gulls (-15.0%0, Hobson 1987), ducks 
(-17.6%0 for muscle, Tietje and Teer 1988), that spend 
their winters feeding on marine shore lines, but breed in 
inland areas of the Arctic. 

Arctic foxes from the west coast of Greenland used 
only marine protein, but coastal foxes in Iceland used 
protein with a marine signature, such as seal carcasses 
and fish, protein with a mixed signature, such as seabirds 
and ducks, and also protein with a terrestrial signature, 
such as sheep and ptarmigan. There is certainly potential 
for the same variation in Greenland, with a division be- 
tween coast-living foxes feeding on marine protein 
(M¢ller-Nielsen 1991), and inland foxes (Braestrup 

1941; Birks and Penford 1990) living on terrestrial pro- 
tein such as ptarmigan and reindeer. 

A comparison between Sweden and inland Iceland re- 
veals the same terrestrial isotopic signature, despite dif- 
ferences in diet (microtines and reindeer vs ptarmigan 
and sheep). To be able to distinguish between these two 
diets, an analysis of, for example, trace elements would 
be needed. 

Second, the local variation in isotopic values within 
each habitat was noticeable for all areas. In Sweden, one 
fox from close to a salmon-bearing fiver showed the in- 
fluence of marine protein. The fourth fox from Green- 
land, the only white fox, showed that arctic foxes also 
feed on terrestrial food sources in west Greenland. Fur- 
ther, this fits well with the observations made by Bra- 
estmp (1941) that white foxes in Greenland originate 
mainly in inland habitats. Although samples from inland 
Iceland were from different parts of the country, they 
showed very low variation. The available food sources 
with a partly marine origin in these inland areas were 
ducks and waders, but these prey species seem to be of 
minor importance according to isotopic values. 

The Icelandic coastal foxes on the other hand, with a 
diet intermediate between terrestrial and marine food 
sources, had isotopic values with a higher variance, sug- 
gesting a more diverse diet than inland foxes in terms of 
terrestrial or marine origin of the protein. Food remains 
and scat analysis indicated a higher dependence on ma- 
rine resources than the isotopic values, especially for 
some individuals. However, food remains at dens and 
scat analysis give biased data with respect to size of prey 
species, and they give no information on variance be- 
tween individuals. Furthermore, they do not provide in- 
formation about the diet for an individual over the longer 
term. This illustrates the advantage of using isotopes in 
dietary studies and the problems of drawing conclusions 
based on scat analysis or food remains alone. 

A possible explanation for the higher variation in 
coastal areas could be that arctic foxes defend their terri- 
tories against conspecific intruders (Hersteinsson and 
Macdonald 1982), which means that only those individu- 
als with territories at the coastline have continuous ac- 
cess to food on the beach. Since these areas have a pre- 
dictable renewable food resource, they are very attractive 
(Hersteinsson 1984). Neighbours, although close to the 
sea, will only have occasional opportunities to feed on 
marine protein at the coastline. Individual variation in 
diet within each habitat may thus be a function of habitat 
heterogeneity and territoriality. 

The observation that diet becomes less marine in 
origin with age for the coastal subpopulation might 
be due to a seasonal effect. Cubs are born during late 
spring or early summer (Hersteinsson 1984) and the 
availability of marine protein is higher during spring and 
summer (80%) than during autumn (50-60%). Since arc- 
tic foxes reach adult size during their first summer, this 
marine effect should slowly be diluted with an interme- 
diate diet with age, in accordance with our observed pat- 
tern. 
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In this s tudy we  used  s table  carbon  i so topes  and scat  
ana lyses  to inves t iga te  ind iv idua l  var ia t ion  in the diet  o f  
arct ic  foxes.  The  combina t ion  o f  the two different  tech-  
niques p rov ides  the oppor tun i ty  to s tudy diet  both  on a 
short-  and on a long- t e rm scale.  The  ana lyses  o f  ~13C on 
an ind iv idua l  level  demons t ra te  that it  is poss ib le  to d raw 
conc lus ions  about  ind iv idua l  var ia t ion  in diet. This  cou ld  
be mos t  re levant  in the analys is  o f  diet  for  many  other  
species ,  inc lud ing  ancient  humans .  

Fur the rmore ,  we used  s table  carbon i so topes  to reveal  
var ia t ion  in the diet  o f  arctic foxes  f rom different  loca l i -  
ties. There  was a very  good  ag reemen t  o f  the i so topic  
s ignature,  f rom Sweden ,  Ice land,  Green land ,  and even 
Alaska ,  wi th  arctic fox diet  deduced  f rom other  sources.  
This  approach  also has severa l  app l ica t ions  in the s tudy 
o f  ver tebra te  diet.  I f  var ia t ion  is found  wi th in  a fa i r ly  ho- 
mogeneous  habitat ,  this would  sugges t  that  ind iv idua ls  
ut i l ize  resources  differently.  But  i f  var ia t ion  is be tween  
areas and habi ta ts ,  a conserva t ive  in te rpre ta t ion  wou ld  be  
that  there  is a d i f ference  in food avai labi l i ty .  
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Appendix Values of ~13C (0/00) for arctic foxes from different 
parts of the world 0Cfemale, m male) 

Location Habitat Age Sex Colour 813C (%o) Sample 

Greenland coast f blue -14.2 a606700 
Greenland coast f blue -14.3 a606971 
Greenland coast f blue -14.8 a609310 
Greenland coast m white -16.5 a637731 
Iceland coast 61 f white -21.0 2876 
Iceland coast 13 f blue -19.2 2923 
Iceland coast 39 m blue -16.6 3044 
Iceland coast 12 f blue -15.7 3046 
Iceland coast 12 m blue -16.8 3048 
Iceland coast 60 f blue -17.9 3050 
Iceland coast 49 m blue -17.6 3051 
Iceland coast 49 f blue -16.9 3052 
Iceland inland 8 f blue -21.8 2947 
Iceland inland 10 f blue -21.2 2962 
Iceland inland 7 m white -21.5 2966 
Iceland inland 38 f white -21.1 2979 
Iceland inland 85 m white -20.8 3074 
Iceland inland 11 f white -22.5 2856 
Sweden inland f - 18 .1  815044 
Sweden inland m -20.4 a795013 
Sweden inland f -21.4 865029 
Sweden inland 3 m -19.3 905035 
Sweden inland 3 f -22.2 a915018 
Sweden inland -20.5 ma710029 
Sweden inland f -20.3 ma785039 
Sweden inland -20.7 c9007 
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