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Abstract
Background  Selenium (Se) is an essential element for mammals, with a relatively narrow safety margin between 
deficiency and toxicity. It is involved in the function of many vital activities and systems, including antioxidants, 
immune system, thyroid activity, muscle metabolism, and growth by composing different proteins and enzymes. 
Northern Europe is a Se deficient region, and livestock have been supplemented with mineral bolus or similar for 
decades to counteract Se deficiency, whereas Finland even adds Se to fertilizers to supplement soil, plants, animals 
and humans. Relatively few studies have investigated total Se concentrations ([TSe]) in wildlife, and here we present 
[TSe] measured in whole blood in moose (Alces alces), brown bears (Ursus arctos), wolves (Canis lupus), and wolverines 
(Gulo gulo) from Norway and Sweden.

Results  [TSe] in whole blood increased with the trophic level of the species: herbivorous moose < omnivorous 
bears < carnivorous wolves < scavenging wolverines. Compared to established reference ranges of [TSe] in 
domesticated species, more than half of all moose sampled and 5% of brown bears were Se deficient. Surprisingly, 
49% of bears, 42% wolves and 29% wolverines had [TSe] above recommended references range for domesticated 
species. In general, [TSe] significantly increased with age and body weight in all sampled species, whereas for 
most species, there was an additional association with region, year, and season sampled, reflecting variations in Se 
uptake caused by the element’s geochemical properties related to bedrock and soil availability and atmospheric 
precipitation.

Conclusions  Further studies should focus on a wider spatial distribution for these animals and especially include 
more wolverines to investigate the relatively high [TSe] observed in this species. We also emphasize the importance 
of measuring Se in poor regions for ecotoxicology studies, since Se deficiency can exacerbate heavy metal toxicosis.
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Background
 Identified as a new substance in 1817, selenium (Se) was 
first recognized as a toxic element [1]. The physiological 
importance of this trace element was first discovered in 
the 1950’s, identifying Se as an essential element with a 
particularly narrow range between deficiency and toxic 
concentrations [1]. Se is a micronutrient and essential 
mineral for mammals, and is involved in many activities 
and systems, including antioxidants, immune system, 
thyroid, muscle metabolism, and growth by composing 
different proteins and enzymes [2]. The biological func-
tions of Se arise via the primary catalytic activity of sele-
nocysteine (Sec) in 25 proteins expressed in the human 
proteome. Selenoproteins are present in all vertebrates 
and are especially important to prevent and reverse oxi-
dative damage in the brain [3]. Se holds the potential to 
protect against mercury (Hg) [4], arsenic (As) and cad-
mium (Cd) [5], and under certain conditions lead (Pb) 
[6–8] mediated toxicity by sequestering these heavy met-
als into biologically inactive complexes and/or through 
the activity of Se-dependent antioxidant systems.

For several vertebrate species, Se has one of the nar-
rowest reference ranges of all the micronutrients. For 
humans, this range is 81–165 µg/L in whole blood [9], 
whereas concentration in whole blood below 40 µg/L is 
recognized as deficiency, and above 400 µg/L is recog-
nized as toxicity [10, 11], and most mammals follow a 
similar narrow safety margin. This makes both Se defi-
ciency and toxicity a matter of concern. Animals expe-
riencing Se deficiency can develop various diseases and 
symptoms including cardiovascular disease [12], thy-
roid disease [13], impaired immune response [14], and 
reduced viral defense [15]. Livestock experiencing Se 
deficiency can be affected by “White Muscle Disease”, 
reduced reproduction and fertility, abortions, reduced 
weight gain and diarrhea [16]. In contrast, Se toxicity or 
selenosis, refers to the replacement of sulfur (S) by Se in 
different metabolic reactions causing toxicosis [11, 17]. 
Symptoms of selenosis include alterations in keratinous 
tissues (hair loss, skin lesions, changes in nail and hoof 
structure), diarrhea, and joint and muscle pain [11, 18].

Se is present in nature in five oxidation states: the fully 
oxidized selenate (Se[+ VI]), selenite (Se[+ IV]), selenides 
(Se[-II]) and (Se[-I]), and elemental Se (Se[0]), and these 
Se compounds are widespread in rocks, soils, waters and 
air [1]. Sedimentary rocks are the primary source of Se, 
and it is mainly found in sandstone, quartzite and lime-
stone. In contrast, igneous rocks and especially granite, 
basalt and andesite, accounting for large areas of the 
Earth’s surface, contain much lower concentrations mak-
ing Se-deficient environments more widespread than 
Se-excessive ones [1, 19]. The Se content in soils and 
plants in Northern Europe is generally low [19]. In Nor-
way and Sweden, veterinarians have frequently found Se 

deficiencies in livestock, especially in central and eastern 
parts of southern Norway, resulting in Se compounds 
being added to animal feed mixtures the last several 
decades [20]. Studies measured Se in soil in Innlandet 
county, Norway, and reported very low Se concentra-
tions, with 94% of soil samples containing less than 0.2 
mg/kg [21]. Consequently, low Se concentrations were 
reported in plants such as Salix spp., A. flexuosa, S. vir-
gaurea, M. preatense, G. sylvaticum, V. myrtillus, wild 
grasses, sedges and rushes, and grass from cultivated 
pastures, with small variation between species [22]. To 
avoid deficiency the daily dietary requirement of Se for 
cattle and deer should exceed 0.02 mg/kg [23].

In contrast to livestock, concentrations of Se in wild-
life have not been thoroughly studied in these regions, 
with a few exceptions. Moose (Alces alces) are large her-
bivorous browsers that have been used as a sentinel for 
spatial variations of Se uptake by herbivores in Sweden, 
reported to have Se liver concentrations considered to be 
deficient for cattle [24]. Brown bears (Ursus arctos) are 
omnivorous hibernators [25] with seasonal diet changes. 
During spring and summer, they feed on carrion and 
predate neonatal moose, whereas in late summer and 
fall, forest berries (Vaccinium ssp. and Epretum nigrum) 
dominate their diet [26]. Ants, mostly of the genera For-
mica and Camponotus are an important food source dur-
ing the entire active season [26]. Scandinavian wolves 
(Canis lupus) are carnivores, predominantly predating on 
moose [27]. Wolverines (Gulo gulo) are carnivores with a 
wide spectrum of prey species, however facultative scav-
enging is probably the dominant way of food intake [28, 
29]. Wolverines cache food items, and their diet might 
periodically be dominated by bone and skin tissues [30]. 
Here we compare [TSe] between moose, bears, wolves 
and wolverines on an herbivore-omnivore-carnivore con-
tinuum. The question we wanted to address in this study 
was how the Se concentrations present in these species 
change with varying trophic positions. We aimed to 
explore if moose, as a strictly herbivorous species, is Se 
deficient and if concentrations of this element in species 
on the other end of the continuum and with higher tro-
phic positions (wolves and wolverines and partly bears) 
are affected by the same Se poor ecosystem. Further-
more, we explored spatial differences in Se concentra-
tions between different regions in south-central Norway 
and Sweden.

Methods
Study area
Several long-term projects collecting and bio-banking 
blood samples from moose (Flisa, Inland county, Nor-
way and Ljusdal, Gävleborg county, Sweden), brown 
bears (mainly Dalarna and Gävleborg counties, Swe-
den), wolverines (Inland county, Norway), and wolves 



Page 3 of 13Lian et al. Acta Veterinaria Scandinavica           (2025) 67:51 

(Inland county Norway and Värmland county, Swe-
den), close to the Norwegian-Swedish border contrib-
uted blood samples for this project (Fig. 1; Table 1). The 
area is approximately 67 699 km2 (~ 61 °N, 13 °E), and 
the region is mainly covered by cultivated and sparsely 
populated coniferous forest, especially Scots pine (Pinus 
sylvestris) and Norway spruce (Picea abies), with rolling 
landscape, lakes, bogs, and agricultural fields in the east-
ern parts. Elevation ranges between 150 m and 1400 m, 
where at high altitudes, the ground is covered with snow 
from October to mid-May, with a shorter period of snow 
cover at lower altitudes. Moose, bears and wolves were 
sampled along the country border between Norway and 
Sweden, whereas wolverines were sampled only in Nor-
way (Fig. 1).

Animal capture
We captured all animals following a detailed standard-
ized biomedical protocol for animal anesthesia and han-
dling techniques [31]. Moose [32], brown bears [25, 33, 
34], and wolves [31] were chemically immobilized via 
remote injection from a helicopter, hibernating bears 
were darted in dens [25], while we captured wolverines 
using baited wooden traps and darted the animal in the 
trap immediately at approach [35]. All animals were 
sexed, and bears, wolves and wolverines were weighed 
using spring scales. For bears, age was either known for 
individuals followed from one year of age or determined 
by counting the cementum layer of a vestigial first premo-
lar [36]. Similar for wolves that were captured at less than 

Table 1  Ethical approval document identifiers in relation to the 
various included research projects and host organizations
Project name Species Country Hosting 

institution
Ethical 
approval 
document 
id

Scandinavian 
brown bear re-
search project 
(SBBRP)

Brown 
bear (Ursus 
arctos)

Norway Norwegian 
Institute 
for Nature 
Research 
(NINA)

FOTS ID: 
19,368

Sweden Swedish 
University of 
Agricultural 
Sciences 
(SLU)

Dnr: 5.8.18–
03376/2020

Scandinavian 
wolf research 
project

Wolf (Canis 
lupus)

Norway University of 
Inland Nor-
way (INN)

FOTS ID: 
15,370

SKANDULV Wolf (Canis 
lupus)

Sweden Swedish 
University of 
Agricultural 
Sciences 
(SLU)

Dnr: 5.2.18–
2830/16

Scandinavian 
forest wolver-
ine project, 
Skogsjerv

Wolverine 
(Gulo gulo)

Norway INN FOTS ID: 
19,625

Grensevilt Moose 
(Alces alces)

Norway INN FOTS ID: 
15,170

Viltsamverkan 
i brandens 
spår

Moose 
(Alces alces)

Sweden SLU Dnr: A14-15

Fig. 1  Study area. Capture positions for moose (Alces alces, green circle), brown bears (Ursus arctos, orange cross), wolves (Canis lupus, blue triangle), and 
wolverines (Gulo gulo, red diamond), in interior Norway and Sweden
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one-year-old (determined by the distal epiphyseal growth 
zones on radius and ulna). Age of adult wolves and wol-
verines is based on the time between the sampling date 
and the individual’s DNA first appearance in the Scandi-
navian carnivore monitoring database (Rovbase.no). All 
sampled wolves were likely DNA sampled during their 
first year of life, whereas for wolverines this indicates a 
minimum age. Moose were aged based on tooth wear. 
We classified age in three groups for bears and wolves: 
pups (wolf: ≤1 year), yearlings (bears sampled in April 
born the previous year), subadults (bear >2-<4 years, 
wolf >1-< 3), and adults (bear: ≥4 years, wolf ≥ 3 years). 
In certain instances, an animal was captured for the first 
time as either an adult or sub-adult and could therefore 
not be aged. Sampled wolves were either territorial adults 
or offspring within their natal territory. The exact loca-
tion of the anesthetized animal was recorded using a 
hand-held GPS (Fig. 1). Capture, handling and sampling 
of all individuals was performed under ethical permits 
obtained for all different projects and is summarized in 
Table 1. The Scandinavian brown bear research project 
is a long-term research project conducting physiological 
and ecological studies on brown bears mainly in interior 
Sweden and boarder regions with Norway. The remaining 
projects mainly focus on ecology but additionally con-
duct physiological studies. All sampling for Se analyses 
were done opportunistically to the projects listed in Table 
1, limiting our study design with regards to location and 
year sampled. Sampling sites were consistent across years 
for bears, wolves and wolverines. Moose were sampled in 
Flisa in 2018 and 2019, and in Ljusdal in 2020.

Blood sampling
A total of 379 blood samples (from 218 individuals) were 
collected from chemically immobilized animals; moose 
(n = 31, between February and March 2018–2020), brown 

bears (n = 305, between February and June 2010–2021), 
wolves (n = 26, between January and March 2014–2022) 
and wolverines (n = 17, between January and April 2017–
2021). Some brown bears were re-captured through-
out the study. The distribution of sample size per year is 
listed in Table 2. Blood samples were collected from the 
jugular vein for bears, moose, and wolverines, and from 
the cephalic vein for wolves. Whole blood samples were 
stored either in 4 mL evacuated EDTA tubes (EDTA, 
Vacuette, Greiner Bio-One International GmbH, Krems-
münster, Austria; n = 144) or in 6 mL evacuated heparin 
trace element tubes (TE; Vacuette; n = 204). Samples were 
kept cool in the field, and kept at -20 °C until permanent 
storage at -80  °C as soon as possible and upon arrival 
in the laboratory. Samples were shipped chilled to ALS 
Scandinavia laboratories.

Se analyses
Total Se concentration ([TSe]), reported as µg/L, was 
determined for all whole blood (WB) samples. The sam-
ples were prepared by closed vessel micro-wave assisted 
nitric acid digestion [37]. Next, [TSe] were measured 
by sector-field inductively coupled plasma mass spec-
trometry (ICP-SFMS, ELEMENT XR, Thermo Scien-
tific, Bremen, Germany) using 77Se and 78Se isotopes 
in high-resolution mode with combination of internal 
standardization and external calibration as described in 
detail elsewhere [38]. Quality controls included prepa-
ration blanks, parallel samples and matrix-matched test 
samples (Seronorm Trace Elements Whole Blood − 1 
(lot 1702821), L-2 (lot 1702825) and L-3 (lott 1702826), 
with tabulated Se concentrations in the range 69–254 
µg/L, SERO AS, Norway) prepared and analyzed in each 
batch of blood samples. Method quantification limit for 
Se, determined as 10 times the standard deviation (SD) 
for preparation blanks was 2 µg/L with analyte recovery 
in test samples within 88%-106% range. Mean in-run 
repeatability (assessed using relative SD (RSD) for results 
for parallel samples (n = 52) analyzed within single ana-
lytical session was 5.1% RSD. As samples for this study 
have been analyzed in several analytical sessions span-
ning few years, long term reproducibility was assessed by 
re-analyzing 22 randomly selected blood samples from 
bears, previously analyzed in four different batches as 
blind samples in the last analytical session. Long term 
reproducibility was 7.4% RSD for, thus roughly 1.5 times 
higher than in-run reproducibility.

Statistical analyses
For all analyses [TSe] was used as the response variable 
and was tested for normality using histograms and Sha-
piro Wilkes test. To compare [TSe] between the different 
species, we used ANOVA followed by post hoc compari-
sons using estimated marginal means (emmeans) with 

Table 2  Sample size distributed across sampling years
Year Moose Brown bears Wolves Wolverines
2010 13
2013 9
2014 3
2015 1
2016 1
2017 36 2
2018 5 54 3 4
2019 10 64 4 4
2020 16 72 3 1
2021 57 2 6
2022 9
In total 31 305 26 17
A total of 379 blood samples were collected from chemically immobilized 
animals; moose between February and March 2018–2020, brown bears between 
February and June 2010–2021, wolves between January and March 2014–2022), 
and wolverines between January and April 2017–2021
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Tukey’s adjustment for multiple comparisons, imple-
mented with the “emmeans” package in R [39]. For the 
species-specific analyses model selection was performed 
using the Akaike Information Criterion (AIC) to identify 
the best-fitting model among a set of candidate models 
[40]. Model selection was performed using the dredge 
function from the MuMIn package [41], which system-
atically generates all possible sub-models of the global 
model and ranks them based on corrected Akaike Infor-
mation Criterion (AICc). The AICc was used to correct 
for small sample sizes. ΔAICc < 2 was considered the 
best fitted model [42]. Explanatory variables are outlined 
in the results for each species. Model selection and com-
parison was implemented using R packages bbmle [43] 
and MuMIn. For bears, we used a linear mixed model to 
account for several measurements from the same animal 
over the years and added animal ID as a random effect 
to the model (R package lme4 [44]). For models selected 
with ΔAICc < 2 post hoc testing was performed with 
emmeans. A P value < 0.05 was considered significant 
for both post hoc testing and the ANOVA. A correlation 
analysis was conducted ahead of model selection using 
the cor() function in R (Pearson correlation). When vari-
able pairs had a correlation >0.7, one was emitted from 
the model. This resulted in the following predictor vari-
ables for the different species:

 	• Moose: sex, estimated age and location (Flisa, 
Inlandet county, Norway and Ljusdal, Gävleborg 
county, Sweedn). Year was excluded due to 
correlation with location.

 	• Brown bears: body weight, latitude, longitude, year, 
and season, with animal ID included as a random 
intercept to account for repeated measures. Sex and 
age were excluded due to correlations with body 
weight and age class.

 	• Wolves: body weight, year, latitude, longitude, family 
group (social unit consisting of breeding pair and 
offsprings from different years), and age class. Sex 
and estimated age were excluded due to correlations 
with body weight.

 	• Wolverines: sampling year, body weight, and 
six different locations in Innlandet county, 
Norway (Evenstadlia, Gravberget, Lia, Opphus, 
Ottlaugkampen and Veslbyringen). Sex was excluded 
due to correlation with body weight.

We performed all statistical analyses in R version 4.4.2 
[45].

Results
The concentration of the response variable total sele-
nium [TSe] was normally distributed confirmed with his-
togram and Shapiro Wilkes test. We observed a pattern 

of a significant difference in [TSe] measured in whole 
blood between different species (F3,375=156.7, P < 0.001, 
Fig. 2), with a post hoc test confirming significant differ-
ences between all species (Table  3). Specifically, moose 
had significantly lower mean values compared to brown 
bears (estimated difference = 120  µg/L, SE = 11.0  µg/L, 
t375=-10.94, P < 0.001) and wolves (estimated differ-
ence = 222  µg/L, SE = 15.5  µg/L, t375=-14.29, P < 0.001). 
Similarly, brown bears differed significantly from wol-
verines (estimated difference = 231  µg/L, SE = 14.6  µg/L, 
t375= -15.87, P < 0.001). The largest observed difference 
was between moose and wolverines, with an estimated 
marginal mean difference of 352  µg/L (SE = 17.6  µg/L, 
t375=-19.94, P < 0.001). All pairwise contrasts were sig-
nificant, with the smallest effect size observed between 
wolves and wolverines (estimated difference = 130  µg/L, 
SE = 18.2  µg/L, t375=-7.11, P < 0.001). Table  3 addition-
ally compares our results with published reference 
ranges for selected domesticated species. We note that 
55% of moose and 5% of brown bears tested in this study 
have [TSe] below the recommended reference range for 
selected domesticated species, whereas 49% of bears, 42% 
wolves and 29% wolverines are displaying [TSe] above 
the upper reference limit for selected domesticated spe-
cies. We interpret species-level differences as observed 
patterns that may reflect both trophic ecology and envi-
ronmental variation, rather than strictly species-specific 
physiology.

  

Moose
Model selection using AICc identified the model includ-
ing both location and sex as the best-fitting model 
to explain variation in [TSe] in moose (AICc = 286.1, 
ΔAICc = 0, df = 4). The second-best model included 
location alone (ΔAICc = 1.4, df = 3). Post hoc com-
parisons of location, averaged across sex, revealed a 
significant difference between Ljusdal and Flisa (esti-
mated difference = 24.4  µg/L, SE = 9.43  µg/L, t27 = 2.59, 
P = 0.015), where Ljusdal had higher predicted mean 
[TSe] (125  µg/L, 95% CI: 111.6  µg/L–139.0  µg/L) com-
pared to Flisa (101 µg/L, 95% CI: 85.6 µg/L–116.0 µg/L, 
Fig. 3). Further, post hoc testing found the difference in 
[TSe] between sexes estimated at 21 µg/L (SE = 10.6 µg/L, 
t27 = − 1.98, P = 0.059), suggesting a trend for higher con-
centrations in males compared to females.

Brown bears
The best-supported model, with the lowest AICc 
(3050.5, ΔAICc = 0.00, weight = 0.251), included body 
weight (Model averaging β = 15.40  µg/L, SE = 3.30  µg/L, 
z = 4.66, P < 0.001)) and season (with winter (β = 95.67, 
SE = 16.12  µg/L, z = 5.93, P < 0.001) and summer 
(β = 23.83  µg/L, SE = 10.47  µg/L, z = 2.28, P = 0.023) 
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compared to spring) as fixed effects and a random inter-
cept for animal ID. The parameter estimates included 
body weight: 15.43  µg/L (SE = 3.28  µg/L, t = 4.70), indi-
cating that [TSe] increased by approximately 15.43 µg/L 
for each unit increase in body weight. Additionally, for 
season (summer): 24.13 (SE = 10.41  µg/L, t = 2.32), sug-
gesting higher selenium concentrations in summer com-
pared to the reference season spring with 219 ± 3.64 µg/L 
(estimated marginal mean ± SE). The season winter had 
95.98  µg/L (SE = 16.05  µg/L, t = 5.98), indicating higher 

selenium concentrations in winter compared to spring 
(Fig.  4). The variance attributed to animal ID (random 
intercept) was estimated at 149.2 µg/L (SD = 12.22 µg/L), 
and the residual variance was 2761.6  µg/L 
(SD = 52.55 µg/L). The second-best model included body 
weight, season, and year as fixed effects, with a margin-
ally higher AICc (3050.6, ΔAICc = 0.15, weight = 0.232). 
Models with ΔAICc < 2 are presented in Table 4.

Fig. 2  Selenium in a trophic cascade. Significant different concentrations of total selenium ([TSe]) measured in whole blood (µg/L) in four free-ranging 
Scandinavian wildlife species: Moose (Alces alces, n = 31), brown bears (Ursus arctos, n = 305), wolves (Canis lupus, n = 26) and wolverines (Gulo gulo, n = 17). 
Significant differences between all species (P < 0.001)
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Wolves
Model selection using AICc identified the model includ-
ing age class and family group (AICc = 269.2, ΔAICc = 0, 
weight = 0.152) as the best fit. Posthoc testing revealed 
significantly higher [TSe] in adult animals compared 
to yearlings 79.57  µg/L (SE = 24.9  µg/L, t11 = − 3.20, 
P = 0.021), whereas no significant difference could be 
found between family groups. The second-ranked model 
(ΔAICc = 0.25, weight = 0.134) additionally included 
longitude, though its inclusion provided only marginal 
difference in model performance. Other models with 
ΔAICc < 2 incorporated body weight or year sampled 
(Table 5).

Wolverines
Model selection using AICc identified the model 
that included location only as highest ranked model 
(AICc = 192.7, ΔAICc = 0, weight = 0.666), Fig. 5). Other 
models had ΔAICc > 2. Posthoc testing revealed sig-
nificantly higher Se for animals sampled at Gravberget 
compared to Ottlaugkampen (estimated difference 147. 
24 µg/L, SE = 45.6 µg/L, t11 = 3.227, P = 0.067).

Discussion
In this study we documented whole blood selenium 
concentrations ([TSe]) in four Scandinavian wildlife 
species with varying trophic positions and found con-
centrations comparable with selenium deficiency in 
selected domesticated species (Table  3) in more than 
half of the moose and in 5% of the brown bears sam-
pled. Surprisingly, 49% of brown bears, 42% wolves and 
29% wolverines had [TSe] above recommended blood 
reference ranges for selected domesticated species, 
thus not reflecting the poor Se ecosystem. Addition-
ally, we found that [TSe] were significantly associated 
with location of the animal (all species), body weight/
sex/age of the animal (moose, brown bears and wolves 
all had at least one of these correlated variables 
included in the best fitted model). Year and season also 
affected [TSe] with annual variations in brown bears 

and wolves, and seasonal variations in brown bears. 
The blood [TSe] increased along the trophic levels: 
herbivorous moose < omnivorous bears < carnivorous 
wolves < scavenging wolverines, suggesting biomagni-
fication from deficient to excessive concentrations in 
large Scandinavian mammals.

Soil Se concentrations in the interior regions of 
south-central Scandinavia are low, limiting the avail-
able [TSe] in the diet of these animals [22]. Our 
results show that especially the herbivorous moose are 
affected by this, but also 5% of the omnivorous brown 
bears had blood [TSe] considered to represent defi-
ciency in domesticated omnivorous pigs. A previous 
study in Sweden found 50–60% of moose livers with 
[TSe] that would be considered deficient in cattle [24]. 
To our knowledge, this is the first Se survey of moose 
in Scandinavia measuring whole blood, and addition-
ally the first survey of Se status in both Norway and 
Sweden for the other wildlife species described in this 
study. Due to the Se poor ecosystem, we were sur-
prised that animals in the higher trophic positions did 
not reflect these low concentrations since they are for-
aging on moose with relatively low [TSe], rather they 
displayed levels above reference ranges for comparable 
domesticated species. It should be emphasized that 
we do not have established reference ranges for any 
of these free-ranging species, and possibly, they are 
within the normal range for their respective species. 
Selenosis most commonly occurs from overdosing Se 
supplements but can be endemic in certain regions 
of the world where seleniferous soil leads to concen-
trated Se plants and forage [49]. Typical symptoms of 
acute toxicity occur with Se whole blood concentra-
tions between 2.2 and 20 ppm across species, which is 
3.5 times higher than the highest concentration found 
in this study (0.614 ppm/614 µg/L). Acute toxicity can 
include cardiopulmonary lesions, while chronic toxic-
ity can include emaciation, lameness, immunotoxicity, 
anemia, cardiotoxicity, and poor reproductive per-
formance [50]. No apparent selenosis symptoms were 
detected in our wildlife species, other than the rela-
tively high whole blood concentrations. We can only 
speculate why these animals had these high concentra-
tions of Se, despite living in a Se poor ecosystem. One 
explanation, that these apex predators are exposed to 
Se supplements from livestock (i.e. mineral bolus in 
rumen), can likely be dismissed due to the spatial seg-
regation of livestock and carnivores particularly the 
sampled wolves (The Norwegian zonal carnivore man-
agement system [51]). The wolverines especially stand 
out with high Se concentrations in this study, with sig-
nificantly higher concentrations than wolves. This may 
reflect that wolf primarily prey on moose, whereas 
wolverines as scavengers also prey on species with 

Table 3  Mean ± 2SE and range of total selenium measured in 
whole blood (µg/L) in four Scandinavian wildlife species
Species n Mean ± 

2SE
Range Comparable species 

(reference range)
Moose 31 91.7 ± 8.7 57.0–176.5 Sheep (120–200), 

Goat (120–350), 
Cattle (80–120)

Brown bear 305 230.2 ± 6.9 115.0–405.5 Pig (180–220)
Wolf 26 325.9 ± 18.3 244.0–412.0 Dog (220–340)
Wolverine 17 451.5 ± 45.2 367.5–614.0 Mink (142–497)
Moose (Alces alces), brown bears (Ursus arctos), wolves (Canis lupus) and 
wolverines (Gulo gulo). Reference ranges for a selection of comparable 
domesticated species included [46–48]. Domestic reference ranges were 
selected to reflect species with comparable diets or physiology, rather than 
aiming for exhaustive inclusion
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higher trophic positions. Wolverines’ diet can periodi-
cally be dominated by bones and skin [30] which may 
contain higher [TSe].

Se availability in plants is related to the Se in soil, 
which again relies on Se composition of the bedrock 
[19, 22], and this probably contributed to the relatively 
high variability between local regions for all species 
sampled in this study. Since moose were sampled in 
different locations in different years (2018 and 2019 in 
Flisa and 2020 in Ljusdal) we cannot exclude that the 
year the moose was tested contributed to the spatial 

differences. Regional differences were also detected in 
the Swedish moose survey [24], and in studies investi-
gating Se concentrations in livestock and plants [22]. 
The annual variation detected for brown bears and 
wolves is most likely related to annual fluctuation in 
precipitation [52, 53]. Different seasons will also pro-
duce different amounts of rainfall, and previous stud-
ies have detected a seasonality in Se geochemistry [54]. 
A study from Poland found highest Se concentrations 
during spring [55] in Se deficient roe deer (Capreolus 
capreolus). We found a seasonal difference in brown 

Fig. 3  Selenium in moose. Significant different concentrations of total selenium ([TSe]) measured in whole blood (µg/L) in free-ranging Moose (Alces 
alces, n = 31) sampled in Ljusdal (Sweden) and Flisa area (Norway)
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Table 4  Model selection table for brown bears. Here we present all models with ΔAICc < 2 for [TSe] measured in µg/L whole blood in 
brown bears
Intercept Body weight Year Lattitude Longitude Season df AICc ΔAICc Model Weight
219.3 15.43 + 6 3050.5 0.00 0.251
-3407.0 15.60 1.80 + 7 3050.6 0.15 0.232
219.2 15.07 -3.196 + 7 3051.7 1.20 0.137
-3157.0 15.29 1.67 -2.671 + 8 3052.1 1.65 0.110

Fig. 4  Selenium in brown bears. Significant different concentrations of total selenium (TSe) measured in whole blood (µg/L) sampled from free-ranging 
brown bears (Ursus arctos, n = 305) during three different seasons from 2010 to 2021
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Table 5  Model selection table for wolves. Here we present all models with ΔAICc < 2 for [TSe] measured in µg/L whole blood in 
wolves
Intercept Body weight Age class Year Family group Latitude Longitude df AICc ΔAICc Weight
252.60 30.95 4.18 4 269.2 0.00 0.152
135.50 30.76 4.61 8.883 5 269.4 0.25 0.134
-8751.00 37.35 4.45 4.25 5 269.7 0.53 0.117
294 25.88 3 270.9 1.72 0.064

Fig. 5  Selenium in wolverines. Total selenium concentration ([TSe]) measured in whole blood in µg/L in wolverines sampled at different locations (orga-
nized geographically north – south) in Innlandet county, Norway
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bears, which were the only species we tested during 
different seasons. The bears had significantly higher 
Se during winter, followed by a decrease into spring, 
and higher concentrations again in the summer. Due 
to bears’ hibernating nature (winter samples collected 
during hibernation [25], we cannot exclude that the 
varying Se concentrations are related to internal physi-
ological changes in the brown bear, rather than Se 
accessibility. Especially since the Se concentration for 
brown bears was significantly higher during winter, 
when they are hibernating and not eating. The other 
species sampled were all sampled in winter and may 
have seasonal differences as well.

In all species except for wolverines, we found signifi-
cant associations with physiological variables such as 
sex (moose), body weight (bears) or age class (wolves). 
Body weight, sex and age are highly correlated in these 
species, and it seems likely that selenium increases 
with age and/or body weight. This is not surprising 
and is a well-established fact in domesticated animals 
and humans, where different age classes are separated 
for reference ranges [56].

Despite using a unique dataset that includes sev-
eral free-ranging mammalian species, our study has 
important limitations. The samples were drawn from 
existing biobanks associated with long-term research 
projects in Norway and Sweden, and not all species 
were sampled with equal intensity or geographic cov-
erage. Bear samples (n = 305) were collected over more 
than a decade and comprise the majority of the data-
set. In contrast, we had smaller sample sizes for moose 
(n = 31), wolves (n = 26), and wolverines (n = 17), col-
lected over shorter periods and in more spatially lim-
ited areas.

Although there is partial geographic overlap between 
species, uneven spatial distribution and sample sizes 
introduce the possibility of spatial confounding, which 
complicates efforts to isolate species effects from 
regional variation in selenium availability. To mitigate 
this, we included spatial covariates (e.g., latitude and 
longitude or region) in our models, and we interpret 
species-level differences as observed patterns that may 
reflect both trophic ecology and environmental varia-
tion, rather than strictly species-specific physiology.

In particular, wolverines showed relatively high 
[TSe] despite limited sample size and restricted spatial 
distribution, and we suggest comparing regions where 
sheep are known to be killed by wolverines, to regions 
without livestock mortalities, to explore if supple-
mented livestock are driving the relatively high [TSe]. 
Additionally, repeated measurements of [TSe] in 
brown bears sampled multiple times present an inter-
esting opportunity for future research. Such an analy-
sis could help elucidate how selenium concentrations 

develop or change over time within individuals, offer-
ing insights into long-term selenium dynamics in this 
species.

The relatively low [TSe] documented in moose and 
bears in this study has been observed in domesticated 
livestock species in Scandinavia for decades [21], and 
livestock often receive Se supplements [56]. Finland is 
the only Scandinavian country that adds supplemental 
Se (sodium selenate) to fertilizers nationwide, bringing 
the country from widely deficient levels in the 1970s 
to significantly increased blood concentrations of Se 
in both animals and humans [57]. Full understand-
ing of the health benefits in Finland from this inter-
vention will require a multidisciplinary approach, but 
increased cancer risk in humans has been linked to Se 
deficient diets [58]. Se protects against oxidative stress 
as a potent antioxidant and as a vital part of glutathi-
one peroxidase [4, 56]. The biochemical properties of 
Se, where it can bind to and in-activate heavy metals 
[5, 7, 17, 59] is an additional health benefit from Se. 
Communities with high fish and/or marine mammal 
consumption should be aware of these benefits, and 
maybe other Nordic countries could benefit from fol-
lowing Finland’s example and add Se to fertilizers (Fig. 
5).

Conclusions
In summary, this study found strong relationships 
between different wildlife megafauna’s concentra-
tion of Se in whole blood with location of the ani-
mal, age class/body weight or sex of the animal, and 
annual or seasonal changes. More than half of moose 
sampled had relatively low Se concentrations, as well 
as 5% of the brown bears. Surprisingly, apex predators 
expressed relatively high Se concentrations. The rela-
tively low Se concentrations found in moose and some 
bears should be accounted for in ecotoxicology stud-
ies, since the documented Se deficiency in Scandinavia 
can exacerbate heavy metal toxicosis.

Acknowledgements
We would like to thank all animal capture personnel and project leaders. This 
is a large and interdisciplinary project, with many contributors. Specifically, 
Barbara Zimmermann, Håkan Sand, Petter Wabakken and Jonas Kindberg’s 
contributions made this sample collection and research project possible.

Prior publication
Data have not been published previously.

Author contributions
ML: Conceptualized the study, and conducted the final data analyses, figures, 
and the first draft of the manuscript; LM and IMJ: Conducted the initial data 
analyses, helped with manuscript preparation, and generated the map; BF, AT, 
KN: Participated with data collection and analyses, in addition to manuscript 
review; ARG, ALE, FS, AT, WN, JMA: Participated with data collection and 
manuscript review: IR: Conducted the chemical analyses, and contributed to 
manuscript review. All authors have read and approved the final version of the 
manuscript.



Page 12 of 13Lian et al. Acta Veterinaria Scandinavica           (2025) 67:51 

Funding
This study was mainly funded by the University of Inland Norway and the 
Norwegian Environment Agency (grant number 19047048).

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
In Norway the Norwegian Food Safety Authority approved all work (FOTS 
ID: 19368; 15370; 19625; 15170). In Sweden all work was approved by the 
Swedish Board of Agriculture (Dnr: 5.8.18–93376/2020; 5.2.18–2830/16; A14-
15). Capture, handling and sampling of all individuals was performed under 
ethical permits obtained for all different projects and is summarized in Table 1.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Veterinary Medicine, University of Alaska Fairbanks, 2141 
Koyukuk Drive, Fairbanks, AK 99775, USA
2Department of Forestry and Wildlife Management, University of Inland 
Norway, Anne Evenstads Vei 80, 2480 Koppang, Norway
3OSU Pytheas Institute, Aix-Marseille Université, 38 rue Frédéric Juliot 
Curie, 13013 Marseille, France
4Division of Geosciences, Luleå University of Technology, 
Laboratorievägen 14, 971 87 Luleå, Sweden
5ALS Scandinavia AB, Aurorum 10, 977 75 Luleå, Sweden
6Department of Wildlife, Fish and Environmental Studies, Swedish 
University of Agricultural Sciences, Skogsmarksgränd, 901 83 Umeå, 
Sweden
7Norwegian Institute for Nature Research, Trondheim, Norway

Received: 21 April 2025 / Accepted: 9 October 2025

References
1.	 Fernández-Martínez A, Charlet L. Selenium environmental cycling and 

bioavailability: a structural chemist point of view. Rev Environ Sci Biotechnol. 
2009;8:81–110.

2.	 Tóth RJ, Csapó J. The role of selenium in nutrition – A review. Acta Univ 
Sapientiae Aliment. 2018;11:128–44.

3.	 Gladyshev VN, Kryukov GV, Fomenko DE, Hatfield DL. Identification of 
trace element–containing proteins in genomic databases. Annu Rev Nutr. 
2004;24:579–96.

4.	 Ralston NV, Raymond LJ. Mercury’s neurotoxicity is characterized by its 
disruption of selenium biochemistry. Biochim Biophys Acta Gen Subj. 
2018;1862:2405–16.

5.	 Zwolak I. The role of selenium in arsenic and cadmium toxicity: an updated 
review of scientific literature. Biol Trace Elem Res. 2020;193:44–63.

6.	 Feroci G, Fini A, Badiello R, Breccia A. Interaction between selenium deriva-
tives and heavy metal ions: Cu2 + and Pb2+. Microchem J. 1997;57:379–88.

7.	 Xu T, Gao X, Liu G. The antagonistic effect of selenium on lead toxic-
ity is related to the ion profile in chicken liver. Biol Trace Elem Res. 
2016;169:365–73.

8.	 Yin K, Yang Z, Gong Y, Wang D, Lin H. The antagonistic effect of se on the Pb-
weakening formation of neutrophil extracellular traps in chicken neutrophils. 
Ecotoxicol Environ Saf. 2019;173:225–34.

9.	 Cao Y, Zhang H, Yang J, Man Q, Song P, Mao D, et al. Reference ranges of sele-
nium in plasma and whole blood for child-bearing-aged women in China. Int 
J Environ Res Public Health. 2022;19:4908.

10.	 Fordyce FM. Selenium deficiency and toxicity in the environment. In: Selinus 
O, editor. Essentials of medical geology: revised edition. Netherlands: 
Springer; 2013. pp. 375–416.

11.	 Koller LD, Exon JH. The two faces of selenium-deficiency and toxicity–are 
similar in animals and man. Can J Vet Res. 1986;50:297–306.

12.	 Shimada BK, Alfulaij N, Seale LA. The impact of selenium deficiency on cardio-
vascular function. Int J Mol Sci. 2021;22:10713.

13.	 Rayman MP, Duntas LH. Selenium deficiency and thyroid disease. In: Luster M, 
Duntas LH, Wartofsky L, editors. The thyroid and its diseases: a comprehensive 
guide for the clinician. Cham: Springer International Publishing; 2019. pp. 
109–26.

14.	 Hoffmann PR, Berry MJ. The influence of selenium on immune responses. Mol 
Nutr Food Res. 2008;52:1273–80.

15.	 Guillin OM, Vindry C, Ohlmann T, Chavatte L. Selenium, selenoproteins and 
viral infection. Nutrients. 2019;11:2101.

16.	 Ferrari L, Cattaneo DMIR, Abbate R, Manoni M, Ottoboni M, Luciano A, et al. 
Advances in selenium supplementation: from selenium-enriched yeast to 
potential selenium-enriched insects, and selenium nanoparticles. Anim Nutr. 
2023;14:193–203.

17.	 Zwolak I, Zaporowska H. Selenium interactions and toxicity: a review. Cell Biol 
Toxicol. 2012;28:31–46.

18.	 MacFarquhar JK, Broussard DL, Melstrom P, Hutchinson R, Wolkin A, Martin 
C, et al. Acute selenium toxicity associated with a dietary supplement. Arch 
Intern Med. 2010;170:256–61.

19.	 Christophersen OA, Lyons G, Haug A, Steinnes E. Selenium. In: Alloway BJ, 
editor. Heavy metals in soils: trace metals and metalloids in soils and their 
bioavailability. Netherlands: Springer; 2013. pp. 429–63.

20.	 Låg J. Tilsetning av Selen Til Kraftfor Og handelsgjødsel (English summary). 
Jord Myr. 1985;9:193–6.

21.	 Wu X, Låg J. Selenium in Norwegian farmland soils. Acta Agric Scand. 
1988;38:271–76.

22.	 Sivertsen T, Garmo TH, Lierhagen S, Bernhoft A, Steinnes E. Geographical 
and botanical variation in concentrations of selenium, cobalt, iodine, zinc 
and other essential elements in sheep pasture plants in Norway. Acta Agric 
Scand. 2014;64:188–97.

23.	 Suttle N. Selenium. In: Suttle N, editor. Mineral nutrition of livestock. CABI; 
2022. pp. 372–411.

24.	 Galgan V, Frank A. Survey of bioavailable selenium in Sweden with the moose 
(Alces Alces L.) as monitoring animal. Sci Total Environ. 1995;172:37–45.

25.	 Evans AL, Sahlén V, Støen OG, Fahlman Å, Brunberg S, Madslien K, et al. Cap-
ture, anesthesia, and disturbance of free-ranging brown bears (Ursus arctos) 
during hibernation. PLOS One. 2012;7:e40520.

26.	 Stenset NE, Lutnæs PN, Bjarnadóttir V, Dahle B, Fossum KH, Jigsved P, et al. 
Seasonal and annual variation in the diet of brown bears Ursus Arctos in the 
boreal forest of southcentral Sweden. Wildl Biol. 2016;22:wlb00855.

27.	 Sand H, Wikenros C, Wabakken P, Liberg O. Cross-continental differences in 
patterns of predation: will naive moose in Scandinavia ever learn? Proc R Soc 
B Biol Sci 2006;273:1421–27.

28.	 Koskela A, Kojola I, Aspi J, Hyvärinen M. The diet of breeding female Wolver-
ines (Gulo gulo) in two areas of Finland. Acta Theriol. 2013;58:199–204.

29.	 Nordli K, Walton Z, Eriksen A, Rogstad M, Zimmermann B, Wikenros C, et al. 
Carcass provisioning and intra-guild risk avoidance between two sympatric 
large carnivores. Behav Ecol Sociobiol. 2024;78:17.

30.	 Wright J, Ernst J. The wolverine, Gulo Gulo luscus, resting sites and caching 
behavior in the boreal forest. Can Field-Nat. 2004;118:61–4.

31.	 Arnemo JM, Evans AL. Biomedical protocols for Free-ranging brown Bears, 
Wolves, Wolverines and Lynx. Hedmark Univ Appl Sci. 2017. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​3​1​4​​0​/​​R​G​.​​2​.​2​​.​3​0​3​​5​9​​.​3​7​2​8​6.

32.	 Lian M, Evans AL, Bertelsen MF, Fahlman Å, Haga HA, Ericsson G, et al. 
Improvement of arterial oxygenation in free-ranging moose (Alces alces) 
immobilized with etorphine-acepromazine-xylazine. Acta Vet Scand. 
2014;56:1–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​2​8​-​0​1​4​-​0​0​5​1​-​5.

33.	 Støen OG, Neumann W, Ericsson G, Swenson JE, Dettki H, Kindberg J, et al. 
Behavioural response of moose Alces Alces and brown bears Ursus Arctos to 
direct helicopter approach by researchers. Wildl Biology. 2010;16:292–300.

34.	 Fahlman Å, Arnemo JM, Swenson JE, Pringle J, Brunberg S, Nyman G. Physi-
ologic evaluation of capture and anesthesia with medetomidine-zolazepam-
tiletamine in brown bears (Ursus arctos). J Zoo Wildl Med. 2011;42:1–11.

35.	 Trydal MB. Spatial and temporal movement patterns of wolverine (Gulo gulo) 
females during the denning period in the boreal coniferous forest. 2022. ​h​t​t​p​​
s​:​/​​/​h​d​l​​.​h​​a​n​d​​l​e​.​​n​e​t​/​​1​1​​2​5​0​/​3​0​5​2​1​8​5. Accessed 15 Feb 2023.

36.	 Mattson G, Van Daele L, Goodwin E, Aumiller L, Reynolds H, Hristienko H. A 
laboratory manual for cementum age determination of Alaska brown bear 
first premolar teeth. Anchorage: Alaska Department of Fish and Game, Divi-
sion of Wildlife Conservation; 1993. ​h​t​t​p​​:​/​/​​w​w​w​.​​a​d​​f​g​.​​a​l​a​​s​k​a​.​​g​o​​v​/​s​​t​a​t​​i​c​/​h​​o​m​​e​/​

https://doi.org/10.13140/RG.2.2.30359.37286
https://doi.org/10.13140/RG.2.2.30359.37286
https://doi.org/10.1186/s13028-014-0051-5
https://hdl.handle.net/11250/3052185
https://hdl.handle.net/11250/3052185
http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/research_pdfs/matson_et_al_1993_a_laboratory_manualfor_cementum_age_determination.pdf


Page 13 of 13Lian et al. Acta Veterinaria Scandinavica           (2025) 67:51 

l​​i​b​r​​a​r​y​/​​p​d​​f​s​/​​w​i​l​​d​l​i​f​​e​/​​r​e​s​​e​a​r​​c​h​_​p​​d​f​​s​/​m​​a​t​s​​o​n​_​e​​t​_​​a​l​_​​1​9​9​​3​_​a​_​​l​a​​b​o​r​​a​t​o​​r​y​_​m​​a​n​​u​
a​l​​f​o​r​​_​c​e​m​​e​n​​t​u​m​_​a​g​e​_​d​e​t​e​r​m​i​n​a​t​i​o​n​.​p​d​f.

37.	 Fuchs B, Thiel A, Zedrosser A, Brown L, Hydeskov HB, Rodushkin I, et al. High 
concentrations of lead (Pb) in blood and milk of free-ranging brown bears 
(Ursus arctos) in Scandinavia. Environ Pollut. 2021;287:117595.

38.	 Söderberg C, Rodushkin l, Johansson A, Kugelberg FC. Postmortem refer-
ence concentrations of 68 elements in blood and urine. Int J Legal Med. 
2023;137:655–69.

39.	 Lenth R. emmeans: estimated marginal means, aka least-squares means (Ver-
sion {R package version 1.10.6) [Computer software]. 2024.

40.	 Zuur A, Ieno E, Walker N, Saveliev A, Smith G. Mixed effects models and 
extensions in ecology with R.1st ed. Springer Science; 2009.

41.	 Barton K. MuMIn: Multi-model inference_ (Version R package version 1.48.4) 
[Computer software]. 2024. ​h​t​t​p​​s​:​/​​/​C​R​A​​N​.​​R​-​p​​r​o​j​​e​c​t​.​​o​r​​g​/​p​a​c​k​a​g​e​=​M​u​M​I​n.

42.	 Burnham K, Anderson D. Model selection and multimodel inference: a practi-
cal information-theoretic approach. 2nd ed. Springer; 2002.

43.	 Bolker B, Giné-Vázquez I. Tools for general maximum likelihood estimation 
(Version 1.0.25.1) [Computer software]. 2023. ​h​t​t​p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​b​b​o​l​​k​e​​r​/​b​b​
m​l​e.

44.	 Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models 
using lme4. J Stat Softw. 2015;67:1–48. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​8​​6​​3​​7​/​​j​s​s​.​v​​0​6​7​.​i​0​1.

45.	 RStudio Team. RStudio: integrated development environment for R. Boston: 
RStudio, PBC. 2024. https://www.rstudio.com/. Accessed 21 Apr 2025.

46.	 Puls R. Mineral levels in animal health. Diagnostic data. 2nd ed. Sherpa Inter-
national; 1994.

47.	 Staroverova I, Maksimov V, Balakirev N, Zaitsev SY. Postnatal changes in mink 
(Mustela vision) mineral metabolism assessed by micro- and macroelements 
in blood and fur. Sel’skokhoz. Biol. 2018;53:1190–1201.

48.	 Stowe H, Herdt T. Clinical assessment of selenium status of livestock. J Anim 
Sci. 1992;70:3928–33.

49.	 Knight AP, Walter RG. A guide to plant poisoning of animals in North America. 
Teton NewMedia. 2002.

50.	 Hall JO. Selenium. In: Gupta RC, editor. Veterinary Toxicology (Second Edition). 
Academic Press; 2012. pp. 549–57.

51.	 Strand GH, Hansen I, de Boon A, Sandström C. Carnivore management 
zones and their impact on sheep farming in Norway. Environ Manage. 
2019;64:537–52.

52.	 Johnsson L. Trends and annual fluctuations in selenium concentrations in 
wheat grain. Plant Soil. 1991;138:67–73.

53.	 Roulier M, Bueno M, Coppin F, Nicolas M, Thiry Y, Rigal F, et al. Atmospheric 
iodine, selenium and caesium depositions in france: I. Spatial and seasonal 
variations. Chemosphere. 2021;273:128971.

54.	 Lao IR, Feinberg A, Borduas-Dedekind N. Regional sources and sinks of 
atmospheric particulate selenium in the united States based on seasonality 
profiles. Environ Sci Technol. 2023;57:7401–09.

55.	 Pilarczyk B, Tomza-Marciniak A, Pilarczyk R, Hendzel D, Błaszczyk B, Bąkowska 
M. Tissue distribution of selenium and effect of season and age on sele-
nium content in roe deer from Northwestern Poland. Biol Trace Elem Res. 
2011;140:299–307.

56.	 Hosnedlova B, Kepinska M, Skalickova S, Fernandez C, Ruttkay-Nedecky B, 
Malevu TD, et al. A summary of new findings on the biological effects of sele-
nium in selected animal species—a critical review. Int J Mol Sci. 2017;18:2209.

57.	 Alfthan G, Eurola M, Ekholm P, Venäläinen ER, Root T, Korkalainen K, et al. 
Effects of nationwide addition of selenium to fertilizers on foods, and animal 
and human health in Finland: from deficiency to optimal selenium status of 
the population. J Trace Elem Med Biol. 2015;31:142–47.

58.	 Finley JW. Increased intakes of selenium-enriched foods May benefit human 
health. J Sci Food Agric. 2007;87:1620–29.

59.	 Berry MJ, Ralston NVC. Mercury toxicity and the mitigating role of selenium. 
EcoHealth. 2008;5:456–59.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/research_pdfs/matson_et_al_1993_a_laboratory_manualfor_cementum_age_determination.pdf
http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/research_pdfs/matson_et_al_1993_a_laboratory_manualfor_cementum_age_determination.pdf
https://CRAN.R-project.org/package=MuMIn
https://github.com/bbolker/bbmle
https://github.com/bbolker/bbmle
https://doi.org/10.18637/jss.v067.i01
https://www.rstudio.com/

	﻿Whole blood selenium concentrations in four free-ranging mammal species from central Scandinavia
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study area
	﻿Animal capture
	﻿Blood sampling
	﻿Se analyses
	﻿Statistical analyses

	﻿Results
	﻿Moose
	﻿Brown bears
	﻿Wolves
	﻿Wolverines

	﻿Discussion
	﻿Conclusions
	﻿References


