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Abstract

The present study was carried out to provide insight into the body composition of snakes,
which is an important basis for determination of nutrient requirement and physiological pro-
cesses. Carcasses of 86 captive snakes (31 pythons, 32 colubrids and 23 boas) were avail-
able for analysis. Skins and vertebrae bones of 11 snakes and livers of 64 snakes were
analysed separately from the carcasses. Crude nutrients, major minerals and trace ele-
ments were investigated. The content of crude nutrients of the whole body was similar to
those of mammals and birds. Relatively high contents of copper, zinc and especially of iron
(up to 23,973 mg/kg dry matter) were found in the body, particularly in the liver. There was
an increase of the iron content of the whole body over age.

Introduction

Keeping reptiles as pets has become increasingly popular [1, 2]. Still, knowledge on the opti-
mum husbandry, including nutrition, for many reptilian species is limited and often based on
experience. In view of animal welfare and disease prevention [3, 4], research on nutrient
requirements is important to be able to give diet recommendations. Nutrition-related diseases
are well-known [4]. In snakes, this is especially important because the feed animals may not
always mirror prey in terms of nutrient supply or if commercial diets are used [5]. Data on
body composition is the basis for factorial calculation of nutrient requirements of a species.

Furthermore, whole-body nutrient content is useful for in vivo and post mortem diagnos-
tics. Several parameters of snake body composition have already been investigated [6-12].
Two studies [13, 14] analysed the selenium content of snakes and found high selenium con-
tents especially in animals originating from areas of high pollution. Other investigations target
the nutritive value of reptiles for human consumption [e.g. 15].

The objective of this study was to obtain a general overview on the body composition of the
different snake groups (boas, pythons, colubrids) and to detect distinctive features of the body
composition in comparison to other reptiles, mammals and birds, which may be associated
with metabolism and nutrition. In addition, we aimed to identify potential differences in nutri-
ent composition between species and age groups of snakes.
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Material and methods

For the use of dead animals that have not been killed for the experiment, no ethical approval
by the government was needed according to German legislation. The Ethical Committee of the
Faculty of Veterinary Medicine, LMU Miinchen, approved of the study (reference no. 296-11-
01-2022). Eighty-six carcasses of snakes of 21 species were analysed. The species belonged to
three groups: 31 pythons, 32 colubrids and 23 boas. The animals had died or been euthanized
due to various causes and immediately frozen (-18°C) to avoid decomposition of the bodies.
The carcasses originated from several pet traders, veterinary practices and private owners, so
that specific information about details of the husbandry was not available. Their age varied
from hatchling to adult. Hatchlings and snakes not longer than 25% of the expected adult
length were defined as juvenile, sexually mature animals were defined as adult and the inter-
medium stage was specified as semiadult. For measurements and necropsy, the carcasses were
thawed over 1-3 days at +4°C. The nutrition status was assessed by the same experienced
investigator in all snakes. A descriptive scale from 1 = cachectic, 2 = poor, 3 = moderate,

4 = good, 5 = very good to 6 = obese was used, taking into account species-specific differences
in body form. During necropsy, the weights of skins, fat bodies, livers and hearts were
recorded. Livers were removed from the carcasses and analysed separately. The gut content
was removed from the carcasses. From 11 snakes, skins and 18 vertebrae bones (6 of the cranial
proportion, 6 of the medium proportion and 6 of the caudal proportion of the vertebral col-
umn) were analysed. Livers of 64 snakes were analysed separately. Results of whole-body
including liver, bones and skin were calculated. In 5 skins, selenium content was analysed.

Chemical analyses

Until analysis, the bodies and organs were stored frozen at -18°C. They were ground (Grindo-
mix GM200", Retsch, Haan, Germany) and lyophilized (Christ Gamma 1-20", Christ, Oder-
ode am Harz, Germany) to determine dry matter (DM). Crude nutrients (crude ash, crude
protein, crude fat), minerals (calcium, phosphorus, sodium, potassium, magnesium) and trace
elements (copper, zinc and iron) were analysed in skin, vertebrae bones, liver and rest body.
Crude nutrients and dry matter were analysed according to Weende analysis [16]. For mineral
analysis, wet digestion of samples was carried out in a microwave digestion unit. Calcium,
sodium and potassium were analysed by flame emission spectrography [17]. Due to a labora-
tory error, some calcium data were lost, explaining the lower number of values for calcium
than phosphorus. Phosphorus was analysed photometrically with ammonium molybdate and
ammonium vanadate in HNOj; [18]. Copper, magnesium, zinc and iron were analysed by
atomic absorption spectrometry. Selenium was analysed by means of graphite tubing
technology.

Statistical analyses

Statistical comparisons were performed to test for differences between species and age groups.
Means and standard deviation (SD) were calculated for each parameter. Means were compared
between two groups by student’s t-test or Mann-Whitney Rank Sum Test if normality test
failed (p<0.05). If data distribution allowed, One-Way ANOV A was conducted for compari-
son of more than two means. An all Pairwise Multiple Comparison Procedures depending on
distribution of results by Holm-Sidak method or Kruskal-Wallis using Sigmastat™ 3.0 as pro-
posed by SigmaStat Pearson correlation coefficient was used in correlation analysis with the
exception of assessing correlations regarding nutrition status, which were analysed by Spear-
man’s rank correlation as a non-parametric measure of statistical dependence.
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Results
Necropsy

The body weights (BW) ranged from 2.81 to 6476g (mean 441.7g). Proportion of the liver was
on average 2.8% of body weight (BW) (range: 1.0-6.0% BW). Skin amounted to 19.1 + 4.0%
BW (mean + SD). Regarding proportion of liver and skin, there were no statistically significant
differences depending on species, age or nutrition status. Proportion of the heart was on aver-
age 0.5 £ 0.3% BW (n = 76). The relative weight of the heart showed a correlation with nutri-
tion status (r* = 0.368, p = 0.00114, n = 76). Fat bodies yielded a proportion of 0.00-14.48%
BW (on average 3.18% * 3.72%BW) and showed a strong correlation with BW and nutrition
status (r* = - 0.68, p = 0.000, n = 86).

Chemical analyses

Dry matter. Whole-body DM increased with increasing age in pythons and colubrids
(Table 1). In boas, whole-body DM showed no statistically significant effect of age. Skin and
vertebrae displayed a higher DM content than the whole body (Table 2). Vertebrae bones of
three juvenile snakes showed lower DM contents lower than those of adult snakes with 87.5%
wet weight (WW) in a juvenile boa and 83.2-84.2%WW in two juvenile pythons.

Crude nutrients. The nutrient content in DM of whole body, liver, and bones (see
Table 3) did not show statistically significant differences relating to species or age.

There were wide variations in the fat content of the whole body depending on nutrition sta-
tus in all three snake groups. The whole-body fat content ranged from 2.3% DM in an emaci-
ated juvenile python (Python molurus) to 42.8% DM in an obese adult male corn snake
(Pantherophis guttatus). Liver fat content also showed a wide variation (3.4-49.8% DM).
There was a significant positive correlation between crude fat content of the liver and crude fat
content of the rest of the body (r* = 0.495; p = 0.0266, n = 20).

Whole-body crude ash content increased in average with age (juvenile snakes: 14.6 + 3.1%
DM, n = 6; semiadult snakes: 17.1 + 5.7% DM, n = 7; adult snakes: 20.9 + 6.3% DM, n = 9).
However, this was not statistically significant due to the small number of samples.

Minerals. Calcium content of the whole body varied from 31.24-100.52 g/kg DM (mean
54.73 + 15.34 g/kg DM; n = 42; see Table 4) and phosphorus content varied from 7.21-70.39 g/
kg DM (mean 39.90 + 11.07 g/kg DM; n = 64; see Table 4).

Adult snakes of all groups showed a higher calcium content than juvenile snakes, but this
was not statistically significant. Phosphorus content increased with age only in colubrids. The
mean whole-body calcium/phosphorus ratio was 1.61 + 0.96 (n = 42).

There were no differences of whole-body sodium, magnesium and potassium content asso-
ciated with age or species group. The only exceptions were juvenile and semi-adult pythons
showing a statistically significant lower potassium content in the whole body than adult
pythons.

For mineral contents of the skin and the vertebrae bones (Table 5), no significant differ-
ences with regard to age or species were detected. In the vertebrae bones, the calcium/phos-
phorus ratio was 2.5 £ 0.4 (n = 11).

Trace elements. Whole body copper and zinc contents (Table 6) did not show statistically
significant differences between age or species groups.

Iron content in the whole body (Table 7) and in the liver was strongly varying (whole body:
103-23,973 mg/kg DM; liver: 95-23,870 mg/kg DM) and increased in colubrids, pythons and
boas with increasing age. However, due to the small sample size per group, this trend was not
statistically significant within species limits. There was no correlation between the iron content
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Table 1. Dry matter content (% wet weight) of the whole body in relation to species and age (all values means + SD; n = number of samples).

Snake group Juvenile (n) Semiadult (n) Adult (n)

Colubrids 243 6.2 AP (14) 29.6 + 6.1>4B (2) 31.8 £ 4.0 (13)
Pythons 21.0 + 5.7* (14) 26.3 + 3.8°% (10) 37.4+4.0°* (4)
Boas 27.7 7.7 (7) 32.57 2.3 (4) 3.6+ 1.8 (4)

Means in the same line not sharing a superscript small letter differ significantly

Means in the same column not sharing a superscript capital letter differ significantly.

https://doi.org/10.1371/journal.pone.0266850.t001

Table 2. Dry matter (% wet weight) in different body parts on average of all snakes and in relation to species (all values means + SD; n = number of samples).

Snake group Liver (n) Skin (n) Vertebrae (n)

Average 22.9 +7.6 (68) 36.7 £10.7 (11) 89.1 +£3.1(11)
Colubrids 27.0 £ 8.5 (24) 36.8 £ 12.6 (3) 89.7£1.9(3)
Pythons 20.3 £5.9 (28) 30.6 £ 5.7 (3) 90.5+ 0.0 (1) *
Boas 21.1 6.2 (16) 404 £ 12.1 (5) 91.9+0.6(3) *

*adult specimens.

https://doi.org/10.1371/journal.pone.0266850.t002

Table 3. Content of crude nutrients (% DM) in different body parts of snakes (means + SD; n = number of samples; n.p. = not performed).

Parameter Whole-body (n) Liver (n) Skin (n) Vertebrae (n)
Crude protein 61.7 £8.5(9) n.p. 98.4 6.0 (11) n.p.

Crude fat 16.7 £ 11.9 (28) 16.5 £ 11.9 (21) 1.8+ 1.5(11) 0.4+0.6(11)
Crude ash 17.8 £5.7 (25) 47+1.0(21) 312082 63.9 £3.7 (11)

https://doi.org/10.1371/journal.pone.0266850.t003

of the rest body and the iron content of the liver (r* = 0.181, p = 0.2, n = 52) and no correlation
between iron content of the whole body and the nutrition status (r*=0.136, p = 0.337, n = 52).
If all juvenile, semiadult and adult snakes are regarded, there is a statistically significant
increase of iron content of the whole body with age (juvenile vs. adult, p<0.05; Fig 1).

In skin (29 + 11 mg/kg DM; n = 11) and vertebrae bones (28 + 12 mg/kg DM; n = 11), only
small amounts of iron were detected.

In the body without liver, selenium content was 174.1 ug/kg DM (range: 99.5-352.8 ug/kg
DM; n = 10). Selenium content of the skin was on average 94.8 + 96.3 ug/kg wet weight (range:
28.8-255.5 ug/kg wet weight; n = 5) and 254.1 + 275.8 pg/kg DM (87.7-737.8 pg/kg DM;
n=>5).

Discussion

The results of the present study should be interpreted cautiously because material originated
not from healthy specimens but from animals, that died or were euthanized due to different
causes, including acute infections or trauma. Because of the lack of history information, no
separation of data according to disease(s) could be performed. The snakes also showed a vari-
ety of body condition/nutrition status from cachectic to obese. With the exception of fat con-
tent in whole body and liver, however, correlations between nutrition status and other tested
parameters showed to be low or absent. Snakes are adapted to periods of starvation and can
regulate to a certain degree which body parts will be used for energy mobilisation first [19].
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Table 4. Whole-body mineral content of snakes of the three species and age groups (means + SD; n = number of samples; DM = dry matter).

g/kg DM Juvenile (n) Semi-adult (n) Adult (n) All ages (n)
Calcium

« Colubrids 61.7 +23.8%* (6) 46.3+£20.9%"(2) 67.8+18.0" (4) 61.2+21.0 (12)

« Phytons 46.0 £10.4>* (10) 48.0 £17.0** (5) 48.5 + 4.0 (3) 47.0 +11.3 (18)

« Boas 54,5 +17.0 > (5) 60.5 + 18.3 >* (3) 64.3 + 8.6™* (4) 39.3 +29.3 (12)
Phosphorus

« Colubrids 36.8 + 6.9 > (6) 425+12°(2) 50.2 + 12.5 > (13) 45.6 12 (21)

« Phytons 38.7 £7.9 >4 (14) 38.2 5.5 (10) 31.5+19.0** (4) 37.5+9.3 (28)

« Boas 39.2 +10.8* (7) 31.7 £3.3 % (4) 36.0 + 14.0 > (4) 36.4 +10.3 (15)
Magnesium

« Colubrids 1.7 £0.6 ™ (6) 1.6 03> (2) 1.9 +0.4 % (13) 1.8+0.5(21)

« Phytons 2.1+0.4 % (14) 1.7+0.2**(10) 1.3+0.8%*(4) 1.9 + 0.5 (28)

« Boas 1.9+0.7%4(7) 1.6 0.4 (4) 144045 (4) 1.7+ 0.6 (15)
Sodium

« Colubrids 7.8 +5.5 %4 (5) 5.7 +2.3%(2) 7.5+3.9%(13) 7.4 +3.9 (20)

« Phytons 8.5 +4.2 > (14) 10.8 + 2.0 > (10) 51+3.9%(3) 9.0 +3.8 (27)

« Boas 7.1+£49%(7) 8.7+ 1.5 4B (4) 8.0 £ 0.6 (4) 7.7 + 3.4 (15)
Potassium

« Colubrids 7.8 +4.0 > (5) 9.2+ 42> (2) 8.1+2.8%"(13) 8.1 +3.1(20)

« Phytons 11.5 £3.9 %" (14) 14.1 + 4.6 >* (10) 6.8+ 4.8 (3) 119+ 4.0 (27)

« Boas 9.0 +4.0* (7) 12.6 +2.9 > (4) 8.5+ 1.8 " (4) 9.8 +3.5(15)

Means in the same line not sharing a superscript small letter differ significantly between age groups for one mineral.

Means in the same column not sharing a superscript capital letter differ significantly between species groups for one mineral.

https://doi.org/10.1371/journal.pone.0266850.1004

This might have influenced the direct relationship between nutrition status and body fat
storage.

Analysis was performed after frozen storage for varying time spans. The nutrients investi-
gated are stable at -18°C, so that no bias due to storage of the carcasses is expected.

Necropsy

Proportion of the liver of the body weight was similar to that in mammals and birds [20-23].

Liver weight in proportion of body weight of hatchlings was smaller than in neonate mammals.
In contrast to mammal neonates, there is no storage of glycogen in the liver, as reptilian hatch-
lings possess a yolk sac for energy supply during the first days after hatching. There is generally
a high variation of liver weight in reptiles, depending on nutrition status, reproduction period,
and season [10, 24].

Table 5. Mineral contents (g/kg DM) in different body parts of snakes (means + SD; n = number of samples).

Parameter (g/kg DM) Liver (n = 64) Skin (n=11) Vertebrae (n=11)
Calcium 1.25+1.26 0.4+£0.2 227.5+43.7
Phosphorus 10.2+ 1.6 2.1+0.8 93.5+22.9
Magnesium 0.63 £0.13 0.21 £ 0.09 3.55 +0.68
Sodium 9.6 £6.2 1.8+0.8 17.5+£21.8
Potassium 13.3+£54 2.7+ 1.0 13.8 £28.9

https://doi.org/10.1371/journal.pone.0266850.t005
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Table 6. Copper and zinc contents (mg/kg DM) in different body parts of snakes (means + SD; n = number of samples).

Parameter (mg/kg DM) Whole-body (n = 64) Liver (n = 64) Skin (n =11) Vertebrae (n=11)
Copper 26.7 £29.9 28.0 £ 29.7 1.1£0.6 15.5+8.7
Zinc 255+ 74 115+ 41 35+9 131 £91

https://doi.org/10.1371/journal.pone.0266850.t006

Table 7. Whole-body iron content (mg/kg DM) in the age and species groups of snakes (means + SD; n = number of samples).

Snake group Juvenile (n) Semiadult (n) Adult (n)
Colubrids 508 + 483 (6) 410 +433.7 (2) 5003 + 7120 (13)
Pythons 831+ 675 (14) 1191 + 1062 (10) 3069 + 2786 (4)
Boas 757 £ 775 (7) 1140 + 343 (4) 1261 + 992 (4)

https://doi.org/10.1371/journal.pone.0266850.t007

As expected, there was a strong correlation between weight of fat bodies and nutrition sta-
tus. This is because in snakes, storage of fat occurs beside storage in the liver nearly exclusively
in fat bodies located caudal in the coelom. Only in some obese snakes, small fat bodies around
the myocardium can be found, but there is no subcutaneous fat tissue in reptiles like it is
found in mammals.

Skin proportion of body weight in this study was similar to results in literature [25]. Pro-
portions of the skin of boas, pythons and colubrids were similar, although it was assumed that
there should be bigger variations in the groups due to different body shape and different
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Fig 1. Iron content (mg/kg DM) of the whole body of juvenile, semi-adult and adult snakes (line in the box indicates the
median, boxes represent lower quartile to upper quartile (25-75%), lower whiskers 25% — 1.5 - interquartile range, upper
whisker: 75% + 1.5 - interquartile Range, dots indicate outliers).

https://doi.org/10.1371/journal.pone.0266850.9001
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surface/volume ratio of boas and pythons compared to colubrids due to their larger cross sec-
tion dimension.

Chemical analyses

Results of DM and nutrients are comparable to literature data (see Table 8) on body composi-
tion of different species of reptiles, birds and mammals [21, 26-34]. Even though there are dif-
ferences in the natural feeding habits of the species listed, the overall dimension of nutrient
content is similar. The snakes of our study did not show a systematic deviation from literature
data.

As limbs are lacking in snakes, the amount of bone and consequently the whole-body cal-
cium content was expected to be lower compared to mammals, but no such effect was found.
Calcium content of snakes was even higher than in most mammals (see Table 9) and the cal-
cium/phosphorus ratio in snakes (mean 1.61) is similar as in mammals. This is in accordance
with literature data [8, 35, 36]. A study on tissue composition of Wagler snakes, Xenodon mer-
remii wagler, [37] found highest calcium content in bones, followed by brain, glottis, eggs and
trachea and the lowest concentrations in muscles and organs. They report extremely high cal-
cium/phosphorus ratios of 4.4 in snake maxilla and toad humerus and femur. In the present
study, vertebrae had a calcium/phosphorus ratio of 2.4/1, which is comparable to mammalian
bones.

Whole-body mineral contents were on average higher than in mammals and birds (see
Table 9).

On average, the snakes investigated in this study had higher whole-body iron, zinc and cop-
per contents than birds and mammals from literature data (see Table 10).

As the size of the liver samples was limited, only selenium content of the rest body and skin
could be analysed. Results were comparable to those described for the water snake Nerodia
taxispilota (200 pg/kg DM) [34]. However, in pine snakes (Pituophis melanoleucus) [34], sea
turtles (Caretta caretta) [38] and alligators (Alligator mississippiensis) [39], much higher sele-
nium contents up to 119,000 ug/kg WW were found. Differentiating by tissue, on study [40]
found highest selenium concentrations in kidney and liver of pine snakes. Reptiles seem to
have a high tolerance for selenium supply and selenium storage is probably an indicator of
environmental selenium concentration of natural origin or pollution. As predators, snakes will

Table 8. Comparison of the whole-body DM and nutrient content of different reptilian, avian and mammalian species (n = number of observations).

Species (adult specimens, if not cited DM (% WW) (n) | Crude fat (% DM) Crude protein (%DM) Crude ash (% DM) | Literature

otherwise) (n) (n) (n)

Snakes (boas, pythons and colubrids) 27.4(72) 16.7 (28) 61.7 (9) 17.8 (25) This study

Eastern Fence Lizard (Sceloporus undulatus) 23.4 (37) 18.4 (37) - Angiletta (1992)

Anole (Anolis carolinenesis) 29.4 (19) - 67.4 (13) Cosgrove et al. (2002)

Bearded Dragon (Pogona vitticeps) 17.9 (17) - 63.7 (17) Cosgrove et al. (2002)

Chicken (juvenile) (Gallus gallus domesticus) 22.8 (11) 16.5 (11) 67.7 (11) 8.2 (11) Dierenfeld et al.
(2002)

Chicken (adult) (Gallus gallus domesticus) 40.5(1) 51.1 (1) 45.0 (1) 6.2 (1) Dierenfeld et al.
(2002)

Cockatiel (Nymphicus hollandicus) 39.0 (9) 11.2 (9) 70.4 (9) 12.4 (9) Rabehl (1995)

Hamster (Mesocricetus auratus) 30.0 (n?) 35.0 (n?) 50.0 (n?) 8.0 (n?) Tabaka et al. (1996)

Mouse (Mus musculus) 32.6 (7) 23.5(7) 56.9 (7) 11.3 (7) Dierenfeld et al.
(2002)

Rat (Rattus norvegicus var. dom.) 30.2 (5) 24.0 (5) 60.1 (5) 15.9 (5) Douglas et al. (1994)

Dog (Canis lupus familiaris) 43.9 (53) 51.1 (53) 36.7 (53) 8.1 (53) Stadtfeld (1978)

https://doi.org/10.1371/journal.pone.0266850.t008
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Table 9. Comparison of whole-body mineral content of different reptilian, avian and mammalian species.

Species” n Calcium (g/kg Phosphorus (g/kg Sodium (g/kg Potassium (g/kg Magnesium (g/kg Literature
DM) DM) DM) DM) DM)
Snakes 43- 54.61 39.9 15.2 23.7 1.8 This study
64

Bearded Dragon (Pogona 6 34.2 23.6 7.0 12.0 1.5 Cosgrove et al

vitticeps) (2002)

Cockatiel (Nymphicus 9 429 19.8 33 6.2 1.1 Rabehl (1995)

hollandicus)

Mouse (Mus musculus) 7 26.4 19.1 4.3 10.2 1.3 Dierenfeld et al
(2002)

Rat (Rattus norvegicus var. 22 34.5 19.1 43 10.5 1.5 Dierenfeld et al

dom.) (2002)

Dog (Canis lupus familiaris) 53 24.1 13.1 2.8 3.9 0.6 Stadtfeld (1978)

*adult species, if not cited otherwise.

https://doi.org/10.1371/journal.pone.0266850.t009

accumulate such pollutants they take up through prey [40]. In our studies, the analysed snakes
were mainly bred in captivity, so pollution might not be a major contributor to selenium
content.

The snakes in this study showed a remarkably high whole-body iron content. It is unclear
whether such high iron contents are physiological or pathological. Since the snakes are preda-
tors, the majority eating small vertebrates as their natural diet, it is unlikely that their diet in
captivity would contain more iron than their diet in the wild. Therefore, decreased iron toler-
ance can be excluded as a major cause for the observed high whole-body iron levels.

Whole-body iron content increased with age, but even the juvenile individuals had high val-
ues. For chelonians, high iron contents have been reported as well [41]. These findings may
indicate that the high amount of iron in the snake bodies are rather physiological or at least do
not have negative effects on development and adult reproduction. Free-ranging snakes have a
much lower life expectancy than captive snakes. If iron accumulates in the body with age, they
might not reach an age where high iron concentrations cause harm. In this case, it would not
be necessary for snakes to have evolved a protective mechanism against high iron intakes,
compared to other species [42, 43].

Table 10. Comparison of whole-body iron, copper and zinc content of different reptilian, avian and mammalian species.

Species” n Iron (mg/kg DM) Copper (mg/kg DM) Zinc (mg/kg DM) | Literature

Colubrids 13 5,003 44.6 282 This study

Pythons 4 1,261 13.0 217 This study

Boas 4 3,068 413 252 This study

Brown Water Snake (Nerodia taxispilota) 10 1,779 3.0 151 Burger et al. (2006)
Bearded dragon (Pogona vitticeps) juvenile 5 145 11.3 155 Cosgrove et al. (2002)
Chinese alligator (Alligator sinensis) 2 67 6.4 125 Xu et al. (2006)
Chicken (Gallus gallus domesticus), juvenile 11 157 4.0 94 Dierenfeld et al. (2002)
Cockatiel (Nymphicus hollandicus) 9 199 20.7 141 Rabehl (1995)

Mouse (Mus musculus) 7 251 8.0 89 Dierenfeld et al. (2002)
Rat (Rattus norvegicus var. dom.) 22 195 7.5 92 Dierenfeld et al. (2002)

*adult species, if not cited otherwise.

https://doi.org/10.1371/journal.pone.0266850.1010
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Another possible explanation for the high whole-body iron concentrations may be the reac-
tion to an inflammatory state, causing a change in trace element distribution throughout the
body [44, 45]. Iron levels may influence the immune response.

In contrast to the present results with increasing values from juvenile to adult snakes, a dif-
ferent study [27] found whole-body iron contents decreasing with age in bearded dragons
(Pogona vitteceps). The change of dietary habits in lizards is suggested as a reason for the
decrease in iron content. Snakes, however, do not change from carnivorous to herbivorous
throughout their development, thus accumulation of iron from prey may be a likely reason for
the increasing values. A study [37] found highest iron concentrations in the liver and spleen of
Wagler snakes (Xenodon merremii wagler). This correspondents with high iron concentrations
in the livers of chelonians [41].

Copper has been reported to accumulate in bone, liver and brain of snakes [37]. The mean
liver copper content of the snakes analysed in this study is far below values for different mam-
malian species (e.g. bovine 470mg/kg DM, sheep up to 599 mg/kg DM, equine 219-349 mg/kg
DM) [46]. Snakes do not seem to accumulate and store copper in the liver in amounts like
ruminants.

The concentrations of copper and zinc in the skin is in accordance to literature stating the
lowest trace element concentrations in snake bodies in the skin [47].

It needs to be taken into account that the present study provides data on captive snakes,
while most literature sources have investigated free-ranging animals (road-kill, traps etc.).
There may be differences in body composition due to dietary nutrient supply from anthropo-
genic diets vs. wild prey animals, which also underlie seasonal and habitat variation [48].
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