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Selenium deficiency in deer

selenium cycle?

: the effect of a declining
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Sclenium (Se) was discovered as an esscnlial trace element in 1957. Se is an integral
part of the enzyme system glutathione peroxidase (Glutathione:ILO, oxidoreductase, EC
1.11.1.9) which functions in detoxification of H,0, and organic hydroperoxides. Clinical
deficieacy in ruminants is expressed as while muscle disease, impaired reproduction,
reduced rate of growth, decreased immune response and sudden death. The common
underlying biochemical lesion results from oxidative damage to cell componeais. Sinee
body distribulion of pglutathione peroxidase wvasics greatly between species, the
pathophysiognomy also varies significantly. Cervids have been shown to be susceptible
to Se deficiency and exhibit similar symptoms as domeslic ruminants. A biological Se
cycle was first described in 1964, Basic fertures of such a cycle include the presence of
organisms which reduce and oxidize selenicals. However, only a few micra organisms have
been described capable of oxidizing selenicals, and the overall balance tends to be towards
reduction. Factors which may coutribule to an apparent decline of Se availability include:
i) soil acidification; ii) soil contamination with heavy metals; i) fertilizer effect; iv) plant
community composition; and v) rate of biomass removal and fire. Thus, Jand management
practices and air pollution appear to be major factor which can alier the Se cycle dynamics,
and may expose the vulncrability of frec~ranging herbivores to Se depletion.

WT. Flueck and JM. Smith—Flueck, Wildlife and Fisheries Biology, University of

California, Davis, California 95616, USA.

Introduction

Selenium (Sc) is well known for its toxic
propertics. However, iis significance to
mammals resides in the role as an esscntial
trace element in controlling toxic oxygen
species (Flohé and others 1979). Antioxidant
defense systems have thus been a conservati-
ve feature amongst mammals and include
endogenous enzyme systems and dietary
compounds. i is important to note that
underlying biochemical lesions of most
diseases are ultimately caused by toxic
oxygen species (Levine and Kidd 1985).

Proper cycling of Se through the soil-
plant-animal system is essential to protect
animals from oxidant stecss. This paper first
describes functions of Se, then reviews factors
which alter S¢ cycling, and concludes by
discussing Se in cervids.

Selenium deficiency

Clinical symptoms and pathology.- Se
deficiency in domestic ruminants is largely

associated with muscular degencration, repro-
ductive problems and illthrift, Most prominent
is whilc muscle disease (WMD), which has
nccurred most widely in sheep and in cattle.
Signs are variable and depend on the muscle
masses affected. Young affected with WMD
ai birth usually die within a few days. More
commonly, young animals are affected at 3-
6 weeks ol age and show a stiff and stilted
gait and an arched back. Abnormally high
levels of serum enzymes are present indica-—
ling damaged muscles.

Reproductive problems include impaired
fertilization in cattle and sheep due to in-
competent uterine musculature (Segerson and
Ganapathy 1979), retaincd placentas  (Buck
and others 1981), embryonic death and WMD
of postpartum young (Kott and others 1983),
and impaired spermatogenesis and sperm
function (Brown and Burk 1973).

Young animals are more susceptible to
Se deficiency due to greater demands from
growth, and may exhibit deficiency signs
even il the mother is clinically normal (Suttle
1983).
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Subclinical effects.~ Much literature s
available on pathology of overt Se deficiency.
However, subclinical deficicncy in animals is
most difficult of all to recognize. This jg
especially important in free~ranging animais
such as deer, since it 1s difficult to make
adequate observations op individuals. Syb-
clinical deficiencies can only be positively
identified by Production response trials where
productive performance of Se treated animals
is compared to unireated or control animajsg
foraging under the same conditions (Millar
1983). Lack of Tesponse to Se supplementa--
tion reported in literature is most probably
due to experiments with animals not depleted
of this element or when therapeutic doses
were insufficient (Whangcr and others 1969,
Hall 1987, Stowe and others 1988),

Subclinical effects include growth deficit
(Millar 1983), decreased feed conversion
efficiency (Norman and others 1989), decrea—
sed reproductive rate (Millar 1983, Flueck
1989), and increased susceptibility to infec—
tions (Arthur and others 1982, Boyne and
Arthur 1986),

Biochemical rational.- Se as an cssentjal
race element was discovered in 1957 by
Schwarz and Folt, Subsequently, Rotruck
and others (1973) proved Se 1o be an integral
part of glutathione peroxidase  (GSH-Px;
g]utathiome:HzO2 oxidorcductase, EC1.1 1.1.9)
which detoxifies H,0, and organic hydro-
xroxides to their respective alcohols (Flohé
and others 1979). Thus, broad specificity of
GSH~Px provides the basis for interactions
with multiple metabolic pathways (Flohé and
others 1979). High GSH-Px activities are
generally found ip liver, kidney, erythrocytes,
stomach, spleen, heart, lungs, and lens.
However, since body distribution of GSH-
Px varics greatly between specics, the pat—
hophysiognomy “also varies significantly.
High reaction rates of GSH-Px with
H0, suggest a predominant role ip H,0,
metabolism at least in tissues or cell com—
partments in which competing enzymes sych
as catalase are missing, or present only with
low activity, such as in the crystalline lens
where GSH-Px is abundant, while catalase
is absent. It also applies to cytoplasmatic and
mitochondrial compartments of liver cells,
because catalase is largely, if not exclusively,
Iestricted to peroxisomes (Burk and others

1978). GSH-Px activity in erythrocytes,
however, contributeg substantially 1o maintajn
cell memnbrane integrity in spite of the pre—
sence of catalase, At present, the only known
primary biochemical lesion associated with Se
deficiency is low levels of GSH-Px (Keen
and Graham 1989

Micmangiopathy seems o be a common
underlying lesion in mulberry heart discase
of swine, WMD in ruminants, Keshan discase
of humans, and exudative diathesis of poultry
(McAuslan and Reilly 1986). Platclets have
relatively large amounts of GSH-Px and
glutathione and Se deficiency alters platelet
function and thus, affects blood clotting
mechanisms (Hamberg and others 1974).

The Selenium cycle

Basic features of the cycle.— Se oceurs in
several different oxidation states: selenate,
Se(VI); selenite, Se(IVY); clementa] Se, Se((;
and sclenides, Se(-II), selcnate being the
most oxidized form in thjs order, However,
only selenite and selenate are absorbed by
plants (Gupta and Watkinson 1985). Selcnides
may occur in soils as siable complexes with
metals (Allaway and others 1967, Comb and
Comb 1986, Frost 1987).

A Se cycle was first described by Shrift
in 1964, Since then, much evidence in sup—
port of a Se cycle has been advanced. Not
widely discussed, though, is the apparent
decrease of Se availability (Frost 1965, 1972,
1983). The rate of Se moving through certain
parts of the cycle may vary greaily from one
locality to another. The most important factor
influencing these rates appears to be related
1o human activities,

A cycle implies that Se Is reduced and
oxidized by organisms (Fig. b. Biological
processes in nicroorganisms, plants and
animals tend to reduce sclenicals to selenides
mainly as amino acids (Shamberger 10837y,
While biological oxidation of sclenides to
Se(0) has not been described, some microbial
oxidation of Se(0) in soil occurs, bui appears
o play a minor role in mobilizing Se four
plant uptake (Joblin and Pritchard 1981).
Further, atmospheric oxidation of Se in soi]
Is very slow (Geering and others 1968). Thus,
while some Organisms can oxidize Se(0), the
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overall balance tends to be towards reduction
(Watkinson 1981).

Anthropogenically induced shifts in the
balance of the cycle.- Several authors have
described an actual increased incidence of Se
responsive diseases in animals (Jenkins and
Hidiroglou 1972, Gissel-Nielson 1975,
Stoszek and others 1980, Hastings 1979,
Fischer 1982, Millar 1983, Griffiths 1986),
which also appears to be the case in northemn
California (Flueck unpubl.). While increascd
exposure to numerous substances can result
in increased demand for Se, there are several
factors which may contribute to a decline of
Se availability to plants and animals: i} soil
acidification; ii) soil contamination with heavy
metals; i) plant fertilizer effects on Se
uptake; iv) plant community composition; and
y) the role of crop harvesting and fire. It
remains to be established which aspects of Se
chemistry contribute most significantly to a
stable Se cycle, but local circumstances may
ultimately determine which factors arc most
critical.

Soil acidification.— Anthropogenic production
of protons is substantial. With respect to
ability to neutralize, mitigate, or recover from
effects of acid deposition, many areas are
considered sensitive (Root and others 1980),

and intensive exposure over several decades
can affect almost all soil types (Reuss 1978,
Ulrich 1983, Eidg. Dept. des Innem 1984).
Frost in 1972 suggested that emission of
sulfur {S) dioxides and H' ions may lead to
reduced Se availability to plants and animals.

A decrease in soil pH elicits a reduction
of plant uptake of Se (Allaway and others
1967, Geering and others 1968, Gissel-
Nielsen 1971a, Kubota and others 1975, Van
Breemen and others 1984, Gupta and Wat-
kinson 1985). Thus, acid precipitation has
been considered to be in part responsible for
a declining Se cycle (Frost 1972, 1983, Fisher
1982, Mushak 1985, Kieffer 1987). Soils with
equivalent Se concentration can produce Se
toxicity or Se deficiency in animals depending
on soil pH. For instance, Se deficiency in
North Dakota has been encountered recently
due to immission from S oxides (Hastings
1979), even though North Dakota has been
traditionally known to have high levels of
Se and, at times, toxicity problems in li-
vestock, Direct interaction with S may also
have contributed to the situation,

Soil and plant contamination with heavy
metals.— During soil acidification, increased
amounts of heavy metals become available
for plant uptake. Sweden, Germany, and
California which have documented acid
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precipitation, have cadmium (Cd} levels in
wild ungulates above the German food safcty
limit (1.7 ppm dry wgt) (Swedish Ministry of
Agriculture 1982, Backhaus and Backhaus
1983, Flueck unpubl. 1984, Lindevall 1984).
Heavy metals such as Cd and Hg, however,
are antagonistic to Sc¢ demanding increased
intake of Se for compcnsation. This also
explains the protective action of Se as an
antidote against heavy metal intoxication.
Furthermore, increased solubilization of heavy
metals may tie up Se in the soil by forming
metal selenides (Allaway and others 1967,
Comb and Comb 1986:2, Frost 1987).

Fertilizer effect.- All forms of agriculture
are esscntially exploitive due 1o removal of
products which is reflected in widespread
need for fertilizers. Correction of nutrient
deficiencies in plants by adding fertilizer
oftcn increases the incidence of WMD (Stef-
ferud 1956:431) and produces lower Se levels
in animal tissues (Millar 1983, Gupta and
Watkinson 1985). Phosphates reduce plant Se
(Levesque 1974, Gissel-Nielsen 1977, Sham—
berger 1983) and GSH-Px activity in ery-
throcytes of animals foraging on these plants
(Halpin and others 1982). Addition of ni-
trogen reduces Se levels in leafy (issue
(Gissel-Niclsen 1971b, Singh 1975, Gissel-
Nielsen 1979) probably through a dilution
effect. S fertilization has four effects: 1) it
corrects a § deficiency in plants producing a
dilution effect on Se; 2) it reduces soil pH
and thus, plant Se uptake (Underwood 1977);
3) sulphate inhibits the absorption by plants
of sclenate and possibly sclenite (Gissel-
Niclsen 1973, Prattley and McFarlane 1974,
Shamberger 1983, Gupta and Watkinson
1985, Gissel-Nielsen 1987); and 4) S is
highly antagonistic to Se in animals, reducing
the availability of Se to animals (Martin and
Gerlach 1972, Natl. Res. Council (NRC)
1983, Jones and others 1987), increasing Se
excretion (Pope and others 1979), lowering
tissue Se levels (White and Somers 1977,
Pope and others 1979), and increasing the
incidence of cardiac and biochemical lesions
and WMD (Whanger and others 1969). S
dioxide has also been shown to dilute plant
Se (Frost 1972, Hoff and Davis 1983:132,
Milchunas and others 1983). Further, plants
appear to accumulate any excess S as sulpha-
te in foliage where it becomes readily acces—

sible to herbivores (Turner and Lambert
1980).

High soil moisture and/or reduced swil
aeration reduce plant Se, particularly during
rapid "lush" plant growth due to favorable
climatic conditions. Late spring and autumn
when plant growth rate is rapid are scasons
of greatest risk for incidence of Se responsive
discase (Stefferud 1956:431, Anderson 1983,
Towers and Clark 1983).

In ruminants, wimethyl sclenide is the
major urinary metabolite, and Se(0) and metal
selenides are primarily excreted in feces
(Butler and Peterson 1963, Peterson and
Spedding 1963). Thus, animal urine and feces
return Se 10 soil in relative insoluble, inert
forms which are unavailable to plants. Plant
uptake of Se from sheep feces over 75 days
amounted to less than 0.3% and suggests that
comtinuous foraging by muminants could
reduce the available Se in soil (Butler and
Peterson 1963, Peterson and Spedding 1963).

Plant community composition.— Se¢ con-
centration varics greatly in different parts of
plants and also in different specimens of the
same species (Burridge and others 1983).
White clover (Trifolium repens), for instance,
is a poor accumulator of Se (NRC 1983:20)
and contains less Se than rycgrass (Lolium
perenne) which, in tum contains less than
browntop (Agrostis tenuis). Thus, changes in
plant community structure such as rtesults
from improving a low-producing browntop
pasture to a high~producing rye-white clover
pasture can lead to a decline in animal Se
status and lowered production, particularly in
areas of marginal Se¢ status (Burridge and
others 1983, Clark and Towers 1983, Millar
1983). How selective feeding behavior may
compound the situation remains to be esta—
blished. It is known that deer avoid plants
with high levels of Se (Allan and others
1984).

Other plant factors appear to interact with
Se availability or requirement of animals. For
instance, the incidence of WMD) is greater
when legumes are fed to sheep as compared
to similar low Sc grass or pasture, and Se
requirement may then be higher (Whanger
and others 1972). Also, concentration of
polyunsaturated fatty acids determines in part
requirements for Se.
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The role of crop harvesting and fire.— Se
cycles rather rapidly, especially when plant
available Se is minimal with most Se tied up
in the standing biomass (Swaine 1978),
decaying organic matter and organic soil
horizon (Gissel-Nielsen and Hamdy 1977).
Biomass removal rate thus may influence the
cycle significantly.

Fire acts as a potent mineralizing agent,
causing the rapid transformation of organic
compounds to inorganic ones. Removal of
available Se by volatilization during fires
may be substantial in systems with marginal
to low Se concentrations (Swaine 1978).
Additionally, much higher concentrations of
S than Se exist in the plant material, and a
likely result of combustion is S dioxide
reducing selenicals to insoluble Se(0), and the
formation of insoluble metallic selenides
(Swaine 1978, Comb and Comb 1986, Frost
1987).

When seleniferous coal or oil is bumed,
Se is introduced into the atmosphere and
redistributed to the earth's surface in rain and
snow. Se from these sources is probably
insoluble oxides or Se(0) and may not be of
immediate value to plants and animals
(Shamberger 1983:169) due to the reaction
with § dioxide mentioned above.

Selenium in Deer

As early as 1955, Hadlow described dege-
nerative myopathy

domestic animals, however, Se was not yet
known to be essential. Following is a review
of studies on Se in cervids.

Stuht and others (1971, cited in Brady
and others 1978) reported mortality and
bilateral skeletal muscular dystrophy in
captive white-talled fawns from does fed
defined diets containing (.15 ppm Se and 5
IU vitamin E/kg.

Captive reindeer (Rangifer tarandus) and
other exotic ruminants showed clinical signs
including WMD, failure to conceive, still-
births, neonatal deaths, low birth weights and
retarded growth, and transient and shifting
lameness in both juveniles and adults due to
Se deficiency (Natl. Zool. Park 1972, 1974,
Griner 1978; NRC 1983:102).

in white—tailed deer
(Odocoileus virginianus) similar to WMD of

Brady and others (1978) studied 32 adult
white-tailed does and their fawns over two
years which received either a basal diet
containing .04 ppm Se and 5.5 IU vitamin
E/kg, or the basal diet plus 0.2 ppm Se or 45
IU vitamin E/kg, or both. Dietary Se sup-
plements had a significant effect on plasma
Se concentration and erythrocyte GSH-Px
activity in both does and fawns, WMD and
mortalities were only seen in fawns, invari-
ably following capture for blood coliection.
Only supplemental vitamin E significantly
reduced overall mortality. However, both Se
and vitamin E decreased blood malondialde-
hyde concentration, and Se alone decreased
liver malondialdehyde concentrations. Eryth-
rocyle GSH-Px activities in the Se— and Se+
adult females was 15.5 and 30.3 U/g Hb.
GSH-Px activity below 30 U/g Hb, however,
is considered deficient in ruminants (Suttle
1983). Furthermore, cases of WMD were
observed in the group supplemented with
both Se and vitamin E.

Van Reencn (1980} reported that the
incidence of post capture myopathy appeared
to be much higher in deer caught in Se
deficient areas of New Zealand. Further,
muscular dystrophy including lesions charac-
teristic of WMD and Se responsive diseases
such as illthrift occurred in adult deer and
fawns.

Pine and Mansfield (1983) reported low
whole blood Se values for black-tailed deer
(Odocoileus hemionus columbianus) in Cali-
fornia and suggested that low concentrations
may be responsible for observed recruitment
probiems.

Alexander (1986:151) reported occurrences
of WMD in fallow deer (Dama dama), red
deer (Cervus elaphus) and Pere David's deer
(Elaphurus davidianus).,

Matzke (1986) reported the prevention of
necrobacillosis in fallow fawns by Se and
vitamin E treatment.

An outbreak of Se responsive unthriftiness
in red deer on an intensively managed farm
was shown to be unrelated to vitamin E
status {Knox and others 1987).

Von Kerckerinck (1987:186) reported
mortality rates in fallow deer which respon-
ded to Se treatment.

Se deficiency in mule deer based on
whole blood Se analysis was shown to be
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wide spread in California (Ros-McGauran
1989).

Flueck (1989) reported on Se responsive
fawn survival of black—tailed deer in northern
California. The area has generally low Se
soils and associated diseascs in livestock. A
deer herd with apparent reproductive problems
was selected for a clinical trial. Free—ranging
adult females werc supplemented with Se
rumen pellets and marked with radio trans-
mitters each year from 1984 to 1987. To
evaluate the trial, pre-weaning survivai rates
of progeny from supplemented females were
compared 1o rates in the untreated herd. The
increase in survival rate attributable to Se
supplementation was equivalent to an addition
of 41 fawns per 100 adult females to the
herd by autumn. Mean (x SD) blood Se
distribution in unireated deer was 0.035 +
0031 ppm (n=135, mode=0.024ppm) as
compared to a mean (+ SD) of 0.121 # 0.092
ppm (n=42) of supplemented deer.

Conclusion

Se is important for health and reproduction
of mammals including cervids. Trends of
increased incidence of Se responsive disease
have been noted. This may be in part the
results of decreased Sc availability through
changes in the Se cycle. However, due to its
basic biochemical functions, Se demand may
also be increased under increased exposure
to loxic OXygen species.

From the perspective of biologists respon—
sible for wildlife resources in retnote areas,
the most critical factors affecting the Se cycle
arc likely from extrancous origin. These
include the importation of protons and heavy
metals from air pollution. However, a very
likely sequel to air pollution problems in
remote areas is increased use of fertilizer lo
aid forests to overcome the pollution stress.
Thus, fertilization may become an important
local factor.

Plant species composition and specific
factors are responsible for variability in Se
bioavailability. A change in the plant com-
munity can thus result in decreased Se
availability to animals independent of soil
Se conditions.

Intensity of grazing and browsing con-
current with an accelerated rate of biomass

removal by harvesting crops or animals which
forage on vegetation may also be an impor—
tant aspect of the Se cycle.

All these factors can be altered by human
activitics. Therefore, changes in the Se cycle
dynamics may expose the vulnerability of
free-ranging herbivores to Se depletion.
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2!’}- Cod Nutrient input - especially of nitrogen (N} - into ecosysteras has raised since years. This

0 is due to "active” agricultural - and to "passive” sources like immission and deposition
(? P from the air of gases and particles as NOx and NHx. In West Germany during the B0ics

3}w_!’
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il o

the "passive” input of N averages to more than 40 kg N/hafyears. This is equal to "active”
fertilization during the 50ies. Today almost no single hectare with N-deficient conditions
remains. This omnipresent eutrophication — apart from contributing to forest decline and
bio~corrosion of buildings - chanpges most effectively the structure of the vegetation and
the microclimate, Some large, social and/or mobile wildlife species are favoured by these
conditions. Many populations of small, and/or sedentary species decline due 1o the same
causes. N-deposition from the air renders most nature conservation strategies ineffective
and urges up-to-date—research into the changed living couditions for European wildlife.
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