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Abstract

Sarn l , les  o f  nou n  ta i r r  goat  to rugc ,  h r i r .  b lood,  l i r  r r .  rnd  fe .a l  t c l l r rs  {e re  a .a l rz id  fo r  se le r ium conrent .  Wi t , t  mounra i r  goars
had \c l fD iunr  le r . l "  $h i .h  fa ted  !s , l . t i r ienr  uh t r  compared to  s r l fn iu rn  le \e ls  d rs i rab le  lo .  t i ve ! ro .k .  Cat , l ; v f  gu" , . ,  * i ' ; " t ,
c o n s U d c d d i e l S s u p p / . l | r | u 1 e d ! i l h 0 , l p p n r s e l e n i u l r . h a i l n o r m

lerc ls  in  l i r | r  rnd  ha i r  san :1 ,  ts  r ie .e  h ighc .  td  n ru le  d .c r  and e lk  rhar  l l r  r i l l  mo!nr r in  goats  bu l  the  se len iun  leve ts  in
rhe  l i \e r  san , t )hs  ranked as  d f f i c ien t  r . lu l i ve  1o  l i l es to . [ .  S f len iu ' r  d .1 i ( i cncr is  a .a  s .o f r ih i te  usc te  d isease a .d  h .s  a lso
been l ink rn  ro  redured pr r r luc r rcn  and S,  t "n rurn  ,u r  r , t ,  n t rL r t in , ,  . t  s i td  unguh lc , .  i s  p fopose. t  in  s r ten iuh
de l ic ie ! r  an ' rs  lo  in . reas .  L f rd  heahh ar rd  p roduc t ion .

In t roduct ion

Sclenium has long been rccr:rgnized as an essen-
t i a l  e l emen t  i n  l i v cs tock  nu t r i t i on  (Young  e l  a l .
1961, Nluth and Allawal 1963, 0ldf ield er ol.
1963, Jerrkins and Hidiroglou 1972, Amrnerman
and Mil ler 1975, Andrexs ct al.  1976). Seleniunr
dt,f iciencies have been l inked to rhite muscle
disease (characterizeti  by lesions of white str ia-
t ions and degeneration of rnuscle t issue), un-
thri f t iness, r leakncss of newborn, reduced rate
of weight gain, reducecl production (because of
increascd inlert i l i t r ,  st i l lhir ths, ancl abort ions),
a n , l  a  r e d u r r J  i n r j n u D , r -  p p r e - - i n n  . \ . t p n l
t O l d i i e l , t  r r  a / .  l q { , 3 .  q l l : r \ \ d \  a r i l  H u . l g s " n ' t O O l .
Jenk ins  and  H id i r og lou  1972 ,  Ammerman  and
Dli l lcr l9?5, Andror,s et ol 1976).

Recently rcsearchers lrave identi f ied the im-
portancc of a{lequale selenium to rvi ldl i fe (Hebert
and  Cowan  1971 ,  F le rn ing  e t  a l .  197  t ' ,  Lew is  e t
al 19?7, Sto-.zek et al.  1980, Ul lrcv er al,  1981,
Robbins l9B3). N{ost of this wi ldl i fe rescarch has
been corrcerned n' i th thc inf luence of seienium
on  the  occu r rence  o f  wh i t e  musc le  d i seasc
(Hcbert and Cowan 19?1, Flemitg et al.  1977,
Li l l rey et aL. 1981, Fosrer er al 1983) and cap-
turc m\opathv (acidosis ancl death caused bt
stress during capture ard handling) (Chalmers
and Bar.ett 1977, Letis et al.  l9i1). Stoszck er
cl (1980) and Ullrev er ol.  (1981) hvpothesized
that selenium deficierrcl wa-. l inkecl to loler re-
productive rates for pronghorr.. l  ( lnt i . loutrpa
americana) and white-tai led t lcer (Odocoileus
urginianus), respecti \  eh.

Sincc the distr ibution of selenium in soi ls and
plants varies greatl \  throughout the United
States ( l{uth and Allawar'  1963, S{uth 19?0,

Ammcrman and N{i l ler 1975) i t  is l ikciy that
selenium conccntrat ions also inf luence rocar
vi ldl i fe populat ions. Selenium deficiencl is
recognized as a problenr for l ivestock in the
Northuest (Muth and Allaway 1963) and l ivestock
growers non supplement their herds rvith
selenium (P. South, personal comnr u nication).
I Iowever, big game species lhat graze these same
selenium deficicnt areas haye not received the
benefi ts of selenium supplemental ion.

Selcnium deficiencies may be keeping big
g a m "  h e r ' 1 .  i r o m  a " h i e r  i n g  t h e i r  o p t i m u m  p r o -
ductivi ty levels (Stoszek et al.  1980, lJl l rey et aL.
l98l) Ant inf lucnce ofselerium deficienc,r 'on big
gane production would have bccn presenl lbr
thousands ofvears. However, coupled with other
l imit ing factors (e.g., reduction of winter ranges,
human harassrnent, hunting mortal i t l ) ,  scleniurt
deficiencl may be an addit ire factor which re-
presscs optimal herd grorvth.

Seleniurn concenlrat ions in sevcral big girme
species were studicd as a part of wi ldl i fc studies
rcquired br thc new Federal I lnergy Rt'gulatory
Commission l icense for the Lake Chclan hvdro-
e le r - t r i ,  p r , , j ee t .  Th ,  pu rpo . .  i r t  r h i :  - t u , l \  ha .
to establ ish selenium concentrat ion levels for
r ru l r , l " " r  tOJuco i l o  u  t  hen t t onu . , ) .  moun ta in
go aIs (O r eamno s arne r i t :anus), and Rockr NIoun-
ta i n  e l k  {Cp r ra r  e l aphu , ,  n " l nn i t  " nd  . , . p " r "
those levels with selenium lerels found in
l ir .estock.

Methods

Mountain goat forage samples rverc col lected
along Lake Chelan in northcentral Washington
for seleniunr analysis during the winters of
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l982-83 and 1983-8'1. Feeding goats \ \ere

backtrackccl ancl samples t\ 'ere takcrr from forage

p lan t s  t heJ '  had  been  ca t i ng .  Samp ies  o f  l oca l

iurag" spe,, i"s rrhich have becn identi f icd in

mountai i  goat fbod habits stLrdies (Hjei jord l9?3,

Adams  and  Ba i l ev  1983 ,  Campbe l l  and  Johnson

1983, Fieldcr and N'IcKa1 l9[3'1) lere also cctt '

le ctet l .  The S'ashington Srate Univcrsit ,- ' '  ( [  SU)

Wash ing ton  An ina l  D i sease  D iagnos t i c  Labo ra

to rv  (SADDL)  used  t he  a tom ic  abso rp t i on

mc thod  ro  dc te rm ine  se l cn ium con ten t  o l  t h t

forage samples
Seleniun values n'cre dctcrmined Ior moun-

tain soats frorn fecal pel lets, hair,  blocrd, and Jiver

samiics. Fccal pcl let.s wcre col leclcd alorrg Lake

Cheian during !t i r ! ter fofage col lect ions, from

goat-. imrnecl iatel,r  aft tr  the,v lrerLr traPpe' l  ln

Ohntpic Nationai Park (ONP), and lrom goats

in captivi t . !  at WSU and at the Woo'l land Park

Zoo (WPZ) ir  Seatt le.
Hair sarnples $cre taken frorn the hind-

ouarters of nlounlain goats captured in 0NP,

s o u l -  i n  '  a f l r \ i l \  r t  \ \ ( l  a  r d  \  I ' 2 .  a r r d  i r " m

g o r t .  h a r r . - l c J  L \  h u r t l c r ' i '  l h ,  C a - '  J d P  \ l L ' u r r '

tains of Washington and rnule deer and elk

ha r !es t cd  i n  cen t ra l  Wash ing ton .  L i ve r  sanp l cs

were  a l so  co l l ec ted  f r om the  goa ts ,  mu le  dce r ,

and elk harvcsted b1 hunters. The deer, noun-

lain goat, and clk hair and l iver samples rrere

obraincd on an "as avai lable" hasis. dl l  of the

rlecr sampled rere har\ 'esled in Chelan Countv

and the clk ntre har' !ested in Chelan and Kit-

t i tas counties. Blood samples t{ere obtainecl lrom

mountain goats captured in ONI'and from cap-

t i ves  a t  SSU and  SPZ .

All  of the samples ( loragc, fecal pel lct '  hair,

l iver, and blood) werc sealcci in plast ic bags' kept

i15 q6ol 6-s p(rssiblc unti l  thet coLrld be frozeni and

lrcre kept frozen unti l  i lnalvzed. The samplc'c

*c.e nna]1""d at WSU-WADDL b,Y the atomic

absorptiort ]nelhod using a Pcrkin-Elrner 360

aromic irbsorption slectromelcr with a N' lHS-10

lnercurJ hydridc slstenr'  Charles Robbirs (WSU)

also had 1l of those - 'alne bloocl sarnples from

the ONP goats anal,-,-zed al 0regon Slaie Univer-

, r i t ]  by  t hc  t l uo rome l r i c  mc thod  (Whc t te r  and

Lrl ire] '  l9?B), as part ol his research and gra-

cioush: sharcd those dal i1.

Captivc mountain goats at \ IrSl l  l \ 'cre mir in'

tained orr a selenium supplemented alfal la-grain

pel let (appro\imalelv 0 10 ppm Se)'  and recei lcd

r.arving doses of scleniunl inject ions as part ol

a rescarch project. The goats at WPZ rrt i l ize an

aDole-carrot-\ 'am mixturc which is supplemented

ri ih ." l"niu- (0.10 ppm), alfalfa hay (grorvn in

ea-rlern Washington), and Puri la horse chow'

Results

All of the forage plant- '  used bY mountain goats

a l , r r s  L , , k "  C h , ' l r n  ' l u r i n g  "  i r r t '  r  l r r ' l  n i t h ' r  l o "

, , r  u n J c t e ,  t . r h l e  l ,  r e l .  o f  - ,  l e n i u n r  {  l r r l ' l '  l )

Hcl iert i rnd Cowan (19?l) found thal rnoultain

goat foragcs in southcast Bri t ish Columbia n'cre

i lso 1,,* i t t  sclenium. A high proport ion of the

winter cl ict of the Lake Chelan goat hcrd is corn"

prised of gras-sos and conifers (Fieldcr and

i{cKa1 tOB+lrntr ictr included al l  l i th the highest

se l c  i um conccn t ra t i ons  (Tab l c  l )

T, \ t l l ,E  1 .  Sc lenmm con l tn t  (ppr r )  o f  n roun l r i f  goa l  lo rage

| " , ' . , l " r  . l r ' " L "  ' '  \ \ a ' \ r r "  '

Forage p lan t S o u t h  N o r t h

Bluebunch r  heatgrass  ( .1groP ' , r

Fes fDe sg) .  ( l ' . r1e .a  sPf  )

B lucgra*  spp.  ( i ,a  rpp  )

Nec, l legr r$  spp.  (Sr ipd  . !P  )

Pa inrbrush spp.  ICas t i lL , :g t  14 t  )

Lf $isir (tclts,a r o lum b iorc)

l ' .ns ren ,on  s t t ) .  (P .ar lP ' ro i  'p l  )

f r iogonum spp.  l l i t  iosa tun  s?r . )

U n k . o w n  g r e e n  i , i . b

S. r l i ceberv  f  1 ' ,e loa .  / i i d '  dh to l r . )

K iu ik inn ick  ( t1  t . tos t  nphr la \  u ' ^d  r^ i )

Rcd os ic r  dogrood (a i , rnzs

Oreg0n hor rood ( l ' t .h rs t i ruu

Ante lo r , .  b i t re r l , rush  (Pars i@

Pondercsa pine ll'ins Pontercs)
Doug las  l i r  (Psez lo tvsa  n  c  n  z ie  t i i )

Sr io r i l  Fer r  (Pohr rn t ru  m ' ranr l r14

0
0
l)

0
0

.02

I
1

0
0

.01

l)

0

TR

0
]R  .0 : l
.02 .02

l R = t r a c e l  - n o : a r n p L  t e - ( l e d . 0  n o n e d e l r ' ' l e t 1 ( l I t ' c

t  r r  o l  s t l fn i rn r  .oncer l ra t io rs  less  than 005 ppn ras

ur re l i r |1 . ) .

There is signif icant variat ion in selenrum

va lues  o f  b l ood  (P<0 .01 ) ,  ha i r  (P (001 ) ,  l i v c r

(P<0 .01 ) ,  and  f eca l  pe l l e t  ( 0 .01<P<0  05 )

samples frorn the groups of rnountain goats lr l

\Vashington $hich rve sanlpled (Tahlc 2). Eicren
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TABLE 2.  Seleniun concentrat ions (pprn) i f l  several  sanple t rpes f ron Washington mountain goars,  Mule dccr,  dnd Rocky
Nlountr in e lk.

Sample

Rangc
Standard

Ha i r
Washingron Sr. Uni!.  goars
\ \oodland Park Zoo goats
0lynrpi .  Nat ionr l  Park goats
Wasbington hunte.  k i l l  goats
Washington hunter  k i l l  deer
t rashington huntef  t i l l  e lk

Blood

Washington St .  Univ.  goats
Woodland Park Zoo goars
0l ;mpic \ r r ional  Park goats
Ol lDpi .  Nal ional  l 'ark goarsr

Pel lets

Wasbingt , rn St .  I ln iv .  goats
Woodhnd Park Zoo goats
0lynrpic \at ional  Park goats
J,akc Chelan goats

Liver

Washington hLrr l i . r  k i i l  goars
Vashington hunter  k i l l  dcer
Wrshington hunter  k i l l  e lk

.12-.188

.01,.047

.00 .0u7

.04-.094

.01 - .314

.05.2't0

.05,.21

.20..25

.01 , . 11

. 0 t . 1 5

.09 .2r

.0:-.04

.00,.04

.01-.05

10 .01 .0?
r0 .05-.20
9 .02..21

.022 .020

. t 2  t  . 057

.0?0 .066

. l 4 { t

.020

.020

.070

.150

. l t 0

.t42

.222

.035

.05?

.159

.029

.009

.020

4
7

22

10
8

7
20
l l

1
6

t 6
\2

.028

.0 r3

.023

.021

.080

.062

.086

.020

.025

.056

.010

.008

.010

'A l l  sanr l , lcs analrzed br  atomic ahsorpl io mcthod unless indicated.
?San,pl is  anal)zed by f luoronrer ic ncthod.  These I I  sanples lere also a rong the 20 blood samples i ro 0NP goars Nbi .h
{ . rc sanrt , led by rhe atomic absorpt ion c lhod.

blood samples from ONP goats were analyzed by
L o l h  I h .  a l u m i r  r b - " r p t i " n  a n J  f l u o r o m . t r i ' '
methods. The f luorometric method vielded
selenium values for these samples rvhich were
sl ightiy higher than those I iclded by the atomic
absorption method (0.01 <P<0.05). Selenium
concentrat ions in hair and l iver samples from
hunter harvestcd goats did not dif fer signif icantly
fron similar samples from deer and elk (P >0.05).
Horvever, deer and elk hair and l iver selenium
levels ranged to as much as three t imes the con-
centrat ion levels as samples from goats harvested
by hunters (Talr le 2). The goats at WSU and WPZ
had higher blood and fecal pel lct sclenium levels
(P<0.01) than dir i  wi ld mountain goats.

Seleniun conccntrat ions in blood, l iver, and
hair samplcs from mountain €loats, mulc deer,
and clk were compared to similar samples from
domestic sheep, catt le, and hogs (Table 3).
Seleniurn levels in the sanples from goats at
WSU (whose feed is supplcmented with seleniunr)

rate as normal or high compared to domcstic live-
stock. Selenium levels in l iver samples from elk
and deer harvested bv hunters rank as deficient
comparcd to sheep and hogs. Wild mountain
goats (those captured in ONP and those
harvested by hunters) are deficient in sclenium,
compared to l ivestock (Tablc 3).

Discussion

Most mountain goat habitat in North America
o c . u r s  i n  m o u n l a i n o u -  a r e a j  u l - r u l e a n i e  o r i g i n
with relat ively new soi ls where selenium levcls
in forage would be expected to be relat ively low.
Mountain goat diets in Washington, l ike those
in southeast Bri t ish Columbia (Hebert and Cowan
l97l),  are low in selenium. Selenium levels were
highest in conifers (Table l) ,  nhich comprise a
ma jo r  po r l i on  o f  t h ' .  \ ' i n t p r  d i e t  o f  moun ta in
goats in Washington (Campbell  and Johnson
1983, Fielder and McKay l9B4). Horvever, the
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TABLE3.  A  compar ison o fsc lcn iun  levc ls  in  b ig  ga  e  and l i res tock

Big game
Nlulc dee. (hu.ter-t
Rocki  N{ountain e lk (hunters)

t r lorntah goars (huntc.s)
Nlounrain goats ( \ \  SLI)
] {ourta in gorr , .  (S PZ)
Nlountain goats (0\ l ' )

Sheep

,{ndress er  a l .  1916
Thonpson e/  '1.  l9 i6
Thonpson el  a l .  19?6
Jcnkins and Hidi roglou l9?2
Burro!  Pr a l .  1962
Burton er  4 l  1962
Jcnkins and Hidi roglou l9?2

Caltle

P. Soutb.  pcr . .  comn
ThompsoD . l  a l .  l9 i6
I ' .  South,  pus.  contn.
I ' .  Soulh,  t ,ers.  fon,r ' .
Per^ e l  d l  I9 i6

Hogs
Thon,pson . r  a l .  l9 i6

Jenkins and HiLl i roglou l9?2

Jenki is  and Hidi roglou l9 i2

. l1(.05..21)

.22(2A .25)

.01(.0r..1s)

de f . . 010
def. (.021..06;)
high (.133 .249)

.12 ( .05 .20 )

.0?(.02 .21)

.02(.01 .0i)

. 15 ( .0 i . . 31 )

.06(.05..2,1)

.05(.04-.09)

.15 ( .12 .19 )

.02(.01 .05)

.02(.oo .09)

det. .050d e f . . 0 2 0

def.  ( .08 ' .19)
l o y . 3 1 5 l . 1 2
nor .  .906t . t ] f r
nonn. (.92 2.s1)

def. <.05
1ow (.009'.0?2)
marg. (.05.09)

hish (.093-.193)

high .:J!10(.211..56't)

d e l .  ( . 1 9 . 3 1 )
norn.  1.82

' d .1 .  =  de f i f i cnr ,  narg .  =  marg i ra l ,  norm.  =  nornra l

selenium leveis in conifers browsed b,\ 'goats along

Lake Chclan are well  belo$ the levels needed for

protection against white muscle disease- Whitc

muscle disease in domestic l i r 'estock is rare }!here

selenium concentrat ions in forage is greater than

0.1 ppm, occurs errat ical l t  at 0.1-0.05 pprn, and

i !  cnmrnon  sh " re  - "1 ' n i un r  . un i  P r l l r l r l i u l l \  I n

fbrage are less than 0.05 ppm (NIuth and Allawav

1963, Allawa,r and Hodgson 1964). Although thesc

concentration levels dre linked with thc occurrcnce

of white rnusclc disease, thev mav also suggest

uarning lcvels for olher -relenium relatcd problcrrs

which inhibit  herd health (c g, unthri f t iness,

weakness of newborn, reduced ratc of $'eighl gain,

r cduc .d  p rnou ,  l i u r .  and  r  r edu r " t l  i r r r r nuno 'un '

pression s.!_stem).
R . ' [ , L i n -  . r n , ]  f a r i . h  ( pe r ' " na l  r ommLn ics -

t ion) report lhat captive goats exhihit  a more

rapid grouth i l l  captivi t ,r '  than do goats in the

wild, suggcstive of nutr i t ional dif f icult ies of wi ld

nlountain goats. This suggests that goals, on diels

that are adequately supplemenled, erpcrlence

grcater growth ratcs than unsupplemcnted goats

as $el l  as maintain higher selerr iurn levcls. The

r r n u n l a i r o u :  h u b i t a t , - ' c , - u p i . , J  b r  m u u r t l a i n

goats, usually characterized by relat ivel-v nc\r,

seleniurn dcl icient soi ls, mal 'be a reason whr

goats harvestcd b-v hunters had lower hair and

l iver selenir-rrn ler.els t 'hich did not ralge as high

as those of dccr and elk (Tablcs 2 and 3) Deer

and elk usually occupr lower clevations with oldcr

soi ls *hich are general l ,-"- r icher i l  selenium (Muth

and Aliarva1 l963, National Rescarch Courci l

1976).
Selenium deficiency in mountain goats

(Hebo r t  and  Couan  1971 ,  t h i s  s tud l )  may  be  a

factor contr ibuting to low mounlain goat prc,duc_

r i \ i t r .  L u r \  - e l . n i u m  l e r ' 1 .  n r a \  h e  5 u p n r e 5 ' i r ) s

rnounlain goat production, just as i t  suppresses

l ivestock production (0ldf ield et al 1963, Jenkins

lB  F ie lder



and Hidiroglou 1972, Ammerman and Nli l ler
1975, Andrews et al.  l9i(t)  b;- causing incrcased
infert i l i tv, st i l l  births, and abort ions anoior reduc-
ing neonate surr. ival br causing wcakness of
newborr! slo1! lreight gain, or a reduced im-
munosuppression svstern. Although estimates of
mountain goat production viuv among areas
(lrorn 86 to 22 kids per 100 adulr females
(Ridcout l9?B)) production rates are gencral lr
lowcr for mountain goats than for deer and elk.
Doe:fawn and con:calf  rat ios for dccr and elk in
central Washington and other sclenium deficient
rcgions are lolv compared lo western regions uith
adequa tc  se len ium l cve l s  (e .g . ,  Co lo rado ,  U tah ,
Nlontana, Wroming). Stoszek el ol.  (1980) ana-
lvzed t issues l iom l ivcstock and Idaho and Mon-
tana pronghorns aud suggest a relat ionship be-
tuecn seleniurn dcl iciencl in pronghorns and the
decl ine of eastern Idaho pronghorn herds. Based
upon aualvsis of white tai led dccr muscle t issues,
U l l r n  p i  a / .  { l 9 8 l l L " l i " v .  t l r a t  r l " " r  i n  r e g i u n .
nith low platrt  selenium concentrat iorrs may have
a lorrer rcproducl ive eff iciency and a high post-
natal mortal i tv rate. Lor'  production ratcs of
mountain goat herds may also be, in part,  a result
of selenium l inked reproduction and neonate sur-
vival l imitat ions.

Nlore rescarch is nccded to test this hlpoth-
es i s  i nc l ud ing  e i t he r  ( 1 )  se l cn ium ana l ys i s  o f

big game samplcs lron herds in several regions
and correlat ion of selenium data with production
clata for those herds, or (2) monitoring ofchanges
in productivi ty and newborn survival in big game
l re1 l . .  1 " r  r r h i r . h  r " ,  r , r d .  o l  p rudu r " t i on  a re
avai lable, rvhich have bcen supplemented with
selenium (mineral or protein blocks). Sclenium
supplemental ion has been fbund to bc desirablc
and effect ivc by the l ivestock industry (Jenkins
and Hidiroglou 1972, Wharger et al.  l97B).
B ig  game  he rds  ma . i  a l so  bene f i t  f r om
supplementation.
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