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Selenium Levels and Productivity in Three Oregon Elk Herds

Abstract
Selenium (Se) is an csscntial diel.lry lrace Dineral and Se deficiency has bccn linked Lo dec|eased productivity in livestock and
some specics of wildlile. Produclility of elk tccrfrr .laprrJ) in sonrc arcas ol |he Coast. Cascade, and Blue Mounlains of
Oregon is low or declining. yet the Se status of these herds is unknown. We compared liver Se levels and mcasures of elk
producti\'il), tbr:LU lemale elk collected fioln these 3 geographic regions of Oregon duriDg contfolled hunts held in December
andJanuary 1987 1991. Elk l i ler  Se concentrat ions ranged 0.001 3.5|9ppm.with,127.of theelk l i \ 'ersamplcaconsidered
deficient by standards detcrmincd lbr cade (liver Se s 0.120 ppn). Li!er Se conccnlralions !aried significantly between arcas.
and between some ycars r',ithin areas (P < 0.01). Ho"e\er. liver Se concentralion uas not rclated to age, bod\, condiljon or
concepiion dates offcmalcs > 1 year ofage, and Drean herd Se concentration was notrelrted lo post season calf:cow ralios. (P >
0.05). Li\'cr Sc was nol signilicant in pfedicting the frobability ofprcgnanc) or lachtion in lemales.l-13 years ofage (P> 0.05).
Thcrcfbre. we conclude lhat h'ef Se levels were not relared to thc clk produclivity paramete|s we measured. Howe!er, liver Se
may nol be $e nost appropriate measure ofan animal s Sc slalus. because it does not represenr a mcasurc ofthe bioactive tbrm
of Se. lnstead. we recommend measunns le\els ofSc in blood.

lntroduction

Selenium (Se) is a trace mineral considered by
animal nutdtionists to bc an essential dietary ele-
ment (Haigh and Hudson 1993, Robbins 1993).
It occurs naturally in soils and vegetation world-
wide. but its availabil ity varies locally based on
geo lng i i  h is to r l .  c l imate .  and iand u \e  p l r i r i c (  r .
Se concentrations in > 507. of the fbrage plants
ofOregon is inadequate for livestock production
( 0.1 ppm) (Haigh and Hudson 1993, National
Research Council 198,1, 1985).

In animals, Se functions primarilv as a com
ponent ofglutathione pero)ddase, an enzyme that
prevents oxidative damagc to cell membranes and
thc resulting destruction of animal t issues. Sc
deficiency in livestock gencrally manit'ests itself
through decreased productivity. causing reproduc-
t  i r  c  p roh lems in  l ' emales  r  i .e .  de la l  ed  eoncept ion .
abonions, stillbinhs, retained placentas. and mas-
titis) (Imho1, 1985), and decreased spcrm produc-
tion and motil i ty in mrJes (Hansen and Deguchi
1996). Se deticiency in livestock may also aff'ect
feeding efficiency and body condition (Inhof
1985). and may be related to general i l l  thrif i  or
wasting syndrome in red deer (Knor et al. 1987 ).
Se deficiency can cause rnyocardial dystrophy and,/
or white muscle disease in calves (lmhof 1985).

Neonate calves with white muscle disease may
be unable to nurse or fbllow their mother and are
more susceptible to disease and predation.

Se levels considered less than adequate lbr
livestock production have been measured in a
number of game species found in the Pacitic
Northwest (Fielder 1986, Fleuk 1991, Hebcft and
Cowan 1991, Hein et al. 199.1. Jessup 1990, Oliver
et al. 1990, Robbins et al. 1985. Samson et al.
1989. Stoszek 1980). but whether these popula
tions exhibited any symptoms of Se deliciency
were not rcpofied. Fielder (1986) theorized that
Se deficiency may not exist in wildlit'e popula
tions because animals may have adapted to pat-
tems of local availability over time by develop-
ing altemate chemical pathways to compensate
fbr Se deficient diets. Howcver, Se supplementa-
tion of black tailed deer (O. h. colutnbianus ) li\ -
ing in a low Se environment in northem Califor-
nia elevated blood Se levels threefbld and increased
fawn;doe ratios by 517a (Fleuk 1994), demon
stnting that low Se was a factor limiting deer
productivity iD this area.

Productirity of Oregon's elk is low or declin-
ing in somc areas. Roosevelt elk (C e. rooseveLti)
ofthe Coast Range generally bear calves in alter-
nate years, as opposed to Rocky Mountain elk
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(C. e. nelsotti) of the Cascade and Blue Moun-
tains which typically bear calves annually (Trainer
l97l ). Elk fron the south central Cascades and
northeast Oregon have both experienced declin-
ing calf:cow ratios in recent decades as low as 26
calves per 100 cows (D. Edwards pers. comm.),
but the Se status of these herds has not been de-
temined. Therefbre. the purpose of our study was
te measurr liver Se levels in selected herds of
Oregon's elk, and to examine the relationship
bet*een liverSe levcls and factors associated with
elk productivity.

Study Areas

We measured liver Se levels in elk from the Dean
Creek elk viewing arel in the mid-Oregon coast,

the upperNorth Umpqua River basin in the south
centml Casoades. and the St rkey Experimental
Forest and Range (Starkey) in the Blue Moun-
tains of nofiheast Oregon (Figure 1). All areas
were typical of most managed fbrest lands in
Oregon- cun.isting of coniferou: fore.rr in r ui-
ous seral stages, interspersed with open foraging
areas of grasslands. meadows. or recent timber
haNests.

Eik from the Dean Crcck Jrea uerc non-mi-
gmtory, year-round residents of coastal, low el-
evation, Douglas fir ( P s e uclotsu ga me nz.ie s ii ) for-
ests. Primary foragilg arcas were improved, wet
meadows. natural marshes. and recent clearcuts.
Wet meadows were improved by seeding winter
active grasses and legumes, and by annual appli-
cations of fefiilizer containing sulfur, boron, and

Collection Areas
Se Low - 80% offorage contains <0.05ppm
Se Variable - 50% of forage contains >0. lppm

Figure L Liver Se collcction areas in Oregon. (Rcproduced in parr tiom Robbins 1993)
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nitrcgen. Natural marshes and recent clearcuts
contained a mix of coastal. native plant species.

f l k  f rom the  Nonh Unrpqur  r rca  uere  a  tn i r
ofresident and migratory elk $,intering athigher
elevation, mixed coniferous, Douglas fir and white
pine ( P inus nonticolc) tb rests above 9 1 5 meters.
Primary winter forage areas were small natural
meadows, recent clearcuts, and old-grcwth stands
containing a mix of plant species native to the
central Cascades. North Umpqu migratory elk
summered on four national forests in a varicty ()1
habitats and lbraged on a diverse array of plant
specles.

Elk fiom the Starkey area wcre confined to a
78-kmr enclosure of Ponderosa pine fPltls po,1-
derasa) and grand fir (Abies gratulis) fotes/.. Prr-
mary foraging areas were open grasslands of na-
t i re  b luebunch u  hea lgr rs '  (Pre t rd , ' r ,n  p tu r ia
spicqta), and Idaho fescue (FestLtca idqhoen.tis)
and open coniferous stands in various scral stages.
Although naturally migratory. Starkey elk were
prevented tiom rnigrating by a 2.5 m high game-
proof fence. baited onto a u'inter t'eed ;irea, and
fed locally grown altalfa. A detailed descriptjon
of Starkey is plovided in Noyes et al. 1996 and
Rowland et al. 1997.

Methods

Liver sections and reproductive data fiom ternalc
elk > I year of age u,ere collectcd in controlled
hunts administered by Oregon Department ofFish
andWildlile in December and Januar.v 1987 l993.
Succcssi'ul hunters were required to submit samples
from harvested fenrale elk, including a l iver sec
tion, incisu tooth, kidneys with attached lat. ud-
der .  rnd  reproduet i re  l rac l .  L i \e r  \e \ ' l i ( rn \  ucrc
analyzed by the A.M. Craig Laboratory in the
College of Vcterinary Medicine, Oregon State
Un ivcr . i t l .  Cor r  i r l l i ' .  Orcp , 'n  fo l  se len ium con-
centrations (ppm) on a wet weight brsis using
the fluorometric method (Whetter and Ullrey
1978). Age in years. body condition (i.e. kidney
la r  inJcr .  KF[ ) .  p regn lnc)  rnd  l  i t J t ion  \ l J tu r .
and estimated conception dates wcrc detemined
as described by Trainer ( 197l). Annual post-sea-
son calf:cou' rlrtios u'ere estimatcd liom helicop
tersurvcys dudngJanuary and February fbr Starkey
(n = 228 - ,13,1) and Nonh Umpqua (n = 36:l
737) . but herd composition counts from Dean
Creek included too few animals (n = 54 - 8E) to
provide reliable calf:cow ratio estimatcs.

We obtained data lrom 1,15 elk harvested at
Dean Creek in 1990 and 1991. 124 elk harvested
at North Umpqua in 1987 and l9ll9-1991, and
178 elk harvested at Starkey in l989-1993. We
used a logl0 transfbrmation of Se concentration
and a reciprocal transfomration of conception dates
to improve normality ofthese variables. Samples
for individual elk were pooled by area and ycar,
and these groups of animals were compared us-
ing a 1 wayANOVA(BMDP Statistical Software
199l). We uscd the Fisher's LSD method of mul-
tiple comparisons (BMDP Statistical Soltware
l99l) to identify which groups differed signifi-
cantly. For each group, we used simple linear re-
gression (BMDP Statistical Softwarc 1991) to
exanrine the relationships between liver Se and
age. body condition. nd estimateJ \ 'onceplion
date of individual elk. We also regressed mean
herd l iver Se concentration (i.e. mcan herd Se)
and post-season calfratios for the year following
that in which the Se samples werc collected. To
determine whether liver Se was a significant vari-
able in predicting the probability of pregnancy
or lactation in female elk 3- 1 3 years of age, we
used logistic rcgression (BMDP Statistical Soft-
ware l99l). In the pregnancy modcl, r 'c uscd
group, agc, KFl, lactation status, and Se as
covariates. and for the lactation model. we used
group, age, KFI, pregnancy status, and Sc as
covariates. For all statistical tests we used P =
0.05 as our' level of significance.

Results

Elk l iver Se levels ranged fi 'om 0.002 to 3.519
ppm for all elk sampled (n = 447). Mean liver Se
of female elk 2 1 year of age (i.e. mean herd Se)
diffcrcd significantly between groups (F = 56.47.
4,16. 10df,P=0.00)(Table l). and u'as highest in
elk from North Unrpqua and lowcst in clk liom
Starkey in all years in which data were collected
simultaneously on any of the 3 areas. Within each
area. mcan herd Se varied by year, however the
annual pattems of vadation were not consistent
betwccn areas.

Elk age rangcd liom I to 23 years, but we
tbund no relationship between liver Se concen-
trations and elk age jn any group tested (n = 26 -

64, | < 0.02, P > 0.23). Kidney fat indices ol
body condition ranged from 5 10,115, but KFI'S
were not related to l ivcr Sc in any -sroup iested (n
= l6 - 25, rr<0.08, P> 0.06). Estimated conception
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lABt-E L Mean l iver  selcniun levels in femalc c lk> 1yf l r
oi age (ppDt.

sizes were small and variation between individu-
als was high resulting in decreased power of some
ofour tests. However, our findings ofsignilicant
differences in mean herd Se bgtween areas ano
ycars is comparable to other surveys of elk Se
levels in the Northwest (Heir er al. 1994, Jessup
1990). Our individual bascd analysis ofclk l iver
Se levels and the paired productivity paramcters
cover :  r  w iJe  range o f \ r lue \ .  and ourc  n \ j \ ten l
lack ofany significant relationship further stength-
ens our conclusion. However, we cannol conclude
from our analysis whether Se deficiency does or
does not exist in Oregon's elk, nor makc recom
mendations as to the levels at which liver Se be-
comes deficient or toxic in elk. Only through con-
trolled studies cm this bc determined. Furthermore,
liver samples may not provide thc best estimate
of Se status in elk. Liver Se concenfations cal
culated on a wet wcight basis may not be as reli-
able as those calculated on a dry weight basis
because of variations in l iver water content (D.
Hamar pers. comm.) Liver Se conccntration does
not reprcsent a bioactivc level of Se, but ritther a
stored or reservc amount. and Sc stored in thc
Iiver may not be availablc for glutathione pro-
duction which occurs in the blood only when
adequate anrounts of vitamin E are prescnt (C.
Robbins. pers. comrn.). Both high and low livcr
Sc levels can be associated with low blood Sc
levels, and liver Se levcls may appear adequate
when blood Se levels are not (C. Robbins pcrs.
conm.). High dietary sult'ur and/or heavy metals
may also interferc with Se absorption and me-
tabolism (Finch and Turner 1996, Oliver et
al.1990), but mcasures of thesc cherrucars were
not obtained orheld constant in oul sludy involving
ftee ranging animals.

Management lmplications

We belicve that cdtical lcvels of liver Sc affect
ing l ivestock production cannot be applied to clk.
However. the significance ofadequate dietary Se
in optimizing livestock production, and the con
cerns over dcclining elk productivity in thc Pa-
cific Nofthwest. suggcst I need to bctter under
stand the polcntid e11-ects ofSc on elk productivity.
In futurc evaluations ofSc status in elk. measures
of blood Se levcls and concurrcnt measures of
vitamin E and glutathione peroxidasc are needed
to determine whether Sc or vitamin L, lcvels are
aftecting the production of glutathione peroxidase.
Concentrations of sulfirr and heavy metals in thc

Year N Mean (SE)r Range

Stafke] 1989 36
1990 30
1991 , l  I
1992 3,1
199 r  3  /

Dern 1990 71
(icck l99l l1

Nofth 1987 l8
Umpqua 1989 21

r990 .13
r99 r  26

0.107 (0.009)a
0.065 (0.008)d
0.101 (0.0,19)a
{1.079 (0.007)a
0.1.14 (0.006)h

0.291 (0.032)c
0.181 (0.02'1)b

1.111 10.196)e
0.9.14 (0.15.1)f
0.510 (0.068)s
0.25:r (0.037)b.c

0.015 - 0.293
0.002 - 0.160
0.050 - 0.186
0 .018  -  0 .195
0 .072  , 0 .313

0.032 - 1.266
0.039 1.558

0 . 1 1 7  3 . 5 1 9
0.0?3 3.026
0.055 - 2. r72
0.081 - 0.738

r  l ike le l lers indicate s imi ld means (P > 0.05,

datcs ranged frcm Scptember 7 to Novcmber 2,+.
but we lbund no relationship between estimated
conception dates and Iiver Se in any group tested
( n = 1 - 3 7 ,  r :  g  0 . 0 3 ,  P 2 0 . 1 9 ) . A n n u a l  p o s t
season calf:cow rutios rangcd fiom 2,1to 57 calves
per 100 cows , but calf:cow ratios wcre not re
Iated to mean herd Se (n = 9, r: =0. 17, P = 0.27).
Liver Se was not a significant predictor of preg-
nancy (n = 15 - 46. P > 0.2.1) or lactation slatus
(n = l5 ,16. P > 0.07) in any group rest.

Discussion

The wide range of l iver Se levels observcd in
Oregon's elk reprcsents a range considered defi
cient (< 0.120 ppm) to toxic (2 1 .250 ppml for
cattle (K. Walkcr. pers. comm.). Livestock in the
cxtreme ends ofthe range we obsen"ed in Oregon's
elk would be seriously i l l  or dead (ftnhof, 1985).
Twenty five pcrcent ofthe elk frorr North Umpqua
had liver Se levels considered toxic for cattle.
Although our data were not appropriate fbr iden
tifving symptons of Se poisoning (i.e. hoof lc-
sions, stunted growth. skeletal defomtities. blind-
ncss. and paralysis) (Robbins 1993), nonc ofthese
symptoms have been reportcd in elk sampled by
hunters.

Fourteen perccnt of North Ulrrpqua elk. 39%
of Dean Crcck elk, and 66% of Starkey elk had
livcr Se levels considcrcd detlcient for cattle. Al-
though livcr Se varied by area and yeiLr, we found
no significant rclationships betwccn liver Se and
any of the productivitv paraneters we cxamined
and we conclude that they arc unrelated. Sample
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blood would also be useiirl in cvaluating poten
tial inhibitory effects of these chemicals on Sc
absorption whcn availability of dietary Se may
be other$'ise adequate. We recognizc that obtaining
an adequatc number ofblood sarnples from liee-
ranging elk is logistically difllcult in the typical
wildlife management contcxt . Therefore, deter
mining whethcr Sc induced productivity problems
exist in elk should be determined through highly
controlled studics.
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