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Abatraec: In an efforc to develop a tool for lavw enforcement
uee, multi-element scans were done oo 112 bighorm sheep horn
samples fros 21 Monctana hunting discriecs. The huncing discriccs
were grouped inte & geclogical regions for comparison. A cocal
of 16 different eclesencs were recorded froe cthe samples: The
mingeral conctencs of individuol samples were noc specific enough
to allow definice pinpoincing of chelr area of origin. However,
n koy wasg developed which allowed samples from humcing areas
having ap vwolimiced pnumber of permits to be separated froo
discriccse having limiced numbers of permits with o 99.23
gfficiency. A comsparison aof the elemsent data with publisbhed horn
gize data for the areas gave a significant inverse correlation
between magneaium levels and horn sige a8 well as wich Cche
combined aluminum and magnesiom levels. OCrass Cecany,
atmosapheric acid depasicion (“acid rain”), scil infercilitcy and
bound phosphorus appear to be hypotheses tenable wich this horn
gize and sineral relacionaship.

Mineral analyasis af hair samples from a variecty of big game
mommalis gave rise to the hypoethesis cheae ic might be possikle co
analyze samples from sheep horns for trece minerals and idencify
the ares from which the apimel came. Siwmiler analysis of
feacthers from wacterfowl hae enabled resecarchers to ldencify
thelr areas of geographical origin. It was hoped cthatr this
would serve ag an aid in law enforcement and in the control of
highorn sheep harvest.

The avthors wish to express thelr appreciation to the many
Montans Fish, Wildlife and Parks personnel who collected the
samples; to Jodie Canfield and Bert Harting, who agsisted in the
preparation of the samples; and for the Finsmcisl support of the
Morch Awmerican Wild Sheep Foundation.

HETHODS

Montana law requires that all bigharn shesp ram heads taken
in Montana be regisctered and marked with a metal plug. The drill
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ghavings were collected from most sheep hunting areas Iin Montana
during the 1984 hunting season.

A wtandard 250 mg allquot was welghed ouwt from each sasple.
Any obvious contasination was removed and the sasple was
subaltted for analysils.

Originally 4t was felt that the small size of samples would
only permitc the uee of the very sensicive and expensive neutron
activation analysis cechnique. Howewer, after the samples had
been obtained, it was found that they were large enough to
permit moultiple mlement scans by an stomic emission spectfum
techniqum. This mouch cheaper technlgque permlitted a ten fold
{increase in the anumber of samples that could be analyced.

Spectra Inec. of San Diego, CA. analyzed che asamples. They
were I:I‘I-H.'I.'r!ﬂ, ?npnrizud lﬂﬂ chelr acomliec emieBlioeon BpECEra was
phatographically recorded. This cechnigue permite small samples
to be scanned pimulconcously for the presence of 25 separace
elements. The ceoncentrations measured were accuraeace to within a
factor of ctwo.

The resulcs were grouped according cte cthe huncimg area of
origin. These were cthen grouped on che basis of che geology
of che region of che stace in which che huncing arem was locaced.

RESULTS

A total of 112 samplex from 21 hunting discricts ware
analyzed (Fig. 1). These were grouped into & geological regions
for comparison. S5ix to 12 different mlemente woars idenctified 4in
individual samples with 8 being the most common number. A Fotaml
aof 16 different eleaents were recorded from the samples (Al ,Bao,
Ca,Ce,Cu,Pe Hg, Mn Mo, Ha N1, P Pbh, 5S4, ,T1,Zn0).

The conceatrationd of Ca and Na vwere too high Ea be used
far comparisons while still obtaining adequate information aboue
less abundant elements using chis aromic emisaion technique.
Soven elements had a high enough fregquency of accurrence to allow
meaningful comparisone (Al;Cu,Fe,Mg,P,51,Zn). Table 1 summarizes
che analycical results from this scudy.

The mineral conctents of individual samples were not specific
enough to allow definite plopolincing of chelr area of origin.
However, the composite dats indicstes that various ereas do tend
to heave distinctive tendencies In Eheir element contemta.

Rank comparisons for cthe means of che seven commonly
occurring elemencts indicaced chat the Pralrie-~Breaks (hunting
districcs 620 and 760) tended to have che lowest overall
concentracionsg of minerals. S4x (Al ,Cu,Fe Mpg,51.Zn) of che seven
common #leménts were recorded for the ares and one (FP) was not
found. The mean levels of iron and zinc were the lowest of any
of the araasa. Ho trace elemeéents other than theses common ones
were found In the samples. Since onaly lour samples were
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Table 1. A sumsmary of che trace elemence found in Moncana

bighorn sheep horms by region.

Mean Concentratlons In Parts per Milllon

AREAS Korch

Soucth Highland Madison Absaroka

Sum

Bear Prairie

WeaEL wWest Gallatin River tooth RAreaks
n 17 18 12 12 25 17 [ &
ELEHENTS
il 9 20 71 65 77 5 L1 13
Ca All samples had owver LOOO ppm
Cu & i & fi & 3 £ i
Fe 36 12 14 23 20 26 14 11
Mg 17 172 35 179 156 79 279 138
Ha All samples had over 1000 ppm
P Gk 194 L&& 292 210 b & 179 Q
51 113 51 30 73 1z1 19 58 19
Zm 112 325 346 254 300 79 279 38
OTHER ELEHENTS
Freg- S5L 61X 17Z Bx K i 4 12% 29% Lk
Bo Bo Bo Ph Bo Ti Ph none
Mo Mn N1 Mn Cr
Ti Hi b |
Pb Fhb
HORN VYOLUME (as caleuwlated Ffrom Stewart anmd Butbtta 1982)
198 196 192 135 161 174 125 =
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avallable from theése small hunting districtsa, Ehe results should
be incerpetad with caucion.

The Sun River-Belecs ares (hunting discricce 421,424 ,6461,455)
was ranked mecond lowestr in the overall abundance of the seven
common elemencAa. The levels of Cu and 51 were che loweasr of
any of Che arsas. The mean levels of phosphorus were quite low
and che area has somecimes been regarded as having soile low
in this element. All seven common elements were presenc in
samples from che srea. Only 12X of che semples concained
glemence ( Cr, Ti) other than the commen ones.

While che Prairie-Breaks and Sun River-Belts areas were
really fealrly similor in overall mineral content, there was
a subsctancial juep inm cthe wmineral concents of the next lowesc
prea (Horchwest Honctama) over these twoe low ranmked areas.

The third lowest ranked aresa in the mean concentration
levels of che major seven elements was Northwest Montans (100
numbered huncting districts). All seven elements were found.
These discriccs ranked lower cthanm any octher area in mean level of
Al and Mg but highest im ironm and second highest in silicon.
Ocher elecmencts were [requent {(Bo,Mn,Ho,Ti) in these sawmples,
occurring in 59%% of the samples.

The Highland {hunting district 340) was the fourth ranked
area. All comeon eleéments were present. The areas ranked second
lowest in mean ®#ilicon and sagnesiuvm levelsa and highest in the
level of ziné. Other elements [(Bo,Ni) were found in 17% oF the
samples.

The mouchwescern Moncana area (200 numbered huncing
discrices) fell in tifeh place in everall mean element
abundanee. The area ranked pecond lowest in irem levela and
second highest in zine levels. Octher slements were found with
greater freguency than Iin any octher area (61X; Bo,Mn,Ni,Ph}.

The mixch ranked area (Beartooth, huncing discrice 502)
had che highesrt sean levels of Al and Mg and che second highesc
level of Cu. None of the seven cosson elegencs were parcicularly
low. Ocher alemencs had a 29% frequency of occurrence {(Fh)-

The Absaroka=Gallatin ares (hunting districes 300,303,500,
501) had the second highest oean levels of the more common
#looents. It showed the highest mean levels of silicon and the
second highest of aluminum and phosphorus:. Only {iron was
relatively low {(3rd ranked)}):. The frequency of occurrence of
other elements was 32% (Bo,Mn,N1,Ph).

The Madison area (hunting districets 301 and 302) showed
the highest sean leévels of the common elements. It ranked
highest In phosphorus and second highest in copper, irom and
magnegium. Only che Prairie-Breaks ranked lower im the
pceurrence of ocher elemencs (8X;Pb).
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A binary key of the cype often used Ffor the identificacion
of blological materials was developed and 1a presented in table
2: This key was developed to permit che separation of samples
obtaineéd in hunting areéas having an unlimicted Aaumber of bighorn
peraicts [(Beartooch, Absaroka-Gallacin, Madison) from all areas
having 4 limicted number of parmics. Omne llﬂplﬂ waa found Aot co
be correcctly clasaified hy using thia key giving a
clasnificacion efficiency of 99.1X.

DLISCUSSION

The aress of the stacte which ineluded geological substrates
of primarily sedimentary origing tended to have the lowest
peccurrences of mineral elesencs in cthe horn samples. These
included cthe Fralrie-Breaks, the Sun River - Big Belcs, and
Horchwest Moncana (Alc and Hyndmen 1972). Norchwesc Honcanma does
have pome mineral deposits aof sedimencary origin and includes
some minetalized areak on the edge of the Idaho bhatholith. It
also includes the site of the largest silver producing mine in
Horth America.

Areasg whose gealogical substrates whieh include fgneéeocus bhase
macerials tended to have higher mineral levels. Many of ctheseé
have had mecal mining operaciomsa in chem hisctorically. These
include the Southwest Momncana, Highland and the Absarocka—-Gallacin
areas. The Beartooth area concaine very old igneous rock.
Mineralized zones are presentc bug it mhould be noted that some of
thege zheep herds migrate to summer rangeEs in che Abmarocka
mountaine (Marcin 1985; Stewartc 1975).

The Hadison range contalng primarily moectamorphic and
gedimencary rocks. JSome Igoeous rocks are found In che porcion
of the range adjscent to Yellowscope Park. Little ino che way of
economic minerals have been found in che area. The elementc
levels recorded for this area were gquice similar co chose for
adjacant Absaroka-Gallatlin tvtegliomn.

Comparison of the ranking of the aress according to overall
mineral levels with the data for horn volumes of 3 vesr old rams
(Stewart and Butts 1982) did not reveal a significant relationm
{e=. 57, n=7}. The two areas with the largest horns also had cthe
highesr mineral levels.

When harn saize wag compareéed with the levels of individual
elameanca A aignificane negacive correlaction was founmd with Mg
levaly (r==.790, P=.025). Combined sluminum and SAEnNEE1uUm
levels were olso negacively correlaced with horn afize (r=-.831;
Fe,015). Hogneslus imbalances, particularly lew levels are
aggociaced with the “grass tectany” syndrome (Robbine 1983; Jones
and Hapeon 1%983). This condicion is encouraged by coecl weacher
and reduced food incake {(Church 1%72). Ics effeccs are pictured
as producing episnodes aof {llness and malovcrition during che
gpring perloda erictical for hornm growth. Meagnesium imbalance is
alan assoclaced with eclampsia which could cause a loss of cthe
fecur and macther with na @fféct wvwpon horn growth: Hagnesium and
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Table 2. A key [for classifying bighorn sheep horn samples as
to their origin from unlisiced permit hunting areas (Beartooth,
Absarcka-Callatin, Hadison) or from limiced permit huncing
aress based upeon mineral compeosition.

A. Have Mg levels of 300 ppm or more == )
Have Mg levels under 300 ppm -= B
1. Al level or 31 level ac or over 30 ppm == Upnlimiced
Al or 81 level under 50 ppm == Limiced
B. Have 51 level at ar over 250 pps -_— 2
Have 51 level uader 250 ppa -
2. Al level atc oar over 50 ppm -— UnlimiEed
Al level under 50 ppm —— Limited
C. Al level ar or aver 250 ppm e B
Al level under 250 ppm == D
3. Zn level under 500 ppm == Limiced
Zn level at or over 300 ppa == §
4, Fe level 50 ppm or more == Unlimiced
Fe level below 30 ppm == Limiced
B. ¥n level 300 ppm or over -
Zn level under 300 ppm =-= [
5. Al level 100 ppm or more == Liwmiced
Al level under 100 ppm == §
B:. S5i level wnder 50 ppm == Limited
21 level 50 ppm orf over == 7
¥« Cu level of 10 ppm or over -— Limiced
Cu level under 10 ppm -
. Al level of LD ppa or over == Limiced
Al level under 10 ppm == Unlimited
E- Cu level of O == Limited
Cu level noc O =
F. Fe level of O w3
Fe level noc 0 -— G
9. 51 level of 50 ppm or more == Limiced
51 level of under 30 ppm e N
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Table I continued.

10:. Al level 25 ppm or more

Al level under 25 ppm

11. Wi present
Hi absent

Gs in level of O
Zn level noc O

12: Gu level under 10 ppm
Cu level of 10 ppm or more

13. Mg level under 100 ppm

Mg level 100 ppm or over

14. Fe level under 1O ppm

Fe 10 ppm or aover

15. Pb present
Fh absant

H. Zn level 250 ppm or more
Zn lavel under 2530 ppm

6. Co level 3 ppm or sSore
Cu level under 1 ppm

17. Al lsvel under 50 ppm
Al level 50 ppm or aver

18. Fe under 10 ppm
Fe 10 ppm ar aver

19. &1 50 ppm or over
51 under 50 ppm

20, Fa 25 ppm
Fe 10 ppm

21. Al under 10 ppm
Al 10 ppm or over

22. Fe level over 3 ppm
Fe level 3 ppe or under

- 13

—

== 15

Unlimiced

—— Unlimitced
== Limiced

== Limited

== Limited

s

Fnlimiced

fnlimiced

May be eicher limlced
or unlimiced.

- 16
-1

el ¥ )
== 11

=19

- g2

== &

23. Al over 50 ppme; Mg vnder 100 ppm

Al ae 50 Ppm; Hig at Loo

200

ppm

Lisitced

Inlimiced

Limiced

Unlimiced

Limited

Limiced

Limiced

Unlimiced
Limitmd



Table 2. Concluded .

J-

Al level of 5 ppm
Al level over 5 ppa

24. 51 level 1ia 0
%1 leval 18 noc 0

25. Fe level under 50 ppm
Fe level 50 ppm or over

26. Fe level of 250 ppm
Fe level not 250 ppm

27. 81 level of 5 ppm
51 level not 5 ppm

2B. Zn level of 100 ppm
Zn Level not 100 ppm

29. Mg level of 100 ppm
Mg level not 100 ppm

81 level under 10 ppm
81 level 10 ppm or over

30. Fe 5 ppm or over
Fe under 5 ppo

31. Cu 3 ppm OF OVar.
Gu under 3 ppa

i2. Al ar ar aver 100 ppm
Al undar 100 ppm
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29

30

il

32

Limiced
Limiced
Unlimslced
Limited

Limited

Limiced
Inlimitced

Limitced

Limited
Unlimiced

Unlimiced
Limiced



aluminum are oftén the last elémeéents leached froe soila. High
altitude so0i1ls are afteén heavily leached by snowpack mele. It
alao bean notéd that magnesiom, sluminum and Lr¥on oftem form
insoluble Gﬂﬂplf!tﬂ wich phaspharus and thus limie ifics
availabilicy (Robbina 19831). Fhosphorus defieiency 18 a world
wide problem and mosc of Ehe forage chat ungulaces consume 18 of
marpginal adeguacy (Chureh 1972). Phosphaotases are imparcant in
cellular enecgy ctransfer and in cthe synchesis of keratin (Fraoser
#r al 1972). 1t should also ba noted thet atmospheric acid
depasicieon cendas to mobilize Al and Mg to the point of taxiecicy
to planem. Thus it i reasonably possible to hypothesize an
invalvemenc of “scid rain®™ in cthe horn size of bighorn saheep in
Moncana. It i uncertain at the present time which of these
four hypotheses (grass tetany, acid raim, soil infercilicy, bound
phospharus) represant the best explanationm for this negacive
correlation. The lasc cthree, separately or inm combinacion, are
the most likely. Mansgement stracegles ranging from Tange
manipolaction co provision of mineral gpupplemence probeably could
be developed o councer chege nucricional problems 1f ic canm be
shown cthact cthey exlsc-

An unlimited number of bighorn sheep permicts are sold for
cercaln huncing areas in southern Montanra [(Beartooth, Absarcka=
Gallacin, Hadison}. It i fmportant to prevent hunters from
kEilling an animal din & limiced aresa under a permlitc for an
unlimiced area. This could result inm a decrease in huncing
opporcunicy ond, In some Eltvatlions, an overharvest 1o a
limiced area. The key (table 2}, bassed uvpon grouping the
unlimicted areas togecher and then all limited aresas togecther
had good discrimination. The primary difficulty in its
development was in discinguishing che Highland and Souch-
west Montana areas from che unlimiced ones. It is imporcant
to Ceat che keyY uwsing anocher similar sec of samples befare
it can be considered validated.
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QUESTIONS AND ANSWERS

Wayne Heimer, Alaska: I'm interested in arsenic. We've been
working with the mineral induastry in our country which 1is
interested in gold. Gold and arseniec are chemically similar.
They found some arsenic in some of our sensitive areas, and it
wasn't in the places we thought it would be. We have, maybe, an
interesting correlation between arsenic concentration and mineral
licks and horn size. Arsenic; of course; is related to hair coat
in lov amounts. Did you find any arsenice?

Picton: No, the probhlem is that this particular method of
analysis cannot identify arsenic. Arsenic is quite volatile, =so
when you rumn the sample it boils off before the other elements,
sa you have the choice of running for arsenic or running for the
other elements. As B matter of fact, I've had some interest in
arsenic too, but to run it you have to have enough material for
duplicate samples, and the same thing would apply to mercury.
Noew there are some areas, for example, Yellovstone Park where you
could conceivably have mercury influencing small horn size in
gome of these unlimited areas. But the problem 1= you can't test
for mercury at the same time you test for these other elements.
It would require a separate analysis and there are some areas in
which mercury reaches levels which could be toxic.

No Name: 1Is there any correlation between the abundance, or
presance or absence of mineral licks in some of these reglons
showing a relationship between magnesium and low hornm size?

Ficton: I'm not sure, that's something I haven't really looked
at. Ita an interesting question. My dimpression (now this is
strictly off the cuff) is that there's almost a negative
correlation, in that some of the areas that had relatively larger
horns and lovw concentrations of minerala, had quite a number of
licks in them. But in these southern unlimited permit areas,
which are the areas that tend toward the small horns, we don't
find much in the way of mineral licks. Very few in the
Yellowatone area quite frankly. Dick Enight and I have spent a
lot of time flying, and a lot of time trying to see evidence of
licks in these areas. There are some, but they don't seem to be
Yery extensive.

Jim Ford: Are you planning a atudy to show a correlation between
the mineralas and horn size?

Picton: I guess Charlie and I haven't really talked about it
yet. I think that's the obvious thing to do, and T really would
like to investigate it further. We had not prepared a proposal,
but we have talked about it, and we'd like to do some actual soil
fertilicty measurements and a few thinga like that te go along
with this work.
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