MORTALITY PATTERNS IN A BIGHORN SHEEP POPULATION
Shawn T. Stewart, Area Wildlife Biologist, Montana Department of Fish
Wildlife and Parks, Box 581, Red Lodoe, Montana 59068.
ABSTRACT
Natural mortality patterns of a native Rocky Mountain bighorn shesp

{Ovis canadensis canadensis) population were studied over 2 nine-year

period. Lamh mortality averaged 275 during the first six months aof 1ife
and 105, thereafter. Yearling mortality averaged 41 for ewes and 33% for
rams. Ewe mortality was low between two and four years of age and increased
thereafter. Ram mortality remained high for two-year-olds (31%), then
declined to a low level through seven years of age. Few rams survived

past their eighth vear, MNo relationship was detected between dominance

and ram mortality. Management implications are discussed.
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1 5V RODUCTION

Fnowledge of natural mortality parterns and rates is essencial co understanding
population trends and dynsmics and ultimatrely effective management of any animal
species. Efforts to provide this information for North American mountain sheep
populations generally have centered on development of life rables andior surviver-
ship curves based on the ages of animals found dead (Murie 1944, woodperd 1964, (elsr
1971, Bradley and Baker 1967, Hansen 1967). Some have alse acreéspred to "age™ live
animals in the fileld, using hom-ring counts, and direct!v document moreaifity
within cohorts (Murphy and Whitven 1976). Both of these approaches have important
lisirations, The former In that the probability of finding skulls of dead animale
L# wot the some for all sex and age classes: the larter in thar I applies only to
pales and may not be accurare for animals older than § years. Lamb morcaliey has
been particularly dJifFiculr ro assess, and often has been ignored. Thus, neither
the aecuracy of existing mortality data nor the extent to whicl chey may be
generalized for all wild sheep populations iz known.

This paper examines morcalivy pacterns in & nacive populacion of Heeky Moun-
rafn bighorn sheep (Ovis canadenzis canadensis) thar winters in the Stillvater
River valley of southcentzal Moatana. Data were obtained from intensive popularion
studies over a 9=vear period, 1971-79.

Thy author wishes to thank K. Stoneberg for the inltial fleld work and field
acvistance; 0. Ritter and €. Scewarc for fleld assistance; and C. Brown, 7. komberec,
br. %. J. Mackie and J. Swenson for critical review of the manuscrim.

STUDY AREA AND BIGHORN POPULATION TREWDS

Detalled descriptions of the study aren, fncluding land usage, are provided
br Stewart (1975) and Stoneberg (1977).

Ammus] counge and clagsifications aof bighorns were highly conmlazan: with each
ocher within and between years. This plus frequent observation of marked bighorns
and our ability to accurately follow several cohorts over a F=vear period indicated
that anmual population estimates and clasgificarions were extremely accurate, with
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ot if any anfmals being missed in any census period. Due perthaps e tin smal’

slie and accessibility of the winter range and rhe belavior of the bighoras, this
herd apparently can be accurately censused during the rut in lare Nowember, December
and carly Jamusry and ogain during green-up in late March and april.

Fopulacion xize increased from 33 bighorns in the winter of 1971-72 to an
averape of 45 during the next four winters, 1972-73 through 1975-76, 50 animals in
1%76=77 and 60 in 1977-78 (Table 1}. From 51 to 52 sheep have beenm on the ranne
e+l of the last two winters. Much of the popularion increasze resulted from a
four=fold {ncrease in ram muobers between 1971-72 and 1979-80. Puwe numbers increased
ahout 507 batwecn 1971=72 and 1974-75, then remained relatively srable. La=mbh mmbers
Civctusted snmially but averaged about 12 animals.

ibgervarions of bighormns on the winter range were recorded almost dally
serween DNecember and carly May from 1971-72 through 1975-76. Therealter, :hrough
1978-79, cbuervations were made at approximacely weekly Intervals. All observations
vere made from a highvay which crosses the winter range. Bighorns were c¢lassifled
juto gex and age closses, with roms being aged by counting annual bern rlogs (Cels:
VA6 usming a 15-80K spotting scope. Bwes captured during the study were aged by
incizor replacesunt for ages 1 through & and by counting anmual rings thereafrer,
Anmual ving counts may underestimate the actual age of older ewes (Celst 197101
however, 70% of the ewes captured were & years old or less, and only 107 were over
& vears old, Thug, thiz blas probaobly had only negligible effects on the results,

Approximately 20-0% of the ewes and some rams have been marked with indivi-
dually recognizable neckbands throughout the study. Copture was by darting using
a Cap~Chur gun manufactured by Palmer Co. The {mmobilizing agent waz xylazine
{Rompun) at dosages varving from 1 to 3 cc (100 mg/m]l concentration)

The annual age structure of adult ewes wag caleculated with yearling recruii-
men. added as necessary to account for both the total mumber of ewes present on

the winter range and known mortalicy from each previcus year (Table ). Thus, the
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Tabkle 1, Size of the Stillwater bighorn population, pest-hunting seazom,
1971=72 e 1979=80

Yaar Hams Ewes Lamhs Tezal
1871=72 4 18 11 1
1972-73 B 22 15 -
197 3=T74 7 25 15 i3
19752=7% T 28 11 ol
197 5=Th 7 28 a s
197h=77 1] 27 el &N
1977=78 13 n 16 b
1976-79 12 35 13 i
1979=40 17 20 B 51
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Tabie 2, Mumber of yearlings, two and three=vear-old and older ewes in
the Stillwacer population during winter, 1971=72 to 1979-80

Year Yearlings Tua Thres +
1971=72 1 ? 17
1972=73 L] 1 ¥
1973=-74 Fi & is
1974-75 b b it
1975=-7h i ] =
1976=-77 <) | 24
1977-18 4 2 =3
1976-19 1 2 " s
1975=-E0 > 1 13

- 317 -



sdmiun pembwer of yearling vwes present e imdicared. Since more vortalioy mav
bave occurted among adult ewes than waz detected, the number of vearling ewes
probably was underestimared, at least in some years. Lacking specific daca !
vutimated only one vearling ewe in the 1971-72 population, based on the fact
glat onlvy one vearling ram was present. The effecc of chls arblerary declsion
was cenceled by 1974,

Attempts 1o claszify yearling ewes wite not successful and were disconrinued
ear]ly in the study, MNeck collared yearling ewes could not consiscentlx be dfffer-
it fated [rvom mature ewes on the hasls of horn groweh or Faclal chiracterisclicos:
=i some neckbanded 2 and J=year-old ewea reseabled vearlings.

Attempta fo determine the number of yearling ewes bazed on the mimber of
yeariing rams were also unsuccessful (Table 3). In & of the 9 vears the gex ratio
varied substantially from 50:50. However, over the tobal % vearz the sex ratio
wizs Tilatively even.

Afe specific mortality rates for yearling and 2-year-old ewes werv calculaced
[ro— the data in Table 2. For older ewes, mortality rates were bazed on the anoual
survival of neckbanded ewex,

ESLLTS - Lamb Mortalicy

lambing grounds, nursery areas and summer ranges of Stillwater eowwes have not
been located; therefore, lasb production and early survival can onlv be estimated,
A lanbing rate of 90 lambs/100 cwes 3 years old and older was assume to be a
rensaenable average for most vears and wos probably cxceeded in 1973 Bascd on
this average a rotal of 142 lombs was expected between 1971 and 1973. OF these,
102 survived to winter (Table 1). This suggested an average morcaliry rate of
17" durlvg cthe firsc 6 months of 1lfe. Ac least 93 of the 103 lambs that arcived
an the winter range were known to survive uncil spring, indlcating an average winfer
carualiiy of only 107, Owverall, annwal lamb mortality sveraged 357. This rate
included both male and femole lambs, as no sttempt was made to decect differential

mertalltv.
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Tahle 3. ‘usbers of vearling rams and owes in the Scrillwater populaticn,
1971=-72 1o 1979=HD

1571- i1972- 1873- 1974~ 1975- 1976 1977- 1978- 1§76- Syl
1972 1973 1974 1975 1976 1977 1978 1979  jesp M

Ramis 1 5 2 3 2 L 5 3 b 33

Enes 1 & 7 B 1 s - 1 2 .
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wie- Vorealiey

vearlings incurred che highest annual mortality among ewes older than larts,
averaping 41% during the study (Table 4). Relatively low morralicy was characters
Istic of ewes 3 to 4 years of age, averaging only 16%. Migher morcaliry, averaging
367, prevailed berween 5 and % years of age, with few ewes surviviag past i€ vears.
Thi- oldest known ewe in the population will be 13 vears old in June 1550,

survivorship curves [or Scillwarer bighorn ewee, desert (Nelson' bighorn ewes
and Dall ewes are compared in Figure L. These dats indicate lower sertality of
jairs, much higher mortality of yearlings, and somewhat higher moreall:y among 2
and Jevear-old ewes in the Stillwater population. After four wvears mortality rates
appear to be gimilar for all three populations. Maximum lonpevicy alse appears to
be mimilar.
Ram Moriality

Mortality patterns and rates among rams in the Stillwater population have been
rreatly influeaced by hunting and cheanges in hunting regulations since 1975. 1In
rhat year the Stillwater winter range was closed to hunting and o quots was sel on
~x number of roms that could be harvested from the population. These repulations
resulted tn oa decline in harvest and a corresponding Incredse in the mumber of rams
over & years old (Table 5).

t'nder the unlimited three-quarcer-curl harvest In effect through 1974, most
ramd were being harvested as they reached three-gquarter-curl as I=vesr-olds and all
were killed before they reached 5 years of age (Table 5} Because of this, mv data
nrimarily represent natural sortalicy pacterns and rates to 3 years of age. Mnly
after 1975, when ram survival increased, were dara for older animale chrained.

Among eight cohorts followed betveen thelr second and thied winters, numbers
lyotinud In 5, remained the rome in 2 and Increased In 1 (Table 5%, Mhls indicated
sitier o slpniflcant morrallity or emigration during the third swmer. (o eigher
case a subetancial net loss of rams [row the population vccurred which can only be

rreated as morpaiity in terms of general population dvnamics.
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Tawl. &. average anmnal natural morcalicy of Scillwater ewes by age class, 1971=

T2 to 1979=80

Age Clasges

Lambs 1 2 | & ;] (] 7 A g 0 11 12
o, of ewes
entering age /
class M 6 M 3 6 B S & 5 3 1 1 1
e of cwes
ratering next
agy class b £ S | & 5 f & & i 2 1 1 1
Frreent
morzalicy 5 41 16 W 17 23 N WM O N a0 0

LJHuﬂhgr of ewr lambs projected to be born 1971=1978 = based on ratic of 90

lamba /100 I4=vear-pld ewes and a 50:50 lamb sex ratio,
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Tahle 5. Fost=hunting season apge distribution of S3tillwater ram population, 1971=72

to 1979=80
Year Yrig. Tt Three Four Fiwe S5ix Seven Eight
1971-72 1y, 3 i 0 0 0 o o
1472=73 5-‘-..1“'2 -1H\nxnx‘"ﬂk\\'-\'n
- I-n'd_ ;'r i
10737 2“‘%&*”3"‘{32‘4‘&“‘%““‘&0%”“‘&“
1974=75 JRERIH{I‘HD a‘hﬂ“n\h"‘u
|075=76 1ﬂﬂhz&1ﬂuananxn
1976277 ﬁﬂn‘{‘LE‘zH1E‘aquu
H - '.-?E lil..ul'
1977 =78 ERﬁHIM\l%‘IEIHPRE
; iy
1978-79 3\{{“:&3“‘“‘1&1‘“\“1““‘“1‘:“0
1979-80 axak‘\“zhsx:xlxlxu
1/

=1 = immigration.

F
i = himting mortality.

(L]

‘Hh' = known winter martallity, 5 = summer mortalibty or emigratiom.

E"TIE1|'.[!'.- Wias 4 known mortality.
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inleulared average annual natural morralicy rates indicate that fron the ;ime
% roam cohort ¢ born until Lc¢ Is 3 vears old, it iz subjected c0 averace anmnl
revrtalley of about 317 (Table 6). Between 3 and 7 vears of agey natutal morialiny
averaced enly 4i annually. To date no rams have survived until thelr nineh bivehday.
A cemparison of survivorship curves for Selllwarer. desert bighomn (Bradley
and Baker 19673, and Doll roms {date from Murie 19545 ag analvzed in Bradley and
aver 19677 shows two sharp differences (Figure 237, Ficvsr, mertality vemains high
‘Lrovgh the yearling and 2=year-old age classes in the Scillwacer, whicreas only
inrignificant morttality is indicated for desert and Dall rams of these agw classes.
Raocond, maxisum longevity for Stillwater ramx in substantiallv less than {or the
arler populations, GCeist (1971} showed minimal mortality im the vearliog and l-vear-
vid aze classes for bighornx in Banff Matlonal Park and documenied a ogximum
tonpedd tv oof 20 vears.

W SATSSION AND OONMCLUSTONS

“ortaliry studies of Nerth American mountain sheep have generally indicared
irsipnificant moctalicy of vearling and 2-veoar-old animals (Beuchner 1960, Woodgerd
Vs, Bradley and Raker 1967, Celsc 1971%). However, in thiz study substancial "mor-
rality” apparently ocvurred among yearlings of both sexes and 2-vear-old rams. This
=mortalicy occurred largely during the summer and/or early fall. oOuly one yvearling
and one 2-vear-old, both rams, have died on rhe winter range during the #rudv.

These disappearances could be explained by elther emigration or Jeath. Geist
{1971} cbgerved char vesrlings of both sexer migrated ro summer rangye wit!. thejr
maternal ewe groups. Little, if any, emigration was ooted. Jwo=vear=old ram= Lend
o wander independently of ewe and ram groups and emigration may be pore [ikelv.
todeed , ane 2=vear-old rem was known Lo {smigrafe toto the Seillwaler rcopuelarios.

Por the most part, however, the dizsappearance of wearling aud 2-vear-old rans
from the Stillwater population was thought to be the result of rheir death, Jefse

i1971) suggeated that yearlings may wander into strange arcas of thev fail to attach

rhe=selves to barren {emales when pregnant fomales withdraw for lambing in the spring.
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We &, Average annual natural mortality of $tillweter ramx by age claxs,

19271 =72

1/
= Number ol ram lamba Fra]n:tnd te be barm 1971=1978 = based on ratio of
farb= 100 H-year-old cwes and a 50:50 lambh sex ratio.
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donduring in strange areas is likely to result in the sheep's death. Wishare (1958)
found yearling remains in areas not normally visicved by bighoms. Similarviy, wander-
ing by 2-year-old rams in areas not normally occupied by sheep may resuit in thelr
death. This may be especlally true in greas like the Beartooth Mountains where
wiandering sheep are unlikely ko find other bighorns, due to the exeremely low densicy
of mheep in the area. Enigracion in such ceses would evencually cvesult In deach.

it is possihle that mortalicy of yearlings of both mexex nnd pechaps 2-year-old
rams as well was also high in other studies but could not be detected by che tech=
ficues employed; l.e. examinatlon of bighorn remsfins found on traditlional winter-
epring ronges. 1f cthese sheop were lost during summer or fall or by wvandering into
noTmally unoccupied areas before their death, their remains would go undetected.
Murphy and Whitten (1976) documented substantial vearling and 2-vear-old mortality
for several cohorts of Dall rams in McKinley Park using the data bazed on field
aging of living roms. It is also possible that different mertality rates and
parterns may be characteristic of different populations or subspecies/races of
sauntain shaep,

The telavively short longeviovy of rams In ghe Scillwacer probebiy s an
arrifact of heawvy hunting pressure prier (o 1975, Because all rams char achieved
legal status prlor to 1975 were shoi, few now occur in older age classes. lHowever,
evan under a more natural age structure, it s unlikely that many rems will Tive
past 10=12 wvears. Of 3845 rama killed in Montana einece 1974 from both low and high=-
gualicy populations, only ome (0,2%) has been over 12 vears old and only & (1.6%)
have baen 10 years old or older (Montana Department of Flah, Wildlife and Parks
iiles)s 1t is unlikely rhat exceedingly old rams can be found outside of low-
qual ity unhunted populations.

Ceisr (1971) suppested thar mertalicy incroased when renn reached rheir

frmit e body and borm size and became dominont breeding andimals a0 appros et by
# yuars of nge. lie furiher preodiceed that mortalicy of young rans would increase

i they were allowed to participate in breeding ar the same level as older rams.
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v ¢esulis do not nupport chis conclusion. Young rams (7 years ¢ld or lesa)
Lave been Jomdnang throughout the study, vet thev have had the same natural
=ortaliry rate (47) reported by Gelse (1971) for voung marure age classes. Mo
relacionship could be detected berween dominance and morcalicy.

All rams on Elie Scillwater winter cange as 2-year-olds returned Lo that winter
rance sach vear unell death: Thus,; declines in the nu=ber of animals in a cchozt
after that age can be attributed to Astural or lunting mortality and net ta
emigrarion, Ceise (1971) suggested chat rem home ranger were fixed by 5. vears
of age and documenced seasonal home range fidelicy of B6=89%, although chis figure
mAy liave included younger rams.

Ewe f[idelicy to the winter range also appears to be close to 1000 no marked
cwes X yvears old and older have ever fafled to Feturn to the winter tunge one Yeatr
and chen recurned in following vears. Thus, the disappearance or nonverurn of adule
ewes was considered to represent thelr deach. Gelsc (1971) suggesced that ewe
Iidelity to scasonal home Tanges was in excess of 900.

SARAGEMENT IMPFLICATIONS

The three-quarter-curl law employed to restrict the harvest of bighorms to old-
age animala should be reconsidered. A= shown here, it does not accomplish that
chijeccive, 7o mimic natural sortality, hunting sortality should be direcred to
vearling and I-year-old rams and animsls older than 8 vears. The three-quarter-
curl law puts hunting pressure on prime-age (3 to T-year-old)} animals. Within
these age classes, hunting morcalicy is addicive and not compensarory and it may
by ducrimental co 4 populaclon if che tocml harvest [s not stiricily vontrolled o
that some rams are kept In each age class.

flarvest resulations need not protect vearling and 2-vear-old pams i prime-aned

ramx are not protected. This only resules in an artificial esacvablisbment of "t rophy™
seacug, A tightly controlled hunt vheze the luneter L5 allowved to take anv ram or

any sheep would be biologically preferable to a three-quarter-curl hunt. The other

alternative is to restrier hunters to the harvest of rams in excess of 8 vears old.
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vecl regulations are plagued with enforcement problems and are unrealfiscic and unnee-

~=eary in most cases.
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UESTIONS - RESPONSES

Jim Bailey: Why did you decide 1t was desirable to change your harvest so that
you could have older rams in the population?

Shawn Stewart: Basically with young rams; I guess everybody knows youmg rams use
the winter range as ewe groups do. Because it is a small winter range, we felt

it would be more desirable to try to pet an older age class structure and try to
have a different ram pattern and ewe pattern and thus take some of the competition
away from the ewes on the winter range. That did result. As soon as we got 5

year old rams on the winter range, all of the rams, with the exception of yearlings,
began using areas away from the areas that the ewes used.

Jim Bailey: OD0id you notice any difference in reproduction?

Shawn Stewart: We've had high reproduction all the way through with the exception
of this year. Reproduction is high, survival is high so we can't say.

Nike Goodsan: You said you didn't know where the summer ranges of these sheep were.
fire you certain that there aren't any other sheep range that they are using?

Shawn Stewart: We've got a suspicion that it's that. Some of the rams do mingle
with rams of another summer. The ewes, as near as we can tell; there 15 no
mixing with ewes. We've just begun radio studies this year and, hopefully, that's
gofng to be straightened out, but | don't feel that there i5 any mix with ewes

gn the summer range. The marked sheep that we have had in the past have not
shown up on other areas. Thay have come back to the winter range. We've never
lost any sheep, or had them show up in another place, less say.

John Youds: How did you estimate numbers in each age class?
Shawn Stewart: For rams or for ewes?
John Youds: For both.

ahawn Et#nrt: Rams just by counting; we know how many sheep are out there.
y're right alongside the road and we can count annual rings, 50 we know.

John Youds: You were capturing every animal?

Shawn Stewart: No, just counting from the road. We look at them with a spotting
scope and count how many annual rings they got., you know how many rams you got
and you know what age each ram is. The ewes, everything from 3 years old on,
they are marked animals, we aged them at the time of capture and we just follow
the mortality through; when they disappear from the population.
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