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EVALUATION OF LUNGWORM, NUTRITION, AND PREDATION AS FACTORS
LIMITING RECOVERY OF THE STILLWATER BIGHORN SHEEP HERD,
MONTANA
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Absiract The Stillwater bighorn sheep herd is currently at a low of approximately 30 animals. From
Mowembar 1991 fo August 1993,  lungworm levels (Profostrongyius spp.), nutriion, and predation
were evaluated on the winter ranga in raiation 1o the recovery of the Stillwater bighorn herd. A tolal of
250 fecal pellet groups was collected and analyzed for lungworm larvae. Although during both years,
the prevalence of lungworm larvae increased in the spring to 60% or more, the average level of
infection suggested that lungworm does not play a significant role in limiting the herd. Fenbendazole
medicated salt, as adminkstered in the last four years, appeared to have been alfective in contralling
protostrongylid lungworm numbers. Facal peliets were analyzed for nitrogen contant as an index of
nutritfon. Results suggest thal nulrition & nol a limiting facior to the Stilkwater herd. Mountain llen (Felis
concolor) predation may play a role in Bmiing sheep oversinter surdval. Bacterial pneumonia resulled
in approcamately 30% of the known moraliies in the winter of 1882-1883; however, since November
of 19891, approamately 56% of the modalfbes have been from unknown causes.  Although
protostrangylid lungwarm and nutriion do not appear to be limiling factors in the recovery of the
Stithwater herd, addiional monitorng of thess factors, as well as the study of predation, should
eontinue. Future studies should be candictad to idéntify morality factors for the Stillwater bighom
shesp herd on the summer range

The number of bighorm shesp in North
Armenca has doclined drastically smca the tumm of
the century (Buechner 18960}, These declines
have often been afnbuted to the lungworm-
pneumenia disease complex (Honess and Frost
1842, Buechner 1980, Fomresier and Senger
1964, Forrester 1971), Thie  lungwor -
poeumonia camplex i indeod vary “comploex”,
and is often associated with othar physiclogical
siress faclors. such es bacteral and wirad
infechon, poor nulrbion, inclement weather,
mitiple parasiism, ovarcrowding, predation, and
human caused disturbances (Forresiar 1871,
Hudson and Stelfox 1976, Hibler et al. 1982,
Foreyt and Jessup 1982, Onderka and Wishart
1884, Belden el al. 1880, Forevt 1990), Some
authors have suggested that due to the complex
nature of pneumonia and to the incomplete
understanding of mos! predisposing faclors of
sirassos, the lungworm-praumonia complex be
renamiad “siress-rataled pneusmaonia” (Spraker st
al. 1984, Festa-Bianchet 1988). Therefora, undi

the many laclors involved in the pneurnon
complex are batter undersicod, it i necessary 1o
euamine any possible predisposing or - stress
faclors that may be presenl in bigham sheap
populations.

Festa-Bianchet and Samson (1884)
conciuded thal parasiles may be both a cause
and resull of stress In many cases of
pneumaonia. Profastrongyius spp. clearly are a
predisposing or stress factor for bighoms (Couoy
1850, Buechner 1860, Worley el al. 1878,
Wishait el sl 1980, Siflow and Foreyl 1988),
aspacially in the case of summer lamb martality
dus to transplacenially derved lungworm
irfectians (Hibéer o1 al_ 1976, Schmidt et al. 1879,
Spraker et al. 1584). Maos! bighorn sheep are
infected with lungworm (Forrester and Senger
1864). Both prevalence (the proportion of hesis
infected) and the intensity of infecton (indicaled
by the first-stage larval oulput per gram of feces
(LPG)), are used to measurs the parasde
préssure on bighorms (Forrestor and Senger



1664, Gregory and Blackburn 1981). Lungworm
levels may ba affected by other factors, such as
herd donsity and nulrtion (Schwanije 1886,
Festa-Bianchel 1968)

Mutriion may be important in relation to
pneumonia-induced mortality (Honess and Frost
1942, Forrester and Sanger 1984, Foreyt and
Jessup 1882, Samson of al. 1887). ARhough
curren! informabon suggests that nutribon B not
necessarly a causal factor in relation o
pneumonia (Jessup 1881, Foreyt and Jessup
19082, Bailey 1988, Ryder ef al. 1882), the
preumonia complex is mult-factonal, and peoar
nutriive condiion may be ana predisposing or
stress: tacior (Samson et al. 1987, Dunbar 1992}
Additionally, nutriton has been shown o
influence other important population parameiers
of bighom sheep (Honess and Frost 1842, Hebert
el al, 1884}, Fecal nitrogen has been shown o
be an affective measure of bighorn nutriton and
population condition (Habart &t al. 1984, Invin at
al. 1893)

Fredalion may consiiiute an addiional source
of mortalty, and may be refaled o the condiion
af the shéap (Buachnaer 19560, Hibler &t al. 1982,
Harrison and Hebart 1888), In some cases,
predation may depropertonately affect one
segment of a herd. Rams, during or just after the
ut may be more susceplible lo prédation than
other ciasses (Gest 1971, Harmison and Heberd
1988). Williams (1992) found that bighorns were
an important prey item for mouniain lions;
however, Geist (1971) staled that lamb mortality
dus to predation was unbkely due o the
precipitous terrain in which lambing occurs.

Thie S8iwaler sghom shoep herd, ona of the
lasl 12 native herds in Montana (Thome et al.
1985), was reported 1o have paaked in the lale
19405 and early 1950s at more than 100 animals
(Buechner 1980, Pallister 1974), However, the
Stitvater herd has recently besn in declng sincs
the early 1880s, with lamb recruitment averaging
200% from 1882-1988, and no recruitment at all in
1987 (Farmer 1992). Compared to the esimate
of 50% recnstment needed for population growth,
it ks ebvious that the Stillwater herd may have a
problern  maintaining a minimem  viable
population ([Lawsan and Jehnson 1982
Stillwater lambs born in the summer are not
amiving on the wintor range and from 1989 Io
1882, known summer lamb morality was at least
50% (Farmer 1990, 1993). The Stllwater bighormn
sheep herd currently consists of an estimated 30
sheep.

B

Tha Stllwater herd has been periodically
tested for lungworm. In 1954, it had one of the
highest average levels of infection of herds
surveyad In Montana al 800 LPG and 100%
pravalence (Forrester and Senger 1864).
Stewart (1975) recorded Prolostrongyius spp.
levels al an average of 5.5 LPG in 81% of
Stillwater sheep samphes, However, in the mid to
late 19805, average LPG levels again incroased
1o approximately 100 LPG in more than 80% of
samples tested. One lamb was known to have
died In 1888 from lungworm-pneumonia (Farmef
1988 ),

Effaris were made in 1289 to freal the
Stllwater herd with fenbendazole medicaled
aifalla pellets. Although several researchers
have reporied medicated pellets as palatable to
sheep (Huschle and Worley 1986, Foreyt of al
1880, the Stilhwater herd apparently did not find
them so (Worley unpublished), An clder caplive
ewie whi was accustomed to pellatized feod was
even released inio the Stllwater herd, hoping she
might induce other sheop (o cat the medicatod
feed (Farmer 1880). Later, =alt blocks and lopss
medicated sall were placed on the winter range,
with no response (Worley and Seoson,
unpublished). However, with the use of apple
pulp s an affractant, sheep were finally obsernved
consuming 0.5% lenbendazole madicated =alt on
the wirted range early in the summer of 1590,
Gall was also placed on the Summer range
(Farmer 1991}, Inial findings tha following wintes
suggested that fenbendazole consumption had
been adequale, with average lungworm LPG
values balow 1. Addiionally, a young awe who
diad fram & fall in spring of 1981 had very low
lungwaorm levels (Farmer 1991}, The Stillwatar
sheep have had confinued access o medicaled
salt on the winter range every year since 1980,

Beginning in 1586, penodic measurements of
Slilbsater shoop fecal nitrogen values were made
to assess the nubritional siatus af the herd.
Although sampling was not done regularly and
wampbs sires ware al tres small, nitrogen values
were genarally within the range described by
Hebsert of al, (1884). Invin 84 al. (1993) suggestad
that fecal nifregen values below 1.3% may be
indicatve of nutritional defidendies. For winler
rangs samplés from 19868 - 1991, (n=18), 17% of
Shitvater fecal samples contamad Iass than 1.3%
fecal nitrogen (Farmer 1992).

The Stillwater area has resident populafions
of bobeats, coyoles, black bears, mountain lons,
and sagles. Prior to the Iate 19808, predation



was nol considered a problem for the Stilhvater
bighom hard. However, populations of both
coyoles and mountain lions appeared o be
increasing.  Although this Increase was naot
quanttatvely documented, reports of both
spacies in the area increased. The first
documented predation loss was in 1990 a
mountain Bon killed the capiive awe introduced
eearher thal year (Farmer 1881). Predaton may
affect bighoms dweclly through morality or
indirectly by harrassment or displacement of
animals (Farmer 1086),

The objactives of this study were to examing
three factors possibly limiting the recovery of the
Slilwater herd. 1) measure the prevalencs,
intensity and  seasonal  patterns of
Profosfrongylus spp. infection and determine the
effoctivenass of a free-choice medicated salt
program in o frea-ranging bighorn herd, 2)
measure fecal ndrogen as an index to herd
nulibon and condition; and 3) aftempl lo lsam
the cause of known mortalities in order 1o
estmalta the extent of predation on the herd..

This study was completed as panl ol a
Mastor's degrea at Montana State University, and
was primarily funded by the Biology Department.
Addibonal funding was provided by the Vaterinary
Molecular Biology Department and Stillwaler
Mining Company. Montana Departmant of Fish,
Wildlife and Parks Ressarch Laboratory In
Bozeman assisted with necropay services. We
would also ke to thank the members of the
Stillwater Management Committee, sspecially
Shawn Stewart of the Montana Depl. of Fish,
Wildiite and Parks; Pal Farmer of Westem
Technology and Enginearing, Ine. and Jim and
Ellen Langsion for their hospitality and
assistance, D, R. Lund, Agriculture Expariment
Stabon Statsbcan, Montana State Univ., provided
statisical advice, and Hoechst-Roussel Agr-Vet
Co. provided moadicated salt. We would also like
to thank Bill Chapman of Sagebrush Asro: and
Michael Jones, Mike Felzein, and Kevin Jones far
field assistance,

STUDY AREA

The sludy area is located at the Stllwater
Mining Co. facility near Mye, Stillwatar County,
Montana, approdmately 80 miles (130 km)
southwest of Billings. The Stllwater herd's
primary winter range is approximately & 3 square
mile (5 squara km) parcel contained within the
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patmit area for the Stillwater Mine. The elevation
of the primary winter range ik approxdmately
5,000 feet (1600 m) above sea level, with most
bedding areas located about GO0 fest (200 m)
higher en a recky oulcrop referred io as the
“reef”. The secondary winter range on the West
Fork of the Stillwater and summer ranges west of
the Stillvater drainage wene also included in this

study.

METHODS

Aftempls were made to collect feces at 2-1
wak intarvals on the primary winter range whan
the main habituated segment of the herd is
located. Additionally, collections were mads on
the West Fork winter rangoe during the winter of
1891-1892. All known bedding and activity areas
wore searched, and all fresh pallets known to be
fram shesp ware sollectad. Also, samples from
individually recognizable sheep were obtained
from direct observation. Although larvae of
Frolosfrongyius spp. are known to remain viable
in samples thal are several months old
(Buechner 1960, Hibler o1 al_ 1982), no samples
wiere collected that were estimated 1o ba mons
than a few weeks old. In the field, pellets weore
classified according to age and sex of the donar
whan possibla. The samples ware placed inside
reclosable plastic bags and wera placed in a
refrigeralor as soon as possible.

The Basmmann technique (Formester 1871,
Hibler 8t al. 1882) was used I extract larvae
from seven gram samples of feces. Samples
were left in small funnels (10 em diameter) for 24
hours, Approoimately 10 mi of fluld containing
first-slage Profosirongylus spp. lanvae wene
withdrawn into  petri I:Itlhln for examination,
Larvae were counted under a 25 ¥ dissecting
microscopae; resullts were expressad as first-stage
Iarvan per gram of feces (LPG). These data
were also used to calculate prevalence of
Profostrongylus spp. Fecal analysis data ame not
fekable in assessing parasiism in indwadual
animals due 1o large varation in larval shedding
rates; however, it is useful in consideration of
levels of parasitiam in the herd as a whole
(Forresier and Senger 1964),

Nitrogen analysis was performed by the
Montana State Unbersity Chemisbtry Siation
Laboratory on maonthly composdte samples
Thirty pellets, 2 each from 15 pellet groups, were
randomly subsampled from the palist groups
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Figura 1

Pravalencs of Profosfrongyius spp. in the Stllwater bighorn sheap herd: Movember 1887 o

August 1883, (** Sampla sizes represent iotal number of samples examined, )

collected for lungworm analysis.  The Kjeldahl
mathod was used, and total fecal nitrogen values
are ghven on a parcent dry weight basis,

Mortality data were collected when a collared
sheep died, during fecal pallel collecton ground
surveys, and by Stilvater Mine porsonnel. Ground
surveys included all areas of known sheep activity
on the winter range. Surveys of the winler range
wairie  also conducled a lew bmes during the
summer, 88 several sheap visil the winlad rangpe
dunng the summer, presumably to oblain salt
Fresh carcasses wera examined at the MDFWP
laboratory in Bozeman, Montana State Universay,
and the state of Montana Dapartment of Livestock
Diagnostic Laboratory,

Statestical analysls was done on MSUSTAT,
varsion 510, developed by Richard E. Lund,
Montana State University, Bozeman, MT 58717-
0002  Loglinear §il for p-way lables (LOGLIN)
analysis was performed 1o 1esl for a relabonship
betwean age and prevalonce of Profosirongyius
spp. Chi-square analysis was used io evaluaie all
other lungworm dala. Statistical significance was
datermingd al p=0.05

RESULTS

Lungwarm

Sheep of all age and sex classes were
obesived usng the medicated sall. The number of
sheep observed using salt at any ane time and the
frequency of sait use sugoested that most, if ot all,
Stilwatar sheep were using sall. No sheep warg
observed coughing,

The prevalence of Proloslrongylus spp.
generally increased over the sampling perod for
wach year, As shown in Figure 1, the trends wane
similar between years, oxcept for the value for
December 1232 Each of tha 3 samples from
August 1983 were negative. The increases in
prevalgnce in bolh years becams sielisbcally
significant in late winter and early spring (p<0.05)
(Table 1). . No difference was found betwean the
provalence of lungworm in males and famales for
either winler, There was no difference between the
prevalence of lungworm in sheep less than 2 years
old and adulis. All 26 samplas from  males and
famales from the Wesl Fork segmoenl of the herd
were negative for lungworm larvae,

Tha average LPG values ol the posive



samples for the Stilbwater herd were all below 4
LPG (Figure 2). The madmum LPG values
recorded wera 11 and 13 LPG in December 1802,
from a 2 year old ram and a 6 year old ram,
respociively. Mo difference was found in the LPG
distributions belween age Or sax Calegomes,

Fecal Nitrogen

There did not appear to be any difference in the
facal nitrogen values among yoars, and there was
an increase In spring in both vears (Figure 3).
Fecal nitrogen values from the Waesl Fork ware the
aamé as thosa of the main herd for adiacent
sampling pericds. No values were less than 1.5%
facal nitrogen.

Mortality

The causes of mortalty In the Stllvater herd
are summarnzed in Table 2.  Mountain lon
predation and bacterial pneumonia sach accounted
for 22% of the mortality, the remaining causes were
unknowrn, The modalty study only included sheep
of winter range, and therelone

Table 1. Differences batwssn montha for

prevalence of Profostrongyius spp. in the
Stillwater bighorn sheap herd: November 1931

to August 1993,
Manth P-value
Nov 81 to Dec 91 0352
Dee 81 to Jan 52 0.118
Wov & Dec 81 to Jan 82 o012
Jan 82 to Apr 82 0.005
Mov & Dec 31 to Apr 92 0.000
Apr 82 o Dec 82 0.046*
Dec 82 o Jan 33 0.002"
Jan %3 1o Fab 93 0E72
Fiab 53 to Apr 83 0.008"
Dec B2 o Apr 83 0.371
83 io 83 0.080

* indicates statistical significanca al p=0.05

does not include summaer lamb morality (except for
two lambs found dead on the winker range dunng
summer). The cause of death of these lambs was
mat dabarmined,

Bacteral and wviral salabons were obtaned
from the bwo sheap thal died from praumonia
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Figure 2. Average [anae per gram (LPG) of Profostrongyius spp. larvae in positive fecal samples from the
Stillwater bigharn sheep herd: Novembes 1991 to Apal 1533
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Figure 3. Percent fecal niirogen for composite samples in the Stillwater bighorn sheep herd: November

1881-April 1983, (West Fork sampla)

Mo Pasteurelfa spp. bacteria or viruses were
molated from an adull ram; however, Moraxels
Spp. Was fecovened P hemolyfice and &
noncylopathic Bovine Viral Ddarrhea (BVD) virus
were molated from & female lamb.  No olher
carcasses found were in a8 condition to obtain
bacierial or viral information,

DISCUSSION

Lungweonm
In evaleating the pevalence data for the

Sllwaler herd, sample size must be considered.
However, in this case, sample sizes are inherently
wmall ancs hore ane 50 ey shaap in the hard. With
small samiples, prevalence may be skewed highar,
gnd zero values may be underestmates of the
population value (Gregory and Blackbum 1581).
Movertheless, in this study, an average of 26
samples wore collected each month. In a
popuation of an estmated 30 sheep, confidencs in
the resulls should actually be greater due o the
probability of sampling a significant portion of the
herd, The Aprl and August samples weie the
smallest. Thus, i confidence in results is reduced
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due to sample size, only April and August should be
mosi affecied. However, the overall effect of
sample size was tested by parforming the analyss
on doubled sampls sires: no changes n
sagnificance (p=0.05) resulted,

The pravalence of Profostromgylus spp. in the
Stillwaler herd has been effectively suppressed
over lhe winler with fenbendarole madicalend sall
Hinwever, i Apail of both years, dramatie increases
oceurred, bringing the prevalence in the Shifwater
much closer to thel of unmedicated herds. The
resufis of this study differ from thoso in the Ural-
Tweeed hard (unmedicated), where prevalence was
high in January and Fetwuary. The December
1992 value dilfers from bath the Decembser 1991
and Ural-Twesd valués, and may bé Suspact
However, bath studiss reparied high prevalence
oocuing in Apl (Ydo ot al. 1988). As in this siudy,
Yde el al, (1888) did nodl find differences in
prevalence among age or sex classes. [ there
witre any seasonal trends of differences, it 15 likaly
that fenbendazole may have masked them

Although results from this study did not suggest
a relationship betwean prevalence and intensity, il
i interesting thal unusually high values Tor both
parameters oocured in December 1992, Logically,



Table 2. Cawses of death for known mortalities in the Stillwater bighom sheep herd: Movember

1991-August 1932,

Seasoniyear Sex and age class Cause ol death

Winter §1-82 unknown-—-7§ #257 mountain lign predabion

Winler 91-82 LT ETEwT unknown

Spring 82 lamb of the year ¥ URknoWn-—CArcass intact

Bpring 92 v Bay unknown--carcass intact

Summaer 1982 lamb of the year unkrnewn

Winter G2-83 W E24 mountain llon predaton

Winter 92-83 lamhb ¥ bacterial P, ha

Winter 52-83 o 08 bactedal preumonia—no Pasfewsia
Unknown adull ¢ unknown--whole carcass not found

an increase in the numbar of sheep infacied with
and shedding  lungworm larvae should result in an
increase in the level of infaction in indwidual shesp.
Howsever, the incfease i averagas LPG for the
month of Decembaer was probably skewed highor
due o bwo ram samples, When these 2 samples
were exciuded from the data, the average LPG for
Dercamibar wirs loss than 1 LPG. Novertheless, the
presance of thoss two rams did not significantly
affect the pravalance valus for Decembar

Cverall, no seasonal trends woro apparnt in
LPG values in the Stllwater herd. Several authors
have reported spring Increases in lungworm lareal
outpaut (Fomester and Senger 1864, Fesia-Bianchet
and Samson 1984, Fougere-Towes and Onderks
1988). However, Amett ot al. {1893) suggested that
tarval oulpul of adult shesp may decline fram
Movemnber to Aprill, Spring increases in LPG would
nat be expected m the Stillwater herd since sheep
crave and Increase their use of salt in the speing
(Lawson and Johneon 1882), Regardless of the
expacied trond, fenbandazole likely masked it Any
expecied differences in LPG distribulions in age or
sox categones would also likely be negated by
fanbendazole.

Although Stliwater LPG levels were claarty
below any physolegical stress thresheld, | i
unlikely thal even with consistent winler range
maedication, Prolosfrongyius  spp. would  be
compbeloly olminated from the herd, Fist, in order
for fenbandazole o aliminate all adult lungworms
in bighoms, multiple dosas are required (Huschle
and Worley 10868), Second, use of salt may be
sporadic by and among Indhvidual sheep (Huschle
and Worley 1988, Worley and Seeses 1880),
Third, fenbandazals s eNectve against adull
lungworms, but may be less effectve against
somatic stored larvae (Schmidt of al. 1978, Forey
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ot al. 1880). Fourth, conceniralions of bighoms on
& smadl, repeatedly used winler range may nesull in
more lungworm exposure (Wishart et al, 1980)

Finally, the Stillwater area was reportad to have a
ralatwaly dense population of intermediate hosi
snads (Formester and Sengor 1964). Therefore, the
results of this study suggest that the Stillwater herd
B ax jungworm-free a5 can be expected in any free-
ranging medicated herd.

Facal Nitrogen

Fecal nitrogen resulls indicated that the
Stilhwater hord 8 pol  suffering  nutritional
deficiencies, The values were within the range
described by Heber et al. (1984), and the sheep
appeared 1o respond 1o spang "green-up™ with the
April increasa in fecal nirogen, No fecal nitrogen
values werno recorded balow 1.3%, indicaling that
the nulrtional status is satisfaciory (Irwin el al.
1993). I appears thal the management of the
Stilwater herd has been succasstul in mabntaining
optimal nuiritional condition,

Mortalities

DOy bwvo summier mortalibes were recorded on
e wantar range: both ware lambs. Gonarally, lack
of radio-collared animals made carcass collection
difficuil.  In many cases, cause of death was
obscured by deleroration of the carcass. However,
ifthe carcass was completely intact and appeared
undisturbed (as indicabed in Tabie 2), it & unlikely
that predation was the cause of death.

One awe mortality (v # 87) may have been
influenced by humans and mine activly. This
sheep did nol asseciate with others in the hend and
displacemant from the primary winlar ranges could
hnve increasad exposura to soma monaity tacton
Eha wintared in & wlusfscrub junipar drainage ol an



wlevation of approxdmately 1000 to 2500 feat (330 -
B30 m) above and approximately 2 miles (3.2 km)
south-southwes! of the pomary winler range,
PredaBon was unikely as the carcass had nat been
disturbed or moved since death, Unfofunataly, no
further information could be obtained. No other
monaies could be atiributed directly or indirectly to
human disturbance, No sheep on the primary winter
range appaaned o be under nutritional stress;

As sheap move to winter ranges, their strang
affinity for escaps terrain may be lessenad (Pallister
1874, Stewsut 1975), Although mountain Bon
predation resulted in winter range moriality, limited
sludies with radio-collared lions did not indicate thal
summer range predation is significant in the
Stillwater herd (Shawn Stawart, MDFWP, pers.
COFEm.)

Pasteurela spp. are ihe most commonly
repavied pneumonia-related respiratory pathogens
in bighom sheep (Foreyt 1880) and were probably
responsible for the death of 1 lamb, The absence
of Pagteurafla in 1 ram may be due o delenoration
af the carcass.

MANAGEMENT IMPLICATIONS

The use of the fenbendarole medicaled sall
resulted in very low lovels of Profosirongylls spp
Amnd it doss not sppear thal lungworm s a
significant limiting factor o the recovery of the
Stillwater herd, Howsaver, increases in prevalence
in spning bo levels near those of unmedcaled honds
may indicaln residual iow lungworm levels in sheap
and on the range, Continued placement of
medicated sallf may preveni the herd from
becoming re-infected al a level Inducing
physiclogical siress, Fenbendazole remains the
dirug of chalce due to its demanstrated efficacy and
low toxicity  (Hibler st al. 1962, Foreyt et al. 1990),
Focal nitragen values indicated thal the Stilsater
herd = nol Bmited by nuintional consiraints.
Previous managemant actions were successful in
maintaining adequate nufriional condition in this
herd. Predation did not play a rele in limifing
Shilhwalar bighorn  shoeep overswinter survival,
However, observed |evels of predation were not
encessive except when considering the small size of
the herd. Contnued moniftoting of the Stlkvater
herd & needed to assess the role of bacleral
pnaumaonia, a5 well as olher faclors related o n
small ramnani bigharm hard

. e,
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