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“sheep (Ovis c.-ncnadrn 15 ) has boen knowﬁ‘s;nce the 1920's. but the

_ment remains poorly understood.

'of sheddlng were apparent These Were approX1mately c01nc1dent“W1th

CABSTRACT - - L o,

The occurrence of‘lungwormS’oT the genus Protostrongylus in bighorn-
: 3

&

-

complek SystCm wh1ch-1nvolves lungworms,:blghotn sheep, and the environ—

%

{-":‘(

R a3
R

Th& purpose of thls study was to 1nvest1gate the 1olc of nutrition |

c 8

and othcr'enVironmental faCtors in lungworm_infectiOns;“ Tﬁoineighborf_‘

“fing bighorn,sheep herds in the mountains of west-central Alberta were

v

' Studiéd.from'gépgembcr 1972 to May 1974,

\ Seasonal Vdrlathn 1n the rate of lunguorm larvae sheddlng in the

feces of two blghorn sheep herds was. documented : Two dlStlnct per1ods.
.')’.l“‘ .

,'summer-ﬂnd w1nter sunmcr belng a per od of low larval shedd1ng and

WW1nter a per]od of a hJLher rate of sheddlng.‘ The posslblllty that. th1s

\phenomenoﬁ could be the result qf d1lut1on or conccntratlon of laryae

; : R &

in ‘a seasonally var1ab1e fecal mass was d1scussed __»3

B l

Seasonal varlatlon in the qual1tat1ve nutrltlon of the two sheep

>herds was cvaluated u51ng fecal nltrogen as .an 1ndexdfor the e%tlmat10n3

'_sof forage crude proteln, dagest1b1l1ty and gross enexgy content Fecal,j

”_prsab (N X 6. 22& proved tq be .a useful tool for the purposes of thlS _V:d';

K
LV

.s‘ .
R AN Lo e
S1mu1ated energy p051t1ons of both sheep herds for”bdth w1nter

b4

s

. result1ng observatlon was that althOUgh the energy p051t10n of both

ffieva1Uated by larvae counts, fell 51gn1f1cantly._ The relevance of

o L

-, X

~

-perlbds of the study were compared u51ng a. bloenergetlcs model construt-

7.ﬂted w1th values from domestlc and w11d rumlnant 11terature., The Q'QSVI

P

'”;Q'sheep herds decl1ncd from one W1nter to the next Iungworm burdens eshflf"



N
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- b N . . ) v

nﬁtrxtlon in fhe otlology of hcavy lungworm 1nfect10nSAWas dlscussed
The observed dccllne 1n thc 1nten51ty of Iungworm infections B

,.followed a 30 pcrcent decrease in ra1nfa11 from one’prccedlng

. Sprlng ~sumner seaﬁoﬁ!;o the next ‘thus 1mp11cat1ng ecologlégl and/or E

B enV1roﬁmcntal factors other than nutr1t10n in the etlology of changlng

>1ungworm‘burd¢ns; . | _ 3 o . | o . ' oL
,Pienatal jpﬁéctian of  four. near téfprbigﬁbfﬁ Sheep.ﬁith)fjrst— énd .

thifd-stage~luﬁgWofm léfvae @as’demonStrated Thls flndlng suggested-

"‘a more, cosmopolléan occurrence of the phenomenon 1n b1ghorn sheep than

was.previopsly suspectedh °
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INTRODUCTION

The complexitr of envigbnment-hostfparasite:systems reflects.the
inte&actio‘n‘oﬁmult’iple influences." ;Ihede"terminants -i_nv01ved\c‘an' be :
separated intq extrinsic and 1ntr1n51c factors althongh this shouldl
not 1mp1y a functronal dlstlnctlon as 1nteract10n5 are the rule
C11mate and weather areb1mportant extrinsic factors They have been;
shown to 1nf1uence‘r“31stance to 1nfect10n (Webster 1970a) and are
.1mportant etlologlc factors whrch can regulate behav1ora1 and/or

U

' phy51olog1c patterns of 1ntermed1ate hosts (Ollerenshaw 1966), .

/

def1n1t1ve hosts (Gexst 1971) and larVal stages of para51tes found
. ‘
'uout51de the host (Crbfton 1963 Levrne 1963) As a'result the
'1eff1c1ency of the infect1ve process can be enhanced or 1mpeded by
ﬂenv1ronmental condltlons | BT | |
W The compl;rlty of 1ntr1n51c determlnants of the outcome of
7-para51t1c 1nfeotﬁpn makes the1r study dlfflcult at best | Clrcannual_l-.
“jphy51ologrc/rhythms may be 11nked w1th decreased re51stance to -
paras1t1c act1v1ty at certa1n times of the year (Hudson 1970)
“Phy51ol6g1c dlfferences assoc1ated wlth sex, age pregnancy and
h_ilactatron may further moderate the response of a host to a para51te

’(Hudson 1973) ‘ Some experlmental ev1dence suggests the presence of

o vhresholds of antlgen1c1ty below whlch the host would rema1n relasif h

,v“ft1ve1y unrespons1ve (D1neen 1963) Prenatal or early 1nfect1on '
. o

S m1ght be expected to result 1n 1mpa1rment of the 1mmune response by e

1nduct1on of tolerance to paras1te antlgens (Kassa1 and A1tken

hf 1967) Paras1tes may also 1nf1uence hormonal balances 1n the host

"*ewhlch, 1n turn gay alter the 1mmunecstatus (Solomon 1969) The -.;-



ability of.anlmals to resist 1nfect1on also appears to be controlled
in part by - 1nher1ted responses (McDev1tt a Benacerraf 1969)

The 1nvolvement of host nutrition in re51stance to some para—
51tes is well documented (Chgndler 1953 Frye 1955, Nathln 1973), |
although the relat1onsh1p is not always clear In wild ruminants .
this relat10n5h1p mag#be confounded by seasonal effectsiof met;hollc

:rhythm1c1ty or feed antake cycles (Hudson 1970) Undernutr1t10n
<‘and/or malnutr1tion resultlng from de£3r1orat1ng range‘condltlons.

has been-;mpllcatedvas an;under1y1ng cause of heavy lungworm burdens '
’ (Protdetrongyiue spp-jl'in‘hocky Mountain bighorn sheep'(Ovis e’
canadbnszs Shaw 1804) (Marsh 1938 Demarch1 and Demarchl 1967
"Forrester,197l Uhazy et .al. 19735 Stelfox 1974).~ At least'two,
:pieces'ef'evidence’suggest'that undernutrltion: as;it affects host”

"7res1stance to’ 1nfect1on ‘is not necessarily a pred15pos1ng cau5e of
: v

-

__‘an 1ncrease in the 1nten51ty of 1nfect10n. Blghorn sheep in the
'Tarryall Kenoshaw mounta1ns of Colorado suffered a catastrophlc
reductron in. herd size (950 morta11ty) in 1953 wh1ch was assoc1ated
:W1ﬂh heavy lungworm burdens and a. lungworm pneumonla complex
N(Buechner 1960 Bear and Jones 1973) Although the sheep populat1on

I:denslty was h1gh the range was not in a deter1orated cond1t10n ’ i

‘.f,-perhaps as a result of the low degree of range use by other ungu-""

ilates (Bear and Jones 1973) '5ih'f-;: ff'fhf'i*h\ .v“pvQVZ;;'?

Informatlon presented by Stelfox (1974) suggested that although

& =_w1nter range cond1t10ns for sheep 1n Jasper Nat1onal Park 1n Alberta p f.?

x). g

£ were poor expected reproductlve fa1lures assoc1ated w1th undernutrl-

‘Ta t1on d1d not occur Although the surV1va1 of Juvenlle sheep tended

- S e I T
L lAt least &wo species are found 1n b1ghorn ,heep Protostrongylus
stzlese D1kmans 193? and P rusht Dikmans, 1937 e e T



£y

was 'stilll an increase in population size. -Sheep density and lungworm .

[

burdens were»highr
L2

The importance qf nutr1t1on 1n the reproductlve success of

domestlc rum1nants is abundantly Clear. Undernutrltlon may delay

qnﬁarty in females (Yeates and Parker 1962). Nut¥ition regulates the‘

‘ . . 1 . L T w .
release of gonadotropins from the anterior pituitary and subsequently

affects ovarian activity (Allen and Lamming 1961) ‘Millen‘G3962)'(

found that reduced ovarian endocrine act1v1ty could cause 1nfert111ty
in females by inhibiting either productlon of’ healthy ova or 1mplanta—»
tlon - Abortion or resorptlon of the fetus can be caused by severo

Lnanitlon of the female (Mlllen 1962) Domestxc ewes fed: poor quality

diets had a lower mllk productlon and did not care for the1r lambs as

Wfll as d1d those fed adequate diets (Thompson and Thompson 1949

.1953). Verme (1963) worklng with wh1te talled deer demonstrated that

1nsuff1c1ent prenatal nutrition markedly slowed the growth rate SO as.

- to be readrly measurable

In blghorn sheep a reductlon in the b1rth ‘weight would resuIt 1n3

a greater potent1a1 for heat loss to ‘the env1ronment, i. e., the sur-

. o

o face area to mass ratlo 1s 1ncreased Hypothermy alone could account

, for the demlse of weak under51zed neonatal lambs ’ The 1nab111ty of

severely undernourlshed dams to supply an adequate amount\of m11k

could account fo ,thetmortallty of a 51gn1f1cant proportlon of those

',‘lambs wh1ch surv1ve the neonatal stage._ The low mortallty rate of
fhlambs 1n JaSper Nat10na1 Park and the production of lambs at a com-~"
i paratlvely normal rate (Stelfox 1974) suggests that the nutr1t1on of

"lfhese sheep herds had not yet reached a cr1t1cal level If the

13




endocrinological and encrgy dependent mechanisms which regulate repro-

ductive success and lamb survival were not grossly affected by the

condition of the range vegetation it is at least tenable that such an

important homcostatic mechanism as resistance to infection fay also

{‘»
N

have remained grasdly unaffected.
: 3 A
As an ccological system the Cnvironment——lungworm-—bighorn'sheep
complex remains ypoorly understood. Yearly varlqtlons in the intensity
of infection oﬂfilghorn sheep with these parasites have. been corre-
lated with ‘differences in precipitation during the vegetative growing
scason and summer months preceding the period of evaluation of the

intensity‘of‘ihfection (Pillmore 1959a,-1961J Forrester and Senger

]964b, Forresger 1969, Uhazy et al. 1973). The variations were

;heoreticallyeexplained in terms of intermediate}hosr and larval

iAlberta~;n COOperat1on_with'theﬂFishgand Wlldlife D'Visi

!

e
nematode ccology. Seasonal varlat1on in the rate of lungworm larvae
, ,

shedding in the feces has been reported (COUey 1950 Plllmore 1955,

Forrester and Senger 1964b Uhazy et al. 1973). Its,etiology has not‘.

. , -
been deflned satlstactorlly; ‘for example it is possible that such

variation is due simply to differential dilutidn-of”a*tonstant number‘

of larvae in a seasonal]y changing fecal mass.
S . ) t 'v . - : ' ) . C .
No attempt has been made to study, in detail, the relationship

between the iniensity-of.lunéﬁorm infection in bighorn sheep and

nutrition, although;specglat1on is common (see literature cited: on
» € ‘ o o ) . R '

p. 2). ’ _ N o 'i

The present'reséarch-was‘initiated to obtain

ormation about -
2 .

selected aspects of the enV1ronment——1ungworm—-b1gho ’ sheep ystem.

It was conducted from September 197& to May 1974 in west- central .

s

‘of the.




(¥
.

Department of Recreation Parks and'Wildlife of the Alberta Govern-

ment. Two neighboring bighorn sheep herds were studied. The obJec-

§

tives of the study were: 1) to document short term ‘variations in the

nutritional status of free—ranglng brghorn sheep; 2) to develop a
prellmlnary bioenergetics model for this spec1es given values for

- selected environmental variables; 3) toidetermine if seasonal lUng;
wOoTm larval shedding is.the result of mechanical dilution in a
changing fecal mass. 4) to investigate the-short term ipvolvement
I?f nutrltlon in the 1nten51ty of lungworm 1nfect10n and ko COns1der
- the valldlty of the presumed relatlonshlp between heavy gungworm

!

occurrence and geographlc/dlstr1but10n of tranSplacental 1nfect10n

-

- burdens and poor range condltlons and 5) to 1nvest1gate the,

‘fof blghorn sheep by lungwonn& of the genus Protostrongylus.

¥

Descri‘tr" ofvthe'Study;Area

N
Th& study area. was located in the Red Deer R1ver valley in the
outer range of the. Rocky Mountains about 13 kllometers east of the

'eastern boundary of Banff Natlonal Park (Twp 32, Rge. 11} 12 WSth *

-

3

Mer.). It is colloqu1ally known as the Ya- Ha- Tlnda valley (Fig. 1)

wh1ch in the language: of the Stoney Indlans means roughly "mountaln T

prarrle "b The valley 1s semi- open nat1ve grassland whlch 1s be1ng
_ gradually 1nvaded by shrubby c1nquef011 (Potenttlla frutzcosa) and/or
:dwarf birch (Betula gZanduZosa) depend1ng on 51te factors.

Three maJor blghorn sheep w1nter ranges r1m the valley 'lnov
';ré grassland ranges (Flg l).? A th1rd (not shown) 1s.an alp1ne

range located south of the Red Deer Rlver Th1s;study”centered onﬁ

.
)



: /
- Figure 1. 'The study arca,

,Alberta;'

the Ya-Ha-Tinda valley, west-central
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the grassland ranges since they were accessible dUr3Zg-the winter .
'?months;' One of theSe'wasklocated‘along.the Scalo Creek drainaée
approxlmately fire‘kilometers north.of the‘Red;Deer Rirer.' The other
was located five kilometersito the east on the west~bankAot Eagle
Creek; | | | | T

| The valley is characterlzed'by a relat1vely<m ld 2;croc11mate
. due to the effect of the syrroundlng mounta1ns Dur1ng the perlod
‘May 1972 to May 1974, prec1p1tat10n was hlgher in summer than in
.lW1nter : The annual total was less than 65 centlmeters Sorl

mantles were th1n and sub501ls were rocky on the sheep wlnter ranges

The basic florlstlc comp051t1on of the two. wanter ranges was

o determlned by a step po1nt method of ana1y51s descr1bed by Evans and :

nLove (1957) Bbth W1nter ranges could be d1v1ded 1nto lowcr eleva-

. tlon and suba1p1ne graSSIands The Scalp Creek lower elevatlon
‘-range occup1ed an elevatlon of 1922 2074 meters w1th a southwest 3
' aspect In area it COvered approxrmately 85 hectares The domlnant

grass speC1es in descend1ng order of frequency of occurrence were»

_-Agropyron dasystachyum (130) CaZamagrostts purpurascens (119) and

,‘akbeleria crestata (8 ) Sedges made up 10 of the florlstlc compo- '

’51t10n Important forbs were AstragaZus spp (10%) Artemesza
':.frtgtda (6 ) Aster sp. (69) and SteZZerta Zongzpes (S ).

The Scalp Creek subalplne grassland was found at a sl1ghtly

"hlgher elevat1on (2074 2196 meters) It was located ad;acent to the ;f_" -

' f‘d;west end of the lower grassland range and also occupled a southwest

el

_eXposure L It covered an area of about 79 hectares Thls range was
used at least as frequently as the grassland range by the Scalp Creek

“3'herd durlng the w1nter.i EZymus znnovatus (186) was the predom1nant

. e
e

vf'_ﬁ



grassispecies. Sedges made up‘SQ%Aof the floristic;compositions ‘No
forb species:couid be identified as being singularly important. |
Arctostaphylos uva-urst was*the prlmary shrub (13 )

The Eagle Creek grassland range occupled from 1740——1985 meters |
in elevation on the west.bank of Eagle Creek The grassland was |
fdlscontinuous be1ng 1nter5persed with stands of" spruce (chea gZauca)
. and aspen (Populus tremulotdes P, baZsamrfbru) where the grade and
‘m01sture reglme permltted the establlshment of ‘trees. Thls range
'occupled both the southeast and southwfst slopes of a north-—south
or1ented spur. In.area.lt'covered‘approxrmately_4S;hectares.. The
terraln, s6il andTplant.cover were’varied ‘hTheTpredominantfgrass';
.spec1es on the west bank of Eagle Creek were kbeZerra crtstata (21%),_
h EZymus 1nnovatus (14$),,and Helzctotrrchon hookerz»(7o) Sedges S .;‘h'f
codpr1sed 9% .of the stand by frequency of occurrence. Artemesz@ ; | o
B lfrmgtda (12 ) Astragalus spp (7 ) and Erzgeron sp. (4% ) were the T{f.

"most 1mportant farbs. Shrubs occurred only 1nfrequent1y. The 5011

”was more rocky and‘bnstable on the southwest slope of the spur The j'{

,predom1nant grasses h re WEre CaZamagrostzs purpurascens (20%) d :
_’Kbelerza crzstata (9°4; Sedges ranked 10° by frequency of occurrence.l
”'Oxytrepzs sp (IOe)flAstragaZus Sp.. (6%) and Stellerta Zongzpes (4 ) '1?

5‘were the most abundant forbs. Junzperus hdrrzontalzs (10 ) was the

el

- rost prevalent shrub
The Eagle Creek subalplne range was used infrequently by thlS.:"
usheep herd durlng the w1nter It was approx1mate1y 30 heetares 1n .‘;;?”Tj;is

.7area aﬂd OCCUpled an eIevatlon of 1985 2320 meters. The aspect Was

;ssouthwest The predomlnant grasses were Calamagrostts purpurascens o

“Tf(21 ) and a number of spec1es of Pba (66) Sedges had a frequency,_f'ﬁ'

..‘.
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'océurfence_rating of 27%. -Thé pfimary1fo%b wa§ 0xytropis‘sp, (io%);' .
Shrubs‘wefc scarce in this stand. . N \ o

-Tﬁg ma ximum uumber'of Shéép»oﬁsérﬁédzoh fhelwintér_raﬁges were
60 and 50 for Scalp Cfeék'and.ﬁmglé'Créek réngés respectlvely‘ A 
A large herd’ of wap1t1 (Cervus canadens;s naluonz Ba1lcy, 1935)
(approx:mately 400 anlmals) also w1ntered in the valbby but thelr use .
of sheep w1ntcr rangcs was restrlcted prlmarilv to the ‘end of w1nter
 and Cdle Sprlng and wds coﬁs1dened llght (person%l 0bserVat1on)<\
'Mule decr (Odocozleus hemzoﬁ;é hemzonus Raflnesque, 1817) and
wh1te tailed deer (0dbcomZeu$ vzrgznzanus ochrourus Balley, 1932)‘
were obscrved occa51ona11y, espec1a11y durlng the Sprlng and early;
summer. Three‘mountaln gQats (OreamnOS amer%caﬁﬁs mzésoulae:Allen

"1904) were seen on one occa51on durlng the fall of- 1972 on. the sub-

alplne Eagle Creek grassland o R I . iff_, e ;,: 

»



| GENERAL METHODS

n

Fecai'Emamination for Lunguorm Larvae. 3

-~

-y . In this thesis thefterm,"sample" is used to‘indicate fecal -

S . . . B - N

pellets collected”from a.single bighorn sheep‘and "collection“'tofE’
1nd1cate all samples from a’ slngle herd at oﬁe sampl1ng per1od
E1ght hundred and eight fecal samples were collected from the

sheep herds ‘on a monthly or b1 monthly ba51s durxng the perlod

January 1973 to_May 1974 Because the summer range was exten51ve

© and the sheep were scattered at thlS time, few-samples were

"_collected from July to October ’ Only fresh feces were collected

e

» stage larvae of Protostrongylus spp were recover-

.1‘Appr0x1mately four grams of. dry feces (welghed to

"were;processed u51ng this: techn1que Larvae were cc

(

o Samples were not 1dent1f1ed W1th any part1cular sheep, but separate E

T

pellet groups were. collected

Feces were a1d drled in paper bags for three

q .

apparatus follow1ng a procedure descrlbed by Uhaz.

-Plex1g1as count1ng chamber and the result expressed as larvae per gram | ;

jiof feces (LPG) LPG values were converted to natuﬁal logarlthms and f::

i_a mean LPG (ln) value per collectlon was determlned (Uhazy et aZ

';number of counts OVer 1400 LPG

'?Qfﬂttrogen Analyszs of Feces

,7~l973) Uhazy et aZ (1973) suggested that larvae counts over 1400 LPGd.'fff

* ;hfprobably represent "heavy" 1nfect10ns An arbltrary value of 1000 LPGT@'}Z'fl

I
—

' 7f 1was chosen for comparatlve purposes 1n thls study due to the small ”fxf.lfﬁffﬂ

T am

Four hundred and n1nety f1ve of the fecal sampleslcollected were




- analysed for total nitrogen content using the macro-kjeéldahl method

'(A40;A.C. 1965). Approximately 100 samplcsvwere Tun in duplicate at
which time it was secn that the variation between duprlcates was
con51stcntiy less than 0.05%. Subsamples were both air: drled and
frozen; A compallson of analyses of air drled versus frozen then ;

~oven drled feces flom the same sample shOned v1rtun11v no dlfference

/ o
L

1nrn1trogcn content.

Percent n:trogcn values were converted to. percent fecal crude
".proteln (N X 6 25) Iecal crude prote1n (FP) values were used>to-
‘.estlmate forage crudc proteln, gross energy content apparent
. dlgestlblllty of dry matter and fecal weaght per day uslng pred1ct1ve

fequat:ons from Hebert (1973)
‘ | o d“
- Reeovery»OfuLungworm Larvae from FetaZ'Tissués-

',fo‘

12

Four near term blghorn sheep fetuses were provxded by the Alberta:_

“'fh.Flsh and W11d11fe D1v1s1on and Parks Canada. $pec1mens were pre-r.,fi

served by free21ng Fetal tlSSUeS and placental cotyledons were

mascerated then dlgested w1th pep51n HCI at 37 (Cable 1958) Thlrd- -

istage larvae were recovered by washlng the d1gested materlal through

;;a serles of screens“ the smallest of Wthh was a 200 mesh s1ze

”:(Flsher Sc1ent1%1c) Measurements of larvae were compared w1th those_?f<d

. \
1n Hlbber et aZ (1977) and Plllmore (1955)

’
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'RESULTS -

4 Climaté ahd PhenoZOgy . S
Climatic and forage reglmes varied con51derab1y in the Ya Ha T1nda

"valley between the years 1972- 1973 and 1973 1974 Although the mean

o temperatures were similar for the per1od May——September of 1972 and

.1973 (8 9 C and 9. S C respect1ve1y) there was a 30 percent (11 5 cm)
.vdlfference in prec1p1tat10n (Table 1) The d1fference may be relevant
" “when con51der1ng year to year dlffrtences in lungworm.larval shedd1ng
"ratearjj"-h S | - | |

Snow reglmes, weather and the tlmlng of sprrng green up are .

;‘1mportant determlnants of the energy p051t10n of over wlnterlng br&

'f_game anlmals., In the study area the W1nter of 1973-1974 was. colder .

'*{fithelr wlnter ranges by deep snow

i”than that of 1972- 1973 w1th a mean da11y temperature for*the perrod

| November to Apr11 of : 8 8°C compared to -5, 7 C for the prev1ous year."h:
ft.Chlnooks WhICh were frequent in w1nter 1972 1973 were far less common'i
o in, 1973 19741and snow pers1sted for longer per1ods of t1me on, the w1nter -

“ranges Southern or1enéed sIopes were free of. Snow. cover fbr only 82 |
flf;of the 180 days from November to Apr11 1973 1974 compared to 132 days

1n 1972 1973 Wh11e only 17 centlmeters of prec1p1tation fbll durrng

rom thelr def1n1t1Ve w1nter ranges durlng m11d spel}sw' 3

’35 Spr1ng growt Tof vegetatJun was '1rst notlced on March 9 j1973.\'--‘f

T”However, 1t was not unt11 thls new growth reached a helght of o
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approx1matcly 10 centlmeters that it protruded above the vegetat1on

"stand1ng from the prevxous }ear Although thls was alsomewhat subjec-
' &

t1ve evaluat1on 1t was supported b) the t1m1ng of an abrupt rise 1n~

tfecal proteln values wh1ch OCCurred at the end of Apr11 1973, New_a
growth of vegpfat1on-was not observedtuntll the end of April the

- following>yea§' The emerglng vegetat1on grew through the overw1ntered

plant cover yhen it was approx1mate1y 5 cent1meters in helght (end of

Aprll) Thls was a result of the pack1ng effect of . the heavy snow cover

u' .
o

. on the overW1ntered vegetatlon The observatlon was agaln supported by

’:-the t1m1ng of the rlse .in fecal proteln values

4
Fecdi’Protein
L The hlghest fecal proteln (FP) values were obta1ﬁed from the end

wof May to the beg1nn1ng of . June (Table 2, Flg 2), these values

"‘apparently reflectlng the complcte avazlab:llty of new forage. FeCal

proteln values decllned from thlS p01nt followlng advanc1ng stages of

matur1ty The lowest FP values were attalned durlng m1d—w1nteru {arly

‘

_sprlng vegetat1ve growth in March 1973 was the probable caUSe of a

15 -

' tgradual 1ncrease 1n FP values untll the beglnn1ng of May Late w1nter -

s
P

L

‘ .{1ncreases 1n FP occurred 1n 1974 also, although there was no cons1stent ‘ T -

'.trend Thcse 1ncreases may have been assoc1ated with m1ld weather a ;_~

"-decllne 1n snow depth resultlng 1n .an 1ncrease 1ntava11ab1l1ty of
: .

fhlgher quallty feed Chem1ca1 analys1s of overw1ntered forage generallylj

"shows plant nroteln to be at a low 1n late wlnter (McLean and T1sdale

“{51960 Johnston and Bezeau 196 ' Demarch1 1968 Johnston et al 1968)

'nl,iThe r1se 1n forage proteln 1n late w1nter could be related to more

e

. . -
] B

hflselectlve feedlng by the shﬁbp Durlng January 1973 late November 1973i;h¥:§j

R
R
Voot
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Table- 2. A summary of seasona] changes in. fecal prote1n values for
' Scalp Creek-and Eagle Creek sheep herds for the per1od
danuary 1973 to May:.1974. _

Location | ) B S
of Fecal - R - Sample % Fecal = Standard
ColTection -~ . Date ~ . Size Protein Deviation

"

January 10 % & | 31 0.676
. T 8. 5. 10.15' - .0.618
February 15-24 -~ 16 - 8.90 0,343 -
‘March -~ 3- 8 : 6 - - 8.94 - 0742
April . 24 . R 9,96 0.970
May - 9 3 - 0. .344
June. 23 - 2 - 16.57 .623
-~ August- 23 A 4 o12.91 446
. October- 28 ] o> 12.66 - ---
Scalp Creek.tNovember Zg 9‘. _ »}? o ‘}?:g;‘ 8 .806
' ' December 3-10, - - 1 . 9,52 0.
‘January .5 15 . . 8,70 0
February 4 o 2 7. .. 0. ‘
« .15 15 o, 8042 0.345
-0
0
0
0
1

-b\l—'

525
.669 -

Ji . March 13 0 15 - .8.98
it 7T s e

© January 17 - 14 - 8.89 "0.777
. ’February 27 o1 . 9.8 0.809
- March © 31" . 18 - 10.16 . 0.
. Apr11 26 - . 18 - 210018 0,

May . 24-29 B e L S

June .. 7 130 1699 ¢ 13571
. - September24 - . 2 .- 14,88 <0
. - Eagle Creek :November. 3 e 010055 0.
S “Decémﬁer ‘]'." ot . 9.85 0 1,072

e T2 o 8,95 0 0,597
~January. 3 o e 8,68 0 0,484

~ March- 8.7 glaa - olsos
CMay 1 I T 10037 (0.625
BE A

572

CFebruary 570 . 15 . 8.40 | 0,58 .

M2 Y8 974 [ 0,608 .
23 Ula3 . 9.05 04572 1.

@B e 15w4013;éff1,4431;1  it




-

Figure 2. The scasonal éhaﬂges in'percent'feéal protein for.Séalp'
Creck and_Eagle'Creek $heep herds during the period

January 1973 tQ May‘1974.
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‘Table 3. Weighted mean percent fecal protein Va]ues for#Sca]p Creek
: and Eagle Creek sheep herds for the periods January through
April .of 1973 and.1974.

Date of. : Percent' B Approximate Number
Fecal Fecal Protein Days at-Value
- Collection “Scalp Créekaég]e Cre;k §Ca1pwtreek'Eag1e Crgék
January 10 8.31 » 16
| 17 B 8.89 | M
o 28 ' ~10.07 26 B
February -15-24 89 16 - |
< 27 o 983 32
March | 3-8 - 893 .16 :
S | I 1006 : 23
April- - 24 . - 9.96 o 45
| % aw0ar .2

Mean (Weighted) Percent Feéa]'Protein:

' S ’J’!48 9,64 _ 

e
“January- 3 -8.67 - r ' 28
s 80 28
February’ 4 o - 1.72 : _’: R kN 0
s . 83 o 3
| < s | g.42. . . 2 .
- N2 % R
B g8 - 18
23 . . s 38
Rl 7. s R
e T osas o 107 s T

Mean (Weigﬁtég)"Pef;ent Fecal Pfgtéin:v~; L
e sET e

o
Q'?L“#h .
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‘ and March 1974'abrunt rises in,fecaﬂ protein values occurred. These
Z?ises-were.attributed to the sheep‘hmving temporarily onto alpine ranges.
In order(to facilltate between herds*and between_year comparisons“

of fecal protein values‘, average values fdr‘erce.nt fecal-protein for
the period January through hpril of 1973 and 1974 were ealculated-by

.weighted meAan procedure;"Anoestinate,was made- of the number:of_days:§
each herd was at aeparticulaf\fecal“protein value.USing field obsenval.
tion data. "The welghted'nean FP value was.ealculated hy summing the B

»producds ofupercen{ recal protein multiplied bvkthe corresponding~A
number of days at that‘value, thenAdividingAthe result by the total "

" number of days in the period: .

I (% FP X no. days)
Total days )

. Mean % FP =

The we1ghted mean values for -fecal proteln for the perlod January

| hthrough Apr11 were generally lower in 1974 than. in 1973 (Table 3) The
‘differences for both herds were 51gn1f1cant at the 99o confldence level
’ w1%h t values of 4, 25 and 6. 82 for the Scalp Creek and Eagle Creek herds

»respect1ve1y Percent FP values were s1gn1f1cant1y dlfferent between

'..herds fqr 1973. (t 2 30 p < 0 05) and 1974 (t 2.81 p < 0. 01)

Percent FP values were hlgher both years for the Eagle Creek herd..
. Lungworm Larvae,counts '
Prev1ous work (Uhazy et aZ 1973 Holmes and Samuel unpub ) has :
| _shown lungworm larvae COunts to have a log normal dlstrlbutlon There-h'_ '.Q}
'fore in yhls study all counts were transformed to thelr natural
‘logarlthms perm1tt1ng the use of standard statlstlcal techn;ques.

o

. Larvae counts varled 51gn1f1cantly (F35772 = 15 516) when analysedr'.



Table 4. A shmmary of larvae count data for Scalp Creek and fég]e
Creek sheep herds for January 1973 to May 1974.

' A

~ Herd and Date'of Fecal Samp]e ~ - Mean Transformed Standard

~ Collection ~ - . Size ~ LPG (In)  Mean LPG.- Deviation
' | S o () o

Janiary 10 4 .- .5.555 - . 259 - . 0.802
o 28 . 5 - 4.613 101 1,048
‘February 15-24- S 18 -5.446 o232 0 0.460
March 3-8 8 .6.165 476 . 0.672
. April .24 : 16 6.348 571 . 0.832 .
May 9 35 8735 . 114 1.395
June- 23 . 2 - 3.198 24 0.694
August 23 AT 31222 - 23 0.490
November 4- 9~ = . 38 . 3.816 .. 34 1.346 -
SR | 13 5.098 164. 15305
December  3-10 29 40637 103 1:136
- January 5 o35 - 5,003 . - 149 0.768
February = 4 . .~ 27 ©.5.396 - 215 . 0.905
. o1 25 5.485- - 241 . »0.660
~March- 13 . - 39 - 5,699 . .-299 7 0.626
.25 3 - 5,656 286  0.994
April 71 35 . 5.022. . 152 1,021
o .30 - .30 - 6,295 . - 199 °° 0.690
May- 25 -3 .. 3,225 25 1,259

Sca]g_Creék .

‘Eagle Creek - ‘ »
© January - 17. .22 . | 6.148 . 468 . 0.668 .
February 27 . 14 - 5636 . - 280 . °0.904

March. =~ 31 = 20 6,351 . 573 - 0,460
o April 26 21 - 6,052 - 470 . 0.970
- May . - 24-29 . 22 3,989 - 54 .. - 0.836
June .- 7 o Y. . Ak72 - 98 ° "0.584°
" September 24 - . . . 2- . . A4195 .. 66 - 0.265 .
'+ November. '3 L -22- . 4.33 0 g1 0 1225
- December~ 1~ . .. . 35 - . 3.85 - .47 .. 1.379°
R B 19 0 . 4,668 . 106 . .0.725°
“January.’ . .3 oL ) 77 _
° February 5. .. -31 . 4825 . 125 .0.930
~March™ . 8 oo 8 ) .b04r . o 246 L 0,975
S 12 v p8 -5.304 0 201 0.660
S 23 - 19 . 6350 - 211 0 0,909
“May - T e 21 18 0
L Te5 T 31 3691 40 1,2Fﬁj~
R T S T T R

3 w343 0 77 o a0

27 5218 :5185f"i”.“_0;9307-;:]f,'fg{f2



Figure 3. The seasonal changes 1n mean lagyae counts (]n) for Eagle
. . . % L

Creek and Scalp Creek sheep herds durlng the perlod

»January 1973 and May 1974
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“‘A=.also dec11ned from one W1nter to: the next (Table S)

by collect1on group (Tablc 4) hajor-voriation in both herds resulted-f
from three d15t1nct phases. of larval output (Flg 3) -January through,.

April 1973 (a pcrlod of h1gh larval output), May through”November 1978

(a perlod of  low larval output),.and December 1973 through Apr1l 1974

' (another per;od of h]gh larval output) “The: beglnnlng of another ngrlod 3

.of low larval sheddlng was ev1dent in May 1974 a |
‘? The transformco mean LPG value for the Scalp Creek herd durlng
~January to Aprll 1973 was: 509 (ln = 5, 7333) This mean count decllned

Ato 197 larVae p@r gram (ln = 5, 2817) durlng December to Apr11 1973 1974
(Table S) The d1fference was 51gn1f1cant at the 990-conf1den e level.
*L1kcw1se the transformed mean LPG value for. the Eagle Creek decllned |

lifrom 450 (ln = 6 1088) to IlS (ln - 4 7409) ThlS dlfference Was hlghly

) s1gn1f1cant (p < 0. 001) The percen; of larvae counts over 10?0 LPG 1-” )
t.ﬁ The transformed mean w1nter LPG value for the Sealp Creek herd.'

(Tab]e 5) in. 1973 was SJgn1f1Cant1y lower: (t = 2 59, p <0, 01) than ﬂ:h;..~~ -
withat for the Eagle Creek herd but 51gn1£1cant1y hlgher (t = 5 09

 pso. o1) in w1nter 1974 I | '
-of?anoplocéhtal_froﬁsmteeion_u ,t’f;f:l h.:w,y’h.' e J{E"f:f:'lin

' .

T1ssues from four near term b;ghorn sheep fetuses from Alberta“j-w'

,( '"-WeI‘C examlned fOI‘ PI’OtOStPOngyZUS Spp larvae All fetuses were

.:JJtplacental cotyledons were dlgested in vttro-_ Th d:

o spp larvae wcre recovered from the 11vers of ail fetuses and"what

t'QPQ(Table 6) No larva *were found-1n the fetal lungs or cotyledons.

>7_c011ected from dlfferent sheep herds (Table 5) Fetal llﬁer, IUngs and

stage Protost?ongylus‘

“iﬁappeared to be flrst stage_larvae were recovered'fromvtwo o them
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Tablé 6. A summary of larvae. recovered by in vitro d1gest1on of feta]

liver. . R
, S L | ' Protostroﬁgélué
~-Collection = - . : o L Larvae Recovered
Date S ,Location ' - Third Stage-. F1rst_Stage‘
. June 4/74  .‘ . vSheep Rlver o   (, ' "f 14 ’

May-23/74 i o 'Jasper Nat Park I 46

| Aprfl_17/75'f o "JaSper4Nat; Park. T 14

o N o o

May-M/75 - Jasper Mat. Park -  60°

'The’largcrjthird—étage-iﬁrvaévméaéured'48044620-micron5 long énd'30' 38'V
4‘:microﬂ§ Widef Descr1pt1ve measurements compared favorably w1th pub11shed

. ffdlmen51ons of. th1rd stage Protostrongylus spp. larvae (Table 7)



e

Table 7. A compar1son of measured d1mens1ons (in microns) of twenty one .
- “third- stage Protostrongy lus spp. . larvae recovered from four
. Alberta- bighorn sheep fetuses and pub11shed range$ for these
,'_d1mens1ons .

o . _ - | Exeretory‘ L L
Length of . Width of = . Length of - pore from -  Anus from -
Larva o lLarva | - Espphagus ant. .tip o post. tip

496 35 24 80 SR}
.".566' o  ~»30 RS ~ o 80 ._ w :
564 3 - 133 80 - 3
57 .3 3 T8 . 40
566 3. 2 89 . 40
5% - 3% w8 . 3
C 637 o3 o ooarr o & 37
Cos66° 0 .3 . 80 . e a0
504 - 30 133 . e - 30
s8 | .3 - 150 . s 3gl
548 '( B | e |- S| IR -3
SLBE6. 30 o M2l s 3@
620 .3 7 . e .40
61 33 80 e a0
B0 3 a3t 8 a0
880 . T30 . a5 gt ey
AR 3010 80 3
CoTeoB200 T3 10 T el o 3
o500 ,ﬁf;a'37f"f~ﬂ";47'150‘ﬂ7'31 L83
f.;'taff"uﬂg;;f S mMNGES ) e
Cago<637 0 30-38 . 12477 |0 g0-90 .30-40
: 504 eoo**~ﬁg?j{30 37 f{:{‘144 195 ’_--{80597;;}*~1Q"f3254qq.,7j?ejj‘

o *Th1s study
**P111more 1965 R T R
***H1b]er et aZ 1972 ( .jif'ﬂqyffff';;feﬂ;-ﬁt:t~ e




o blghorn sheep accordlng to- the equatlon Y - 912 8- 8. 89 d1g 15,71 o

DISCUSSION
Seasonal Vartation of Lungworm Larvae in the Feces
The possibility exists that'thedobserved:seaSOnal variation of
larvaldshedding is due to dilution orlconcentrationfof larvae in a
- seasonally'variable fecal mass. Absolute - fecal welght per day varies
w1th d1gest1b111ty of dry matter inasmuch as the feces represent the

y 1
'und1gcsted portion of the feed. A pred;ctable 11near relat1onsh1p

exists betWeen digestibility'and fecalfWelght (1n grams per day) for

(Hebert 1973) Regardless of the accuracy of the equatlon 1t is use~-'

ful in demonstratlng the changes in fecal welght and subsequent ef@ect ’

. Om larval concentratlon ThlS is accompllshed by expre551ng fecal R

wc1ght for each d1gest1b111ty value as a percent-of‘the max1mum pred1éted._

fecal welght The concentratlon factor 1s then the dlfference of each
percent fecal welght from 1000 (Table 8) LPG values are adjusted by
transformlng the natural log mean values to normal values then sub- fd,;

\13 tractlng the portlon wh1ch could be attrlbuted to concentratlon

(Table 8)

An adJustment for larval.concentratlon makes 11tt1e dlfference to
the seasonal cycle of larval sheddlng as 1s4ev1dent 1n F1gure 45.i f%t..
Thercfore larval entry 1nto the dlgesta 1s not constant from season
to season and thus probably reflects the reproductlve act1v1ty of/the

adult worm populatlon and/or changes in the competency of the response 'fl3:ff

of the host to the para51te

Short term or seasonal var1at1ons 1n_the rate of Iarval sheddlng

have been reported by Couey (1950) Plllmore3(1955),bForrester and
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Table 8. A summary of transformed mean 1arvae counts adJusted for :
) ‘ var1at10ns in feca] we1ght

Loéatidn df ' « : e ' Concentra- S :
" Fecal . | . o Transformed tion Factor Adausted
Collection = - Date. . LPG = () LPG -

January 10 287 . 2.04 - 253
28 - 101 . 8.14 - 93
February 15-24 232 ~ .4.18 . 222
. March 3-8 476 - 4.18 456
April 23 . Y82 C7.75 - 168
May - 9 14 10.30 C102
Jupe . 23 25 .. -30.68 - 17
. .August 23 23 . 17,99 19
_ “November 4-*9".5 34 - 9.46 . 30
_ RN o140 1e4 13,69 141
"Scalp Creek~ December - 3-10 So103 6.25. . 97 ,
oo anuary 5 . . 149 o - 3.40 - . TA4
February 4 . .221 .~ 0.00 . . 221
T s 241 o243 235
- March - 13 Y 209 - o438 0 285
.- . o 25 . 286 - 3.8 - 25 .
: - S April. -7 . 182 .. 2,700 0 . 148
R 30° - .199.  .3.57 - . 192 .
May 25 . - 25 . 22:66. - 19

= '—_......__'__.-..--’—3_---—&._-’——.-...--——q..._-.-—__,.....__..__.,..,_.____.....,-_..-.... K

- Japuary. 17 - - . 468
F . February 27 - 280 - -
oo March 3] LB73
o April 260 4700
F.o May - o 24 29 54
o June + 0 7. o 9T
o '_fS'ept-ember 24 oo 66 T
" “November 3. . T7..
',a’Décember 8 Y.< A

» e
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Figure 4. A Seaspnal'comparisdn of observed larvde counts (tfansfdrmcd ‘

’ ‘from-normal log values) and larvac counts@adjusted_Qy;a
L o o .. ) .

- concentration factor._  ‘ : o : »
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~Scngéq- (Ey)lb)éénd Uhu:y ot al. ‘(19735.‘I The results of this study -
conear wi;h.thc'aboyo in finding definite scaéonal diffefenccs in rates\
obof larval xhcdd11g Two distinct periods of Shcddihg orc apparent;
these c01nC1de dpploxlmxtely with summer andbw1nter sohmer'being a
perlod.of low. laTyal shodding and winter a period of a high ratcrof
shedding., 'Thc'etiology ofrtho phenomenon 1is oot.kooonl'_Forresterland
Songo; (1964bj soggohted that, ”séasonai.yariaoions May'be oonneooed
with chnngés in type of feed, stress associated wi;h harsh winter
ocather5,breéding,‘pregnancy and lambing, of with_oome biologioal
: eh@racferiétic of the luﬁgworm itself such_as;life span or.infootious-.
" ness. " Hudson ¢t aZ.A(l97Ob, 1972) demonstrated that seasonal varia;
tion in the rate of larval -shedding iq-oaptivo bighorn'sheepiwas :
indepvndpnf of feed ouality,\harsh'wintéﬁaw;athbr, breeding;Ap;egnaocy
‘ond lambing} | o
'Iﬁtriﬁsic physiologi; factors orisome inhorent.ieproquotivé‘of
_>devclopm¢ntél characﬁeristicvof‘tho.parasite‘may;Be involvod.in_fhe .
etiology of_tb{s;phenomenon. ‘Some wild ruminéhts exhibit‘mqucd
4sea;ono]vrhythmioity in‘mcfabolio rate, rato'of'gain, apﬁaront ma}nten;
ance cnorgyfrequiromcnps~aﬁd feed iﬁtake (Cowan 1962 Wood et”ui"3£v’
1962, Silvér ot al.'1969 .Thompson et al. 1973) Such factors could
be- linked w1th seasonal cycllng of 1mmunolog1cal react1v1ty : Seasonal
_7varlat10n ;n the 1mmune.response and prevalence of ceqﬁauﬂ ?FtlbOdles
‘have becn reported (Stonc 1956 Hudson et aZ 1971 Sldkey et al.’ 1972)
The ocourlonce of reproductlve.dlapause of aduIt worms and
‘4arrested developrent of larval L£ages are other potenxlal contrlbutors
“ito the: phenomenon of seasonally ;arloole larVal shcddlng rates
,Lvﬁ:: Regardle<s of the mechanlem(s) 1nvolved it is 1mportant to .
E%" T '] o f‘} _4 - o 4f$$ o : L

o EEN



recogniie that the production of high humbers of_larvae-during-winter
probably represents ""a hrghly evolvedlhostfparasite association,with
the parasitevadapting‘to insure transmis@ion," (Uhazy et aZh‘i973l.

‘. . : .
-Bioenergetics;‘Nutrition and Lungworm In ectton J

Aobioenergetics simulation model was o?hstructed to compare the
energy ‘positions of the two sheep herds in relationito_changrng lung-
‘worm burdens during the periodS'November to,ApriI lé72~1973 and 1973-
1974.  Input var1ab1es collected durlng the study were percent fecal |
proteln. amblent temperature, w1nd veloc1ty and cloud cover. Approprl-
ate data for the determlnatlon of the effects of snow cover were not
;obtalned durlng the study Thls factor 15'd15cussed later'ln an |
‘ explanatlon of the results of the bloenergetlcs 51mulat10n

Sources for the relat1onsh1ps used in the constructlon of the
model were Blaxter (1964), Sllver et aZ (1969) Webster (1970b)

Zulbertl‘and Reid (1972), Ammann %tval. (1973) Hebert (1973) Moen

(1973), and Robblns et al. (19745 ’ The relationshlps and«equatlons used

were' derlved from 11terature on domest1c ‘and”’ w11d rumlnants.'

~

The schematlc bloenergetlcs model presented 1n Flgure 5 dep1cts

the channels of energy a551m1hat10n and d1551pat10n con51dered The

model operated on.a one day t1me§tep and reported on a three day ba51s :

.‘for the perlod November to Apr11 (180 days) f,f

k4

1) 'Déteﬁnination of énergy.assimilation."DifferenCesdinfnitro- "

L

- gen loss by the fecal route can reflect changes 1n d1etary quallty
As a result fecal 1ndex methods have been developed to estlmate forage

crude proteln (CP) (Raymond 1948 Hebert 1973) and d1gest1b111ty of

33

_" dry matter (DIG) (Lancaster 1949 Langlands et aZ 1963 O'Donovan et . -



Figure 5. A s'chemat'i'c"di_agram of the_bioenergetics.Sirh'ulatib,ﬂ .m_'od_el,'_
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al. 1§67 Hebert 1973§ Hebert (1973) prOV1des equatlons for the pre-
diction of these parameters from fecal prote1n (FP) with data from =«
odghorn sheep. | A

- CP == 0.94 4+ 1.034 FP.

,DiC‘ 50.53 + 1. 426 FP

ihe gross energy (GF) content of natural blghorn sheep forages was -

'shown to be related to CP (Hebert 1973)

.‘-GE = 4.078-{'0.02168 cp_,‘”

* The, greatest departure from a linear relatlonshlp occurs durlng the.

- J:early summner when the energy content of forage is greatest and CP is

- decllnlng Thls model was not c0ncerned w1th th1s perlod

From Values for gross energy and d1gest1b111ty the d1gest1b1e
}energy concentratlon (DEC) of the feed was calculated o
| Studles of w11d and domest1c rumlnants have shown that there is a.

K p051t1ve correlat1on between dry matter 1ntake and calorlc dens1ty for

-d1ets of low quallty and a- negatlve correlat1on for h1gh1y dlgestlble -

';-dlets For forages of low to med1um qual1ty, 1ntake is- controlled by

S

the phy51cal dlstcntlon of the rumen the 1ntake of hlgher quallty for—.h‘f <
‘fage is controlled\chemlcally by volatlle fatty ac1d productlon };7 o

1'(Montgomery and Baumgardt 1965) When these relat1onsh1ps are

F&‘lhallustrated graph1cally (Flg 6) the p01nt of 1ntersect1on of the two el

“'UllneS represents the threshold where digest1ve tract f111 beglns to Eyf‘uf;jf'”

3511m1t 1ntake Ammann et aZ (1973), work1ng w1th Whlte-talled deer

"ﬁ'fawns found the po1nt of 1nf1ect1on 1n the relatlonshlp between feed
.if 1ntake and d1gest1ble energy concentratlon to occur at 2 17 Kcals/gram. In

the present model thls p01nt of 1nflect1on was used and.the slope of the
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Figure 6. The relutionship bcfyeon'fccd'ﬁntakeiand quége qnqlity.

INTAKE .

- LIMITED.
o PHYSICALLY
FEED = ° ] -
INTAKE | '; S

- INTAKE LIMITED
. CHEWICALLY o

,_FQRAGE'QUAtITY

11ncs rcmalned the same but ‘the mapnltude of the fecd 1ntake values was o
adJusted SO - that welght loss at the end of". the f1rst 180 day 51mu1atgon 7>

per1od uas approxlmatcly thc same as thc Inltlal helght Thls manlpula—

. tlon does not affcct the comparatlve‘:alue-of the model and av01ds IR ;l :

R compllcatlons assoclated w1th extreme welght loss
Gro%s metabollc energy (GME) was assumed to be 82 of‘DEf(Blaxten’fﬂ“.

1964)

‘-ﬂ:2)~‘Heat:pﬁaduation=*‘”

"fn?3«13, a) Metabolle Rate

determlned Houever, a mean vaIue 1s ava11ab1e for the fastlng metabullc

\‘

,_:T preferred the use of }MR because he bc11eved thaﬂw .s a reasonable

repreqentatlon of the hcat product1on of anl‘a_s under usual condltlons. -,gfij




as
’

'eThc mean rcported value of PMR fox khlte talled deer in w1nter coat was
'97 1, x Bw 75 Rcal/day (S11ver et al. 1969)
Af; b)_ Heat oft Fennentatzonf
The heet produced durlng dlgestlon and metabollsm of food
1.; R h1s called thc heat of fermentat1on (H!) It becomes an 1nportant factor
in the heat balance of a homeotherm when. the thermal env1ronment results‘ "LQ'
in heat loss greater than the heat produced b) normal metabollsm and o
-act1v1ty In the present model Hl‘ is- assumed to be 8.4 percent of DE ‘
fA(Moen 1973) | L L . A - |
!c) Heat Produced by Actevzty
l'h‘{ The- actiV1ty patterns of w1nter1ng blghorn sheep show a‘h‘f."“'

',tendency toward reduced ene3 y expendlture by a reduct1on 1n soc1a1 ;

'? - 1nteract10n and othcr act1y1tlcs whlch would result in unnecessary energy‘ff '

B expend1ture (Ge1st 1971) The W1nte1 act1v1ty patterns descrlbed by
Celst (1971) are 51m11ar to - those descrlbed by Moen (1973) for whlte- :h
'1ta1led deer Therefore, the energy costs per day for;varlous act1v1t1es R

(ACT) used in. the 31mu1at10n were taken from MOen s data.i?w.':f

'FMR and%ACT ‘are’ fast1ng metabolrc‘rate andf
LT U activity energy costsfas preV1ously
o descrlbed . : e
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The enefgvi(GWF) femaining'after Eﬂ and thefmoreguiatory require:
ments (see below) have bcen~met is avallable for growth oT other |
productlve processes | This rcma1n1ng GMF is termed productlve meta—
b011c energy (PME) The eff1c1ency (EIF ) W1th whlch PME is utlllzed
for bod) nelght 217n is a functlon of the CME concentrat1on of the d1etf”
(Zulbertl and Re]d 1077) PMF ultlmately used for productlon is
termed product1ve nct energyl(PNh) L |

i }'t.b P_NE - APME" X '1-:'15'1;2"."
PME not used for produetlon eas 1nc1uded 1nbthe heat load

- The: f1na1 heat load (HTLD) was calculated as the sum of heat
'preduced by fastlng metabol1sm the heat of fermentatlon, the heat pro—nh'ff“ﬁ
duced by ac¢1v1ty, the dlffercnce between the productlve metabollc; jfh

energy and prOdUCthC net energy, and the dlfference between the energy;

- uscd fbr ma1ntenance and total d1551pat10n (TD) Wthh 1s a collectlve  ;,

- tom fox PR+ ACT'-..‘.« - fﬁ f . ERTE S T
HTLD FMR + ACT + PME —mg }.“EM - TDflf,if e ey
'fgS)_ Heat Zoss In thlS model heat exchange w1th the env1ronment~3fl\fﬁ:

:ﬁg.;k was con51dered 1n1t e;form of radxatlon flux, convectlon, conductlon,;ij"«3

and eVaporat1on.i Although an1ma15 do regulate:heat oss behaV1ora11yfaﬁ*¥7'7'*
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temperature,

~

o L f . G e
Total daily solar radiationevalges.for the period were derived from -
data presented by Buffo et aZ (i972)7for SSE and SSW aspects¥of5a‘30"‘

w'degree 510pe at a latltude of 50 N Equatnons and relatlonshlps fOr

the pred1ct1on of energy exchanged between the s1mu1at10n an1ma1 and f-"“

’the enV1ronment were taken from Webster (1970b) and Moen (1973)

Factors con51dered were surfaCe area tlssue 1nsu1at10n, external
.*1nsu1at10n wind veloc1ty, amblent temperature cloud cover and rad1at1on
If heat loss exceeded heat product1on an, add1t10na1 energy cost

nwas requ1red to ma1nta1n homeothermy (THERM)
THERM HLOS - HTLD

4) Wetght changes.j Robblns et aZ (1974) determlned the calor1c,;;f¥;;

-content of ga1n (Kcal/gram) for whlte ta11ed deer based on . 1ngesta free

"hbody we1ght (Kg) In the present model th% body composmtlon of W11d sheep -f'

-jfwas assumed to be s1mllar to deer.f Welght 1055 assumed‘ 00~per;ent

’-‘eff1c1ent use of tlssue. If the productlve.metabol c'energy was a

. ,\




Flgure 7. A comparlson of 51mulated welght changes for the perlods’:'f
Novcmber to Aprll 1977 1973 and 1973 1974. for Scalp

.'f; ‘ Creek and EagIe Creek sheep herds A;ﬂ'}"'
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. EAGLE CREEK HERD 1972-73 —
- EAGLE CREEK HERD 1973-74 — = — ~_

WEIGHT IN KILOGRAMS o

44 . - SCALP CREEK HERD 1973-74 — o~~~ ' .

30 - 60 9 1200 .- 150 180

»"."'SCAL,P .:’;.C"RE!'?.K,' HERD | 1’9{7’2" -73 _____‘_.. |
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quallty, between herds are not bloloplcally 51gn1f1cant when a complex
3 of other env1ronmenta1 and ph\q1olog1c factors are cons1dered
s

‘The . dlff*rence in welght loss. between: years hs 1pparent ~1n4

..fNovember to; 1‘_1973 the mean 51mu1ated welght change was .0, 8°

- (.44Kg) foc i_condltlons.b In the second s:mulatlon perlOd

Je welght losses reflect relatlve dlfferences

Jquallty betWeen the ulnters :j

' actor for wh1ch apprOprlate data were not avallable

: wasféi; ?1 r=n snow reglmes between w1nters. Although data were
vp;e;eﬁf; f:approx1mate number of days w1nter rnnges were covered L
.'With'enoi :jjwas not aquuate to- allow a- determlnatlon or even a |
;is1b1e effects of snow cover an restr1ct10n of feed
}tronal energy tostsr: Had thlS factor been 1nc1uded the {l

Lo
"dlfference in. 51mu1ated welght losses between 51mula-
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1934, Davey 1936 Kloosterman et al. 1973) In most cases exper1menta1
. d1ets have been deslgned to maxlmlze nutr1t1onal d1fferences between '

S
test grOUps Thls approach falls to take 1nto account the dynamlc and -

complex natpre of para51te\host 1nteract10ns )

,R651stance to para51t1c 1nfect10n may depend on. factors other than |
'nutr1t1on Ah%@hls are profoundly 1nf1uenced by thelr soc1al environ-
:ment (Ferguson 1§69) as well as by elements of the phy51ca1 env1ronnent
such as cllmate and weathet (Vlereck 1963 Webster 1970a) and exposure

to hypox1a at- hlgh altltudes (nghman and Atland 1964) Therl\ii'some T
.ev1dence to suggest that constant heavy exposure to 1nfect1on can lead _
to 1mmunolog1cal exhaustlon (Dlneen and Wagland 1966) Dlneen (1963) |
presents exper1menta1 ev1dence wh1ch 1nd1cates the presence of thresh-

P

. olds of ant1gen1c1ty below whlch the host would remain relatively

e unrespon51ve t>Unde}1y1ng all factors mentloned are hered1tary components

! STy L & I

: ,whlch can play an 1mportant xple in. determ1n1ng the exact conf1gurat10n
; .}\ . R
"of host suscept1b111ty and ressstance patterns (Whltlock 1958)

B .
.._Certalnly 1n long standmng parasate-host relatlonshlps such as

Protostrongylus spp.-Ovte canadensts (P111more 1955), adaptat1on on the'y
o t*part of host and para51te would work %o maX1£§ze surv1va1 of both |

There is a- pauc1ty of eV1dence whlch suggests that re51stance to

' “*f»'par351t1c 1nfictlon 1s IOWered only when h'tr1t10n falls below a cr1t1ca1{f?i:fﬁ

" level (DOWney et aZ 1972) It 1s qonce1va Je

'fof nutrltlon‘was exceeded at all t1mes dur1nghth1s study and therefore-fﬁz

The observatlon made dur1ng thlS st&dy was”t_atvalthough the ';hfult

'_ecllned 1n the secondfwlnter from ﬂ?

"if?the flrst the.lungworm burdens of both herds fell s1gn1f1cantly

2e that such a cr1t1cal leveliif_fl



e

anjto the summcr of 1973

A]though this cdn hardly be 1nterp10ted as evldence of a lack of‘relée
tlonshlp between nutritional status and lunguorm 1nfect&on it does
demonstrate that at the glven levels .of nutr1t1on the 1ntcn51ty of

lungworm Jnfectlon appeared to be Telated to factors other than nutrij

_t)ona £

1

. Evldence presented earller (see page 2) from the Tarryll Kenoshaw
Mountalns sheep herd and from 1nterpretat10n of data presented by
Stelfox (1974) suggests that undernutrltlon may not be as 1mportant a

factor as prcv1ously con51dered 1n the etlology of heavy lungworm

: Jnfectlons in blghorn sheep

Etlologlc factors ou1te unrelated to the complex of genetlcs

'envlronmcntal stresses, nutrltlon and re51stance Can be exceedlngly

.

-,@~1mportant to the course of par351t1c 1nfect1on EnVlronmental factors

affectlng the sur%lval of free 11v1ng larvai stages, 1ntermed1ate hosts

and exposurc of the def1n1t1ve host to 1nfect1ve larvae may be at least

"_ﬂas 1mportant 1f not more 1mportant than the ab111ty of the host to

‘ \-'re31st 1nfect10n. "o" g

Year~to year dlfferences 1n the rate of Protostrongylus spp larval

«sheddmg appear to be related to érempltatmn 1n the prev1ous spr:mg

,d;1969 Uhazy et al 1973) The data collected durlng ;he present studyf

‘ {' show a slgnlflcant decrease 1n larval output dur1ng W1nter 1974 from

P

'::,a hlgher rate of larval shedd1ng‘dur1ng W1nter 1973. Thls decrease was

e i IS

< . A',.' PR . " . ‘. . ,':'«'.-.
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‘for summcr (Plllmore 1959b 1961 Forrester and Sen%er 1964b Forrester;’">-

‘ f}paralleled by a. 30 percent decrease in, ra1nfa11 from th-vsummer of 1972a [h

S It 1s p0551b1e that the 1nten51ty of lungworm 1ﬁfe¢t1on on a: herd;ht

ba51s, 1s dcn91ty dependcnt for reasons other than forage quallty or

. v
-
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nutrltional status. Certainly the greater the density of infected sheep
. the greater the saturation of the range with firSteétagc lungworm larvae,
Alsoi a greater density of Shocp results in an lncrcase‘in grazihg
lpressure,lthus a‘greater probability of.ingeeting.infectcd snails.,
It san aleo oe unticlpated thot under-thcse condié;one a greater number
? B o .
of snails; which serve as the intermediate‘host for the lungworm (Monson
-and Post 1972), wlll acquire infectioﬁsf A resulthoffthese proceSseSl
may4Be uﬁfinfeétlous system Which~accclerates towards a point where the .
eheep.are not‘able to adjost to the enormous.parasite load, or whefc

4

secondary blCtCTlal or v11al 1nfectlon sets 1n & both

, . , _ o :
Transplazental Iransriission of Protostrongylus spp.

trongylus épp; in

vadence of tranqplacental tranemlssnon of Pro;.:

blghorn sheep prior to 1972 was mostly circumsta Hibler et al.

1974),' The evjdence was based on'observations ogixnﬁnt_infections'ihi
- youpg wild.and captive lambs in Wyoming (Rufi 1961;lHowe'1965);vColorado

_(Pillmore l956,-k9593).and Montana'(Forrester andusenger 19643)r

Def1n1t1ve proof of prenatal 1nfect10n of btghorn sheep was pre-

sented by H1b1er et al. (1972 1974) Env1ronmental anomalies associated._ p

w1th the herds from which fetusee were obtained by the%e workers caueed

J

‘ reaeon to questlon the general geograph1c d15tr1but10n of prenatal
_‘1nfect1on 1n bighorn_sheep,- Uhazy'et aZ. (1973) were not able togzecover'

: 1nfect1ve larvae from lungs of n1ne blghorn fetuses from Alberta and
w1th sonie add1t10na1 c1rcumstant1a1Aev1dZ;ce.conc1uded that "under our
— ecologlcal cond1t1ons .prenatal 1nfect10n 1sﬁnot general ", The current
dlSCOVerV‘Of th1rd stagc FTotoatrongyZus Spp laTvae in four Alberta

blghOTn fetuge< collected 1n A]berta 1nd1cates a- more eosmepolltan

t
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‘distfibution of the phenomenon,

Prenatal infection pbviously enhances the Officiencf of the life
cyaele of the lungworm, 1£ may have 1nportant 1mmunolog1cal consequences
(Hudson 1073) such as induction.of tolerance o; with constant expoqure
4] reinfcction, a permanent inmmunological impairment. Prenatal infee-
tion can be important to lamb‘surv1\al under some c1rcumstances, e. g
‘the mortal1ty of 98% of the lamb crop by September in certain Colorado g
<heep herds in recent years has been attrlbuted to verminous pneumonla

(R. Lange personql communication).



. CONCLUSIONS

RS o .
Nitrogen analysis of feces collected from free-ranging bighorn

sheep appears to .be a valuable technique for assessing seasonal dynamics

' of.qualitative nutrition for this species. Its~applicati0n-to the study

of other wild rumlnant species should be 1nvest1gated

Con51derat10n should be given to the p0551b111ty that in the study
ofilungworm 1nfect1on w1th a system of . values or h1erarch;cal order
of ecolog1cal pr10r1t1es nutrltlon may be~ranked very'IOW*’.The\ |

phy51olog1cal and nutrltlonal aspects of thls 1nfect10us system may

'.‘have been overempha51zed in past research More’ empha51$ should be

placed upon ecologlcal aspects whlch affect the eff1c1ency and 1nten<1ty

of~ transm1551on of the para51tes bétween host spec1es

Prenatal 1nfect10n of W11d sheep w1th Protostrongylus spp P

/"

formerly demonstrated only in b1ghorn sheep from Colorado IS now.known'v

from blghorm sheep of Alberta.- Future research on the 1mpact of lungworm

infectionsIUpoh‘indiQidual.or‘herds oflblghorn;sheep'should‘con51der
. ) " ' . {.“ V . . ' .. N - N . . - N ..'Al ’ v‘
this aspect of the parasite's life cycle. i

6
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