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, " I. GENERAL INTRODUCTION

A. Emergence of Rumlnants

‘Since their appearance durmg the Eocene, rummams (Artlodaclyla Rumlnantla)‘ have
radxated in great vanety largely replacing penssodactyls and proboscnds by the Mlocene This
evolutionary success usually has been atmbuted to the perf ection of ruminant dlgesuon Onc
'cxplanation for their trophic development is relat;d to secumy ( Eat gr\d .Run ‘ Hypothesis),
\;vhcrcby early ruminants fed \rapidl'y then processed this food later ﬁfa safe place without risk
of predation (Foose 1982,\ Van Soest 1982). However, the“most popular interpretation argues
that they adapted diges_t,ively to vegetation with a high fiber content. Differentiation of )
anatomical features in ruminants, which accompanied pregastric f emenmlioﬂ. by detoxif S/ing
chemical defenses in plant tissue (betoxi'f ication Hypothesis)...p(rovidcd greater latiludé for
diet?zry choice (Freeland and Janzen 1974). Ruminams evolved the nec&%ssary dentitious and
digestive machinery to extract i;nergy from fibrous foods (Moir 1968) availgble in the cooler
climates qf the Miocene (.Digestive Efficiency Hypo;hcsis) (Foose 1982. Van Soest 1982). This
differentiation fnvolved pregastric retention of digesta, rumination and microbial fermentation.
A wide variety of more specif’ ic' adaptations enabled this group to extractl nutrients f Tom many

b -

different fibrous plant mayterials (Foose 1982)..

o

. . ~

B. Adaptive Radiations of Ruminants

Trophic Adaptation . .

;\ charactenst1c feature of ruminants 1s a four- chambcred stomach consisting of -~ |
¢

rumen renculum omasum and abomasum. Diets of browse, forbs and grass are retained in the

'rumen untxl adequate nutrients are extracted f rom f ibrous materlhl and- pamcle size reduction

."anmek’s Animal Ijx;'\e\EncycIOpedm VoI 13 Mammal s IV (Grizmek, B. 1972.
. Van Nostrand Comp., Toronto 566 pp.) was used as thc source -of animal
N nomenclature -

AN



has occurred. Based on the degree of specialization.in f orage selection and digestiye anatomy.
ruminants han classified into three groups (Hof mann 1973) : (a) browsers (concentrate

| selectors) (b zers (grass or roughage f eeders) and (c) mixed or intermediate feeders:

N

t

Browsers -
Browsers differ from other ruminant groups both in foraging strategy an'd
adaptations of the digestive tract. Typically, as a group, they consume plant_spe'cies'

(browse) and parts (t\yigs and foliage) high in readily ferrnentable cell solubles and avoid -

fibrous fractions of plant material _which would impede digesta flow. Extensive

;ruminoreticular papillation has developed‘which f acﬂitates absorption of “volatile fatty
acids produwd from rapidly fermented substrates Rumens of selective fwders are Small
and lack well- -developed barriers which would delay passage of digesta Members of this
group have developed relatively ‘Iarge salivary glands in relation to body weight (lﬂ)f mann
" 1973); high flow rates of sahva increase the buffering eapacrty of the rumen during rapid

f ermentauon (Kay et al 1980) and may aeoelerate passage of sugars through the
ruminoreticulum for absorption.in the small intestine (Hofmann 1985)

Typically, browsers are small and include the dunmuttve drk dlkS (Madoqua spp )
and suni (Nesorragus moschatus) and the small forest- dwelhng duikers (Cephalophus
spp ) which largely consume fruits forbs and dicotyledonous fohage (Hot‘ mann 1973)

“ Browsers rely on high quahty f oods with rapxdly fi ermentable substrates whrch will supply

: adequate energy to compensate for the metabolic constramts of a small body size.

» Consequently. concentrate selectors do not have the abrhty to expand diets to~include
fibrous f orages (Foose 1982) Intake is constrained largely by the abilrty of the animal to
find high quahty foods maximize forage consumption and maintain high rates of passage

o Browsers also inclide the black-tailed deer (Odocoileis hemionus columbianus)
white tailed deer (Odocolleus virgintanus) T0e deer (Capreolus caprealus) kudu
( Tragelaplms SPp. ). gerenuk (Laocranius walleri) and the larger gxrat‘ f e (Gira ffa spp )
and moose (Alees alces) (Hofmann 1973 1982, 1985) These speeies select mamly tree and



e

‘. Gl‘alers . W ,.“ i‘ B -“' i , ‘\] ' o . .‘:" ' .‘ e

| passage.

'ered Feeders '

L whrch consume browse. forbs and grass accordmg to seasonal changes in quality and

o | | - | | |
shrub f ohage However species in. northern latrtudes eat w°ody twigs dunng winter
\

Nevertheless these large browsers have a small rumtnoreticulum and ar¢ faced with a

srmrlar nwd f ()3 hrgh ‘qualrry forages which mamtam rapid passage rates: .

',‘ !
W X . \ [
B . ' ‘ -

Grazers (bulk or roughage f wders) occupy a mche al the other lrophrc extreme
They consume larger quantrtres ol‘ l‘ rbrous grass whlch are retarned for extended periods in '

the capacrous rumens by numerous well developed pillars to allow more complete

: drgestron Thus foragmg rs hmtted toa’ few perrods throughout the day, Rumino retlcular

"rf lll can compnse ll% t,o 20% ol‘ the hve body weight of grazers in comparlson to <11% for, .

a browser (l(ay et al 1980) Because mouth parts are large restnctmg selective foraging. ‘

grazers rely heavrly on rummauon for f ragmentation of partrcies to opttmum fi meness l‘ or

‘ e

Grazmg rummants rely more or less on open grasslands Among ‘the bulk feeders

'domestrc cattle (Bos taurus), Amencan brson (Bison bison) buf falo (Syncerus caffe()

wrldebeest (Connachaetes taurlnus) and waterbuck (Kobus elltpslprymnus) dre classii‘ ied as

f resh grass caters dependent on water (Hofmann 1973 Van Soest 1982) whrle the
 hartebeest (Alcelaphus buselaphus) topi (Damaltsws [umrtus) and moui‘lon (ows
- . musimon) are classrf ied as roughage graz.ers (Hof mann 1973) whrch are capable of more

‘selectrve f wdrng on green leavee of grasses’ (Kay et al. 1980) Ocher grazers like the oryx

(Oryx beisa) and gemsbok (Oryx gazella) are: classrl' red as dry regton graaers (Hofmann . ‘

Transrtional to drgestive extremes of browsers and grazers are the mlxed l‘wders

avarlabtlrty ln generai rumen anatomy an;i morphology of intermediate species 18 better

adapted f or greater drgestive eapacmes of more f ibrous diets than eoneentrate selectors |

L
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| ‘ Among this group of opportunisttc feeders are the wapitr (Cervus elaphus nelsonl) (Church o
CT © and i-iines 1978), red deer (Cervus elaphus) and ,rerndeer (Rangifer mrandus tarandus) .
. RIS ‘.(Hof mann 1985) which can seasonally change the miucosal absorptive surface of the rumen
b f,‘-".‘:" ‘ ,m response to diet fibrosity (l-lofmafnn 1985) Another rntermediate feeder with the abthty g

‘ ,to adjust ruminoretrcular and hmdgut capacrty is the chambrs (Ruplcapra ruplcapra)

. ';-‘(Hofmann 1982)

* i
L |

N ' . o .
v .,.I\l'

) T c Body sm and the "Bell Jarman Princil"e

N
.,

: e Body size 1s related to both food requrrements and dngestive capacrty m ruminants | - ‘.." o
’ o Ungulates must extract adequate nutnents f rom ingested fi ood to meet metabohc requiremcnts
o Larger animals are eXpected to require greater absolute food quantities than smaller herbivores .
o lbut energy requirements scale to approximately body werght 6.7$ (Klerber 1975) whereas storage
- capacrty of the mmrnoreticulum scales isometrreally (Van Soest 1982) Thrs eonfers on small
: L | R selective fwders a penalty of high mamtenance eosts per umt of body weight but hmited drgesta ' . |
P storage eapabilities (Parra 1978, Demment and Van Soect 1985) |

B : " -‘.f\ .
} . . Co St

Nutrient requirements of browsers are n‘let through selection of coneentrated nutrients R P

N

' in fruits foliage and forbs which may have hrgher rates of passage (Hol‘ mann 1985)
, Altematively. graz.ers with a large body size have Iower metabolrc requiremen' ""per kg body

. weight and can tolerate mom fibrous diets of slowly digesting grasses HOWever the‘ grearer

- N absolute reqmrements of large body swe constrain these rummants from selectwe fi wdmg

v, ‘(Hanley 1982)
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e | detcrmine the lim;tations of each herbivore (Hanley 1982) For example because forage intakes
' N , cannot exwed the capacrty ol' the gastromtestinal tract small selective f eeders are expected to.

St ‘extend f oragmg times i in search of concentrated sources of cell solubles which are digeated to

meet high metabohc requrrements however costs must not excwq benef its (Hanley 1982) In

- "comparison larger grazers must adhere to the other extreme where the constraints of quality
: (o

are relaxed but greater absolute volumes of f orage are required (Bell 1969 1971). lntermediate | ‘

. f eeders are opportumstrc with greater diet i'lexrbiltty and are expected to altemate seasonally

-~

",between these opuons Other adaptattons such as spectahzed processes of prehension permit | ', !

o .grazers wrth large mouth parts to forage more raprdly wlnle tngestmg large quanmies oi‘ f ibrous "‘,'

e forages or small selective f eeders with small mouths to select high quahty foods and plant

v R L Lo < ) . ) R , ) S [
. . o . L . h . . B R X A
.

1" S

Lol . Although the actrvrtres of ungulates are largely directed to f orage acquismon they must

Vo -l..satisf y these nwds wrthm the constrarnts of environrnental nsks (predation and “ ' .' R

Lo R

o 'A'.,‘f.‘.thermoregulation) (Moen 1973) and soctal obhgations (Getst 1974 I arman 1974) Animals
u\rthin t'he‘h'mits

- "‘of theu physrcal and physrological adaptations They optrrmze these trade offs betvfeen Lo

' “ . ,‘mittgate thermal imbalanoe and increase energy assimrlatron through behavio

' i

. S ‘searching time and feedmg time in terms oi‘ foragmg ef fi rcrency. acuvity patterns and habrtat ' "

"selection Thus the ability of‘ each rumtnant specres to mterfaoe between the environrnent and ‘

its nutntional needs is dependent on anatomical physrological and behavioral adaptations

B )\
L .

. ol A Sty " ' ot
. AN ' [ o ' A ' POT s
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D The Enigmatic Moose v e PRSI

Moose area particularily mterestrng species because they apparently vrolate the -
SR, “Bell J arrnan Pnncrple m»terms oi‘ body swe and expected f oragmg strategy lt is surprising to
N 'fmd a large rumrnant specres (moose) ergned along the relatively selective gradient oi‘ a i

.browse,r in northern latitudes where forage resourees are l;mited and theseasonai growth pulse

¢
N
S

. ':ls short Although their large body size ean clearly be cons:" ered an advantage in terms oi' eold
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slne may create a preoarious energy budget Moose must consume large absolute quanttttes of

vvldely dispersed fi orage hlgh in hgnm as well as cell solubles. and must not waste tlme and

) !

energy capturing or prooesslng f ood Their success may be lmked to therr abtltty to harvest food
efl" crently and selecttvely However tlme spent f oragmg ts a l'" ction ol' both energy demands

and environrnental constramts Although the large body sn.e benef rts ammals whrch llve incold

¢

climates 1t also unposes constraints on datly energy expendltures tlrrough thermal stress Moose

'u

must attempt to ameltorate these ctrcumStances and not preempt foragmg smce consrderable

)
it am

time must be allocated f or the search and capture of conoentrated sources of nutnents Analysrs -

of‘ the seasonal ttme energy constrarnts and drgestxve adnptattons of thrs ungulate wﬂl prOvrde t

clues whrch may lead to lnvestrgatrons to Unravel the complexrtres of thtsrapparent troplnc

" " v

’l'he major a;m ha%been to del‘m’ sea 'onal changes.

._‘\ v i ’/"
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Lo ‘, n STUDY AREA ANIMAL%AND FAcmrrms

- “ , Thls research was conducted at the Mmistik ledlife Research Staﬁon (SEC 2 TPSO

| R‘21) whlch is located 48 km SE of Ednmnton Alberta (Flg II 1) The statmn 1s srtuated on ,

o the Coolting Lake niorarne wrthm the southern f nnge of the boreal mrxed wood f orest (Rowe |
1972) Environmental ‘descnptions have been provrded by Gates (1980) and Nretfeld (1983)

o This mf orrgatioh 1s common and applrcable to all subsequent parts of the overall study

';}.' ‘ S " o ‘ . h';‘Z".I' ;“"/“_ ",_ :""I l“ : "f . : 'y .‘“ . ' R
: A Geology and Sons ‘;, R Rl ‘
. _ This morainic area is underlatn by Upper Cretaeeous shales shale sandstone and . N

sandstones (Bayrock and Hughes 1962) Surfaee till deposxted by the most recent glacial

advanee of the Pleistoeene has formed an undulatmg eomplex of hxlls and clowd dcpressions -

‘ .

o the Cooking Lake Morafne 'l’here are numerous seasonal and permanent hodtes of water ',

7 . K (sloughs) 'I'hese wetlands form mcomplete dramage systems throughout the area The level of

,.""f‘ 's Water in the sloughs represents the local water table where the soil tﬂl xs rmpemous , y ; ) .
g X The Mmtstlk Lake area is srtuated on Luvisdrc sotls denved from calcareous "‘tf‘
v — SENEE I O » ‘ ~‘.
-z frne grained till (Bowser et al 1962 Crown-1977) The forest soils of the CookmgLake area

iy

2 L are classed as Orthic Gray Luvrsols whereas the poorly dramed mmeral soﬂs areclassed as

£
. »
TR
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* Geographical locati
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on' of the Mxmsuk wildlife *R;&s-eéich Station, -
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' dommant force the e{fg}cts of. f ire have declmed wh‘lggnculturehas become -nore u"'.portant

C. VegetatiOn r

v(Papulus tremulotdes)’ and balsam poplar (Populus balsamlfera) wrth lesser amounts of whrte

" M.brrch (Betula papyrijéra) are the dommant trees. White spruce (Plcea auca) inf) requently L

/ understory are beaked hazel (Corylus cornuta) low bush cranberry (Vlburnum edule) .

The boreal mtxed wood forest zone is composed of a mtxture ,of f orest and@ grassland ln

a mosarc pattern wrth numerous aquatrc oommunrtm (Brrd 1966) Important f actors which g .

\ . Y f . Q J ke .

: shape these commumtxes have been weather f ire and man However smce man has become a e

»

The vegetauon is pnmanly rmxed decrduous-conlf erous f orests with a mosaic of open M.:‘T-

grasslands sedge meadows and sloughs In the closed canopy poplar forest, tremblmg aSpen ., ‘, S

[

L l L ‘
forrns pure stands but rsolated mdmduals are relauvely common Majo shrub spectes of the
> ‘

oo red osier dogWood (Cornus stolonl fera) bracted honeysuckle (Lonlcera Involucraxa) twrnnmg

e honeysuckle (Lonlcera dlolca) and gooseberry (Rlbes spp ) Srtes wrth a lower densrty of trees

e

4

. 'or near the ecotones between commumttes support chokecherry (Prunus vlrglnlana) sasftwn ‘/1' o

o

. “ (Amelanc}uer alnlfalia) red raspberry (Rubus idaezis var. strigosus) soapherry (Shephe?dla,

f canadensls) and western snowberry (Symphorlcarpos occldentalis) Dense stands of wrllow

! 'n

o (Sallx spp ) also occur in- morst low areas or near the penmeter of sloughs and drainage areas
Commcm forbs wrthm this vegetatron zone mclude f ueweed (Epllobium angumfollum)’?)anada | @ .

v thrstle (Cirslum arvense) dandelron (4‘ araxacum o ff clnale) peavine (Lathyrus spp ) and

e whrte clover (Tri folmm repens) wrth common mmt (Memhd arvensls) and cattail (Typha

[ A .

~i§"’i;‘latl ﬁzlia) mwetland commumtres Common grammoids are wheat grass (Agropyron
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Flg 11.2, and more dctaﬂed descriplfons will be given in subsequent chapters.
‘ r
D. Pen Facllltles ' “ ‘
# The Ministik Waldllf e Research SlatiOn is approximately 265 ha in size enclosed bya2

- F. then(\fClted r
'~ ANON. 1980. Canadian Climate Normals 1951- 1980. Temperature and Precrpltauon ’Pnb of

A

m game f ence. Internal fencing divides the area into two pens of 200.ha and 65 ha m area. A

central f acillty coglits of several holding pasmres 1solahon pens and staunchxons Alleyways ,

provided acoesa to corrals and ‘chutes which'were used to move ammals ifto a central

restraining facility equipped for Weighinganimals. o .( T

I . ‘ N
N ¢

E Study Anlmals A -
%"\ . v T
Captive moose used m this study were five cows {Alice, Annie, Daisy, Elly and.Eve)

" and two bulls (Morey and Rocky) These animals were enclosed wrthm either a 2 or 5 ha

: pasture The 65 ha enclosure was used for animals during: f ree-ranging experiments.
Animals f med with ruminal rstulas consnsted of one moose cow (2. 5 years old Ellsne)

_and one bull (1 5 years old Ralph) two wapiti steers (5 years old) and two Charolms cross

' K

.steers (5 years old) These animals were maintainéd in"The ledlrfe Unit” at the Umversny of . '

Albeita Experimental Farm in Edm\om

. !
L. )
N | - . e
P - . i £ i
. B P o

.
’

Canadian Chmate PIOgram Envrron Canada p-126. -
' BAYROCK L A.and G M HUGHES 1962 Surfreral Geology of the Edmonton sttnct
| Mber@,ma. Council of Ana, Prem Rep. 62-6. TP
BIRD, R.D: 1966. Eoology of mc,mspen Parkland of Westem Canada in Relalran fo Land

Use Pnb No 1066 Canada Dept of Agngnlture Ottawa 155 pp ' A e
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Fig. 11.2. - Distribution of habitats at the Ministik Wildlife Research Station,’
Alberta. | . a
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L the rumen Chemtcal methods are least expenstve but correspondenoe wrth dtgesttbrhty is often

S calibrations have notbeenapphed to natrve forages i- . .:? R N

o ; ;" by Nfetfeld (1983) To‘frll this percetved gap and provrde a basxs f or evaluatmg seasonal.

[I1. SEASONAL QUALITY OF FORAGES®

"o

A. lntroduction L e

oy

Forage quaiity 18 one of several tmoortant mtena determrmng range mrrymg mpactty ‘ : ‘ o ,;5{'\ .
for moose: Although attenuon usuany has been dtrected to the crmcal winter penod summer , | ¥
© can also be considered T nutritronauy crmcal penod for northern wrld ungulates since, body | o " . "
. conditlon must be regarned during a short grOwrng season’ to.ensure, reproducuve suocess " EROR
-growth and winter survival (Julapder aual 1961, Klein 970). B
Diet digwnbility isa key measure of forage quahty. but is both laborous and expenstve X¥ B
to determine ﬁomm feeding (ln vlva) trrals I,n sim nylon bag drgestron usmg o o B
. ruminally ftstulated antmals aﬂows ramd evaluatrbn of numerous plant specm and appears 10 ; o
bea reliable mdex of in wivo drgestrbtlity (Demarqmlly and Chenost 1969 Orskov e at5 1980)

‘,'-- t “A‘,

o _'It has the advantage that the quality of forages can be assessed tn the natural envrronment of

1

‘ weak parucularly arnong forage classes (Van Soest 1982) Recently. near tnfrared reflectance ‘ - .h:“.’"
. techniques have been used to eattmate fibrous fractions (Park et al 1983) crude prorein and -

dry matter digeetbthty of foragee (Mathrson et al 1985) However these techniques and

There is httle mformauon on the dtgesttbtlity of natxve forages m the aspen boreal

T ‘,,7<a_lzf-.€dtsestibthty of forages used seasonally by wapxtr at the Mimsuk‘Fteld Statron’ were mvesugated; :



\

BN

i

and pnor to Spnng green up Leaf lltter and bark from trees were collected to srmulate portions

\

w ' ) . R ooy v
. : : . . ' Lo J . .
" . ' oo b L] ' N

" B. Methods R RS

Forages were collected m the thsuk Lake area (outstde the 65 ha enclosure) from '

May. 1982 to October 1983 to estimate seasonal nutrtent suppltesa In addluon 10 l‘ orb grass

\

4 Samples of 100 to 500 g (wet wetght) of plant parts were collected fr rom dif l' erent

habttat types every 2 to ‘4 weeks Changes in plant phenplogy X}md quality were used as’ the basts

f or separauon of seasons An attempt was rnade to collect only plant parts uSed by moose based

S

.on observattqns reported in Chapter VIII Current annual growth was selected from browse .

' "Ii,

Specles as deterrmned by tlle prevxous bud smle soar avordtng the large dtameter sprout grovith

Only green parts of forbs g‘rasses and sedges were sampled exoept snbsequent to senesoence ‘ o

W e '




microns) and plaoed in the ventral sac of the rumen of a frstulated rnoose (Renecker et al R o ; "‘-1-_
1982) maintained on a combination of pelleted aspen oonoentrate feed (Schwartz etal. 1985) IR
chopped alfalfa and f: resh browse diet. The bags were removed after 48 hours washed and
oven dried at 60'C to constant werght accordmg to the prowdure of Orskov et al (1980) Dry
" matter digesnbrlity was calculated as the peroent change in the dry weight of the bag conterrts

L —

, ‘--.': .o . . , )
O ’ ' " v : o

o C.ResisamdDisewssion Gl o o ey T

In“SituDrgestibrlity

decreased as plant tissue matured (Fig IIl 1) Values ranged from 26 5% f or sedge dunng early
.l"\ f“-, ' ’ spring to 73 S% f or grasses 1n early J une Grasses and sedges at.tamcd maxrmal drgesttble dry
“’ [ matter during green up. wluch occurred 1 2 weeks pnor to leaf ﬂush for browse specres

delayed during May. 1982 Digestibrhty of leaves vaned markedly from SS% £or whrte brrch to ‘
rnore than 77% for beaked hazel Drfferences in NBD% of woody trssues were less dunng May

_...‘
B /

with the exceptton of white birch whrch was estrinated to be 32%. With advancing plant - / o

. ir'f
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- o ;foraglng selectrvely durmg this pertod (Renecker and Hudson 1985 19 )

) NBD% among browse Spectes rematned large during late spnng, however these dlf f erenoee were "

l’ ! -

' per:od (see Chapter XI1). Most leaf matenal f rom these shrubs exoeeded a NBD% of 60% with

A

4

by the exceptton of gooseberry saskatoon western snowberry tremblmg aspen and whlte birch

early frosts Bracted honeysuckle rose red raspberry and western snowberry maintamed

‘ -3
‘ NBD% above 57% mto late October Thts allowed moose to mamtatn dtet digestlblllty by

l

. )
" l .
, . ,.\,_ g )
Con !, ' " yo .‘-'n : .( LN ,' " Vo RS ) ' !
“ . . . A PR oy
PO , ) "’. v A [ O A , ! ».'\
' B . Cot W »

'DryMatterandLeaf-StemRatios DA AP S

¢

Pereent dry matter (DM) content of foréges vaned seasonally reflectmg the stage of

growtlr Generally, lowest values occnrred in late spnng and mcreased throughout summer The

most marked change in DM content was observed tn grasses and f orbs between the new\growth

",

. : o -

of sprmg and autumn when growth was complete Dunng the growmg season twrgs showed
consrstently hrgher DM values than leaves Subsequent to senescenoe and leaf f all DM content

bf leaves was substanually hrgher than both thgs and bark as a result of desxecatfbn of leaf 0

~ B

htter. wags mcreased morsture content dunng late wurter m reponse to warmer temperaturee. L -

: From spnng to autumm bark was least variable dtffertng only 8. 5% ln DM value. which

j’ .n of eell wall in thts material B

G, 3 . . L L
' I ' o AT R N “ v S B ,
. . ‘ . . st s Lo .
o Loty . ST \ L N “'»” ‘,.‘ e o :
) K . R C . AU -
. . . " ' o .

| ,compounds were exrremely reststant to microbtal degradation m the rurnen anf erenees m ”

X In autumn green leaf growth was f ound only on shrubs estabhshed tn habttats p_rptected fi rom o

L "not great enough to'af fect ammal use. a8 moose select i rom a wide vartety of species durtng thts B ‘v -

‘.\'

oo
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* ‘Bable In.z Mean leaf to stem Jat \\ Cun‘cnt annual growth of browse specm‘
from June 710 October m\lm\\%pd“gpon a dry welght dry - wexght ratio: -
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sashtoo . 108€; “bracted. honeysuckle, red raspberry. vmtern snowberry red osxer
dogwoodand ‘white birch, - :
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, ""::‘Browse speciw mcluded balsam poplar vnllow beak&d hazel fow bush cranberry.,,"""’\"

derived from 'a‘ 100 500 g (wet wergm)?_‘. saniple of current annual : '1; S
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o "i,‘:y."CrudeProteln t:‘: “'. o o | \
: “Values ranged from5 15% for woody tvngs to6 27% for grasses with only small devmtlons

. period.

;summer green -up. In autumn protem levels depended on Senescence absctssxon and time ol‘

" ’Il"mtmmum requuement for CP in ratrons of domestm cattle has been estunated to bearound - "j o
L 6-8% (ARC 1980) before mtake and cugesnbmty are depressed SlmxlarﬁY- mimmum CP S
B ‘:;requuements of deer are: estunated to bezs 7% (Blsscl and strong 1955 Wallmo e‘ al. 1977 o

= Holter et al. 1979) If these values are /pplled to moose then the CP eontént m l‘orage samples o 7'_"

\ A

Crude protein (CP) content in all f orages vaned sxgmfrcantly (P <0 05) wltbseason Y

-

e 0ceu'mng between September and Aprﬂ wnth a mean (:tSE) of 7 3:t0 4% CP for the winter

l».

o ' - L o " ol
lyr L

Crude proteln as a percentage of DM mcreased tn sprmg f ollowmg Increases ln

'

- mmsture content as observed by Stewart et al (1977) Generally. CP of grasses peaked fi 1rst Lo
- " dunng early May followed by leaves f orbs twrgs and sedge durmg late: May and early J une o S

v-‘(Frg llI 2’) By early September CP had decltned steadtly to 8 Sil 1% exwpt%r a bnef late L

o f irst f rost wrth green forbs and leaves of w:llow and aspen contaimng more than 12% CP ‘ o
f('l‘able III 1) Af ter abscxssnon in September f allen leaves contarned approximately 8. 2% CP
- '_ : However thts level decreased continuously to a spnng low of 6 1% Cp with leachtng by autumn

‘ T precxpttauon and wmter f reeze thaw cycles Lowest levels \gre recorded f'or bark of aspen and

. balsam poplar dunng Apnl\Nevertheless frée- rangrng moose consume large quanutics of bark

S pnor to spnng green up (Renecker and Hudson 1985) : -

Protem 1s an essentxal dietary nutrrent for mamtenanee, growth and reproducuon The ERs
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4

® PFig. II1.2. ~ Crude protein content of four forage classes (browse, grass, sedgé
and forb species) from May 1982 to July 1983 collected in the
Ministik Lake ared, :Alberta> -~

y
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FlberComposltlon o N e

o

Changes in f iber components were closely associated with plant phenology and

compared f avorably wrth studies in this a&d other areas (Short et al. 1972 Blair et al 1977

Qdemeyer et al 1977, Stewart et al. 1977 Eastman 1983) Cell wall constttuents of f oltage and

grasses showed significant (P <0.05) variation among seasons and £ orage classes

The greatest dif ferenees in f rber content occurred between the succulent growth of

Spnng ‘and the dormant matenal of wmter Rapid new growth whrch is assocrated with sprmg,

decreased dry matter conoentrauon and structural carbohydrates in browse, leaves f orbs and

' grasses (Fig\hkl 3). Conconutantly. high levels d&m‘pldly dtgestible cell solubles (100 - T e

LN

CWC%) were associated thh green plant material durmg the early stages of growth when o

meristematic activity was high (Blair and Epps 1967) Coneentrattons of CWC in sedges and

‘ v'—rwrgswverﬂoww durmg summer. Eloagatton of woody twngs and. growth of cooler sedge

N

' absence of substanttal spnng precrprtation As the growmg season progressed and f orages

meadow habitats may have been affected by a persistant snow cover untll early May, 1982 and )

‘“

the f ib;ous f‘ractron “of plant material increased as cell solubles decreased

4

Gras s, : Sedge and Forbs - o R oo
Grasses and sedge were generally lugher in QWC and lower in hgmn than other
forage classes (Fig 111.3). A large pomon of this oell wall matenal was hemicelltdose

A\ . 0 -
Srmilar tlssue dif f erences have been documented for grass spect i compartson to t‘ orbs

o 8

- marginal decrease dunng summer Mertens (1973) suggested that the hgmn component of

grasses may delay rates of passage more than hrgher hgmu content of legumes as a result of
the long. cylmdncal f 1ber shape oi‘ grasses The need to delay passage of grasses and sedges _
llkely allows time i‘ or drgestrontof eellulose and hemxeellulose in the cell walls Perhaps Sl
bwause moose lack specxfic delaying mechatmstns and large rumen volumes, they rarely -

f wd on”“gr‘a“sses 0r sedge during wmter and‘only irtfrequenily durmg summer and autumn S




 Fig. 1113, Cell wall compos1qon of leav&s and woody tW>gs from currem annual
' - 'growth of browse species dunng spring, autumn and winter seasons.

', Cell wall composiuon of grass, sedge and forb'species durifig : spring,-
"summ‘cr ‘and wmter scasons in the Mmlstik Lake area, Albena L

A Lot . . . .
) ' , L. . N 5
. ' 4
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g (Renecker and l-ludson 1986) ‘ L

BrowseSpecies o ‘. B e o , .

\

CWC than that of twrg portions (Fig III 3) Levels of CWC in woody twigs drd not vary

srgmi‘ rcantly (P >0 05) with season, rangmg between 45% f or willow m late Mav't 63%

RN ,-'t

" or saskatoon durmg.wmter However the lrgmn component oi' the CWC m browse leaves ";".

r"‘v‘iv’. g

-' . showed a sigmf rcant (P <0 01) mcrease as the deciduous growth matured ranging l‘ rom = f
‘ 4 7% in red osrer dogwood durrng ] une to 26% for winter leaf lrtter This trend S

aecompamed by a decrease in oellular contents agrees with results for smular browse \

"

‘ pecresmother areas (Oldemeyer etal 1977, Eastman 1983). © o | R

o Ii‘ portions of older wood were consumed then levels of cell solubles would ‘
decrease because of the more lrgmfred and thrcker cell walls (Blair et al 1977, Penner B
‘ 1978) Moose have, also been observed to drscnrmnate between plant parts of decrduous
‘ trees and sh;ubs dunng spnng and summer strippmg only sueculent leaves‘as f ood
(Renecker and Hudson 1985) Tlus raprdly growrng tissue contains a lugh propor:tton of : -
eell contents whrch are highly digestible (Chapin‘f980) Separate analysis of leaves and l »'

l
Lt

woody trssue durmg thie; growmg season is an rmportant consideration r or' analyzmg fwding :

o

behavior of moose i s . : ,‘




o

. Table III3 Simple linem regmsmn of dry matter dlgesublhty of foragw in nylon
_bags suspended in: the rumen of a fistualted moose and- tissue composmon of forage
classes sampled m the Ministik Lake arca Alberta from May 1982 to October 1983

“.'R‘egress' 'ions";j‘,‘ SRR I |

" Digestibility .

oo D i L A
Dry Matter 18 o085 sy : 0)8 & 074 m 1

Crude Protein ‘117',‘ "24.59; 188 d‘solv‘:i "*-Q‘.-g:‘ eos

Cell Wall Coment';} izw KR 8148 Y ozo ‘;.“.._(;,)‘.$65~‘¥-,.-‘
Hemicellulose O Y T ;'\--0'41‘,.':‘,?"\' 0.52 ' 006NS..

Cellulose o '-‘\‘55‘-30\‘? I 41*""’ ;“-.:30.424_” '19,42’\, . L

L Lignin L 6612 1 65 .0;7‘8,.‘;‘ Cogg e
:“.Grasm and Sedse o .*|‘~_’ ) - ) “ " L |
- 'Dry =Matter e 25 - 7799 “-,0:76‘" 05@ . 055 oo :
"j-i',',iCmde Protem x R o8 EPY I 031 . 077 %
Cell Wall Coment'i'-; Ly o 12312 5; 129 047 : d.'sz-‘f#,?"‘ P
v"”’uHemioellulose R 9 240 ST RN flzso"\ ﬁozs N s
Cellulose 9 79 RO 133 044 059
.‘ Lxsnin -9 4 52 75 ﬂ | 385 ""_f‘",?"‘:;-"4.'5'}1_.‘ o NS

‘ NS ‘ ot signifxcant at the 005 level e
ey \sngniﬁcant at the 0,05 level, .

9% significant: at: the- 0.025. level
“significant a ;the 0005 lev”l‘




Correlatron coef f 1crents were hrghly srgmfroant (P <0 005) when hernlcellulose (HC)

\ B oellulose (CELL) and hgnin (LlG) were oombmed to predict NBD% in browse twlgs fhd
; lea"“v ‘T. f i -‘ ' .‘ . o L ‘ "

f o y=0, 21 HC- 076CELL 134 L1G+7199(r=~0 83) . | R TR
*'andgrassesandsedgm ,;f:" o T T

' A . S

| ¢ Y=1l44HC- 099CELL 273 LIG+41 30 (r’-O 71)

‘
R

In grasses and sedges the smaller portton of hgmn in the cell wall appeared to have a larger \

ol
-

effect on 1ts NDB% thah for other forage classes. o

’

Other workers have provtded predrcuve relatronshrps between f rber\ components of
Cfl orages and drgestrbthty (Van Soest 1965 Oldemeyer et al 197’7 Cederlund ﬂd_ﬁl&mm.l%l

: Choo et al 1981) Assocratrve eff ects of physrcal mhrbttors or secondary metabolrtes are of ten

v

-

: 1mportant but therr eff ects are masked when drgestrbrlity ts determmed by 1n sty methods (Oh

\

et al 1966 Van Soest 1967 Mould 1980) Therefore these résults probably would not hold

Vo where the drets of mioose are predommantly o{ asmgle plant specres o y SR . ' ,‘
D Conclusions o B P A JURN
-. . The riutritional quahty of forages used by moose in aspen boreal habitats was-
| '.- suff rcrently hrgh durrng spring angl summer to permit growth and deposrtlon of trssue

' ’ However dunng wmter forage drgesttbihty was depressed‘ and rnargmally adequate f or

1

| f"‘?j'- | mamtenanee as a result of mcreased frber and dem'eased protem Renecker and Hudson (1985)




: Although grasses are quite digestible. they are :tfll less digesuble and pass more slowly
’ ': ! out or the rumlnbreticulum of moose than aSpen browse (Chapter VII) The heavy dependanee |
n "iof moose on follage and twrgs must be related fo relatrve rates of digestron and passage 2 . -
(Mertens 1973)'-Because moose are coneentrate selectors (Hof mann 1973). relymg on energy

| o from highly drgestible material while propellmg slowly drgested f ibrous f ractrcll"s through the

o gastromtestinal tract, they are unable to explort grasses and sedges whrch would requu'e long " o R

‘ retentton timee and large rumen capacrty to Opttmize drgesuhrhty
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" anintals under less confined conditions t

: free ranglng crrcumstances

jand Mautz and Fair (1980) expressed doubt in the usefulness of the, cahbrated heart rate index -

I eewecapeasssecsnsanes

"B\ version' of this chapter has been ‘published. Renecker .L A and’ RJ. Hudson. o
© 1988, Comp Biochem.v,Physxol 82A 161 165 DR : o

N

W2

N~

‘ lV TtLEMETERED HEART .RATE AS AN INDEX OF ENERGY EXPENDITURE .

»«\

1'A. lntroductlon o ‘
) ‘n | lndirect mlorimetry the most widely used method for determining metabohc rate

‘ requires the collection of expired- alr Although respiration chambers permit hrghly controlled
environrnenta,l conditions they mhtbrt normal activity. Mobrle gas collectmg techn,iques such

* 28 the face mask method (Matifeld 1974, Renecker et al. 1978, Kautz gtal. 19 )/Phuls etal.

A7
1981, Parker and Robbins 1984) or tracheotomy (Mautz aad Fair 1980). qzy/be used on

e

mpute energy expendlturee n}o (J npphmble to

Tl@ use of heart rate as a correlate f metabolr; rates of unrestrarned ammals has been

explored ina variety of studm An mde{ can be estabhshed f rom r;peated sunultaneous .

measurcrnent of heart rate and energy expendxture over a range of thermal condmons
A nutntional plaqes or actmty levels. 'l'hrs predrctrve relationship has been apphed in wild

: uﬁgulatee tncluding mule deer’(Ddocoam hemionus) (Kautz et al 1981) whtte -tailed ds
.(I-lolter et al. 197, Mautz and Fair 1980) ‘wepiti (Robbins et al’ 1979, Pauls etal. 1981) and)

«

L moose calves (Renecker et al 1978, Chermnykh and Mochalov 1987) Robbms et al (1979)

Ll

based on poor correlauons However, strong poslwk correlations between oxygen consumptron y;

and pulse rate were reported by other workers (Holter etal. 1976 Renecker et al 1978 Pauls(

-—

-

”f-_"‘eth 1981)withrestramedwrldungulates :‘X' R N S

Rzldlotelemetry transrmtters have been constructed to detect and transmlt pulse rate or

N i

- s
- j_QRS pnttern Theee remote momtoring devrces avord the‘oonsequent mterf erence wrsr natural
G behmor because no rwordmg Jeads are: requtred Reoent mvedf.igations have reported sucoeesful

transnnsston of heart rate from unrestrarned ungulats using several transmrtter deergns
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Systems have been developed which are mounted ona hamess f or external placetnent wlth ‘

surf ace electrodes (Johnston et al. 1980, Pauls et al. 1981). Mlmtunmtion andvrgguced power

requrrements have resulted i in the ile\ lopment of completely implantable umts (Jacobsen and

* Stuart. 1978) and tmplantable packages, with an external repeater transmitter neck collar (Cupnl
et al. 1976) An improved design of tje repeater system, described by Weeks et al (1977) has

been tested wrth variable sUCCESS wrth ule deer (Freddy 1984), wapm (Lieb and Marcum

'1979) moose (Renecker et al. 1982, R necker and Hudson 1983) and'bighorn sheep (Ovis

.canadensls) (R. Weeks, personal commumcation) Jacobsen and Stuart (1978) described a !

,completely rrnplantable system whrch has been 1mplanted successf ully in black-tailed deer .

f (J aoobsen et al. 1981) and moose (Renecker et al. 1982, Renecker and Hudson 1983). |

B “The objectlve of thrs study was 10 evaluate heart rate asa correlate of?energy

' expendlture in tethered moose. This chapter presents revrsed equations based on data collected

over a period of 22 months.

LY

B. Methods and Materials o e g
— e, ' l

Three hand-reared moose cows (No. 135 447 and 449) were mamtamed ina2ha
lpasture at the Mimstrk Wildlife Research Area near Edmonton Albe on an
~ aspen conoentrate ration descrlbed by Schwartz et al ( 1985) Animal werghts varied between
280 and 420 kg and amrnals were 2.510 5. : years old.
Telemetry System o ’

Heart rate was obtained by telemetry f rom two types of implanted transmitters

desrgned for a battery life of 2 ) years One transmrtter unit (Model HR13) described by Weeks

et al. (1977), thh electrode leads of 8 and 56 cm relayed a stgpal to a transceiver neck collar

‘(Modesnnﬁs Wyormng Biotelemetry. Inc.). The other system was oompletely tmplantable e

T 3

N (Jacobsen etal. 1981) with electrode lengtbs of 15 and 56 cm (Model BCG 1- 1000 J Stuart oA
. Enterpnses) Eaeh transmitter was tungd toa specifrc frequency withln the range of 150 880 to

\
o, T



N o, .

151 880 MHz The lmplantable transmitter (manufactured by Wyoming Biotelemetry, Inc
‘Model HR13) measured 30 mm X 30 mm x 10 mm, wenghed 20 g and was manufactured to
" transmit a maximum drstanoe of 46 cm to the repeater type neck collar ataf requency of 100
KHz The implant f rom J Stuart Enterpnses measured 14 cm’ long x 3 cm in drameter and

J\ weighed 125 8.

The data reoetvmg system consisted of a a receiver (TRX 48A wildlife Materials, Inc.),

dtgltal data processor (TDP 2 Telonics) oonnected to a pulse period to pulse-rate converter’
Cupal ConSultlng Engineer) installed in a dual channel recorder (TDR -1, Telonics)-and a
12- volt Globe Umon Gel Cell. Signals were received on two 11 element yagt antennae with a °
\ ophaslng unit (Wildltfe Matenals lnc ) mounted on a 18.3 m tower. A rotor was mstalled on
thea standplpe to allow manual rotation of the antennae from the central laboratory
Surglcal Procedures .
Prlor to surgery. animals were f asted 24 hours to reduoe the poSstbllity of bloat and
regurgitation. Each ammal was anaesthetiz.ed with an mtramuscular lnjectton of etorphine
(0. 025 +0.002 mg/kg) and xylazine (1.08 :l:O 17 mg/kg) Atropine 0.5 ml 0.60% solutrou w/v
o distilled deionized water) was adxmmstered to prevent excessive salivation and stabilize heart .
\ ‘ rate. The larger oompletely unplantable umt was sutured inmally. usmg absorbable suture
" material lnto a polypropylene mesh pocket to prevent 1mp1ant movement and later this was
' substltuted with non- absorbable silk suture when the pouch separated after 30 days Before
o surgery troears and polypropylene mesh were sterihzed in a mixture of chlorhe:udme or
zepharlne chlorlde oold sterrlant and water (1:1or 1: 750, respectlvely) fora mmrmum of 20 o
~ mlnutes 'l‘hey were then rinsed in sterlle sal;ne ' / B
The implant prowdure followed those of Freddy (1977) Three incisions were made in -
A the ventral side of each ammal A3 cm dtagonal mcision was opened antenor to the’ anticrpated o ‘
lmplant slte. near the loose folds of skin at the base of the neck, about 5 cm off midline, A -

" pouch was dmected bluntly m a natural pocket for xnsertron of the xmplant Imttally, thts |

s
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(Brody 1945).
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inctsion was 8 cm for the completely tmplantable unit but was redueed to 5 cm when placed at
the antrcipated mrdpomt of this transmitter Incistons (3 cm) were ma‘de near midline at the -
.anterior and posterior end of the stemum The anterior mcision was of’ l‘ set laterally by 5 cm N
f rom nudlme The electrode leads wete passed from the neck pocket to the appropriate areas,
the bared ends were sutured mto positron in' the underlymg sternal muscle wlth nonabsorbable
Sllk suture matenal and then incisions were closed with absorbable suture material
Postoperatwe treatment with toptcal and mtramuscular antrbrottcs reduwd infection. Ammals

were grven an mtravenous in jection of diprenorphme (0.05110. 004 mg/kg) to reverse the

effect of the anaestheticr .

.C. Energy Expenditure

A face mask constructed from plextglass and expanded neoprene, wrth one- way valves
made from dental dam was ‘used to collect reaptred air f rom non-fasted, tethered moose. Trials

of simultaneous measurement of* oxygen consumpuon and heart rate we@ conducted on o

selected days of above average average and below average air temperatures f rom J anuary, 1982 .

. to October, 1983. A 10 mmute collectton of resprratory gas was made T rom each animal wrth a

face mask and meteorologrcal balloons durtng standmg and lying postures Volume was |

‘measured wrth a dry test meter and oxygen extraction ona Beckman Oxygcn Analyzer (Modcl

,.7003) Calculattons of metabolic fate were based on the calonf ic equivalent of 20 46 K17 of

oxygen at STP (Macbean 1970) Pulse rate of the ea.rdtac cycle was momtored stmultaneously

~and’ expressed as body weight'° 3 10 standardme measurements for changes in body weight '

-

.
i N . y .
v y

| , ,/

Least squares regressron analysrs was used to eompute fi rtted linear and exponénttal hnes '

for the data Slopes and mtereepts of computed lmes were. statistically comparedl with a t test
 for confidence intervals (Sokal and Rohlf 1981). The confrdenee mtervals for calculated e =

‘ mtereepts were determmed from a computed asymptouc standard delnation (J ennriclr 1981)

. . i ' . N v ,l ‘ ) “ :
g . ) i N 3 . o . N .




D.Resultsand Discusslon - . L. oA

Evaluation of Telgmeuy System - R " \ . . | L ,' R ‘I)" o
| . - | Several obstacles which prohibited long term measurement of heart rate of moose had |
to be overcome No occurrenee of trssue inf ection was observed with these prowdures under
field conditions With experience duration of surgery was reduoed to less than 45 minutes. P
Operating lii' e of the completely tmplantable unit was less than 2 montbs as a result of |
| electrode breakage This problem was rectif ied by bratdtng numerous, strands of\paoemaker S
wire Reoently. Weeks et al ( 1977) strengthened the electrode leads of the repeater type aystem ,/
eliminating this problem However. the repeater type system farled because the bared electrode R
tips. at the anterior of the sternum. pulled out of the nniscle Tlus was solved by increasing the ‘ ,
- anterior lead to 38 cm and the use of nonabsorbable suture material Def ective batteries redueed . '
the operational trme of implanted transmitters to less than slx days on one ooeasion
Transmitter rejection oecurred tn three eases FolloWiﬁgslnn abrasron the largest
completely implantable unit was rejected through the skin layer at 4 to 5 months after the
irnplant operation The animal was not in poor health and the. area healed rapidly Thrs problem
‘ could be eliminated by fi urther reinf oreement of the neck pocltet wrth polypropylene mesh
Chronic implants of the repeater type system have been tn operatron for over one year m -ﬁ |

penned and f Tee- ranains moose

v

-

System Performance

Field testing of the two telemetry systems was eonducted i‘or more than two years

Effective lme-of-srght range of the transeeiver neek oollar was 3200 m and about 500 m for the "1 : o

eompletely implantable unit Signal strength was rnfluenced by topography wrth effective range S

; when animalstnoved into topographic depressions Also orientation of the animal
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B "not posrttoned Imtrally, heart rates were nOt transmitted f Tom animals equipped with |
repeater type systems when therr heads were lowered and the transeeiver neck collar moved out - |
- of range of the rmplant A modif ied identifrcation neck collar (Freddy 1977) plaoed anterior to ‘
the repeater type neck collar maintarned a maximum distanee of about 30 cm between the
- implant and the external transeewer umt j BRI - | _, e
Stgnal quahty was not redueed as a result of motion artif; act and "T" wave Violent -
oL ‘movement. such as shakmg and runnmg generated vrrtually no amfact An improved
‘electronic desrgn of the repeater- -type unit reduoed electrode movement arttfact and generated
R K "T" waves (Weeks et al 1977) Nevertheless ‘some unwanted srgnal noxse was apparent on the }
! -strrp chart recordings Srgnal quality was further unproved by a second generation model of a
L mrcroptoeessor described by Cupal (1977) whrch proeessed heart pulse rate signals within
| predefmed hmrts Unfiltered arttfact and norse were separated by vrsual insmctlém of the |
changes in pulse wrdth In addruon this pulse rate converter was self calibrating at hourly
\ | mtervals and generated a movmg average over either 2, 4 or 8 heart rate pulses 'l'he device, was -

‘ ‘xnoperauve when roorn temperature approached O'C This problem may be eliminated by

L mstallation ofa strap heater tn the compartment contarnmg the electronic circurtry
- n Heart Rate and Energy Expenditure "o

R Results of the tnals in thts study mdrcated a close relattonship between energy
expendtture and heart rate There was a signrfrcant (P <0 001) hnear and exponennal ,. S )

associatron between heart rate and metabohc rate f or mdivxdual ammals (Table IV l) -

Generally. the hrghest correlatron eoefficrents rangrng between 0.94 and 0 98 were observed": o
| wrthanexponential equation . . '.

Compansons between regressron eoeffrcients indieated there was no stgmficant

dtfferenee (P >0.05) between slopes of tndivrdual r’egressron lines‘ for: the three rnoose. Lund

(1974) and l(autz et al (1981) suggested that:the vanation in’ slope’may result fr om ag
Sinee age and time of ealibratlon were .

seasonal effects and drf ferenoes rn physrcal eondition.
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simrlar f or the three gows physieal eonditton may have aecounted l' or most of the varlability

There was no srgnifrcant drfferenoe in the mteroepts for moose no 135 and 449 (P >0 05) but \ “ ,[:; ]

' there was a srgnif ieant dif ferenee for moose. no, 447 (P <0 05) Webster (196/) and. Brockway R

and McEwan (1969) attnbuted the variabrlity between domestic sheep to nervous dxsposition

' Kautz (1978) suggested that a consrstently hrgher heart rate fi or grven energy expenditure in

: mule deer may result from leVel of nervousness level of condiuomng. sex and body weight

At

- dif! ferences ln addruon small srgmfrcant drfferences among mtereepts would be more easily
- shown when determmed from a large sample whrch may be refiected by anlmals no. 447 and
Coae S e

4.‘,, . . o v ‘L\

P

» An overall pooled equatxon was computed from werghted regressron coei‘ f icients- '«
(werght equal to error degrees of f rwdom) and averaged interoepts (th IV 1) lf thrs
elatronshrp was used to predrct the mean metabolic rate for mdivrdual animals then estimates
would drffer 4 2% (l 5 KJ /kg BW° "/hr) to 5 1% (2 7 KJ/kg BW° "/hr) i‘ rom- those calculated“
wrth mdmdual regressrons for moose no 447 and 449 respectweiy 'I'he mean equation =

overestrmated metabohc rate predrcted by the mdmdual régressions Of moose no 135 by 9% ,,. v

’I‘he re;luctron 1n aecuracy m thls ease was probably a result of a small sample swe

R - l."."“
e . R

R
2,

Respiratory Rate Index o -V o

toed

P

Srgmf 1eant eorrelations (P <0 01) also wea detected between respiratory rate and
v é ‘
energy expendrture (Table IV 2) A srmrlar relatronship was detected for moose caives whieh.
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C E‘ Conclusions

S

Long term tmplants with good transmittmg range have been developed i‘or monitoring

‘heart rate Improved surgieal techmques low powered mimturized curcuits prevention of
. : moisture leakage and reduwd stgnal artifact make heart rate telemetry a practical f teld method

f or remote momtonng of physiologrcal changes in heart rate of f ree- rangmg animals ’l'his |
techmque can be used f or studytng activrty budgets responses to novel strmuh and . |
envrronmental condruons as well as energy expenditures . | = Ehe

, Although f actors rnay conf ound the relattonshlp between energy expendtture and pulse
rate of the heart the high correlation coef i‘ 1c1ents mdtmte that‘the heart rate index was a good
‘ ‘ predictor of energy expenditure m adult moose Although cahbrauon fi or the mdtvidual animals -
generated the most accurate predictors of metabohc rate dlf fi erences between the wetghted
| mean equatton and indrvtdual estimates of mean energy expenchture were Iess than\lo‘lg for ?
three moose cows. Therefore this weighted mean equatton could be used to study energy |

L

expenditures of adult free rangmg moose cows‘ ;

( . . . . Y
R , . .



F therature Cited -

BROCKWAY J M and E. H MCBWAN 1969 Oxygen uptake and eardzac perf ormanoe m the

sheep J. Physiol 20 661 669

BRODY S 1945 Bioenergenes and Growth Hafner Press New York 1023 pp
CI{BRMNYKH N A and N N MOCHALOV 1987 Age physrology of resprrauon and heart
activrty of moose Proc Sec Int Moose Symp Uppsala Sweden SWedxsh Wildl Res (m
press) . ‘ S ‘ ‘ o
CUPAL 1.3, R W. WEBKS and G KALLENBACK 1976 A hean rate actmty bxotelemetry" SRR
system ror use on big game animals 'ln Bnotelemetry I’II TB Fryer HA Mrller H
" Sindler, eds., AeademxcPress New York, NY. p. ngm o R
| f CUFAL J J 1977 Aponable mrcroproeessor based heartrate~ and activny recorder foruse . R
with biotelemem Int. Conf del Biotelemetry 1 9+ 14 ' ‘
FREDDY D J. 1977 Snmeobile harassment of mule deer on cold wmter ranges Colo Dw ’ f (
‘ ledl Fed Axd Proj W 38 R 32GameRes Rep July. Partl p i89- 104 ,- R
FREDDY DJ 1984 Heart rates for acnvines of mule deer at pasture 1. ledl Manage 48 -

e o R B T
L .\r' VA \

962 969

R R

HARGROVE rL and J A. GESSAMAN 1973 An evaluauon of respiradon me asan .
individua] monitor of free lmng metabolism In Boologreal Energencs of Homeotherms -

A View Compatible vmh Ecologrcal Modehng J A Gessaman ed Utah State Umversrty SN




IENNRICH R. 1981 Nonhnear Regmsxon In: BMDP Statrstieal Software w.J Dixon ed,. o
- ': Universrty of Californxa Press LosAngeles Ca P: 290 304 i’ : | ' ‘ |
JOHNSTON R H RA MCARTHUR and V. GEIST 1980 A blotelemetry system for -
monitonng hean rates in unrestrained ungulates Biotelemetry Pauent Montg 7: 188 198
KAUTZ M A 1978 Energy expendlture and heart rate of acuve mule deer fawns M S
Thesrs Colorado State Umversrty, Ft. Collms Co 85 pp. o RN ‘." |
| , KAUTZ M K W W MAUTZ and L H. CARPENTER 1981. Heart rat( as:predtctor of L
| o energy cxpendlture of mule deer 3. Wildl Manage 45 715 720 | |
. . LIEB J W and 'C. L MARCUM 1979 Bnotelemetric momtonng of" heart rate and ac‘.uvrty m

oA

BRI elk. rm Conf wudl ontelemetry 2: 21- 32.

LUND G F 1974 Tune and energy budgets by telemetry of heaﬂ rate from f ree rangmg

black tarled prame dogs in natural and in model envirgnments Ph D. Thesrs University

- d . y

- .. of‘Iowa lowaCny IOWa 165 pp \‘ I; s s o 3 | |
MACLEAN 3 A. 1970 Stmultaneous dtte;:t anid indirect mlonftc measureknita oncattle. . .

Eurqp Assoc An Prod Publ 13 229- 232 x ',gj. S EAR

./.'

MATI'FELD G F 1974 The energetrcs of wmter f oragmg by whtte tatled deer -2 perspectwe

| ~oon wmter conoenu'atron Ph D Thests State Umv New YQ Coll Environ SCl and

v ‘ Lo

For Syracuse NY%Bpp Voan o ~ ‘. : S

OMAUTZ W W and J FA!R 1980 Energy xpendtture and hean rate for actlvmes of .
', whlte tarled deer 1. wncn Manage 44 533 342 s ’-‘»»;é\f, “ j-'f;
‘ , PARKER K L andCT ROBBINS /19/84 Thermoregulauonmmule deer and elk Can J
L Zool 62 1409 1422 “/'5% / | ‘/




N, b

" \
(W
\
\,

N ‘ @

T RENECKER L,A R.J. g)SON MK. CHRISTOPHERSEN anqc ARELIS 1978.

" Ef] fect o ey, feeding low temperature and wmd on energy expendlturesof moose p

<

calves Proc North Am Moase Conf Workshop 14 126- 140

RENBCKER L. A R.J. HUDSON and D.J- FREDDY 1982. Heart Yate as a inZex of energy

expenditure in moose, usmg two telemetrXsystems Int. Symp. Bnotelemctry 116-119.

N

T RENECKER LA andRJ. HUDSDN 1983. Winter energy budgets of fres-ranging moose,

using a callbrated heart rate mdex Im Conf. Wildl Blotelemetry 4: 187 211.

> 'ROBBINS, C..

. Wildl. Mah ge'.’4§:445-453. . ', ,‘ .S

SCHWARTZ) C c,‘; WL REGEL'IN and A.W. FRANZMANN. 1985, Suitability of a
formulated ration for moose. J . Wildl Managﬁ 49 137- 4. N
9 -

SOKAL., RR. ana . ROHLF 1981. onmetry The Pnncnples and Practice of Stausues in
Ereeman and Co., San Francxsco CA. 859 pp

. ;. Biological Research Second(,Ed

WEBS’I‘ER A*J F. 1967. Conunuous meashrement of heart rate as an mdieator of the € ergy

o A
expenditure of sheep Br 5. Nlhr 21 769-785. o .“] \

KS R.W., F.M: LONG and . J CUPAL. 1977. Aumproved ,gepeater heart rate

B !

Mcmeuy fo; use on wildiife. Jnt Conf wucn ontelemetry 1280 e

» i
. ;
b : ‘ § ; R N



V. SEASONAL ENERGY EXPENDITURES AND THERMOREGULATORY RESPONSES ®

I

A. Introductlon N , h e
. . A .

Seasonal metabollc rhythms occur in a number of northern/w/ ld ruminants including

mule deer’ (Freddy 1984 Parker and Robbms 1984), white- tatl;d deer (Silver et al 1969, Sauer
/

1973, Holter et al. 1976 J acobsen 1978 Maggn 1978), wapm (Lieb and Marcum 1979, Pauls et

al 1981 Parker and Robbins 1984) btghorn sheep (Chappel and Hudson 1980) and bison

\
(Chnstopherson et al 1979). The amplitude of thbgcycles varies widely among species.

. Although condmons of measurement have not been hxzhb standardized, $mall cervids appear

more cy(:hc thanlaxge bovids but whether this is related to phylogenetlc relationslups body size
Y

or dtgesnve strategy is not clear Inf ormauon'on moose,.a large browset. may help to resolve
o thlsquesuon \ Lo \ ‘ R . :
Ctrcannual thermoregulatory 1esponses provtde an mdtcauon of the *puve limits of

wild ruxmnants The lower cnttca.l temperature is usyaily def’ med as the tempe.rature at which
) 4 ' .
= metabohc rate increases to matntam homeothermy. Upper crtttcal temperattge is snnllanly ‘

def med as the temperature at whtch metabohsm tncreases in response to heat and is assocrated

w1th hyperthermta Parker and Robbms (1984) descnbed seasonal changes in thermal -

\'
-

‘ ‘sensmvxty of both mule deer and wapm and revxewed much of the current hterature on other
wxld ruminants. - - ' .

e Data-on seasonal cycles of metabohc rate (Regehn etal. 1985) f eed mtake (Schwartz
V.. etal. 1984 Renecken and Hudson 1985a) and body wetght (Schwartz et al, 1987 Renecker ancl

w
Lo

'Hudson 1985a) of moose have been pubhshed recently Although the metabollc response of
ealves to cold has been studxed (Ret.ecker et,al 1978) thts is one of the f rst studtes on v
. ;seasonal thermal sensmvity of adult females Specxfic ones were to (l) determme e

A version of -this cha ter"'has;i""been pubhshed Renecker. L A. and RJ l-ludson
" 1986 Can. J. Zool. 64z 32 7




relate seasonal thermoregulatory responses of Moose COWS to ambient temperature.
B. Methods and Materlals |
| Seven hand-reared moose (two males, five females), ranging in age f rom 12t0 70

montbs, were malntained within a two ha enclosure at the Ministik Wildlife Research Area,
,near'Edmonton. Alberta, on a pelleted aspen-concentrate ration (Schwam et al. 1985) of! fered

ad llb,itum.'Although‘ data on body weight changes were taken on all animals, only tgyo COWS

\yere suitably trained f orfmeasu’rement of metabolic ‘rate by indirect calorimetry. |

; . L | S'l ) :;‘ “ . B S ‘.

- Bloenergetlc Parameters - |
’ Metabolism tnals ylere conduoted l‘rom wmter 1982.to autumn 1983 on. two a!lult o

f emale moose (Eve and Alice) tethered in lndmdual open wooden-rail ‘stalls. During March,

. November (1982) and April (1983) Allce and Eve were fasted for penods of 50 to 59 hr and

metabolic Tate was measured at selected tnterv;ls Normally. “animals were standmg quietly but
on several*oecasions opportumstic measurements were made wlien they were bedded. '
Resptratory gases were collected using a face mask and several neoprene meteorological
balloons (expired eapaclty of 350 1. as described by Renecker and ‘Hudson (1985b) Volume of |
gas explred in each 10 nun sample period was measured by emptying tlie balloon through a dry
. test meter and oxygen conoentration by passmg a sample through a Beékman Oxygen Analyzer
| ( Model 7003) Metabolic rates were ealculated .om oxygen eonsumptxon assumtng. in the
" absence of me.{surements for RQ a calonflc equivalent of 20 46 km of oxygen at STP e B AR

.(MadLean1970) e T

Tw

Heart rates were recorded simultaneously With the eollectxon ot‘ respxratory gases usmg



e
&Y

= v temperatures Two phase regressidn techmques allowed soluuon of unknown slopes andpomt

- ’ | \
\5 '

Rectal and skin temphratures were measured af ter each collectlon if posslble wlth 2
tele thermometer (YSI Model 46 TUC) and a rectal probe (YSI Senes 400) Skin temperatures
were taken at three sites (rmd tlngh side and shoulder) on each snde of the animal.

Thermal Envlronrnent | ' R . | T

 Air temperature' was recorded with an alcohol thermometer lnstalled ina Stevenson |
screen Windspeeds were determined with an anemortfeter mounted‘ at‘l m height, ‘adlaoent tol
the stalls A globe thermorneter mounted on a camera tripod in an ad jacent stall and set about

mld hetght to the ﬂank of the moose. was used to deterrmne black- body temperature lt

- conststed of a 10.2 cm copper ball cock - parnted mat black with a thermometer mserted through

a black rubber plug Air temperature black globe temperature and wind velocrty readings were

converted to radrant heat load using the 1 ormula of Bond and Kelly (1955)

oA

CRHL = K/efv (1g - ta) + 0 Tg*

. '

where RHL— radiant heat load (watts/cm’) K = convecttve coef ficient for'a spectl' red 10 2

| 'cm drameter globe e= ermssrvity of globe surface (assumed tobe0. 95) v= arr velocxty

‘(cm/,sec) tg'= temperature of globe ('C), ta = temperature of axr (C) d = o
Stel'an ‘Boltzman ConStant (5 67 % 10-1 watts/cm'/'l() and 'rg =18+ 273 ('K) S
g ;vswnsﬁw T SRS RS
| Lmear curv;hpear and two- phase regressxon techniques (least squares methods) ;

(Draper and Smith 1981 J ennnch 1981 Ralston 1981) were used to summarxz.e relatlonshtps

" .: between thermoregulatory responses and envu'onmental condmons and to define upper.eritleal o :

i of'intersec tronoftWOtren  using dumn




R

.+ '1981). Iterative procedures were_used to bompute maximum lilrelihood"estimates (Ralston

" occurring dunng chinook condrtlons Darly maxrmum heat loads were measured during July : o

| Winter when weights of both sexes declmed by 7% to 25% reaclung lowest values durmg late
S R \
- Aprll and early May Dhring late wrnter. losses of 0 57 kg/d were recorded

RO the one eow that was pregnant. There was a loss of 13 6% mbody wetght at parturitron whrch

reflected the weight of the eoneeptus. ._:;.

[ ‘. . '7) Lo DN .

“

4
N

. ‘ ' * : :"-. ‘. t ‘.l

C Results .

_Seasonal changes in average meteorologtcal measurements are presented m Fig. V.1.
During winter ambrent temperatures ranged between -32’C and 6C wrth warmer temperatures
and August when black globe temperatures ranged between 28‘C and 42°C, but were generally

low during 1983 when wind spwds were sltghtly hrgher Durmg the annual cycle, wnnd spwds

‘ranged from 0 to 26 m/sec

'DBodyWelght S S

Weight followed a seasonal cycle in both sexes desprte unlu?uted avatlabrlity of hrgh
quallty feed (Fig \Y 2) During late May and early June, werght gams (x :tSE) of cows ,
averaged 103+ 0. 40 kg/d while bulls gatned 0.90:+0.33 kg/d. Declmmg or static wetghts o

. oecurred dunng periods of htgh ambrent temperature During the rut, bulls lost up to1.3 kg/df‘
™ while cows lost over 0. 70 kg/d Af ter the brwdmg season werghts of bulls mcreased unttl early .

Wetght gauis during the tlurd trirnester of gestauon ranged between 0 8 to 3 8 kg/d for -

x
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ua} ﬂuctuauons in ambient tempefature, (Ta) black globe

‘temperature (Tg) and ‘radiant heat load (RHL) from' January 1981 to
’September -1983 at thé" Ministik Wﬂdhfe Research Stanon Alberta. - .-
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"V"Fxg V 2 Smsonal body wexght cycle of six moose from July 1981 to Apnl
‘ : 1984 at, tﬁe Mxmsuk Wﬂdhfe Research Stanon Alberta e
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ambient’ temperaturw (
by eye- L

22'C). dunng ijmmer Sohd lum were mted

/
S

'Rmch Stétion, Alberta Symbols enclosed thh a large opcn cxrcle u: o
,,mdlcate periads { of " chinook * conditions . (>3'C) ‘during - wintér " or ‘high
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LI‘* ! 4l3 .?. il K ’ , J P -»“
¢, t ' ’ “-"36'1‘ :
l&etabolrc rates of the same two cows (Eve and Alioe) declined by 32% to 68% (6 2 to
. . ',9 llk.l /kg,BW" “/hr) wrth f astmg dunng tna.ls condueted tn March November and Aprll (Fig 3

L ‘_1v 4) Dechnes were most marked within the first 24 br.and approached 4 baseline in.
g . ‘approxunately 40 hr These asymptotxc values provtded esumates of f astmg metabolic rates e

a " whrch Were approxrmately 310 kJ /kg BW° ”/d in N0vember and March and 450 k.l/kg BwW® ”/d

Q °tnAprﬂ R SR T L RV

; Ené'gyCostofStandlng : . ;j E " .
. | Parred measurements (n 16) taken penodically as opportumtres arose allowed
calculauon of the energy‘cost of standmg ’l‘he energy | mcrernent between lymg and standmg
;~ postures was 4. 210 6 K.l/kg BW° ”/hr representu?a 25% mcrease in energy expenditure
S EnergyExpendrturesand Heart Rates ;f. : ‘ o ‘ \"; L ,‘ o .?_7“ {oo
) - Energy expendrtures and heart rates of moose cows while standmg varied with f :

. . L NN

- \:J“ ' ambrent temperature dunng wxnter and summer (Frg V 5’) During wrnter, two- phase : .'

- . regression analysts mdmted that ambtent temptatures above 5 LC stimulated metabohc

o 'rate A sumlar upper cnttcal temperature for wmter heart rates was calculated at 2 b C

_“H,

5 i ‘:whrch corresponds to the yomt when these ammals 'sta'rted thermal panting (see below)



. ! “ \ ‘4“ * : ! .
Bffect of fasung on. mean (iSE) metabohc rates of two" ..
: mqase\ cows in ‘November, March and Apnl at the. Mxmsnk ledhfe
sl . '
' " ] s -,y - s . ,
T . ' .\‘ - ) ) .
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¢

Effect 'of ambient temperature (Ta) on respiratory rate, .energy
expenditure and heart rate of two moose cows during winter,
(December to April) and summer (June to September) at the Ministik
Wildlife Research Station, Alberta. Closed circles represent winter
values and small open circles summer values. Winter symbols enclosed
by large opgn circles represent data for an extreme chinook condition
in early winter*and were not included in the regressions.

r
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. |
~ incluided in two-phase regression anal)Jsis of slopes and intercepts.

5 S ' | .

'

Pantmg t&a major coolmg mechanism in larger ruminants. Respiratory responses

to ambtent temperatire differed markedl l between winter and summer (th V.S)..
' Durmg winter, respiratory rates ranged from 3 to §8 breaths/min. Two- phase
regression analysis indicated that, -below 0.4°C, respiratory requency remamed rglattvely

constant at 6.140.2 breaths/mtn Above thts winter critical temperature, respixsat?ry rate

mcreased raptdly (3 2 brcaths/min/‘ C) to over 40 breaths/mm at 11'C dunng chinook

'condtttons. Because of the rapid nse in temperature during chinooks, which apparently

~ exaggerate thermoregulatory responses; the extreme value circled in Fig. V.5'was not v

The upper critical temperaturl f or moose was higher during summer. Respiratory *
rate increased exponentmlly (r=0.79, P <0. 001) between -1 O‘C and 25°C. Thermal
panting occurred above 14C while dpen- -mouthed pantmg (60i7 breaths/min) occurred

at ambient temperatures above 20‘C1 '

Rectal and Skin Temperatures
4\ .

Rectal temperatures ranged front 38.0°C to 39 TC wtth an overall mean of

38.610.1°C. Durtng winter, there was no srgmf icant relattonshrp between rectal

temperature and ambient temperature butﬁunng summer a sxgml‘ icant correlatton '

‘(r =0. 77 P <0.01) existed. between these parameters (th v 6)._

Skm temperatures ranged from 27t8 Cin wmter to 38 3 C in summcr Generally

"lower temperatures were recorded on mid thtgh dunng late winter when wmd speeds were

over 18 m/sec Skm temperature mcreased (r=0.89, P<0 001) wrth ambient summer

temperatures (th v 6) whtle no apparent pattern was observed in wmter except that :

‘ mean skm temperatures rec0rded at - -25C were srgntf tcantly lower (P <0 05) than at

[
i .

warmer temperatures. - . o
, \ . A .

‘ Respxratory Response'

¢
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7

Fig. V6. - 'Effe?n of amBicnt temperature (Ta) on mm (iSE) Kin (Tsk) “
e ean "rectal (Tr) temperature' of two moose cows .during winter,
- (December. to April)’ and ‘summer (Juge to September) a) the Ministik
fWildlifc Raearch Station, Albcna o .
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| , Seasonal Metabollc Ratesf :
PR H’“' ""l‘- "

summer dnverge more wrdely than commrable mmurements of 552 and 904 kJ/kg BW* ”/d

“

- respecuvely. made by’ Regelin et al (1985) On Alaskan mOOSC Smee not all data used for these

estlmates were made under thermoneutral conditrons and smoé‘tycles fi ot our moose tended to, - »

drf fe er in the two years'of study. this slrghudif fi erence probahly does not represent subspecrf ic or -

b latitudinal adaptauon It is possrble to generalize ﬁxar the amplitude ot” the resung merabolrc

cycle of moose ‘is highdmon& wild ruminants, Srnee both ré deer (Wemer 1977) and b%son

W ot e

/ (Christopherson et. al. 1979) exhibrt much smaller oontrasts bétween resﬁng metabohc rates R \“-

‘ \

T f o dunng summer and wmter 1t appears that nexther body sxze nor dxgesuve adaptauon (browser
'vs grazer) is'a srmple determmant of the metabohc cycles rn tummams The problém wuh

interspecies compansons 1s that measurements are not standardrzed m* terms of calorimetric

N N N . \ 'I
¢ '-"'w .- A ‘\ v 'd

o N techniques l‘wdmg regrmes and dret quality ";\“' U A ﬂ\.‘\' : T

RN Restmg metabohc rates mclude the heat meremenk%/drgestion and nument l,

oy 0 .
o 2
. 4

} "@ _' ) metabolisnl %emfom restmg rnetabohc cycles are expected 10. have greater amplrt,u‘ﬁes than ’ ’ ';‘ '

w0
H‘ ~

o » ‘l.‘if - fasting metabolic cycles and more clogely follow seasonal changes in fwd mtake Surce fasnng

[

' w L tnals were not conducted at the extreme polnts in the annual g:ycfe ’it is qot possrble to make

§ I s , direct compansons mth data for a wrder Spectrum of specres (Hudson and Chnstopherspn - : g“

SR ;"k A u'- RN

SR 1985) However an immessxon qgthe magmtude of the feedmg mcrernent was, gained Fasnng

‘1 LA . . ‘;
' ‘mmbﬁlc mtes were 6 tD 9 kJ/ks BW" ”/h.r lower than restmg metabohc rates and were srmrlar et

‘o declines of »7 8 KJ/kg:BW‘-”/hr determrned for moose calves (L A Renecker unpubhshed

TR data) Regeun eral. (1985) detected a'narrower dxfferenee of 4 go 5 kJ/kg BW"”_"“ "“"’““
E ed'_ and fasr.edéAlasltan moose on thesame pelleted ratmn Drfferenees are PrObéblY “lated to :

. S U] s . . . g L . . ; . . o
. - B v B £y Tt ! - * At : . ) ) * '




A

" expenditures seasonal and inter spectfrc compansons are usually made on the basts of

. , week period of mamtenanee f eedmg to remove the ef f ects of prtor nutritton (Hudson and

v Smce the heat tncrement of fi eeding makes such an important contribution to energy

measurements taken after a 72 hr f ast. Butt aecordmg to stnct dermiuon this should l‘ oll yw a 3

" .,"_‘
RS

Chnstopherson 1985) This procedure ts,seldom f ollowed in wrldltfe studtes 50 reported values RN
-are.not htghly standardized Nevertheless f asted metabohc rates in winter when animals are

expertencmg wetght stasrs should approach condrtlons consrstent With the conventronal

! VL

' . def mrtion of f asttng metabolic rate ln thts study, f astmg metabolic rates of adult moose in

November and March were 340 kJ /kg BW‘\"‘/d close to the accepted mterspecres mean of 293

3 kJ /kg BW° 7374, (Hudson and Chrrstopherson 1985) when corrected f or the»apparently hrgh

: energy mcrement associated with standmg Regelin et al (1985) measured fasting metabolrc

rates ot' 356 kJ/kg BW”’/d for recumbent adult Alaskan modse - ‘(’ o -

-‘ﬂuctuattons m forage qualtty growth rate endocrme acnvrty and photoperrod (Satler 1973

s )

In general mrcannual metabt)hc rhythms of northern ungulates seem ltnked to | ;

o

‘ McEwan 1975) An tnmnsm metabolic cycle entramed by photopenod appears 0 be

=) relate to the redtiction of energy urrements in wmter when f orage supplres are ltmrted

'consequenceofreduced energy rntake. S T ‘. : “

A \

V‘exacerbated by a supertmposed cycle of f orage u‘akehnd perlfaps smoothed by elevauon of
metaboltc rate wrth chromc cold exposure (Webster et al 1969 Young 1975 Chappel and

Hudsoh 1978) The declme in energy expendttures durtng winter may be either d cause or "

~
e i\ . el A
J’l

o ! Y Oy ";‘ R . i

ORI
Beyond the questton of regulatrqn is. one of‘ adapttve srgruf rcanee Explanatrons of ten

e
"l

e
.stn,

W

. ‘, .However compared mth the mters pecres mean wmter meta'bohsm rs not depressed rather - : -




al. 1978) of restrng mLtabolism Regelm et al. (1981) rneasured lncrements for adult moose‘ ' ': 2

‘ . Vo

) o whrch ranged from 25% to 69% of f‘astrng metabohsm depending on the level of alertness and
movement Bstunates f or other specres mclude 18% 25% of restmg melabohc rate for wapm | ‘:‘ ) '
(Gates and Hudson(%lﬁ& Pauls et alr 1981 Parker et al 1984) 13% of resung metabohsm f or
bighorn sheep (Chappel and Hudson 1979) and 61% to 150% of resnng rnetabolrsm for ' -
- ;" white tatled deer (Mattfeld 19’14 Mautz and Eair 1980) mule deer and black taxled deer RN

o (Kautz et al. 1982 Mautz et al 1985) Although dij’ferenees rnay haVe an anatomrcal basrs the . 3

b

role of alertness must be consndered Measurements on wrld rummants are almost always made "

* r',

opportunistically and experrmental anﬁnals are more hkely to bed when they are relaxed

PR

Hence standtng measureméﬂts of ten mclude effects of arousal as well as posture. - 5

(AN SN b, Ok

Thermal 'Iolerance T B S
- \" " ) '3 ! l ¢ ¥ ' ‘

Adult moose are extremely tolerant of cold but are suseeptrble to heat stress tn both

s '
\ ?

: summer and winter Temperatures as low as - 30C l‘atled to sumulate metabolic rate although

S

plloerection Oec\ured Well fed'moose calves‘are almost as tolerant (Renecker etal 1978) As

o expected ; moose are less sensitive to cold than smaller ungulates such as brghorn sheep - ; |

SN
o

X as (Chappel and Hudson 1978) and deer (Freddy 1984 Parker and Robbrns 1984, Mautz et al

kR
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'I’he winter upper crmeal temperature ( 5 to 0 C) of adult moose cows 1s srmrlar t0 that

' determined for moose ealves (Renecker et al 1978) and metle deer (Parker and Robbrns 1984)




S ‘ R |
. o - A e “»"“:l\\v‘v . 4 Lo -
In summer upper tbermal llmrts arél4 to 20‘C Sumlar results have been obtained f or
moose ealves which untrated polypnea at temperatures above 17'C (Chetmnykh and"Mochalov .
1987) Upper cntml temperatures f or mule deer and waptti are IO‘C to IS'C higber (Parker

and Robbms 1984) Thermal pantmg m smaller wrld ungulates generally commences at hngher

B

ambxent temperatures than detennined for lhoose (I@obsen 1973 Holter et al l975 Parker ’_

- dnd Robbms 1984) o o T |
Compared w1th work on other wnld ungulates (Parker and Robbms 1984) mean skm S

temperatures of moose appear lugh when ambtent temperatures are low Species drf ferences in '

' msulauve value of balr coats may account for thrs dtfference Chnstopherson et al. (1978)

t\\

f ound that the wmter coat of brson provrdes more external msulatron Telative to lts depth than a
pelages f rom erther yak (Bos grunn!ens) br cattle whrle me thermal msulauon of the wmter
harr coat of brghom sheep ranks between blson and cattle (Chappel and Hudson 1978) “The-

long wmter guard halrs (9 10 crn) and dense undercoat may greatly mcrease the eXtemal

g
2t -
‘

msulatmn of moose
e ' rlg ,' , “ ‘,., ‘ S (,' r. .';‘I' e f . ’ ‘.\y"' ' ;“
Ecologtcal Implications S L

' Vo ' Factors hmmng the bto@ograplucal dtstnbutiOns of moose have been ldentif ied as l’ ood
‘ supply./chmate and habltat composruon (Kelsall and 'I‘elfer 1974) ’I'he results of thls study
| ‘ emphasxze the 1mponance of clunate Although moose are superbly adapted to cold they are

mtolerant of heat and alger darly pa‘ttems of behaviorr and habxtat uultzanon in an attempt to
| seek shade and water (Flook 1955 Knorre 1959 Kelsall and Telf er 1973) In thrs study, ‘moose
- remamed bedded on snow in shaded areas wrth tllen‘ legs extended dunng warm wmter days T .:"/
The tmbact of heat stress extends beyond the mere alterauon of actunty budgets and hab;tat o
selecnon In ths study. food mtake and body condruon declmed during hot sumrner penods.:‘_

The southerly dlstribuuon of moose rnay well be def med by suxnr}ler operauve temperatures;
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PART C. COMPARATIVE DIGESTIVE PHYSIOLOGY
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V1, COMPARATIVE DIGESTIBILITY OF FORAGES AND PARTICLE SIZE
DISTRIBUTION IN FECES OF MOOSE, WAPITI AND CATTLE

A

A lntroductlon

‘ Dlgesta is removed f rom the rumen through the competmve processes of dtgcstlon and

'

passage the rates of which largely depend on plant composition. Forbs and browse often have,

hlgher proportlons of lignin or cell solubles to cell wall fiber than grasscs, resulung in' more .

, rapld degradatron but lower asymptotrc drgesubtltty (Mertens 1973 Uden 1978). Rates of
particle slze reductron also dtf f er among forage classes as do the shapes and densities of

' partrcles whrch are able to pass the reticulo-omasal oslium

‘ Rummants show a variety of anatormcal digestive adaptations to diet. On this basis,

‘ ’they have been claSsrf led as concentrate selectors mtermedrate or mrxed feeders and roughage

’

gra'zers Selective fi eeders have relatively small and sxmple dlgestrve tracts while grazers have
large rumens and varrous structures which slow rate of passage (Hofmann 1973).
Although anatomrcal differences have been thotoughly documented and f uncuonal

, mferences made (Hof mann 1973 1984, 1985), defrmtive tests of these predtcttons have recerved

[

attentton only recently Conststent with anatomrcaL desrgn. concentrate selectors seem to propel

[

dtgesta raptdly_ through the drgestrve tract f ermenting mamly soluble carbohydrates Roughagc
grazers retaln fi ood pamcles in the rummoretrculum to allow trme f or more complete digestion

l of fiber. ered feeders adopt an mtermednate strategy and often dlsplay marked seasonal )

adaptatton However mteracuons between ff orage charactensues and season have not been f ully

.‘ evaluated

\
‘e

- 'I'hls study was conducted to explore these mteractlons in moose waprt’ and cattle as '
representauvve large browsers mtxed fi eeders and graners respectrvely The smcrf ic: objective |

.was to dtstmgursh the relatrve roles of f ermentatton capacrty and passage rate in dtetary

: adaptauon This chapter compares rumen f ermentatton and passage rates of grass

. (tunothy -brome hay), forbs (alfalfa) and browse (aspen l‘ohage and twigs) during winter and

-

84
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summer. Size distributions of feed pamcles in feces were also examined to test the prediction

that grazersdelay passage by retammg particles of smaller dimensions.
" B. Methods and Materials

Animals, Diets and Pe'rlods\ " i

One adult moose cow, two adult wapiti steers and two adult Charolais-cross steers
fitted wizh ruminal eannulae (Renecker et al. 1982') were maintained in outdoor pens during
mals conducted from J anuary to April and July to September, 1982. Wetghts of the moose,’
wapiti and cattle ranged from 265 303 302 347 and 611 738 kg. respectwely

Dietary mg&tents were selected to represent major f orage classes. grasses [Umothy

(Phleum pratense)-brome (Bromus lnermis) hay], forbs [alfalfa (Medicago sativa)], and

h

browse [aspen (Populus tremuloldes)] However, since moose are unable to subsist on pure diets

| of grass andmt.tlem unable 1o subsrst on browse, the f ollowmg three mixed dtets were
' composed: (a) a l 1 mixture of alfalfa and timothy -brome hay, (b) 100% alfalfa and (c) al:l
combination of alfalfa and erther aSpen twrgs or foltage during winter and summer.
'respectively. . o | | L "_ |

\

Alf alfa and timothy- brome hay were chopped pnor to f eedtng, in approxtmately 10 cm

lengths with a New Holland Tub Gnnder Aspen twigs consrsung of the current annual growth

£ rorn saplings cut dunng late winter, were chopped mto 2-3 cm lengths whereas aspen f ohage

" offered during summer consisted of leaves stnpped by hand f Tor mature trees. _The chemteal L

[

0800 1000 and 1700- 1900 hours. Level of feedmg was adjusted to 90% of the daily voluntary

| dry matter intake during the 12dtnal penod SRR T .' o AT

Species interactions were studted only wrth grass hay and alfalfa drets Stnee moose

| rarely eonsume woody stems during summer;. f ohage was the appropnate diet to test dunng thxs '

. timé. period. Further it would be difficult to preserve volumes of fresh vegetanon for several’ .

1.
'y . e ~* B

composition of these dtets is given m Table VI. 1 Ammals wefe f ed ad.libitum twice daily at .
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s months in a study 'of this scope HoweVer compartsons were made between seasons and ratro '

using orthogonal seéts of comparisons (Steele and Tome 1980) and the contraSt suhcomman

s P in one- way procedures of SPSS (Anon 1983)

Rumen Dry-Matter Disappearance .

C The rate and oompleteness of f orage digestion can be determined most directly by' -

‘A

suspending nylon hags containtng f orage samples into the rumen of af tstulated ammal (Playne

- et al. 1978) Potenttal souroes of error ansmg from bag fe.atures sample charactertstrcs

rations mcubatron prooedures ume ef fects washout methods and repltcatron can be rnmimrzed
. |f these vananons in procedure are recogmzed (Mehrez and Orskov 1977 Uden 1978, McBrtde

X 1980 Orskov et al. 1980, Hawley 1981 Setala 1983) ‘ ‘ , - : oo
Bags contarmng fi orage samples were made oi‘ Nttex monof 1lament nylon bolttng cloth |
(B. & S H. Thompson and Co Ltd ) Mth extemal dtmenstons of 10 X 15cm and a porosity

" of 10 pm Dried forages were ground through a 3 mm screen ol‘ a Chnsty Norris laboratory ,

V‘mill Approximately 3 g were werghed mto each bag. tied wrth a drawstrtng (Orskov et al. 1980) '

- were incubated in duphcate for 0, 3 6 12 24 36 48 and 72 hr. Rumen pH was measured When B
" nylon bags were plawd in the rumen Upon removal bags were washed and. oven- dned at 60'C )

| to constant wetght aecordmg to the prowdures of Orskov etal (1980) Dry matter digesubihty IR

was calculated as the pereent change in the dry weight of the bag contents The pro&dure was

—

conducted in duplteate f or the moose since only one ammal was avatlable Mtcroscopy was ttsed o

W exarmne pdre stze of each bag after each incubauon and drsmrded if deviation from 10 pm

t

' ~‘W&SOb$eYVed » h - : ‘v o .. . : “ ."'-v'*.: S

’

K

Dry matter disappearanee was ealculated as the percent change in dry wetght of the bag '. :

,contents. An iterative least squares curvrhnear regression prowdure (J ennnch 1981) was used

\ .‘"to ealculate asymptottc dtgesttbthty (A, maxtmum potenttal dtgesttbthty %) rate of degradatton e P
L -(k %/hr) and mtercepts (B) on the dtgestibility axis whreh represent the component of dry '

hd .' -
e
PN

“ o a 250 mi sarnple bottle f; illed with sand and then plawd in the ventral sac of the rumen Bags .

I
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\

-

matter degraded raprdly Asymptotes rate constants and intercepts were compared by analysis |

of vananee usmg SPSS prowdures (Anon. 1983) and Duncan s Multlple.Range Test (Steele o
' I, " i ‘ u L

andTomel980) R TR ' R | o

o E PotenUally dtgesttble neutral detergent f tber (NDF) was determmed [or each forage
(except ttmothy brome hay durmg summer) r rom the bﬁ% removed at 72'hr Dry matter ' 1\ n

resrdue remammg in cach' bag after mcubauon was analyzed for NDF content (Goermg and "’"

Van Soest 1970) Samples of f orages were also analyaed foi' NDF acnd detergent f iber and acrd

detergent ltgmn accordmg o Goermg and Van Soest (1970) Tlte relationship of potentially ."

Il,
\

dlgesuble NDF to hgmn content Was explored by least squares hpear regression j~ i b :-

SN SE
S T Tme < S » R
= Samples of: elther ttmothy brome hay alfalfa tremb‘lmg gspen twrgs (not for wapttl)q e ,g ‘
. “ m wrnter and alf alfa and trembhng aspen f ohage m summer were sround ﬂ\roush a 3 mm " N x

’ 'screen made mto a slurry with dxsttlled water and f racuonated usmg the wet sreving “"Chhiquc 3

», \ e .A ‘i . "“..".n
Y

P (Kennedy 1985) The 1 2 mm swe fraetron of each forage was mordanted wrth mvalent
: chromrum (Cr) usmg the method descnbed by Uden et al (1980) lnxually, 11 2 g ol? the of the '

"Cr mordanted f tber were placed in a paper bag and theni’ntroduced mto the gastromtestmal

pa e

‘e - f., S Sy

' tract vra therummal eannula : Lﬂ X . ':VT 1\,“'" ‘ ",' * o L ' \,l,'f"?""'
) LU Y P . N A EA r.."\ o A:,.*' o




R 1 L4 . [ . N o - : . . .
oo . o ! N v '
v " was calculated as the reciprocal of k, (Hungate'1966). -~ = . .-~ - B -‘
. R '- R ) T R ! -.‘,‘ ! W o S i 1

| .Pamclesmnmbunons . S I L

e r“" , B ' ‘ o N g . »
N Reduction of fwd partrclcs toaslz.eeligible for leavmg the rumen 1san unportant o
oo ) . L

Rt actor inﬂuencmg voluntary mtake dlgestlbrhty and retentwn time of feeds in ruminarits
( Wcston and Kennedy 1984) Passage of particles can be expressed in terms of crmeal sms e ‘, " ,
. whnch pass into the lower tract (Poppr et. al 1981) or alternatlvely m terms of drstnbutxons

described by vanous mathemancal f uncnons (Mertens et al 1984) part:dularly the lognormal
' \ dtstnbution (Waldo et al. 1971) used j m this study " s ' 'f;' “ T
P Parttcle size dlstrlbutmns of f ecal samples f Tozen at 20’C were obtained by a manual 2 ’ :
. wet sicvmg technique (Dxxon and Mrlligan 1985 Kennedy 1985) Thawed fecal samples of 158 .‘ oo
: f rom moose and wapitt and 25 g f rom eattle were made 1nto a slurry wnth 21of sahne solutfon.;i

The mixture was sieved usmg a logarithmrc serxes of screen opemng stzes (7 4, 4 0 3 35 2 0

‘ 1 .0,0. 71 0. 50 and 0 25 mm) Matenal retamed on eachr sreve was oven @M at 60'C to o , y
N determme dry matter Partrculate matenal whrch passed through the smallest screen aperature E '
E was subsampled (4 repltentes) welghed centnfuged at 13 000 g for 10 mm. washed vnth

distilled water and reecntifuged and then oven dned at 60'C m order to obtam the wexght of ‘
smallpauclw IR S e ';; o ,j. . -

.‘,

.

a

o The log normal drstnbutron was frtted to the cumulatrve werght of partrcles over the " -
R size oTscreen aperature and the sreve opemng sxzes as descnbed by Waldo etal. (1971) Particle . ' |

- s;zcrd_;sﬁhuﬁons were expressed m terms, of loglo mean (:!:SD) pamde size, (MPS) in um.’ | -
| Also. the cumulatxve pereentage of dry matter retamed on screens was reported as large paructe

srze (LPS) (>3.35 mm) 1 3. 35 mm and <1 0 mm Analysts of vananee (Stee]e and Tome

.."

] ;\,j'; E 1930) and orthogonal ooniparisons (Anon 1983) were apphed to MPS data.
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P above. Analysis of variance was used to test significance ‘between treatments. - L
, ) “ ' D ' 1 ' : i ' - .
' C - ) N A
C. Resuits ' e U ‘
P f, i
' ' A} t " I‘ t 4
: Potential Digestihllity L R S RaNUA
« ‘, ‘ Coave ‘ ’ ' C ' ‘*e' ‘
T Patterns of dry matter dtsappearanee are summanzed tn Fig Vl 1. Paramcters v

4

" computed f or dry matter drsappearance curves are presented in 'I‘able VI, 2 Potential

' ‘ s

RN (asymptottc) dlgestthtlmes (A) dld not vary srgmf tcantl among rummant spectes (P >0 77)

| ‘ Although diets were- sxgmf icantly dtl' ferent (P <0 001) no dtl‘ ference between seasons ‘: L |
v (P >0 06) or in, the diet x season tnteractton (P >0 92) was observed f or grass hay or alf alf a.,
. ,‘ Potenttal dtgestrbtltty of aspen fohage was consxstently htgher (P <0 001) than for twngs :’ -
| © Alf alf a and aspen f ohage were smnlar whtle aspen twrgs showed the lowest potenttal L

‘{1”"

dtgesubtllty. sngml‘mntlx lecs than alfalfa (P <0 02) Grass hay vaned sxgmfxcantly from both

N

i aspen twigs (P<0 oo1) and foltage (P<0 002) ,. :

\,.' \-: ’

N

\
. -yu_ :




e

‘rF'ig: VLI Dry matter disappearanoe of four forages from nylon bags incubated

in- moose wapiti- and cattle dunng vnnter and summer and fmed .
. asymptotxc curvw

«
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Fig. V‘I,‘Z_. ‘ Regressnon of potennal dlgesubxhty of cell wall (NDF) on hgmn
‘ ‘content of - forages S o
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*ADW Matter Disappearance Rates e . "

[}

estimates the rate of drsappearance of potentrally dxgestrble dry matter These rates (%/hr) drd

contentofthefwd o ,‘,‘ o o , o : e

\ o = ’ v

aspen twrgs and fohage were srgmf rcantly hrgher than erther grass hay or alf alf a (P <0 04)

' Intercepts of asymptottc regressrons were correlated (P <0 001 r=0. 74) wrth cell soluble £

0 . . e W ; i et

’

The slope (k) of the relatron between dry matter drsappearance and tncubatroh trme

LI

]

. mot drf f er srgnif 1cantly among rummant specres (P >Q 23) Drf f erences were evrdent betwecn

RS

1

o Rates of. dry matter drsappearanoe were srmrlar (P <0 40) f or aspen twrgs and f olrage Htghest

e

alf; alfa (P <0 04) The pH of rumen contents of moose wapm and cattle was srrmlar and -
.o) ¢

graSs hay. and alfalf a (P <0 04) and in the diet x season tnteracuon (P <0. 05) of these fi wds

‘ A d

i
' n

mean rates of dry matter drsappearance were observed f¢ or aspen twrgs which had stgnlf rcamly
. _— . 1
hrgher rates of fermentatron than wmter grasses ( P <0 003) but were srmtlar to alfalfa ln "y ‘

summer rate of dtsappearanoe or f oltage was stgmf 1cant1y hrgher than grass hay (P <0 05) or A R lf

[
[ '
i ————

N

averaged676:l:0061nsummerand696&:003mw1nter e

N

Because of the sloWer rate at whrch potenttally degradable grass hay was broken down\ o '

3

the halﬂf ‘life for the matenal whrch,could be degraded was 161 31 hr The ume of mcubatton L

at wlndh one half the potentrally drgestrble dry matter drsappeared ranged between 9 and 15 hr o

ooy

for aspen twrgs and Ieaves and 8and 17hrfor alfalfa TR o

' AR PR o v, " TR
P - _*.‘ SO -zt

4 : T Y 2N P T . N . . .
: . e i . oL ) SRR

v

Ratas of Partrculatel’assage EE N ﬁ o _-?:-'I"‘f‘l‘ s

Rumen tumo erhmes of 1 2 mm pa;trcles are grven in Table V1. 3 in the wmter tnal fa

O : S

the mooseretamed alfalfa longer than either tnnothy brome hay or aspen twrgs In summer, ‘._‘;‘ . ;’,_:"‘ Y

..,u-

tnrnovex tunes of alfalfa wet‘e surpnsmgly short Aspen fohage wis also propelled mprdly
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constant between seasons. Cattle retained food particles longer than wlapitiv for all rations,

however flow rates were considerably lower than those of moose on aspenl'twigs and foliage

diets.. .

Fecal Partlcl"Size Drstrlhutlons S - I . B ; 5
BN )
Mean partrcle sizé of fi ecal samples or each diet, species an’season are presented in
Table VI -4 as means of 4 samples No specles dif f erences in MPS (P >0. 12) or %LPS

(P>0. 08) of fecal resxdues were observed, Differences in MPS due to diet (P <0.009) and diét

[

X season mteractron (P <0.003) were apparent for grass hay and alfalfa. No diff erence ‘was

’

detected between MPS of feces for aspen twrgs or Jeaves (P >0. 11) but MPS was markedly

vlarger when ammals were fed aspen twigs or f olnage m compar:son to grass hay (P <0 01)

" Mean partlcle size of frozen and ref ngerated fi ecal samples from cattle were srmllar (P >0. 05)

” ‘ There was a tendency for the MPS oF f ecal particles to be larger in all ammals fed .
rauons contammg aspen leaves or twngs but was markedly higher in moose. Parttcles of

f ragmented aspen leaves collected in the LPS f ractlon of moose measured 12.6x7.6 mm in size.
Large fecal residues up to 13 7 mm long were collected from moose fed the grass hay/alfalfa
ration, however these particles were-only 1.1 mm‘ in width. Moose appeared to pass a larger
proportion of particles in the LPS and 1-3.35 mm pools when fed aspen/alfalf a diets. However,
percentage of particles passmg throughethe 1 mm screen decreased. Wapm passed a relatlvely

' constant proportion of partrcles in the 1-3. 35 mm f ractwn on all diets except for winter alfalf; a.

" Large cylindrical pamcles measurmg 23.6x 2 l mm, wefe collected in the LPS fraction of feces |
from wapiti fed 100% alfalfa. With cattle f ed grass hay/all' alfa, a larger percentage of i orage

, residues were passed as <1 mm in size whtch is related to the low MPS However when cattle

' "were placed on'a ratron of aSpen/alf alfa, the dlstnbution of largcr partrcles tended to increase |

concurrently with MPS .

Based on the critical pamcle size thedry of Poppi etal. (1980) ; different threshold .

. ranges (<5% of fecal particles oversize) were observedjor mpose and wapiti. Critical particle

i
P
.
Lt
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, ‘:.f' ‘dlsesuve capacity. parucle slz.e breakdown and passage rate would be expected Large partlcles B
- "‘.»'Of 81‘&88 dtets high in cell wall content have a greater resrstance to removal from the rumen than

Al size f or escape from the ruminoreticulum and passage through the lower gastromtestinal tract
: ‘ vwas hlghest for moose rangrng f rom 4 410 6.9 mm wlth the probabrlrty of passage mcreasmg -
. ‘for hrgh lignin ratrons In wapitrl critical size was lower rangmg between 3 2 and 4.8 mm. g
' ‘ .‘l ' ‘4

D. Dlscussion A
‘ Although ruminants drf fer in thelr abnlrty to use vanous l‘ orage classes, it rsvnot clear o
how thts is accomplrshed This study attempted to dtstmgursh dxf f erences related to mlcrobtal
. f ermentauon ‘and retentnon by offering a oonoentrate fi eeder (moose) roughage f eeder (cattle)

and mixed feeder (wapiti) ratrons consumed by the other typcs. Fermentatxor; capacrty of these )
ruminants was compared on the basis of dry matter digestion f rom in sttu incubatlons of o , ,
" browse, grass ‘and forbs in nylon bags. Dif’ f erenoes in the sortrng process of the reuculo omasal
orif lce and its tolerance of large partlculate resrdues or rctentron for f urther oomrrunutron were
'determmed from lnspecuon of partrcle size drstnbutions of fi eces and passage of a specrf ic - .' -—
partrculate f: raction _ o . |
Conoentrate selectors would be expected to have a low mpamty ‘far drgesuon of diets v

. rich in f iber (Van Soeat 1982) smce they have adapted to f aster passage rates (Huston 1978)

On the other hand roughage feeders with capacious rumens are usually non-selectrve fwders

: | adapted for retent]on of ferrnentable cell wall matenal (Hofmann 1973) ered fi eeders would
- be expected to have a greater capacrty to drgest frber than concentrate selectors (Mould and . f o
o Robblns 1982 Baker and Hansen 1985) whrle mamtarmng drgestrve plastrcrty for effrcient o
3 g' ‘utillzatron ofhrowse diets hrgherincell oontents R g

ll‘ these rurmnants were f ed 1l orages to whrch they were poofly adapted - dif fi erences m

[

| highly lignif i,ed legumes whrch fracture more easily during masticatron (Popp1 et al 1980 Char

N -,.T"-""jer al. 19841’ 1935) and should be retalned 1onser in eatﬂe *md °“‘ ‘h‘“‘ in moose. L°"g°r




" of digesta m the browser with a tubedltke gut Consequences of tlns plan would be more RS f‘ L

'
»

"

. . ), . LI . - N ! o o R L\ i !
' l ', AN ! oy
Vo v o

profound tf chewing ef fi tcrency of broWsers was lower than grazers when f ragmentmg long grass

/-l". IR

i‘ ibers. 1f such dlfferenoes dld exnst ‘then one would expect the browser (moose) to have ;{ S "

[ N
. N :
) Yy .'

dtfflcnlty mamtammg a hrgh level of mtake Because browsers rely pn rapid passage rates (Van 'j- '

Hoven and Boomker 1985) moose would probably become bulk hmlted on grasses ln contrast
‘ l
hrghly ligmfied cell walls in browse f orages prevent extensive degradatron by cattle

ln tlns study, f ermentative capacmes of moose.,;wapiu and canle given equal . ‘
opportumtles for drgestrve adaptation were not srgnif lcantly different This suggests that ,' -; i R

dlgesuve adaptatrons are pnmanly related to regulatmg the ﬂow of f wd parucles and t:hangmg A ,'1 s

Ty

absorptive Surf aces. thh the exceptmn of diet selecuon rummants seem unable to ad Just the

o ' ‘..\"l‘

| rumen envrronment suf l' 1c1ently to select drf f erent microbial populattons Passage rates did vary

“ 1t was not possrble to srmply rank specres accordmgly to typtcal passage rates smce this varied ‘ S

B vvndely _wrth dret_. A - \ L

| FermemﬁonCaPaciw e DR e

e

K 3 \ FR
seasonally and this seemed to be achreved by passrng larger partxcles during Summer HoWever

. . “ e g A [ L . -
an . S, . . . [ e
. R PR - ot Vo R L R

The nylon bag techmque allows the ef fects of passage rate and partrcle srze reducnon

by ruminatlon o be controlled When tlrls 1s done microbes T ound i the rumens of drff erent ‘

n

spemes seem to dlgest frber svrth equal ef f'rctency Snmlar resnlts have been reported for ln slnT

compansons of sheep and cattle (Pngge et alv 1984) and in vitro compansons of wapxti and

- sl .
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‘(Morris 1984) The present study has confirmed this aspect and slrown that drgestibrhry of L
:, , NDF decreases wrth cell wall lignin Although the ligmn oontent of the leaves and twrgs from

' L ! ‘

- tshrubs is higher compared to grasses and alfalfa (Oldemeyer et al. 1977 Milchunas etal 1978, . -
‘H jeljord et al, 1982) browse provrdes a higher percentage of cell solubles (Chapter m) which R
| ’ 181831)' disappear in the rumen (Morris 1984) Browsers mixed 1 eeders and graz.ers do not - :

“ . s | . v ‘ ‘ . ‘\ |.;, | ) e,

‘ ?g,},differiritheserespects W .‘ ;’ S T L

5 i . ‘l , . \ [ o W h t |
* . B ) \ ' A . o >"

Diff erenees between mean asymptotrc digestrbrhty by ratron largely reflected the LT ) i o

; L ‘marked dif ferenees m digestible oell wall materral These drf f erenoes are largely attnbuted to the .

e R NHEN

o influence of ligmn which forms complex cross~hnkages wrth other eell Wall fibers. Nevertheless

PR IS :

- lignm redumd its inﬂuenee on dietary frber of ~aspen leaves accounting f or higher oell wall .

AT ‘;,"digestion : R '-}'v ‘_-' e \ SR

oot

S . Progressively hrgher rates of digesnon were observed wrth hrgher proportron of readily
\ 'E.;.I iy.'"‘fermentahle eeli solubles Smce eell contents are 98% digestrble (Robbtns 1973) peak
‘ 'l : 'fermentation oocuns shortly after feeding (Van Soest 1982) Grasses have a lower proportion of
FE oell solubles a hrgher amorint of dietary frber and IOWer rates of fermentation than browse |

' \. : Moose clearly retam grasses longer than browse however browsers are nutrrtionally unable to |

f” 0 ) k2 e adhere to the oonstraints of long retention and extensrve eell wall digestron since they lack the

L. o . o e o oy
. RN 3 do

s . W o [ ' R \

. ,".;,"“,Z'._eapamoustumensofgrazers e ,’ I o wt o coen e

il Computed lntercepts suggested a 51°W°f initral rate of fermentation with some forages et v
o i--',v,:f(’I‘able VI 2) Factors ai'f ectmg rnitiai fermehtation rate could be related to. hydration and
e .'1'.,,':'_physieal alteration °f the frber (Mertens 1977) or trme mquued for bacterral attaehment to feed .

S ";panicles cAikrn and Amos 1975 Mertens’ 1977)a1nadequacy of the mrcrobes to handIe ,‘

R fermeniation by furmshing more frbrous oomponents than bactena ean aecomodate Further“ ’
e ";_at pH levels 'bove 7 5 or below 5 5 frber and organic matter digestron ean begome depressed
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o e Kluetics of Particulate Breakdown and Passage o
‘ e Hof mann (1973 1984) generahz.ed that passage rates should be hlghest tn browsers and

L | lowest in grazers Thts study conl' rrmed thrs hypothests but pomted out an addttronal

- J

compiexrty related to dtlT erences between diets. Moose (browsers) were consistent wrth 2

X "Hofmann s (1973 1984) predrctron Grass ratrons ret)urred a greater ttme f or parttcle srze ‘

¢

S reducuon before resrdues escaped from the rumen of moose whereas pasSage rates tenrled to

’
-I ‘w\

| . decrease wrth hgnin content in cattle (grazers) 'l'hese pattems mdrcate the. penalty of dtet RO

K e f 1brosrty~ m a browser wlnch only holds a distrnct advantage tn rate of passage over other o

3

T rummanttypeswhenconsumingbrowse T .' DR S

Rates of paruculate passage are regulated by rates of parttcle size reduction. Species
o exhrbmng highest rates of passage should pass larger particles Partrcle srze reducuon m

_— rutmnants can occur by mrcrobtal dtgestxon chewmg durtng eatrng and rummation and

‘ " - ) rumrnorettcular contract;ns However chewmg dunng eattng and rurmnatron of fi eed particles
- g-is predomrnantly the most xmportant means for reduction to a sxze suitable f or passage (Ul'yatt *
. '1983 Ulyatt et al.’ 1986) Stnee there 1s ltttle posfrummal change tn partrcle swe distribuuons of | '
' ‘» drgesta (Grenet 1970 Poppt et ‘al. 1980) parttcle srze drstrtbuttous m feces collected m thrs o ". .
' ST E study should be representatrve of partrcles eseapmg the rumen : .‘ EEREI o
| Although the rumen pool consrsts of both small and large partrcles wrth vanable - |
E probabilrtres for eseape (Egan a.nd Doyle 1984) rt 1s meamngful to speak of crrtrcal srzes for
'-v"passage to the lower tract Studres have mdicated that such crrtteal dtmensmns are between 1 s

. and 2 mm in sheep (Poppt et al 1980) and 2 and 4 rnm m eattle (Ulyatt et al. 1986) This

Voot ’ N

; "study has added mformatron on browsers and mixed feeders e '.-',!. LT -

Hofmann (1984) has speculated that the dtfferences tn cntreal particle sxze m fi eces ol'

."' browsers could rei‘lect seasonal fluctuatrons rn the size of the retrculo omasal orrf 1ee and close '

7__ »assocratron of hqurd and sohd pools in moose (Chapter VII) Another profound factor may be




T ;,"the absenee m the rnmen of moose of a frber mat wlnch has been assocrated wrth flltratron\ N

f‘

! RN 'eseape than, l‘or grazers Smaller hmrts for esc:ape can only rmply a greater need for < &‘

;- v N S i and sortmg in’ eattle (Van Soest 1982) and when ehmmated may allpw larger pamdes to \‘, _‘ I

‘n | . '\ .

“-fragmentation DU e “

T

| ol Each-rumrnant uSed each dtet dtfferently For grass hay/alfalfa ratrons hrgh in oell wall ‘

f L s he materlal moose and eattle passed partrcles of a sumlar srze hoWever turnover trme of the

'
i

S . Cr mordanted grass pamcles was longer in moose sugggsung a resmctron m flow Thrs pattem
- lndlcated that vanauon m the partrcle size drstrrbuuons is. most hkely a f unetron of f ragrllty of

ST the dret eff 1c1ency of chewmg and passage rate. Values of the log, mean partrcle srze of cattle m
: ‘ ‘W this study are consistent wrth data from other\ mvesugatrons wrth cattle fed a grass hay or o
t’ . 5 - ‘legume dret (Murphy and Nrcolettr 1984, Kennedy 1985) but hrgher than data presented by

J aster and Murphy (1983) However httle rnforrnauon exxsts on studres wrth wxld ungulates
| 1 ‘of f ered browse drets. Ulyatt (1983) mcheated that cattle are less eff 1crent m the reducuon of
vingesta partrcles than shéep. Hofmann (1973) also hypothesrzed that carte passed smaller feed

‘.'. 3’; o particles than browsrng rurmnants asa result of a smaller reuculo omasal orrf ice and the need

: " o L f or more complete f iber digesuon Further rhe conoentrate browser may of fer a eertam

' . ’,
BES

N " plast;crty in- the srze of thrs openlng in relauon to frber type (Hofmann 1984) .
:“'»".{ L ﬂ_ ‘ Fecal partrcles of aspen leaves from moose passed at a faster rate and had a larger LPS

pool than reoorded in the other rummants The large square drmensxons of the aspen leaves

(thin ln depth) and rectangular shapes of woody twrgs may reflect the effect of frber hgmn on. =
fragmentation (Troelson and Campbell 1968 Mertens 1973) Grass hay was fragmented mto ‘

residues of long cyhndncal parueles often wrth f me curled edges rn "S" and "Y" shapes whlch




‘E. Conclusions
C - o From the results of thrs study, we carn conclude that a browsmg ruminant such as o
. moose rehes on rapld f ermentauon of dlets hxgh in cell solubles The abihty of thls ungulate to

‘ extract adequate energy f rom f oods wnth low asymptouc dxgestiblhty is dependem on R‘IT Thls |

]

is relatedio their abxhty to propel larger parncles through the rumen and not become

' bulk hmwed by grass dlets whlch requxre long R’IT bef ore reachmg maxlmum digesubihues
N
. prxte the s1mtlanty in retenuon umes and pamcle dlsmbuuons of the 1-2 mm f racuons of
f' / .
o wapm f ed dif: f erent rauons u is probable that thetr ablhty to adjust chewmg rates may be the

controllmg step ’I'he outcome of tlns study would suggest that f unher comparauve mf ormauon
about chewmg behaV1or and partrcle snze reducuon in rummams w1th dlf ferent dtgesuve

/'\ "-.v‘.vl.4
N strategnes is reqmred before a more comprehenswe understandmg can beachxeved
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. VL RATE OF PASSAGE AND TURNOVER TIME OF DIGESTA IN MOOSE, WAPIT1

o

AND CATTLE ~ ~

" Ruminants have’ radlated in consxderable variety since thelr a‘ppearance in the Eoccne ‘
th ferences in their feeding strategies are reflected in. morphologlcal changes of their dlgesuve o
tract, On this ba51s ‘Hofmann (1973) classif jed African ruminants, and more recently |
numerous European and North American Cervidae (Hof mann 1984, 1985) into’ three
categories: (1) browsers (concentrate selectors), (2) grazers (grass or roughage eaters) and (})‘ "
1@ermedlateormrxedfeeders o I a . |

Gastrointestinal structures in rushinants delay passage of dretary f rber o vanable

degrees Rumens of selective feeders are relauvely small with f ew phvsxcal barners but well
paplllated for uulizmg dle;s with rapidly f ermentmg eell solubles (Hof mann. 1973 Langer
1984). There is no advamage in retammg hgmf |ed dxets once f ermentable nutrients are -
extracted, so browsers propel dxgesta through the rumen raprdly (Van Soest 1982) Presumably;
faster rates of passage result from a less selecuve but variable reuwlo-omasal orifi lce ’
{Owen- Smrth 1980, Hofmann 1984). Roughage | feeders generally have a highly developed and
capacious rumen with numerous pillars and narrow ostia (Kay et al. 1980). These
compartments are filled to near capacity during feeding in bulk feeders whereas rumen fill ls
somewhat less in browsjng ruminants (Van. Hoven and Boomker 1985). Grazing fuminants can
mgest forage wrth a higher cell wall content since the constraints of raprd passage are relaxed

)

Between these two extremes mixed feeders have rumens of u'ansmonal size and they are

'eapable of selecung and dxgesung grasses, forbs and browse depending’ on seasonal avaxlabxllty

‘ and quahty (Hofmann 1973). ' 5 ,__,_*_

ﬂ the past, comparative investigations on d:gesme function have lacked o
standardlzanon Compansons made f rom animals in drf ferent studies thh drssxmnlar rauons or

feeds have lacked consxstency More recently, studres have eompared retenuon times of poor

Y
\

12 .
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quality and milled diets in sheep and'red deer and f ound ‘shorter resndency times of solids i in red
deer (Kay. and Goodall 1976). Valtonen et al. (1983) f ound that retention time of mtdues in
the rumm‘orettculum of reindeer was shorter than in sheep Compansons among grazers have.
shown that a mixture of alfalfa and grass hay have longer retention times in btson and yak than
cattle (Schaefer et al. 1978). Rumen turnover times of liquids hat/e been compared between |
muskox (0vlbos moschatus) and reindeer fed pelleted rations m Alaska (White et al. 1984), | ! d
while Baker (1983) compared digestive capamty and flow kmettcs of a small browser, the mule
deer and a mixed f eeder the wapiti, fed several rations. Foose (1982) studted trophtc strategres‘
of numerous capuve exottc rummants However, there are f ew critical compansons of the

_ digestive kinetics ‘of browsers grazers and mixed feeders of fered browse, grass and..mrxed drets.'

Material is rer'noved f rom the digestive tract by the prooe’ssesof dxgesuon and passage.

In Chapter VI, digesttbrhty of forages and parucle size dlstnbutrons of f ecal residues in moose‘
(browser), cattle (grazer) and wapiti (mixed f eeder) were mvesugated Objectives of this
experiment were to determine the kinetics of particulate and hquid passage in these three h

~ species fed diets representative of those pormally selected by each and to determine 1f fibrous

grass hay pamcles will pass more slowly than lignified browse Trials were conducted in winter - .

and summer to evaluate possible seasonal adaptation.

0

v

B. Methods and Msterlali o | o
Comparatxve rate of” passage mals were carried out dunng winter (J anuary Apnl) and
summer -(July- September) wrth three ratlons whtch covered the dletary rangeencountered by

,moose wapiti or cattle A grass hay/alfalfa*ratnon hxgh in cell wall c0ntent and hgnin

'reprecented diets eaten by bulk f wders An aspen/alfalfa rauon tugh in both ceu solubles and -

"ligmn was chosen to represent the typical dxet of a conoentrate selector A homogeneous alfalfa

, ration represented’ a diet mtermedxate in chemtcal composmon and physxcal charactenstxes

e .
kY
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Anlmals and Diets

L One adult moose cow, two aduit wapttr Castrate males and two adult Charolats cross
.steers were fitted with rummal cannulae (Renecker et al. 1982) Body wetghts (BW) of the
| _moose, wabru and cattle ranged between 265- 303 302 347 and 611- 738 kg respectrvely Durmg
wmter ammals were exposed to temperatures Whlch ranged from - 31 C1to 10 C ln summer,
amblent temp\eratures were markedly htgher and ranged from -2°C to 28’C
Pure dt\ets of grass hay and browse ‘were not of ered because of the potenttal dil‘ fi tculty
in maintaining adequate mtake The three chopped drcts consrsted of a 1: 1 mixture of all‘ alf a
‘wrth (a)nmoth& brome hay, (b) 100% a’lf alfa or (c) etther tremblmg aspen twrgs or f ohage '
dunng wmter and\\summer trials, respecttvely Alfalfa and umothy -brome hay were
mechamcally chopped mto approxrmately 10 cm lengths Aspen twigs consisted of current
" annual growth from saplmgs durtng late winter and were, chopped into 2-3 cm lengths Follage '
included leaves stripped from mature aspen m early summer Ammals were fed twice datly |
between 0800 1000 and\l700 1900 hours ad ltbltum for three weeks to detenmne voluntary
mtake Voluntary mtakes ol‘ moaose, wapm and cattle were compared on the basis of g dry‘ |
matter (DM) mgeSted/ kg BW since mtra speciftc changes in rumen capacrty ‘scales |
'rsometrically wrth body weight (Van Soest 1982) Feed off ered was ad justed to 90% of the

determined dry matter consumpuon rate durmg the 12 day tnal period in an attempt to

)"

eliminate uneaten portions. IR
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| .paper bag. was admimstered through the mmmal cannula on day 1 of each tnal The mass of

Dy bound to labelled feedstuf fs ranged from 5 3'to 8. 4 mg Dy/g DM wtth hrgher values

s

associated with thealfalfadiet . e - T "
A soluuon of Cobalt EDTA (CoEDTA) (15 g) and drsnlled water was mtroduwd mto

the rumen on day 1 for esttmauon of rumen liqtud volume and tumover ume The water

‘ soluble marker was prepared as a sodmm salt accordmg to the method of Uden et al (1980)

4

L B .
f,.ml) of the supernatant was drluted with 0 3 M HCl to a volume of 50 ml Samples were
s ,analyzed for Co coneentrauon by atomro absorptron spectroscopy L

Rectal grab samples of f eees were collected every 3 kir f or the fi irst 36 hr every 6 hr fi or :

1 day. and then oncc each day unul 120 hours. Samples of rumen soltds were collected f rom

Y

three sites of the middle stratum followrng the schedule descrlbed for feml grab samples

" Volumes (20 ml) of rumxnal flmd were collected every 3 hr for the first 24 hr and then every 6
:' hr until 72 hr. Feeal and rumen partrculate samples were oven dned at 60°C for 48 hr and
" ground through a 20 mesh screen of a erey rmll Subsamples were. wexghed mto trradtation

: vrals. the remaimng volume of each vial was’ 1) tlled with sngar to unmobthze the sample and heat

ed Oven dried fwd samples were ground through a 20 mesh screen or a they Mrll and .

o dry ashed in 2 muffle f urnace. by 1gniuon at SSO‘C for 4'hours A quanuty of 6 M HCl was

| f‘required to dissolve the prectpxtate and the resulung solutton was dxluted to 100 ml w1th dxsulled
“deionized water. An ahquot (0 25 ml) was dned on fxlter paper and heat sealed i in an. rrradxauon

... vial, Feed and fecal samples were analyzed in the University of Alberta SLOWPOKE reactor o

. facrlity. using the Dy INAA scheme (Kennelly et al 1980) | |

Samples of rummal fl\ud were centrtfuged at 12, 000 rpm for 15 min. An ahquot (1 5
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mtercept esttmated marlrer drlutton at trme Lero Rurnen volume was caltulated f rorn the j

esttmated zero -time marker concentratron in the rumen and the tmtlal dose of water soluble

marker Rumen turnover time (RTI‘) was calculated from the recrprocal of lrl (Hungate 1966)

CCResms. L

DryMatterlntake""‘ L'. . t"‘

| Mean (:tSE) feed consumptton of moose and wapttt vaned markedly between seasons, KRS
mcreasmg srgnif rcantly (P <0 05) by 3616% and 63i6% respectrvely_ from wmter to summer
trtals (Table VII:1). ln contrast cattle matntamed a relatrvely constant level of lntake wpen

f ed grass hay/alfall' a and 100% alf alf a rations but rr@/anably reduoed dry matter consumptton
by an average of 62% and 15%, when fi ed rations contauung aspen twrgs or fi ohage respectively
lntakes were remarkably srmrlar among rummant specres m summer trtals There was' a trend
f or the dif; f erence in voluntary tntake between cattle and the two wrld ungulates to be greater in
wmter when fed rattons of grass hay and alfalf a. . i

[y

RumenVolumes T e : ,

. Rummal ﬂmd volumes varred between dtets and season ('l‘able VIl 2) ln wmter

¢

‘ volurnes were greater f or grass hay m moose and for alfalfa m cattle but remamed relatively
- 3 3 : constant for all drets tn waprtt In summer solute. space in the rumen f or the aspen folt;ge dret' .

| ind moose mcreased fr rom wmter levels Flurd volumes wpre smallest—ﬂrsummer f or- the grass hay . B

dret tn both moose and wapm In general hqurd volumes were sumlar f or all drets‘Bf f ered o

cattle dunng summer tnals ’ ' B ' . ‘ | | |

’ Estunatrons of total rumen dry matter for each specres vaned wrth mtake and season |

Dunng wrnrer dry matter contents were greatest £ or the aspen twrg ration For all rumtnant

' spectes the alfalfa ratron resulted ut more dry matter bulk in the retrculorumen,‘ Wetght of dry S

L matter contents was lowest for the aspen fi ohage ranon for moose however. the dry ntatter, +
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' ""pool tended to be loweet for the grass hay/alf alfa ratlon in both waprtr and cattle

TR

e _ Strattf xcatron of particulate matter was most stnkmg vnthrn the rurnen of cattle As a
,f‘result they had the hlghest DM content among the three spectes In contrast no layermg of
. )“ "' rumen solids was observed in; moose which had the lowest mean dry matter content of

-8

‘ "'-"15 1:l:0 3% Wapm appeared intermediate mth a somewhat dner surf ace on the rumen mass.
_ '. " Inter specrfic dif ferences m rumen hqmd volumes and wet and dry werght of rumen ‘ ) . ,
. “ contents were partly related 1o body wexght (Frg VII 1) However in sprte of srrmlartty of -
“ B body werght moose had'larger rurmnal pools than wapm on cert‘:\m drets . | ‘1
"‘j‘Rate nf Passage of Particulates - ' _ E
“ ‘ Drsappearanoe of Dyrlabelled f wdstuf fs'f: rom the rumrnoretrculum of all ammals was
N ) ~=,logarlthmic (Flg VII.2) Moose retau;ed Dy-labelled trmothy brome hay and alfalfa partrcles ‘
o L 11 to 15 hr (40 to 86%) longer m the rumen than etther wapm or eattle (Iable VII 3) Wrth the
? labelled alfalfa ratron all rurmnant species decreaéed RTT betweenO 4 and 4 $ br from that of
" fgrass hay 'l'he shortest retentron ttmes l‘or both moose and wapm were obtamed f or chopped

R

" aspen twlgs Cattle retained aspen twrg fragments longer than other labelled f racnons and

5§ . .“

. ‘showedamarkedreductxonmdrymattermtake L S N

Y ': “; 3 f‘ ‘ Sumlar trends were observed in RTl‘ of drets fed dunng surnmer Overall the Slowest

o f ' flow rates were observed for labelled alfalfa however only the moose showed E: marked




specxes

'

Loga.nthmlc .relauanstup betwer:n body wcxght and esuma,ted wcxght

N "of ‘wet rumen contents of moose, wapm and cattle fed four dxets
i duxing winter ' and summer. Solid . line " is- loganthmxc relationship

between these vanablfs as computed by Parra (1978) for rummant e
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Flg ViI.2. Decreaie in rumen Dysprosmm (DY) - concentrauon wn.h time [ollowmg
E '~ administration of  pulse doses of four Dy-labelled feeds in -moose, L
wapm and mttle dunng wmter and summer 1982 o
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. ‘ . N ‘
constants tended to be similar for wapiti and cattle. Highest rates of passage for liquids I~
moose were with the aspen f ollage/alf alfa ration.
Rate constants for flow of particulates were htghly correlated to rate constants f or the
hqutd pool in moose (P<0 01) (Table V11.5). A similar but weaker relationship (P >0 05) was

obtained for wapiti. Passage rates of solids-and hqutds were not slgmf icantly (P>0 05) related

in cattle.

D. Discussion | .

" Wild ruminants are faced with the choice of.f orages varying Widely in nu}ﬁent contem‘
and physical structure Grasses are high in digestible energy but their linear fiber shape delays
passage and mcreases mastication requirements (Cha1 et al. 1984 1985). Although lignin may

educe dxgesubthty, in some cases, lrgnm can increase brittieness enhancmg reducttbn durmg .
masncatton and producmg particle shapes more optimal for passage (Smlth 1968, Mertens
1973, Mtlchunas et al. 1978). In contrast browse ts low in dlgcsttble energy concentration but
high in hgnm As a result, fiber partxcles should break down rapidly into particle srzes optimal
for passage therefore not restnctmg 1ntakek)
Since the success of herblvores is related to darly dlgested orgamc matter intake |
‘ rummants should attempt to opurmze the trade off. between passage rate and completeness of
dtgesuon {Foose 1982). Thetr abthty to do thts depends on dtgesuve morphology and f unctlon
Large browsers (eg. moose) are expected 10 propel hlghly hgmf jed: browse resldues through the
ruminoretrculum while becommg bulk llmited on more f ibrous grass dtets In contrast grazersf
“should detain food in the rumen for eXtensive dtgesuon with flow deeeleratmg wrth
' mdiges;/bthty of the cell wall ered fi eeders (eg. waptti) normally f eed on a wrde varrety ol'
forages which vary makedly in chenucal composrtion and would be expected to control passage S
' rate srmrlarly whtch would account for. their abihty to explmt a vanety of habltats I

Although it is easy to see how anatomml diff erenees rcflect adaptation to specif ic f ood

types, 1t is more d: diff lcult to predrct how dxvergent drets would behave in a browser. graz.er and o

ot

-+
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Table. VII.S. Regression of “passage rate constants (hr!) of particulates.on rate
constants (hr-') for flow of liquids from the rumen in moose and wapiti,

Species c A b * SEb S N

Moose . 0.0041 0.761 -0.209 0.96

Wapiti 00055  0.67 087 062
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mixed f eeder Mertens (1973) argued that although grasses contamed less ltgmn ‘'shapes of
mastreated parucles were less opumal f or escape thereby delaymg passage Charactertsucs of

f rbrous dlets probably dlctate slower passage because of greater requtrements for comminuuon

[

On the other hand, several authors have speculated that lignin tn certam cases increases . |

-_— .

‘ bnttleness of fi orage partrcles enhancrng reduction duspg mastication and producrng particle
shapes more optrmal for passage (Smtth 1968, Mertens 1973, Milchunas et al l978) Extenslve
use of highly lrgml‘ ied f orages by browsers mvokes the need for rapid passage to propel large
undtgested residues raprdly through the dtgesttve tract Resrstance of linear f iber shapes of I |
grasses to physrcal breakdown (Char et al 1984 1985) estabhshes an expectatton for a slower

tate of passage because of greater mastteatron requtrements Unltke browsers whrch depend on

k]

i s e s e S e

rapid turnover of undegradable f rber grazers (cattle) are adapted for longer retentton tlmes

and maxrmal drgestibthttes of hrgh eell wall dtets I would expect that when grazers were f, ed

, hrghly hgnrf ted browse the additienal delaymg structures would reduce passage 'l‘ates<and

N

, thereby mammrze dtgestton

A . N
r ' “ Y,

1 would expect the absence of pamculate strattfrcatron in the rumen of browsers The |
raft of l‘wd parucles in capacrous rumens of grazlng rummants acts largely as a srevmg
‘mechanisr'n'f or high cell wa[l)f orages (Ulya_tt et al. 1985). whereas the\need to -pass large~
vparticles would probably Prevent layerrn&of soltdsrm the rumen- of browsers BRI a .

The ef fects ol‘ fi ood types on R’I‘T reported here support the hypothesrs that f lber

El

' 'ipartrcles of grass hay will pass more slowly than lrgmf ied browse but thrs concIusron cannot be

Y

N extended toa tmxed feeder. the wapttrt For those l‘ eeds tested f rbrousness of the dlet drd not

p .have a elear mt’luence on partrculate flow rates m wapru ’l‘fus was probably aclueved by a

" ”compensatory change m chewrng ef frcrency Htgh flqw rates of browse fragments in moose may

U be achteved rf solrds eould be closely assocrated with the liqurd phase Resrdues of dlgesta would
" be flushed frorn the reuculo rumeh wrth the flow ol‘ water °However this assocrauon was only

weakly detectable rn waprtt and unrelated m cattle. ln eattle, passage rates showed only sligbt

......

- . varratron and thrs seemed to be largely explatned by forages with hlgher ltgnin eontent passlng i_:j_
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- j o more slowly For lignifred aspen f ohage restilts’ obtained in this study dtd not support this
| trend in cattle - . | - |
DryMatterIntake SR o "\

, A S In ruminants voluntary mtake is lihnted by the f rbrous nature of the feed and physncal
dlstention of the rummo reticulum (Balch and Camphng 1962 Baumgardt 1970) Forages with
low nutritive value may lrmit 1ntake before energy requirements are met Under these |
circumstances f urther consumption can only oocur within the constraints of comminuuon and
passage Many authors have argued that forage mtake should be scaled 1sometrrcally to body

o weight sinoe rurnen f ill would probably hmrt mtake on i'ibrous diets_(Poppr et al. 1980 Va.n
_Soest- 1982 Baker and Hansen 1985) In thrs expertment rntake in summer was remarkably '
- 'similar among all Species when expressed on the basis of body weight (BW) |
. . | Another factor shown to influence voluntary rntake of wild ungulates has been .
" phOtoperiod (Ozoga and Verme 1970 Milne et al. 1978, Westra and Hudson 1981 Suttie et al
| 1983) In this experiment moose and wapiti but not eattle showed 8 pronounced reduction m » |
f ood intake during winter Simtlar f orage intakes to those obtatned in the present study were
'. - prevrously obtamed durrng late winterxwrth mule deer and waprti f ed grass drets (Baker and |
i . Hansen 1985) er this reflects trophrc adaptatron of wrld ungulates is not eenam |
| i 'Although domeettc sheep show these trarts (l(ay 1985) large wrld bovrds such as btson do n0t
) . have well developed seasonal cycles (Richmond et al 1977) o ;

— . [

Rurneui Capacity

/_ Imerspecm regressions betwéen body size and gut eapactty (Hof mann 1973 Parra

e f | 1'141978 Demment and Van Soest 1985) predict greater volumes than observed in this study The
S linear increase in nlmen eapactty wrth body weight reflects the nwd of larger grazmg ruminants

X . }fi.to aocornodate a iarger mass oi‘ fibrous iZood m order to acquire adequate energy (Parra 1978)




K : ' Rumen eontents estimated here were less than predrcted by Parra (1978) for ruminants "

of srmrlar body srze These drfferenoes may reﬂect an underestrmation by the particulate marker : !

or perhaps the wide range of capacrues for drgestion in the rumen. As drscussed by Demment , "b @

(1982) l' ill werghts (obtarned by werghrng rumen contents) of the rumen tend to underestimate ,.

e rumen capacrty in conxnﬂatﬂédem whereas fill volumes (obtarned by f illing lrgated

| rummo retrculums) overestrmate these capacrtres When fi eedmg on f orage wrth a hrgh cell - -,
content browsers seldom use more than 60% of the rumi'no retrcular space (Van Hoven and
Boomker 1985) because ‘this highly nutrrtrous f ood is drgested and propelled raprdly through thef‘

- gastromtestmal tract (Demrnent 1982) whereas slowly drgestmg grasses occupy rnore rumen’

: volume. 'l‘hrs study supports this idea and hasshown srmilar trends in moose wapm and cattle " -

with changes rn forage type.

Particul,ateFlow ‘ - : "‘ . (

Wrthrn the constraints of rumen capacrty. forage rntake is determmed largely by |
passage rate Although it is-easy to see how anatomical drf ferences rnay rmpart drf l}ergnt rates

1t is more drf f 1cult to deterrmne how this wrll af fect relatrve passage of drf f erent forage types

SpecresComparrson e 4

"'.' o Grazers (cattle) are adapted f or longer retentron times and more complete I
‘» : drgestron of dlets hrgh m eell walls When grazers ar: fed hrghly hgnll' ied browse. ‘L = -
R | ‘well developed delayrng structures cause rurmnal accumulatron of mdrgesuble matertal
| | Browsers have less well developed ostra than grazers (Hofrnann 1973) and pass
' '_v-'.‘larger fecal partrcles (Chapter VI) However these results suggest that the retrculo omasal
| jorrfree may be selectrve f or slze and shape. restrlctrng passage ol‘ long frbrous partrcles but

‘ , allowrng larger cubordal browse partrcles to pass. mrth (1968) reported that whlle lignln

- “depressed eell wall drgestron. rts greater shattering abrlity made particles more optimal ln

o shape for passage (Mertens 1973; ‘ Srmrlar fmdlnp were reported for deer (browser) which

S passed hrghly ligmfred Vacclnlumvfaster than grass (Milchunas o al 1978) PRk



| :Seasonal and Dietary Adaptation B o “
.‘ Passage rates may change seasonally even on the same diet (Schwartz et al. 1987 )
: These diff erenoes could be related erther to changes in the dtgestrve anatomy/f unctron N
" (particularly of the rettculo omasal ostium) or to changes in commlnutron during feedmg
and ruminating vadence of the f ormer explanauon comes from studtes on Af nmn |
. : rumrnants by Hofmann (1984) More reoently. studles by I-Iof mann (pers comm. ) on
moose m Scandmavxa suggests that the size of rettculo omasal opemng changec seasonally
C vwith dlet qualrty . ! ‘ ‘ , |
. Although passage rates could also be unproved by tncreased rumtnatron ef f tctency,
this question was not addressed in thts ‘study. Thts mechamsm was studied in cattle (Balch
: . ‘and Campling 1952) sheep (w ich and Smith 1970 Poppl et al. 1980) and retndeer |
: ‘ o (White et al 1984) Browsers ay be more responsrve to tacttle snmulatton from htghly .I ‘

. lignif 1ed browse dtets than ftbrous gass (Milchunas et al 1978) and thereby mcrease

, 'rununatton and masttcanon tlmes to aooelerate passage rates Beeause x‘mxed f eeders show
B seasonal shifts m dtet selectron ;(Nwtfeld 1983) they may also show a plastrcrty in thetr
i‘effrcrency of comminutton whrch may result in srmilar turnover umes for all fwds
Mixed fwders are opportumstxc and have the flexrbihty to explort both grass fand
| ;‘ browse resourees Comparative studies have indtcated that mtermedrate i‘wders may be T 1
: _-better adapted for fiber digestion than browsers partly because oi' a larger body swe and -
| f_'development of structures to delay particulate flow There was. however. @o evidence of

S differenee in turnover times of labelled f orages m wapitr between seasons RN

A ‘_Tumover ol quulds
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Thts would ultrmately mcrease ef f rcrency of nutnent utrlrzatron (Christtansen et al 1964
Bergen and Yokoyama 1977) Thrs adaptatron may be extremely important to a browser which | | :
must raprdly replemsh body stores durmg a relatrvely brref penod of qualtty fi orage B
The abrhty of browsers (moose) to propel highly hgnifled f orages raptdly through the
drgestrve tract may be explamed by a close assoctatron between the flow of solrd and quutd
, phases from the rumen Stmtlar f indmgs have already been observed in Alaskan moose f ed
pelleted drets (Schwartz et al 1987) Smoe no stratrf red layers of sohds were f ound in the o
2 rimen of moose paruculates may | be flushed through the retrculo omasal orifice by larger t.
volumes of hqurds ‘ | ‘ | ‘

L
?

I . | The raf tof fwd parttcles in capacrous rumens of ’gr_atﬁung‘rua_trnants acts largely asa -

i seiving mechamsm (Ulyatt et al 1986) Consequently. no relattonshtp Ibetween thesepools ls

expected The mtermediate strategy of rmxed fwdersus to utrlrze dif f erent forage classes in’' - :

| relation to qualnty and avarlabthty For those f eeds tested f rbrousness of the diet drd not have a
clear influenee on partrculate flow rates m Waprtr and parucle passage was only weakly related
‘to quurd flow TR ,‘ L I L | | |

The potentral f or: marker mrgratron between f wd pameles (Farchney 1980 Whrte et al

1982 Allen 1982) then movement of weakly bound marker should be reduwd Teeter (1981)

. and Elhs et al (1982) mferred that uptake or bmdmg df EDTS markers by rumtnal baCterta k ' “
could result in msoluble markcr metabolrte complexes whlch could alter estunates of ruminal |

o volumes. | jf:"f T
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o greater chewing requirements Furthermore seasonal enlargement of the rummo rettculum ' o

-~ WOuld allow 8 eoneentrate selector to benei' it i‘rom lngh quality summer f orage

n r‘diet is warranted

‘ _7 g ALLEN M S 1982 Investrgation tnto the use of rare earth elements as gastromtestmal

Cattle (grazers) utilize grasses whtcb require long retention times to maximize | . -

, - digestibilmes Tbus. eapaclous rumens and delay mechamsms for drgesta weﬁld be | o

advantageous for this forage type but not for browse whrch would accumulate in the Tumen.
g Mlxed fwders (Wapitt) 3appear to be more’ i‘lexrble wrthout compromismg thetr abrlrty to

'use either grass or browse Although they are highly selectrve for succulent green growth thts

k spectes shrf ts diet selectron to grasses or browse when btomass or quality declmes 'I‘ms

: E plact]crty m turnover time perhaps explains in part their abtlrty to eff ectrvely explort 3
.numerous habrtat types However it remams unclear how exactly these adjustments in flow
'rates are aecomplished A closer examinatton of rummanon ef frcrency and f 1brousness of the
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- VHI, ESTIMATION OF DRY MATTER INTAKE OF FREE-RANGING MOOSE °

A, lntroductlon
Seasonnl vanauons in f orage mxage by free- rangmg ungulates express the interactions

of animal requlrements and w1de fluctuations in diet quahty and avallablhty Schwartz et al.

(1981) showed that penned, ‘moose fed a pelleted dlet reached peak intake during "
summer ano logppoints Quring the brwdmg season and late winter. Miquelle (1979) reported
dry matter intakes of young moogg.on Isle Royale during summer from pen trials with clipped

browse and of free- -ranging m b g the bite-count technique. Créte and Bédard (1975») and
S Nystrom (1980) estimated browse consumpuon for moose in Quebec and: Sweden, respecuvely,
usmg modlf ied versions of the thg -count techmque Apptdxxmate talculauons of dauly fi ood
consumpuon by Moose were made by Gasaway and Coady (1974) based on seasonal dif ferences
in rumen f lll However fe ew emptncal data are avallable on seasonal forage mtake by

freerangmgmoosc . f ‘ - o~
Several methods for deterrmmng fi orage mtake of free ran‘gmg ammals have been

pubhshed Among these, ratio and bite- -count methods are most pracncal for studies on vnld
ruminants The Fatto teclmlque (f ecal excretxon/md:gesublhty of the diet) appears {ffost reliable |
for esumatlons of mtake by graung livestock (Cordova et al. 1978). Measures of ifi (ecal output

) are. usually combined with an in varo esumate of dxet dxgesu'bthty f roméesophageal samples .
(Alhson et al. 1982 Holechek and Vavra 1982) However. fecal output also can be determined |
: mdueetly using ¢ extemal markers Gndxgesuble mdxcators attached to dxet pamdes) and .

j dlgectibﬂxty can be esumated with md:gesuble intcmal rnarkers such as hgmn or snhca

- (Langla.nds 1975 Engdahl 1976) The bite-count tecluuque a useful altemauve for less tractable : “

: »ammals has been used to esumate feedmg t?tes and daxly mtake by wapm (Colhns 1977 '

' Hobbs 199, Nietfleldl 1983, chkstrom 1983). mule deer (chkstrom 1983) and moose 3'

A\ vexsion ‘of this chapter has been published Renecker. L A. and R J. Hudson
o Wi, Mg, d9: BT
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(Miquelle .1979). Accurate measurement of bite rate, simulated bité'g&e and toudl foraging time
are required for a reliaple prediction of voluntary intake.
The obje'cdve of this study was to determine seasonal changes in dry matter

consumption by free-ranging moose using both ratio and bite-count methods simultaneously .

l L kY

B. Methods a ,

Two hand-reared, non-pregnant, non- lactatmg moose COWS were maintained in a 2 ha
pasture ona pelleted aspen- concentrate ration (Schwartz et al 1980) supplemented with
hand-cut browse. The moose were 2 5 years old at the commencement;of the study and were
habituated to human presence. 4 ( = : '

Every 6-8 weeks from December 1982 to January, 1984, they were released into.a 65
ha enclosure 10 evaluate f wding acuvtty and f orage mtake by the ratio and btte count .

techniques. An average adj Justment period of 4 weeks alloWed the animals And their digestive

. Lo

microbes. time to adjust to natural forage.

Feeding Activity
Foragmg acttvmes of each rndmdual were recorded 'by continuous time- samphng
- during 24 hour observation pertods Actrvrties were classified as grazing (f orbs or grarnrnoids)
feedrng on leaf litter, browsmg low (below the brisket level), bro:rsing middle (between bnsket
and topline of the moose), browsmg high (above toplme) and feeding on bark ( strrpping ).
Plant species, plant part selected and feeding time were recorded within each of these

categories. .

e
Ratio Techniqﬁe '. - A

- Samples of plant material were selected to sm{ulate the portto tonsumed by cach
" moose. Clrpped forages were oven- dned at 60'C for 48‘hours and grou through a 20 mesh
- screen witha erey Mill. Ground samples of each plant species were combined to )gfld alg

o A e

r" . ‘ L . ‘ . 7
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“ |
A composite sample reflecting dietary proporttons Four replimtes of the combmed diet sampies

. were werghed into nylon bags and plawd in the ventral sac of the rumen of a

.' ruminally -f istulated moose (Renecker etal. 1982) mamtarned on the pelleted ration, chopped
alfalfa and fresh browse (species consumed dunng trial periods) The bags were removed af ter

. '-48 hours, washed and oven- -dried at 60‘C to constant werght Dry matter digestrbiltty was
ealculated as the peroem change in the dry weight of the bag contents. |

| Total i‘ ecal collecttons were obtained f Tom each moose during each 24- hour observatron
‘period Feoes were oven-drjed at 60°C for 48 hours and werghed to determine dry matter (DM) ‘
content Dry matter intake zDMl g) was calculated from total f ecal output and in. situ nylon
bag digestibility with the equasion: |

= (FDM x 100)/(100 i NBD%)

3®

where,
FDM is daily fecal dry matter excretion
NBD% is diet digestrbrhty determined i)y the nylon bag technique
Daily eonsumptton was expressed as a funiction of metaboltc body weight (g/kg BW“-”) to

identify intraspecies intake requirements.

Bite-Count Techulque S
Bite rates were determtned f rom the number of bttes taken fi or several 1- 15 min sample ’

_ periods Bite rate was expressed as croppmg bxtes per minute of foraging time. Results were. - B

: ﬂ'awmforeachfomgmgcategory S L : '.

" Bite sizee of each forage type were estimated from (10 80) simulated bites taken in
: _’close proximrty to each moose durmg 24 hour observauon penods These samples were .
,oven-dried at so‘c i'or48 br. ' | | ‘

- Ly et .- . . . . X e . - . .
. . : ' . o s . . . v o X
U \ Lo PR RS .. . IR : : N . '
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Daily DMI of each f ood item selected by an animal was calculated as the product ol‘
‘ brte rate, bite size and l‘ oragrng trme Values were summed for f orage specres wrthtn and across.

~

bouts and expressed in g/kg BW° 13 fof each moose

“Chemical Composition o o k

~ Composite forageand‘f ecal 'samplles were analyzed in duplicate for crude nroteén_(CP)
Hby the maérok‘jeldahltechnique according to A.O.A.C. (l965ﬂ). Fecal s‘ampl'es‘_ were taken rom‘ ‘
total collections. Netttral detergent f iber (NﬁF) was determlned f or the simulated dicts

according to the method of Goering and Van Soest (1970).
C. Results and Discussion

Dry Matter lntake . | | - _ 9 |
Esttmates of voluntary intake, for each season were sumlar using both techniques
(Fig. Vlll 1). Generally the bite- count method overesttmated intake determlned by the, ratio
, techmque by 1.0% to 6.0%. There was no s1gnif tcant dif? l‘ erence (P >0. 05) in the estrmation of »’
DMI when techmque ef fects were tested agamst the mean square t‘ or error (Table VllI l) by
an analysrs of variance (Steele and Torrre 1980) The diff erence among months (P <0. 025) was
The mean’ size,of simulated bttes (iSD) of the two moose COWS increised from 0. 60
(0. 11) g DM/brte in. December 1982 to an average weight of 1 0 (£0.24) g DM/bite ln
' April 1983 The smallest average brtes of 0.54 (:l:0 0d) g DM/brte were estrmated dunng late
) May when moose strrpped leaves wrth low dry matter content from selected plant specres
’I'he targeSt brtes Q. 22 £0. 21 g DM/brte) dunng July were assoctated with the hrgher DM
| \ .content of mature leaves and the consumptron of cattatls l§ite slze declined to0 68 (:tO 18) g -‘. .
' rDM/brte during Oetober and then rose to 0'76 (:l:O 17) g DM/blte in early wrnter as woody

Astems beeame the marn food




Fig. VIII.1. Dry matter intake (g/kg BW™) of two frec-ranging moose cows : |
| * from December 1982 to January 1984 at’ the. Ministik * Wildlife
Rg'séarch Smiop. “Alberta. IEstimam based ‘on ra;io ‘and bite-count

W&s; ,
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" intake of two’

s

. the Ministik Wildife Research Station, Alberta.

L

‘Month ‘ 6. S 4,506,
" Technique - . . - . 1. Cooo 40

Bmror - -

Total !

Table VIILL. Analysis-of ‘variance fof techniques used to determine dry matter
‘ftee-ranging moose’ cows between December 1982 and. January 1984 at,

- Source of vanance oA MS

a

Month x techmique - 6 . -

.
"

17091 e
155°NS

014 NS

NS’ Not-significant at the 0.10 level.

(. e Significant atthe .0.005 level. -
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e | Datly rntakes of dry matter of the two f ree rangrng moose varied from over 129 g/kg
BW®'s i in rmd summer to about 38 g/l;g BW° 78 m mrd winter 'I'he initial rlse m daily

IR “consumptron durrng Apnl preceded the spnng bud break by almost four weeks During this .
.‘ penod ammals allocated 39% of therr foraging time to consurnrng bark from trembllhg aspen
o 'and balsam poplar Mean darly.consumptton (:tSD) rose 10 9 938 (i836) g/d by mid J uly as
| f ohage became the most rmportant dletary 1tem 'l'hrs value f alls bétween those reported f or o -
penned moose by Schwartz et al (1981) and quuelle (1979) and compu:ed estrmates by |
' | ‘Gasaway and Coady (1974) Dunng autumr rntake dé’chned wrth the maturatron ol‘ avallahle
o f orage although moose selected many items such as Canada fliistle. red raspberr‘y and Western <
| | snowberry whrch remarned gre‘en Dry matter mtakes durmg J anuary 1984 were lower than m
- 4‘ December and February of the prevrous wmter Repeated melt f reeze cycles durmg the.swond -1,
o ..‘?wrnter penod resulted ina snow crust which probably prevented moose f rom orrmng craters ; .
. wrth therr muzz.les f or leal‘ litter Asa result moose spent more trme searchmg for f Orage An
. .mcrease in the dretary proportlon ‘of: woody stem’s accompamed the deelme m leaf litter L "
Feeal CP concentrattons ranged f rom-7 8% to 23 l% and were stgnif rcantly cotrelated
5 (P <0 OS) wrth drgestrble dry rnatter rntake (DDMI) (Frg VIII 2) Although fecal CP has :,
= been assessed as a better mdrcator of drgestrbrhty than DDMI (Cordova 1977) fecal CP ln this

TN,

| : study was a better predictor of seasonal mtakC>than were levels of chemrcal constltuents in

L o plants Each relatronshrp represents a specxf ic-set of ‘ooulruons and separate equations may be !

ot requrred for each apphcatron

"‘wr‘o .
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The relanonshxp between feml concentratxons of crude protem

Co (@) and " digestible: dry matter intake: (g/kg BW*™) of two = '
..o free-ranging moose' cOws from - Decémber. 1982 to January 1984 at t.he
Co :Minxsnk ledlife Resea:rch Stauon. Alberta L

\.‘ .
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- Robbins 1981)

: requirement of the animal as well as the quality of 1ts f ood supply (Hobbs et al 1982)

o "iHowever. secondary plant compounds such as phenols and tannins fi ound m decrduous trees and ‘

: shrubs ean form cross lmked complexes whrch may precrpitate dxetary and mrcrobral protem

-—

‘ Vand thereby reduce protein digesubrlity (Choo et al 1981) These secondary metabolltes mcrease

1 wrth the higher f iber content of mature leaves (Choo et al. 1981) and especlally in twigs durmg

‘ .winter (Mould and Robbins 1981 Palo 1984) As a result diets hrgh in tz\mmns and phenolic -

“ compounds could mcrease total feeal mtrogen and MFN (Van de Veen 1979 Mould and

4 Total mtrogen content of moose feoes was correla (P <0 001) WIth mtrogen content

: than was reported in prevrous mvestrgatrons wrth wapm fed grass and alfalfa (Mould and

’ S Robbms 1981) The higher slope for a browser such asa moose, could reflect hrghcr MFN

E-f':values Browsing herbiVores may excrete htgher levels of total fecal mtrogen and MI-‘N than

L lsrazing ungulates whxch consume a hxgh proporuon of grasst R L

T N

Diet Quallty R TR

Dngestiblhty of diet dry matter ranged from 44 5% in mid winter to 68 9% in late May

‘December and Febru ar of the frrst wmter. shghtly hrgher digesuhxhues corresponded wrth

RS T

o '4of expenmental drets (th. VIII 3) Thxs regressron coeffncrent was greater by a factor of two -

S

3 L. (Fig VIII 4) Lowest values obtamed m January 1984 reflected heavy use of woody stems In ". S
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‘Relatxonslnp between mtrogen content (%) of expenmental diets’

and fecal nitrogen levels (%) of two free: -Tanging .moose cows from

. December 1982. to' January 1984 at ‘the Mxmsnk °W11dhfe Research
"'StauonA‘!bena‘_, ‘ _
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Fig. VIIL.4.

v Lo

o C \“

-~

‘The swsonal change m .nylon bag dry matter dxsappearanoe (%) for .

composite diets. ‘of two free-ranging moose cows from December 1982

: ,‘to January 1984 at Lhe Mlmsnk Wﬂdhfe ell?«:search Slauon Alberta
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species. Af ter leaf drop, use of f orhs and low shrubs maintained digestibilities which were as
high as during mid ‘Summer although intake declined. ‘ . b
~The artnual change in chemical content of composite diets (Table VII1.2) appeared to
B C . predxct NBD% Diet dlgestibrhty was weakly | correlated with forage parameters such as DM, CP
and NDF- (Table VIII J3). A decrease in DM and NDF content during sprmg summer and fall
probably resulted in greater concentriuons of cell solubles which would produce higher rates of
digestion and";iassage o_f digesta than if moose consumed a bulk-ﬁmiting grass tliet (Mertens
. o 1973, Short et al. 1974). High levels of dietary CP would complement ruminal microhial' | ‘
popnlstions and ultimately enhance the energy balance of free-ranging moose. Greater o \'
, proportions of cell wz;ll constitnents require longer retention times to schie_ve maximum A
digestibi]ity. However maoose can rrot~ afford to be restricted by low qnalityzgrass forage during -
the winter nadlr as a result Qf the reduoed‘ rumen turnover time characteristic of grazing
ruminants. The shattermg charactenstncs of hlghly lignif! 1ed browse forages ma) actually
enhanoe particle breakdown through rumination and produee more pptimally shaped particles .. * -
-for passage (Mertens 1973). Schwartz et al. ' (1987) suggested that an 13crease in dietary hgnh’
would decrease the rate of pamcle passage through the rumen of moose. However moose |
probabl)/ increase their rummatlon time and mtensnty_when hlghly hgmf ied browse and shrubs
‘ are consunred in order to try to reduce dlgesta pamcles to shapes which pass rapidly through |
the gastrointestinal tract. o - . oo

. ) ¥

[} EE . PO

.,

WeightChanges ' “ . o S R
S ) ) . PRI Y : B

Although energy reqmrements are hkely seasonal;.pooled data relatmg werght change
(Table VIII 4) to DDMI provrde a esnmate of average annual maintenance requlrements }
- .(Fxg VIII 5) The mtereept of regressnon hne and 2610 gam or loss in body we:gﬁ gives an -
. kS estxmated mamtenanee reqturement for DDMI of 37.4 g/kg BW‘-” If 20 08 KJ/g DM is )
‘ ' ?5 . e ‘assurned ds the calorifxc value for moose browse (Hjeljord et al 1982), then the dxgestible v

B ’7 energy (DE) mtake at welght stasis should be 751 KJ/kg BWe The peroeniﬂéne thatis
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,‘l‘able VII1.2. Seasonal change..in quality of composite diets consumed . by two .
free-ranging moose cows between December 1982 and January 1984 at the Ministik

Wildlife Research Station, Alberta.

Composite Diet

Month and | ~ e Neutral Deicrgcm
* Animal’ ' Dry Matter - Crude Protein . Fiber ’
Number (%) (%) (%)

6.9 51.7.
6.1 s1.6 .
6.9 0.6
6.4 489
5.5 52.0
5.1 s - 50.0
% ‘ )
. 19.1 I
' .20.5 34.2 ‘

1984 . R U
-Jan , SN
121 '59.6 \" -
21 588" \ ¢

21
35.4
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' Table VIII 4. Seafonal changes in body weight of two free- rangmg moose COWS
' between December 1982 and January 1984 at the Ministik Wildhfe Research Stanon

Month o " Body weight (kg) : - Period o
and . e between Change in
animal Beginning = - End of measurements - body weight
‘number - - of period - ‘period [(days) (g/day)

m . T R V" %0
am .. wo. . om - 2 o330

7S YL TN 7 S - B I
a0 B . % 600

21 303 295 I 230
m .o@ 2 C. 18 g

L ' R B S V! 1380

‘06 - . - s - . 3. 130
3 355 1,130

s - a0
J% a3 ;L e300 ot

L M0 307 s
0 o o

g




Relauonshxp between dxgesnl;hz. dry matter mtake (g/kg Bwe ”/d) n

- and ‘body. weight change (kg) of two. free-ranging - moose cows from‘ o L )

ber 1982 to January 1984 at "the Mxmsuk* W1ldhfc R&search

Swtion, Alberta. .
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‘:. metabolizabie has heen estrmated to be 77 9% f or moose on a browse diet (Regelin et al 1981) -
;“which cahbrates as a metabohzable energy (ME) mamtenance requtrement of 585 KJ/kg
BW" 13 The ef! f 1c1ency with whrch rncrements of ME are used for maintenance in moose has
been estimated at 58 2% (Regelin et al, 1981) 'I‘heref ore the net energy requirement f or
mamtenance of f ree rangmg mbose cows can be computed to approximate 400 KJ/kg BW° s
,Hudson and Christopherson (1985) reviewed the metabolizable energy requrrements for | |
mamtenance of several wrld and domestrc rurmnants Companson with this range of vaiues \
"‘(from 466 KJ/kg rBW° 13 for adult beef cattle (ARC 1980) to 529 KJ /kg BW“” i‘or adult red |
| deer (Brockway and Maiory 1968)) tndicated that mamtenance requrrements for moose may. be- B
' somewhat lower than other wrld Cervrds Co o o o " - ! . :. | f xS
| ‘ The regression equatron computed between DDMI and change in body weight was

| _”'hnear (Fig VIII 5) Howei/er the effictency wrth whrch ME is used i‘or maintenance and gain .
'is usuaily considered curvrlinear decreasmg at higher levels of fi eedmg (A‘RC 1980) In ‘

T agreement moose appeared to utrlrze mcrements of DDMI more eff rcientiy dunng perrods of

L 'wetght loss than durmg gam Srmrlar fmdtngs have been observed for domestic ruminants ‘ |
: (Blaxter 1962 ‘Webster et al 1974) mule deer (Baker et al 1979) white taiied deer (Ullrey et SR
'al 1970) and moose (H]eldjord et al 1982) Devxatron is shght. and the hnear fit provides an' |
e U

mdreatton of average mamtenance requirements for free«rahgmg moose 'f- o i

Energy content of the gamrs dependent on the type oi‘ ttssne deposited by the bo

ke .'rumen frll ari’d water Changes m water and fat content of body tissues can vary extensi\?e y ' Y

ﬂ,thh changeg m body weight age or season ‘(Rerd and Robb 1971 Holter et al ‘1979) and ean

B ‘rnfluence the amount of‘ energy retamed m the body Wexght gam therefor; provndes only a
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. associated with more water than is fat (ARC 1980) the greater change in body weight ol'

I‘ moose cows recorded durrdg late May (Flg VIII 5) may reflect some hydration of body ussue o
. Lowet increments in body weight durmg Tuly whrch oecurred concurtently wrth a peak it |
DDMI may reflect a lower metabolizabrhty of drets due to a greater coneentration of secondary
;" v metabolites in forage »pls\ (Bryant et al 1983) pr alternatively rnay reflect deposmon of' :

tissueswithhigherfatcontent A T j “ o S T

- D Conclusions {s ‘ o f“ L : .‘ | IR o E | . \ p o L . "
o ‘ ‘v ' Voluntary mtake by free rangmg moose appears to be mfluenwd by the mteracuon of |
o metabolic rhythms forage availabrlity and forage quahty The 1mportance of forage quahty :
B was evident in a strong relationshlp between DDMI and f eeel protem concentrauon Moose Q

b extended chght gams into the autumn season by seleetwely foragmg for green digestible S — |
‘ . species. Dunng winter m aspen boreal habitats moose depended heavrly orn leaf htter and ' g - _\
| decreased intake as lt became unavailable Although energy requrrements are expected to change 1 L
- seasonally. on an annual basrs. werght stasrs was achieved ona DDMI of slrghtly over 37 g/kg \ :

- BW° 13 which corresponds to a nét energy mamtenance requrrement of 400 KJ/kg BW° 15, Y

Voo *...‘1_< v . e

. . v . a o .
e . | S AR T <
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A Introduction o R o S ‘.\»

P ' Changes vnth ‘season, in the-quahty and avaxlabt}tty of f orage potenually hmit darly
” ‘ N co
Mood mtake by moose@h.roughout much of therr baogeographml range The ulumate constra,mt N

‘,on darly tntake of dry matter for rummants is- capacrty of themmen and henoe rates of =
a (a

.‘_drgestion and passage whlch are strongly 1nfluenced by physxco cher‘nreal propemes of forage

-“‘LAt another )evel bxomass and structure of vegetation mfluence rate of food capture and impose

”»,

an addmonal constrarnt to mgestmg adequate amounts of f orage. partrcularly f or large %“ ,'

.l.‘ o \A .

‘@brvores feedmg m sparse or clumped habitats Longer foraging tunes hrgher btt;ng rates.or o

greater btte swes are tactics whxc%herbworegsan employ to meet thetr datly f orage » ~@’

b L% ‘ \/“

‘ reqmrements (chkstrom et "al. 1984), Total time devored to feedmg ean be hmited by search

" times and the need to rurmnate wﬁrle compensatory hmrts on bite rates and sizés are of ten AR
- . :

drctated by’ vegetauoncharactensncs . B ." « " RN :

Followmg proneenng work on domesttc ammals (Allden and Whittaker 1970 Chacon

; -bromass and structure mﬂueneed feedtng behavror of such spectes as*remdeer (Trudell and
et - Yz cr o

(.

Whlte 1981) mule deer (Wtckstrom et,al 1984) and wapm (Ntetfeld 1983 Wnckstrom et al




IV

A

\

+ . digestive adju§tmenl and stabilization of selection patterns.

R

‘ - ! \ k
examines the logistics pf foraging by moose if the a§pcn llrcal jronment and‘providcs data
. .

"~ B. Methods

* Two hand-reared moose cows habituated 1o human presence were maintained in a 2 ha
. : inta

|

' pén‘gn a pelleted aspen-concentrate tation (Schwartz®t al, 198# ). Their weights ranged

between 306 and 373 kg durfng the study. They were released into a 65 ha enclosure lduring July

and October, 1983 and January, 1984 for an average of 4 weeks prior to sarﬂpling to allow for

-

.

- Each moose was observed once f ora conunuous 24 hr pcnod durmg selected momhs

'Esumatef of cro;mmg bite rates and size of bnes were obtained from 1 lo 15 min observauon
periods during {eeding peri‘ods in various habitats, and from 10 to 80 portlons of plams taken
b)y the observer 1o closely duplicate ﬁlam sggcies and parts used by moose (chéckcr and
Hudson 1985) Simulated bites were oven-dried at 60°C for 48 hr and weighed.

Movements while f o;d;g (steps/mm) as well as feeding rates (bites/min) were notcd

by an observer usually sxtuated within 3-5 m of the animal. Consumption rate (g/min) was

calculated as the product of cropping rate (bites/min) and bite size (g/bite). Results were

.= groyped according to spccies; habitat type and season.

Forage biomass was determined for each habitat selected by moose during the 24 hr

‘

“scans using five randomly located 1 x 2 m sample plots. Each plot was clipped to estimate total

and usable biorhass (kg/ha). Usable biomass was defined as theltélal mass of those forage

species used by moose during each observation period. Samples were oven-dried at 60°C for 48

hr to obtain dry weights. o _ , o,



C. llesults- and Discussion
* PR

Available Biomass
Total vegetauon bxomass (xiSE) in habitat types used by moose averaged 2,778K468

kg/ha dunng July and October declining to 536 293 kg/ha during January (Table 1X. 19)? N
Biomass of usable forage showed no stgmf icant (P >>0.05) decrease from sumffier 10 autumn
and averaged 1, 567i 186 kg/ha. ln autumf®, maturation and fall of f oliage from deciduous trees
and shrubs oontnbuted largely to the reductton in biomass of browse in upland aspen forest.

on Fallen leaves represented a potenually 1mportant food source exceeding 3,200 kg/ha in some
_ habitat types -Early winter snowfalls and repeated freeze- thaw cycles stgmﬁcantly (P <0 05)
reduwd total and selected fi orage btomass to 536:l:293 and 518 ‘i 219 kg/ha respecuvely Durmg

J anuary fnoose were unable to muzzle through SNOW Crusts for leaf htter except in habltats

where f allen branches and penetrating sunlight. reduced or elumnated the dense SNOW COVver.

-
—_—

Consumptlon Rate f' ‘ 4 ‘
Moose increased their rate of dry matter (DM) intake (g DM/mm) ina sngmf icant
(P<0.001) curvtlinear manner as available tnomass mcreased during summer, autumn and -
winter (Flg 1X.1) with almost ldentm.l responses in each ammal The mtercept of the
asymptotic equatIon was close to zero in Q:tober but shghtly posnuve in both J uly and J anuary. .
ﬁ suggests that moose selected a greater proportion of total herbage than I estimated to be “
usable Although it is possible to fit the curve through zero, this would mcorrectly mcrease
slopes ‘Ignoring these dif f erences, the: pattern can be summarized in terms of the asymptote
, (theoretlcal maximurn foraging rate) and slope (instantaneoiis relauve consumptxon rate)
Peedieted—max&mum#oraging rates fell f rom 23 g DM/xmn in July and 18 g DM/tmn in
October to 11 g DM/mm in J anuary. Smee this expressxon accounts for biomass, dlfferenoes

- must be related- ultimately tof orage quality, fi orage structure or perhaps animal factors such as
'appetite and selectivxty The summer asymptOte was lngher than eomparable summer feeding
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Fig. IX..

. © e
. ‘
.

.Relationshjp betwéen usable forage biomass and consumption: rate -

(8 DM/miin) of two free-ranging moose during summer, autumn and .
wintet at the .Ministik Wildlife Research Station, Alberta. Opéh circles

.represent ‘data from moosc no. 211 and-cldded circles from moose no.

‘E <
- ,
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3 rates for both mule deer (Deschamp et al 1979 Collins and Urness 1983 chkstom et al.

R

‘ ',1984) and waplti (Collins and Urness 1983 Wickstrom et al 1984 Nretfeld 1983) as might be

expected for a larger animal (Clutton Brock and Harvey 1983) SN ‘,

o

The slope of the asympton’?f regressxon was hrghest dunng wmter when ammals :

' "appeared to fi orage quite indiscrimrnantly With an abundance of available forage in summer ‘

' the slope was rntermediate The lowest slope oicurred in October when ammals were most

m ey

selectlve seekrng green f oltage and berries f; rom snowberry and gooseberry wrth a brte size as

} low as 60 mg. Although specrahwd moose have relatrvely large mouth parts whlch may

constrain thelr ef fectrveness when prehendmg srngle f ood rtems 9 companson to smaller N 8. o

L}

R4

~selective fwders suchasdeer ¥ “, o . S . '

’ n

' cropping rate bxte srze and rate of movement of foragm{moose (Table IX 2) varred W' s_,;- 'e
B signifncantly (P<0 05) amang seasons as determlned by palied t- tests (Steele and Tome1980)

i ‘{isomewhat lower than maxima of 50 60 bltes/min 1 'Li 1'd°d f°’ °‘h°' mmmants usmg mhﬂd

,herbivores dre 244 kg/ha f or wapm selectmg mrxed drets and perhaps oné half thrs for mule
i deer (chkstrom et al. 1984) Betrer informanon is availahle for herbtvores using grassland .

f orages Wapitr reduoe consumptxon rates by 50% at a bromass of between 542 kg/ha

¢

« An alternative eggressron of the response of animals to changtng food availabrhty ts rhe . | e
biomass at whrch intake is reduceg to 50% of the asymptotxc value Thrs critreal bionpss was
500 kg/ha in J uly, 950 kg/ha in October and 150 kg/ha in J anuary Values fi or other browsrng

(Wickstrom et al 1984) and 1 200 kg/ha (Hudson and Nretfeld 1985) whrle mule deer mamtain
f wdlng rates on sparse pasthres whrch proﬁhe less than 100 kg/ha (Wrckstrom et al 1984)

. m Cn ’ PR NS .“ v e, 8 ot RN L
! ",“, e v [T B ’ 5t T b

mterme, BiteSl;eandSearchlngEffort L R e

-

Consumptton rates result fronﬂhe complex mteractron of several components Mean L

Gen‘erally. the hrghest bite ratec Were observed d ) g summer Manmum\cropptng : 'f c, ‘;5’;_ “

y /-
V-v‘rates sr ) bltes/min were recorded while moose fed on hax el fohage m aspen forests. Thrs is
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‘Table IX 2. Seasonal changes m mean ( £SE) ‘bite rate, bite size and number of
- steps/bite of free- -ranging moose -in - several selected ‘habitat types from July 1983 to
‘ January 1984 at r.he mesnk Wildlife Rmearch Station. Albcrta

R Bite. Rate ;" Bite Size. ‘Searéh Effort
Habita( o : ~ {bites/min). © (g DM/sbite) - . (steps/bite)
: Upland Aspen Fomt‘ . 244 £ 20 083 + 005 . . -0.17 £ 0.05
'Forest Bdge ~ = :. . .163 % 2.1 119 = 0.07 - 022 .+ 0.22
Willow Scrub ‘ 17.1 £ 25" 118 £ 0.09 - 0.13 % 0.05
‘ Willow Sedge Mmdow 138 = 2.0 143 = 0.27 020 £ 0.04
October : ' : _— .
Upland Aspen Forest . 122 + 10 .34 + 042- 026  0.06
Grassland-Snowberry 143 £ 1.0 1.2 2 072 . 028 + 0.08 .
" Willow Scrub ' ‘8.8 % 0.7 0.99 +-0.57 0.37 + '0.09 -
lelow Sedge Mmdow'.‘ " 81 £:038 0.46 = 0.02 -+ 0.44 £ 011
January . . ‘ ) e L
" °  Upland Aspen Form . 83 1.2 095 £ 0.05 0.31 x 0.06
-Willow Scrub— . 8602 11 0.78 +°0.02 032 £ 0.15 -
Cld Field Suecessim ' 9.7 ¢ 1.1 0.54 + 0.07 0.77. -+ 112 -

" : . . ’
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1984 Hudson and Ntetfeld 1985\) } .
gBite sizes ranged f rom 0 06 g DM/btte f or gooseberry leaves durmg autumn to 4 56 g
DM/bite for cattatl dunng summer with a pooled mean of 1 02 :l:0 12g DM/brte This mean lS
high in relation to bite sizes of other rummants but falls wrthm the rarige 3 0.54 -1. 74, g |
DM/bite reported for wap tr consuming browse (Wtckstrom et al 1984) .

Ay

-Rates of movement (search eff ort) dunng feeding bouts tncreased from an average of

3. 3%0 4 steps/mirr dur&i J uly to 4. 3:i:0 6 steps/mm dunng wmter Extreme rates of' travel (15

. steps/min) were observed durlng w1nter when moose f oraged on wrdely spawd sprout growth

F
Canada thistle and yarrow (Achilleq mlllefollum) m the old field sucoessronal sites.

Handling Vs Search Components of l’o‘oraging | L
Foragtng is of ten partrtroned tnto seatch and handhng umes Inter relauonshrps of

‘\

these variables were explored tQ;detern'iine whrch may be the most tmportant determinant of

.J .

feeding rates In the absence of more ect measurements we used btte size as a correlate of

e

e

handhng ume while StePS/btte served as a proxy for search effort o |
. 7 Dunné J uly. but not other trlals a srgmf 1cant oompensatory relattonship (p <0 001 :. i ,.
E 1" '0 75) eXiSted between bite rates and btte srzes Srmilar to fmdtngs for other rummants o “
(Allden andtWhittaker 1970 Coflins o al 1978 Trudell and Whrte 1981 Wrckstrom et al R /
1984) This relatronshrp was obscured Pefhaps by chan gmg forage quallty and t.he emergmg el

:‘j rt domlnance of the search oomponent when results for all trials Were pooled R
- Orf"an annual basxs (data pooled for alLtrials) seerch effort appeared to be a more E




D Conclttsions . o |
Compared wrth smaller herbrvoree moose exhibtt high consumptlon rates which are -
' achreved marnly by takrng larger brtes Bite rates are compara{gely low. Nevertheless in the
face of seasonal changes in forage bromass structure angrhomogenertyr moose drsplay

consrderable adaptabrlrty

ln summer fc orage was hrghly drgestrble and homogeneous requtnng moose to beonly -

moderately selectrve to achteve an acceptable nutrrent rntake Dunng this penod consumptlon'

[ ¢ ‘e

'rates were hrgh even when forage bromass f ell below 1 000 kg/ha Moose responded to autumn ”

senescence by fwdmg more selectrvely wlitch enabled them tb matntam a diet drgestibrlity

o _".srmrlar to that of summer. (Renecker and HudSQn 1935) HOWCVCI‘ lhe)’ reqmred refatively highf, -

f orage bromass to marntatn intake rates Durmg wmter drets were comprrsed mamly of htghly
o lrgmfred woody stems and leaf htter (see Chapter XI) whrch of fi ered f ew opportunitres tof eed
selectrvely Although maxrmum rntake rates were low, they were mamtatned eVen when f orage

bromass fell to 500 kg/ha .

Durmg sumrner free rangmg moose 1n the aSpen boreal f orest have lrttle dif f: rculty in o

‘ meetmg their darly forage reqmrements m <10 hours of foragrng Plant dormancy rmposes

 logistic cons[ramts on foragrng behavror Moose can mcrease foraging ttme and fwd more
. N,

o ,'selectrvely as a compensatory strategy dunng autumn However durrng wrnter as opportunittes

b ,«“.

o for selectron decrease and trms requued for rurmnatron mcreases. moose. must abandon this o

| tactrc R

Companson of the fi oragmg parameters of spectes that have been studled mdreates that

‘ at an equrvalent bromass herbtvores generally can forage f aster 1n f orested habitats Large

. , "'r‘herbrvores consume f orage faster than smaller ones but requrre greater f orage biomass densitres

L to do so To meet darly ‘f ood requrreme ts larger herbrvores must ertt}er oceupy richer habitats

i . ” (or at least those wrth dense f orage patches) or reduce selectwrty so t.hat a greater proportion

+

.
.

t
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‘ 1974a.,Telfer 1978 Coady 1983) Patterns of habitat use: have been descnbed for populatlons f -
of moose in eastern North Amenea (Chamberlam 1972 Brassard et ali 197“"“\“ Kref tmg 1274b)
) Minnesota (Bei‘g and Philhps 1974) RxdlngMountam National Parls tn Mamtoba (Tromer ct
-dl. 1983). montane areas of western North Amenca gEdwaxds and RitCey 1956 ' ouston 1968

Peek 1974 Pieroe and Peck 1594) aid Alaska (Le Resche et al 1974) In )fuberi; few detmled

'studles have been conducted wluch quanuf y habltat selecuon and f ood choxoe Bagrett (1972)

K ;briefly discussed the food habits of moose in the Cypress Hms of Alberta by exami

. undigedted Tumen’ contents Nowlm (1978) and Mytton and Kelth (1981) reported . the fall to

A spring habitat selection and/or food habits of moose m north central Alberta Calms (1976) - o

oy L

D ?documented seasonal distnbution and food habits of moose in Elk Island Natxonal Park

- ‘ ,However none of theee studles provxded detaﬂed information based on direct observanon of

;‘ ~“-'i’:v‘mooseinthe aspen dommated boxeal forest zone ’ '.»1""‘.'.3 R ‘

""w{‘n Methods

The objectives of this study were to determine the seasonal food habits and habxtat use' » L
’.j_"pattemsoftwofree-rangingmoose S R E P L

[N

’I’he two adult mooseused ,' '

.‘,_‘.' ”'




oy

2 " S R Food choice was‘ reoorded by an observer durmg each 24 h observation perrod The

v
\' o relatwe use of each forage specres was calculafed t(n the dry vierght /\s using the bite-count
- { techmque descrtbed tn Chapter Vlll Intake of ea food specres was presented as 2 percentage ‘
. l B ‘of the datly aggregate mtake (Chapter VIII, Renecker and Hudson 1985) 'I'he diameters at the

. pomt of browstn of severai woody spectes were measured wrth cahpers to the nearest 0 1 mm ‘

o . while observmg thi moose browsmg the plant durtng wmter spnng and autumn
. Habttat se pattems of each moose were determined by conttnuous ttme samplmg
, | durtng smgle 24 h observatmn pertods Relative use of habttats oecupied by each moose was
- .,calculated s’ a peroentage of the aggregate 24 h day The ke,f habita&types m the 65 ha
‘ " “,enclosure determined by Gates (1980) and Nretfeld ( 1983) were used in this study |

e . \

C.Results: . -0 T T

'Food Habits 3 : | DR e
| Moose used the 5 major f orage categortes (th X 1) with shrubs and leaf litter
‘ contributmg the largest proporuon of seasonal diets Use of forbs was highest dunng summer
| . K and autumn thlow balsam poplar. beaked haael and leaf htter compnsed an average of / |
_ ”-_‘95 :l:2% of the mtake on an annual basrs (Tables X 1 and X 2) Use of trembltng aspen Was .
. : .lnghest durmg J anuary 1984 compnsmg over 42% of the dry matter intake Heavy wmter use |
(>1 as also recorded i'or wrllow balsam poplar beaked hazel and aspen bark -
Drameter at the pomt of browsrhg of selected f oods mcreased as wmter progressed

,(Table X 3) to a‘ peak m Apnf Twrgs of ‘balsam poplar and wrllow measured during J anuary

‘ ",, fI984 were markedl"y& larger than recorded the pre . us wrnter as anunals reverted to large sprout p




lh

}@‘;i“

Fig. X.l.

"Relative uge of 5 forage categories by two free-ranging moose cows

from December 1982 to January 1984 at me Mxmsnk Wildlife
Research Station, Alberta.
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Table X.1. Seasonal varlation in the mean percentage. by dry weight,

of foods m‘

182

the diet of free-ranging moose¢ no. 727 from December 1982 to January 1984 at thc

Ministik Wﬂdlife Research Station, Albcrta’"

Percentage!
Plant Species Dec Feb Apr May July Oct Jan
Shrubs -
Willow 69 1.1 1.0 120 2.2 3.8
Balsam Poplar 19.5 20.0 7.1 48 -~ 114 6.6
Trembling Aspen 6.1 # 06 05 3.1 6.6 2.9
Beaked Hazel 1.6 7 32 685 8.8 0.2 14.8
Red-Csier Dogwood 0.6 . 0.1 0.2
Rose : ‘ 24 1.2 0.4
Western Snowbcrry - 15.5 48 T3
Saskitoon / 02 . 0.8
Chokecherry + 3.4
- Soapberry 1 0.8 ,
Red Raspberry’ 1.1 0.9
Bracted Honeysuckle \ 1.1 1.1
White Birch 0.6
Low Bush Cranberry 1.6
Gooseberry 0.3
"Stripped” Bark , 38.6 0.2 27.0
' Leaf Litter 65.8 678 498 2.7 49
Forbs
Cattails 46.7
" Stinging Nettle 01
Canada Thistle X 03
Sedge ' 0.1 1.2 119
Grass 0.8 _

! Percentage values less than 01% were omitted. Percentages calculated as percent of
dry weight of forage intake mumated by bite-count- tcchmquc (Renecker and Hudson

1985 )




.

Table X.2. Seasonal variation in thc mean pcrcentage by dry weight, of foods m

-

\

183

the. diet of free-ranging moose no. 211 from December 1982 to January 1984 at the
Ministik Wildlife Research Station, Alberta.

—~

" Percentgge!
Plant Species Dec  Feb Apr  May July Oct- Jan
Shrubs . ‘ Co o
Willow o 58.5 . - 111 56.7 88 127
Balsam Poplar 195 2681 282 143 140 130 220
Tremblin 3.9 2.1 1.8 - . 533
Beaked 67.8 392 18 3 . :
Red-Osier Dogwood 0.3 s 0.2 02
Rose 08 02 © 01 - 0.1
Western Snowberry .03 T 4.2 0.7
Saskatoon - ' 0.8 1.5 0.7 -
Chokecherry _ 06 /
Soapberry .04 2.6 0.1
Red Raspberry <123 18 89 0.
* Bracted Honeysuckle 94 0.9 0.4 .
Twinning Honeysuckel 03" ) "
“White Birch- 0.8 1.3,
Low Bush Cranberry 1.9 ' s
Gooseberry ‘ - 38 1.0
"Stripped " Bark 38.5 \ .
Leaf Litter 43 . 128 322 55.6 1.1
Forbs
Pea Vine 0.6 .
ils 31
' Clover 0.2
‘ zanada Thistle 198 3.0
Yarrow L L1
Sedge " 08 0.2
Grass 0.8 1.1

o Pefécntage values less than 0.1% were omitted. Percentagé% calculated as percent of
‘dry weight of - forage mtake estimated- by bue coum technique (Renecker and ‘Hudson

: 1985)
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perrmtted moose to crater for fallen leaves.. T

Follage was dommant in dlets during late spring. beaked hazel accounted f or 39 69% ol‘

| the diet, although wrllow balsam poplar and western snowberry were glso f reQuently used Red

. raspberry leaves were selected excluswely by moose no. 211 at a level excwdmg 19% of the daily

K - e

rntake The remarmngshrub specres constituted between 10 1 of the late spring dtet Sedge
and grass dtd not exceed 10% use and the only f orb consumed was pea vine.
By nud J uly. wrllow balsam poplar and beaked hnel accounted f or 9 57% of the dret

. Cattails were consumed by breakmg the stalk above the root and then slowly consumnng the ‘

entrre plant. On other occasions, animals would only feed on the thrckened whlte poruon of the-u

stem below the water level: Sedge (Carex spp.) accounted for 0.2-h 2% of the use of this

habrtat Stmgmg nettle (Urtica gracllis) and alsike clover (Trit folium hy’brldtum) were eaten

occasronally . : R : T S v
" SN

During autumn moose foraged selecuvely on avallable green plant matenal Western

snowberry and Canada thistle matntamed green growth and were f avored by moose. In several -

cases, moose were observed smpprng f Tuits f rom snowberry when green*leaves were not o

. present. beaf hfter was a dommant food component for ammal no. 211 accounting for over

¥ ] ! .
55% of the dret Fallen leaves dunng earlg autumn that remarned partrally green had not been

.subject to leachmg and were in hxgh abundanee (Chapter VIII and’ IX Renecker and l-ludson "

1985 1986a) Along wrth f allen leaves moose no 211 selected stems of willow and balsam .

: poplar whrch amounted to 32 7% of 1ts dxet Sedge was consumed durrng one f wdmg bout ln an

area whrch supported green plant matenal S

o

Habiatselecﬁon R

lvs
K

r

4

Dunng wrnter moose selected habrtats whrch provxded eenopy eover or were in close ‘ ,.; o

proxumty tonearby tall shrubs (an X 2) In the second wrnter they spent more tirne in open

(
i

habrtats and the forest edge A large proporuon of thrs trme was alloeated to food consumpnon l"_:'»'~

before beddrng under wooded eover Freguent melt freeze cycles har"d"r'red snow and restncted

PR




. 'Fig. X2 | R“elaﬁve‘ use of hébxtits 'by' two' free- rangmg moose . cow.s fn;m -
L ~ December 1982 to January . 1984 at’ the Muust.xk Wﬂdhfe Research
~Stanot?p Alberta. |
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ow

aooess to leaf litter except near dead fall and the base of trees. ’l‘hrs probably r oroed moose tnto

PR

l" " l“ ‘r..‘ ) AERE ' " N

Openareasinsearchoffood ’ ",1 ! S

N

Aspen f orest remained the most f requently used habitat dunng early spring A stnkrng
trend was observed in the high use of open areas such as wrllow sedge forest edge and |
scrub poplar grassland habrtats f rom mid- wrnter to Apnl However ammals retumed to the | |
aspen forest to bed " B J "" S : B PR " . " L
' . Use of the aspen forest mcreased markedly durmg late spnng as ammals stnpped leaves ‘
from shrubs Utrlrzation of cattarl sedge eommumtres mcreased mto late May Relatrve useof

cattaiL-sedge and willow habitats continued to mcrease into: summer. Ammals foraged on . "

B cattails during the daylrght penods when black globe temperatures exoeeded 29‘C and msect W

o

L forest edge and wrllow areas where woody stems and f allen leaves were consumed

activity was”'bxtreme These wet meadows were of ten used as beddmg sltes srnce they provrded

L
water and~hrgher wmd veglbcitres whrch provlded relref f rom posslble heat stress and msect

" harassment Variatton in habitat selectton between mdmduals was greatest dunng autumn

‘u‘

| which had not’ senesoed whereas ammal no 727 spent 41% of the day m more open habitat

L shrub forage class was most often explorted by nioose f or avarlable browse throughput the year

i
ot

Moose no. 211 spent 5;% of the tune rn aspen forest"selectmg Canada thrstle and red’ raspberry § K
consuming green leaves and f Tuits, of western snowberry There“was also a notable shrft to the
D Dlseussion f s R f e

Moose“exhibrted a hrgh pref erenee for use of forested and wrllow habrtats throughout = .

the year Plantnommumhes most often uttlwed by moose provrded both food and oover 'I'he

L Several st;xdres have identtfred the contnbutron of browse to the wmter drets of moose

Nowlin 1978, Pierce and .Peek 1984) but relauve selectton of these ’areas vanes markedly




f
-

' f rom trees by moose is an mdicator of low forage avarlabtlrty Other studres have noted the

, “ seasonal use of bark (Peterson 1981 D quuelle pers comm K Rtsenhoover pers comm )

| .*_ Food Avarlabrhty

T forage selectrvity Snow is of paramount rmportanee in the wmter distnbution of moose

S (Formosov 1946 Telfer 1970 Kelsall and Prescott 1971) and greatly reduces the

wrth envrronmental conditlons (Carrns 1976 Peek et al 1982) availabillty of food (Telfer
1967)andindtv1dualanmlals(thX2) i

Browse plant specres commonly utthzed throughout the year aré balsam poplar beaked
©

haZel trembhng aspen and wrllow Ammals consumed woody stems durmg wmter but dtet g

eXpansion and selectmty mcreased with the presence of leaf growth in late sprtng and autumn

Trottrer (1981) noted the unportanoe of beaked hazel to f¢ oragtng moose in aspen boreal o

o habrtats and it has been 1dent1f1ed as a major food ttem of moose during the wmter in -

' Mrnnesota when f orage biomass is reduced (Peek et al 1976 Trottler et al 1983) In central

North Amerm Berg and Phrlhps (1974) Kref ttng (1974b) Peek (1974) and Zach et al (1982)‘ g
g .

. reported that balsam popla trembhng aspen and- v:}lfow are. 1mportant foods of moose

Although twigs and/or f ohage of browse were eaten by moose m each season dlets occasionally, ’. K

compnsed a relatrvely large portton of bark stnpped ¥ rom aspen balsam poplar and willow

- . f allen leaves and forbs Contrary to these f mdrngs. Murie (1934) concluded that striPplng bark _ »

: whrch may be more closely related to dtet quahty (Chapter VIlI Reneclrer and Hudson 1985)

»

) Often studles have not reported extensrve use of leaf litter by moose durmg autumn winter and ‘

¥ . ) - 1
. . . . . o . . .

sprmg R L

Extreme heat and msect harasssment encouraged anunals to fwd in open aquattc

habttat types Under these urcumstances moose probably dtscriminate between resouroes on '3' N

the bam of fmage ava‘lab‘“‘y a“d q“ah‘)’- msm actlvny and hlgh ambtent temperatures g

'«»l

Plant avarlabthty 1s undoubtedly one of the most tmportant factors affecting

',i[',‘;.avatlabiltty of forage bromass (Telfer’and Scotter 1975) Large scfective feeders. suclr as




R However leaf abscrsston and snow accumulattons reduoe forage bxomass (Chapter IX.» -;. o

e “ Reneclter and Hudson 1986a) and result in less selection of food Investigauons have .: L T ___ _ )
: T

o demonstrated the importanoe of leaf litter as seasonal forage for wapin (Gates 1980 r
‘ Nietfeld 1983) and quantif ted the la?ge btomass it_provides dunng autumn and wmter %
,__:) .‘ _ fv (Chapter IX Renecker and Hudson 1986a) 'I'herefore itis not unexpected that moose
o , may attemm to utilwe thts resouroe to meet dally nutnent requtrements | |

Telfer (1967) regarded the presenoe of moose in aspen f orest and WIHOW hahrtat as , |

| a response to availabiltty of foo(Severﬂ studtes in oentralPAlberta have also reported

t
~ o
.

\) | ?'“,' \ g heavy use of poplar and ‘mixed poplar cover types for both fwdmg and non feedmgt v
| | .'»acnviues (Nowltn 1976 Penner 1981) aAutumn Wmter asd springdiets of moose wefe
f' ‘, X | 0 {oomposed of alarge«percentage of fallen leaves obtamed under aspen and poplar forests o "' i
o fj ‘ Feedmg activmes and habttat use patterns only‘changed when melt f réeze cycles formed -1

‘ “‘ '. snow crusts (Chamér VIII Renecker and Hudson 1985) reducmg accessrbhty of leaf litter

| - B biomass (Chapter Ix Renecker and Hudson 1986a) Dlstances travelléd by moose dunns )
L | '!_,”fwdtng bouts were markedly reduwd when ammals ate thxs materral (Chapter XI) |
o : 1 Although the crude protem content of fallen leaves decreased wrth the oocurrenee of

ey " “ leachmg frdm autumn precrpitatton and spnng thaws digestxbiltty remained htgher than " ~ .
v o R for woody stems (Renecker and Hudson 1985) Moose cratered readtly through powdery o
== snow 25cm deep to consume leaf htter Thus the 1mportanee of fallen leaves m the

L ; ": autumn and wmter dlet of mOOSC r%y be notevvorthy because the avatlabthty of this .

- "l,matenal may provrde more dxgesuble nutnents than woody tWISS. whrle reducmg travel

’,:‘oosts between food patehes e

Vel s

......

vterwnmckemdﬂudw 25 htdbaﬁi‘vfsisﬁa
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result of oell solubles throughout the bark eambrum (Chapin 1980) Similarly. in oentral
Brmsh Columbta Cowan et al (1950) reported lngher levels of crude protein in the barli
Cof tremblmg aspen than in woody twrgs These facts help explain the high peroentage of o ‘

 bark in the dret and indteate that it rnay tmprove diet quality, prioruto leaf flush because of

1"
- ,,\

htgh levels of dtgesttble nutnents L ',o' .

Quahty of f orage is- also an tmportant f actor in the chonce of autumn f oods by

, ‘, moose Arm protected from early f rost supported green succulent forage such as westem ~ '{'_- :‘
.\ ‘ snowberry, Canada tlnstle red raspberry and gooseberry Hanley (1982) reported that cell L
- solubles are the most valuable nutrtent source of herbtvores The abtlgty of moose to

S exerctse selecuvofwdtng and diet drversrty. dunngautumn tndicatcs the eff’ tciency of the N . : :
. ammal to. choose more drgesttble matenal (Trottier et al 1983) Dietary muung of f allen -
leaves hrghly digestrble green growth and. twrgs f Tom sele‘ctwe f oraging in combtnation ’
wrth lower autumn energy expendrtures would enable moose to mamtarn ahtgher mtake of -

nutnents (Chapter VIll Renecker X d'IHudsonle985) and éxtend ‘the period of 'tissue R

s ! P

anabolism

' L . - N ‘\f

» Use of open wetland commumtres eommded wrth extreme heat and inseCt acttvity
o :_4 e Low toleranee levels.oiméée 10 htgh ambtent temperatures is paramount in seasonal

.‘ energy budgets (Chapter XIL) as it can result in ref usal of f wd and static body wetghts

(Chapter v, Renecker and Hgdson 1986b) Standtng or lymg m sedge meaﬁows or cattail

stands probably redtiwd thermal stress (Chapter XII) and annoyance due to large numbers

of mosqurtoes (Culicldae spP ) Tms cbowe of wetland habitats as a temperature control

i i moose has been reported prevrousiy by Flook (1959) and Kelsall and 'I‘elfer e



v . TR e e R T , ) X B } B ) ) ‘ ) ]
I LN : " . I . . T . [ Vhoet , . ' 192 e

' B o Lo L e . WOt ! T , ' o . e

| . o , ~ . - \ R Lo AT A )

' . n v .

'
¢

it inprevious‘studies,‘ “"‘_-‘_’ . : o o - | - ';
Consumptlon of eattarls/m wetland habrtats probably I flectsa response by the -

.
e
* vy

- animals to maintain rumen l?f while amelrorating the eff ects of extneme heat and msect
harassment during summer\Mthough eattails were lower m dtgesubrhty and crude protetn .
\ oy and higher in dtetary f rber content than leaves of shrubs dunng summer (Chapter III) the |

thermal advantages of the cool water maLhave enabled moose to feed longer and thereby v

minimizeweighmss (ChapterV fRenecker and Hudson 1986b) T

"t '

Moose used grassland snowberry and f orest edge habrtats more than expeeted C .

durrng autumn Most acttvrtres in these areas Were oarned out durrng the mght when o
Y ) . , - ' ..‘f

ammals ‘were less subject to hrgh levels of solar radtatron and black globe temperatures K

520 C Nevertheless the use gt:\ these commumtres in relauon t0 forested areas probably . |

"

B . i : reflects the seIectron of spectﬁc f‘oods preferred by moose N '
BN Although selectron of habitats was pnmanly a response to both food resourees and

A e

. o H secunty needs. the modrf 1ed meterologrcal eondrtibns under closed canopy forests would
- .‘ K reduoe thermal stress. Shade provnded by poplar and aspen COVCI tYP% dunns late SPHDE is'

probably attractlve durms perfods of. hrgher ambrent temperatures when msect actmty ls : f L
o) “.u. TN x.v"

low and aecounts for large portrons of the dtumal penod spent bedded in. these habrtats in

late spring Simrlarly. the advantage of canopy cover to moose m wxnter probably _';‘\. L

‘! S ?‘. o

translafes mto energy conservatron as mdieated by hlgher black globe temperatures‘ \ - f

o re‘t‘:brded under foreet eover HOWever. benefrts of these habrtat opttons would only be‘tome




L. E. Conclusions ' W e

, The moose ts a selectrve browser Although the staple wmter f oods conslst of woody

- mmoose wrll consume large amounts of leaf lttter and bark under some envlronmental L
" 1 condttions Dunng spring. moose depended heavrly on bark’ from trees which was htghly :‘. | s
“ ’dtgestrble Chorce of habltats durtng spnng and summer was to maxtmwe the tntake of f ood o
and to.mmgate thermal 1mbalanees thrOuglf" altered behavroral pattems and hébltat use Moose R

SPSTR f oraged most selecttvely durlng autumn when vanauon in f orage quality was' greatest
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XI. SEASONAL ACTIVITY PATTERNS OF FREE-RANGING MOOSE
_‘Alntroductlon S ' ‘I ‘k ) o o
Wild ruminants spend a large part of each day either fwdlhg of restrng/rummatmg
" while other behavioral categories (grooming travel security and socral disturbance) oec\rpy
. surprlsingly llttle time Tune spent in these activmes (particularly feeding and rumrnating)
‘shows marked drel and seasonal variations. (Dulphy et al. 1980). The challenge is to determme . .J\""’
the adaptxveness of these patterns. -
Activity budgets have now been documented for a number of northem rumrnants
includrng red deer (Georgii 1981), roe deer (Turner 1979, Cederlund 1981) muskox /Jingfors
1982) reindeer ( Eriksson et al. 1981, Skogland 1984) wapiti (Gates and l-ludson 1983) and
white-tailed deer (Jaoohsen 1973, Moen 1978). Activity budgets prevrously reported for thoose
A are limited to specif ic seasons (Belovsky and Jordan 1978, Best et al. 1978 Rrsenhoover 1986) .
Among rurmnants moose are partrcularly mterestmg since, bemg large browsers they
should have relatrvely longgr:raging times (Lewrs 1977) but, since the rumen ls small and rate '
of passage high, bouts should be more frequent but shorter than i in other rummants The ‘
R ' Iobjectnve of this study was to evaluate these predictrons of daily and seasonal activrty patterns.
‘ Prehminary resnlts ol' the Deeember tnal were presented by Renecker and Hudson (1983) This .
- chapter presents data eollected durmg 7 drel actrvity scan penods over a 13 mon/th penod "

S

'B. Methods | = | |
Two hand reared moose cows (No 727 No 211) were rr;amtamed wrthm a2 ha ‘ =8
.e ' rpasture ona pelleted aspen coneentrate ratlon (Schwartz et al 1985) supplemented with e
B fhand cut browse. Body welghts of the moose ranged from 262 to 387 kg dunng the period ‘of |
| ! “ ;‘observation Ammals were 2 5 years old at the begmmng of the study and were habituated to

-1 human presenee




e
N spent more than half (53 9:l:0 5%) of thetr tlme bedded Most of tlus ume was spent

" harassment.

VI”

‘_ _The aninials were’ released' into a 65 ha enclosure for 7 periods between Det':ember 198‘2“; n
-and January. 1984 to monitor daily acuvity They were allowed an average of 4 weeks for '

1
] .

digestive and spatial adjustment to natural i‘orage before each trial, L

Actmty of each animal was momtored once by continuous time- sampling during 24- hr
penods every 6- 8 weeks Tlus method was selected because oi‘ dlf fi 1culttes thh time- sampling
techniques (Jacobsen and Wiggms 1982) Acuvmes of mdivrdual moose were categoriz.ed as
fi eeding. bedded rummatrng, bedded- other and miscellaneous Fwdmg actmty was f urther ,
classnf 1ed as grazmg (forbs or gramtnotds) fwdmg on leaf litter (cratermg) browsmg low , |
(below the brtsket level) browsmg mtddle‘(between brisket and tophne of the moose)
browsmg high (above tophne) and f eedtng on bark (stnppmg) as descnbed in Chapter Vll .
(Retiecker and Hudson 1985) Subclasses of the bedded other category included doz.tng,

. ruminatmg. alert. groomuig, eatuig or insect harassment Miscellaneous activities mcluded

standtng, standmg alert, standmg rummaung groommg. walkmg, running and insect "

» : ' , ' : : , I -, U
" . . " N N ' M :

~ .

Durmg each 24- hr observauon penod ambtent temperature blackglobe temperature as o

b

descnbed in Chapter A% (Renecker and Hudson 1986a) wind velocity precrpttatton and cloud

coverwererecorded : ‘_ R N BE.

C.Results ~ ' > . . T e

P o
/1 B

| SeasonalActivity Budgets - fo f BRI e

Pattems oi' major actrvmes were similar betwecn the two moose but vaned

sigmfrcantly (P <0 05) among seasons (th XI 1) In wmter and early spring. bOth ammals

rumlnaung wrth a smaller pereentage allocatedto dozmg (Tables XI 1 and Xl 2) Fwding tlmes
averaged40%onanannualbasrs ’

sl



v an XI.1. Seasonal ‘i:hange in’ the propornon of ‘time spent in maJor acumm by
.. two free-ranging moose cows from December 1982 to January 1984 at
"the Mmisnk Wlldllfc Reswch Stanon Alberta : ;

t
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N Feeding Times and Movements e
| Moose increased time spent t' oragmg m late spnng f rom an, average lngh of
10 1:i:0 4 hr/d in February to 11 1:t0 4 hr/din late May Dally fwding umes decreased

durihg J uly to an average of 9. 91:0 4 hr Wrth autumn seneseenee of plant matenal moose | -
‘ were more selective and searched for succulent green fohage whieh resulted inal? hr,
| increase in f wding time for ammal no. 721 over values observed dunng summer whereas a
. 1 1 hr decrease was observed for moose no 211 ’l‘tme spent fwdmg decreased to 9 3:tO 4 ; ‘
hr in January as snow eondmons made foragmg more dtffrcult e , ' | L
Use of forage eategones changed over the seasonal cycle Wrnter fwdmg tm;ies ! Tt |
' were drvided between browsing on woody stems and cratermg f or f allen leaves under the - | :
snowpaclt In early spring. mdose spent more trme stnppmg bark from trembhng aspen :
| - 'and balsam poplar When food was abundant and of h:gh quahty in late spnng and 1
R : ; § summer moose foraged in the low and middle height categones strippmg leaves f rom ‘
- -‘shrubs However. more ume durmg summer was spent grazmg aquatrc plants Both moose o |

. " (parttcularly no 211) selected fallen leaves m October as the mam food 1tem Feedmg ‘ ; o

‘ o r_"“actlvmes in J anuary dtffered f rom the subsequent wmter beeause the dense snow crust-

o prevented aeeess to leaf htter resultmg m moose spendmg more trme browsmg low. Also

B }moose no: 727 spent 2 1 hr strrppmg bark from trembling aspen trees A

. g'harassment from mosqurtoes was high and ammals moved' greater drstanees between

'l‘otal daily distances travelled were highest during summer ('I‘able XI 3) when e
\» :

N ‘f;.’feedmg sites Average drstanee travelled was redueed to 1 494:l:252 m during winter from

L f'fmoose abandoned cratering for leaves to searc%’ for browse f' SR

g6 452:t942 m dunng summe. ;‘However, dtstanoes mcreased dunng J anuary 1984 when the_ ":-?: f,":,' ;




s

‘Table XI 3. Dlstance travelled by two" free tangmg moo’s?Lc:OW dnring 24 houx
- periods from- Deoember 1°82 to January 1984 at the Mlmsnk Wildlife Rwearch

‘ ';-\Stanon Alberta.

. ,Dism.hw' (m)

' Animal-No. - ' Dec:, Feb

()

CApr’ May - July

Jan. ¢

i 2065 1683

I S & I 7

870 B 5283

1283

"7391
5513

- me”
12052 -

3391

3891 L

# .



Regrwsxon of sea.sonal change in nme spent rummaung on cell wall

constitients (CWC) in ‘the diet dry -matter and’ dxgwnble dry matter :
intake (DDMI) ' (Retiecker and - Hudson '1985) of two free-ranging .
. ‘moose. cows. from December 1982 ‘to January 1984 at the Mlmsuk

,wlldhf‘e Rweamh Stauon Alberta p L

. . |. * 4
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’ - n;attcr intake were optained from Chapter VII(I,)). Ratios of rumination time/unit of cell
lwall constituents ws're highest duriﬁg miﬁ-wimcr regching a mean (1SE) of 0&510.01 -
" when lignin ::qmcnt of ‘woody stems was highest (Chapter l?(, Renecker and ﬁudson |
o i986b). With the occurrénce of nutrient flush in e:;rly spring, values (rumination time/unit
of ccl&vall constituents) decreased steadify to éegsonal minima-qf 0.09 and 0.13 during late
May when succulent forage was abundant. Ratios increased sirh_ultaneously with increased
o dietary cell \;rall ‘pr;)pomons and hlighef voluntari int.akés by_mid-summer (0.21% 0‘..‘01). As
i’ibrpsity of the diqt increased in winter; rumination. times increased with a corresponding

decredse m daily intake.

P Moose altered their rate of chewing, which ranged from 24 to 107 chews/min, with

changes in diet quality and intake. ’I'hé highest mean rat¢ of chewing was obsérved d;ring

winter (7214 chewshhin) and mid-summer (81+4 chews/min) concomitantly with a high '

} level of ‘dietary fiber and intake, 'respectiv‘cly. Similarly, the number of chews/regurgitated -

It bolus'and the time spent chewing each bolus wﬁs greater during winter (13310.6
chews/bolus; 129+ 17 sec/bolus).than summer (78 +4 chews/bolus; 5616 sec/bolusf ':"I;he

lowest rates of chewing during mggtion were recorded during late May (6210.2

chews/min; 66+0.3 chcws/bolué) when forage was succulent. Moose were ﬁighly"sgﬁlezgve .

‘" when foraging dﬁring autumn and maintéihéd a low chéwing rate (5810.9 ghews)fnin),

f\_ﬁowgver“ the effort/bolus (83111 chews/bélus) and time/bolus (81110 sec/bolus)
f . ) I A

- increased f rdm summer wﬁh‘ maturdtibh of browse specics. |
| ‘Chewing intensity varied markedly ﬁmm a penod of mminatigx‘;. Generally,
chew}gé rates wqfe Mghgéx,at the coxqg_;ence_mént of a bout dqcréaéing as thre animal
'e‘nte'," yadoz.mg period. .Ra_ka'ge'o,f cheiving ratés during bouts vye”ré greatwﬁlunng éutumn
and v»;intg:f ('}7 to 65chcws/min) and least duﬁng late spring (59 to 57 chéws/mig) and

" summer (82 to 76 chews/min). - » S A

Praht I
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Diel (24-hr) Activity Pattefns
| Daily cycles of f eedingland bedding ollowed a polyphasic patarn with 4-7‘ cycles
during a 24 hr period (Fig. X1.3). During wmter spring and autumn, feeding was generally
crepuscular being concentrated around sunrise and sunset. However, the precise timing shnf ted
with season and daylength. Nocturnal feeding was more prevalent during late spring and '
summer. However, this probably ref1écts the short period of darkness and cooler ambient
temperatures. |
When feeding on fibrous f orage, moose incréased the duration of rumination bouts A.
(P <0. 001) and decreased the length of feeding bouts (P <0.05) (Fig. XI.4). Thc duration of
feeding bouts ranged from 87 to 161 min with a mean (iSE) of 1074 5 min. Generally, the
longest[tfouts were recorded during late May when insect harnssr_nent was minimal and f orage
quality high (Table XI.4). Dui’ing July, moose shortened feeding bouts to 92+ 3 min. Other
factors such os heat and insects appeared to inﬂuenqe behayior during July.‘a,s suggested by the

high mean value of 271 min/lﬁut recorded for other activities (such as walking, running 'and

standing in water).

D. Discussion

sonal Adaptlation‘

What Regulates Feeding Times?

| Fwdiné times (hrs/d) are ekpected&oinerease when requirements for energy and
' . o
nutrients are high or when forage supplies are sparse. However, rumination time appears ’

- to tncrease at the expense of f eedmg time when forages are of low qual:ty Compared with:
t

"other herbwores forage intakes of ruminants (especially selective feeders) are strongly
dictated by dlgesubxhty and passage rate of the dief (Foose 1983). Therefore there is a’

complex seasonal interaction between forage avarlabihty and quality, photoperiod and

I
ammal reqmrements To a large degre®, seasonal éhanges in time spent feeding. resting and/
, : / : :



- Fig. XI1.3.

Seasonal change in the proportion of  time spent in major activities by
two free-ranging moose cows from December 1982 to January 1984 at
the Ministik Wildlife Research Station, Alberta. The solid line (closed
circle = % of -hr active) represents percent of time spent active

‘during a hr interval-while the dotted- lineé(open circle = % of time

feeding) the percent of active time spent feeding. Arrows indicate
sunrise (upwards) and sunset (downwards).

"W
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Fig. X1.4. ° Relauonship between’ cell wa.ll cOnsutuents (CWC) in the diet - ¢

(Renecker and Hudson 1985) and either meanlength of rumination or.’ ',

feedmg ‘periods : in two free-ranging moose cows.. from - December 1982 |
to January 1984 at’ the Ministik Wildlife .R&scarch Station, Alberta.
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“ 'ruminating by. moose can be explamed on thts basrs

- The ultimate constramt on fwdmg ttme lS its preempnon by the nwd to ruminate

—

- Rumrnanon ttmes are determmed largely by total oell wall lntake smce i‘ ood particles must

o “achreve gut fill (Chapter IX‘ Renecker and Hudson 1986b) Wxth autumn mm“ °"°

B ' "cratenng which may have spared addmonal ttme for bedded doung activrty

LR dri‘ f erences m i‘ eedmg umes m sprte of wrde vartatrons m f orage quality and avarlabiht '

R One reason may be that moose use addmonal free time to forage :'ore selectively

be reduced in size bef ore they can pass from. the rumen Studiee oi‘ moose suggest that
dunng winter, moose subrmt to the constramts oi' long rummal retention ttmes of woody ‘
stems and the htghest rumtnatton to feeding ratio However as dretary qualtty mcreased
they selected highly drgeguble plant pans and propelled larger fragments through the |
. gastromtestmal tract (Chapter Vl) Whlch resulted in a reduwd requtrement i‘ or particle L
-size breakdown Short rurmnatron pertods in late sprmg reflect the high dietary qualrty. : o
B dtgestlbthty and cell solubles of f orage (Chapter Vlll Renecker and Hudson 1985) |
| Moose foraged longer m late spnng as the relatrve rumtnation requirement
.decreased Srmilar seasonal trends have been reported f or, musltox (J ingf ors 1982) and
- impala (Aepyceros melampus) (J arman and Jarman 1973) Shorter f eeding trmes dunng
-_ ‘July may have resulted i' rom the mcreasmg stage of growth of browse in addrtion to the .
- ‘.greater pl'OpOl'thﬂ of cattatls m summer %wts whxch oontamed a higher frber content .
(Chapter VIIl Renecker and Hudson 1985) Under f avorable condrtrons durtng this | ~ o
. pertod moose can attam feedmg rates as high as 23 g/nun whlch reduces tune required to
‘moose travelled further in search of succulent green foliage (Chapter lx Renecker and

"',Hudson 1986b) and thrs mcreased total f oragmg times but resulted rn a lower rummatton

U to i‘wding ratro than dunng summer The other ammal allocated consrderable time towards’

Perhaps the most mterestmg questton 1s why moose dld not show greater seaeonal |
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Duratlon and‘F—riodiclty of Feedingand Remng Bouts S "“:.' |

o

Fwding bouts of undrsturbed ammals in thermoneutral envrronments should be .

._longer when forage availabihty ls low or opportunities for selecttve fi eedmg are htgh The ‘

duration of ruminatron bouts are related to the f 1bros1ty of forage (Balch 1971 Murphy et S

‘ ‘within the 24 hr cycle

o al 1983) The relative lengths of these bouts should m turn, drctate the frequency of diel

activxty cycles However this is comphcated by thermal stress whrch mfluences ummg

L Results of tlns study conformed to these expectanons Foragmg bouts were .

shorteet when f oragmg ef fi tctency was high (summer) and when f orage quahty was low

| (winter) The longest bouts oocurred in spnng and autumn when forage was moderately .

B dtgestible but widely distrrbuted Rummation generally oocurred dunng bedded periods as,

o ‘active trme was either spent searchmg or eatmg f ood However these changes in durationj |
- B of foraging and resting bouts dld not change the frequency of activrty cycles Whlch L
remamed at about 5 feedrng/restmg cycles pe\r day | R

Perhaps as a dtrect consequence of dayhght or assoctated thermal condittons, not '

L ‘- _all fwdmg bouts were of eQual length The oocurrenoe of majo,r (longest) foragmg bouts' ;1 : ‘
R .'appeared to shift wrth season Nocturnal fwdmg was more prevalent durmg late spnng and _' o

e -~:summer. as have been reported for Dall s sheep (Ovis daIIi) (Hoefs and: McTaggart Cowan: o

o ., 8 c ,,,j;1979) and wapiti (Gates 1980)




B - . : e
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However closer eompansons With waptti 1n the same study area (Gates 1980) indicate
!,some differenees Wapiu varxed more they spent more ttme f eeding in wmter (55%) and less in o e

summer (35%) Moose spent about 40% of the time fwdtng throughout the annual cycle Part g - ‘; >

e

of the Teason. may be the hrgh asymptoue f oragmg rate of moose relative to other spectes and
, ythe f act that avadabthty of their mam wmter forage (browse) is. less aff ected by snow cover ;
i ‘than forages used by 3 wapm lf extreme wmter snow condttions hmtt food supply. then ' , ‘
"depress:ons m feedtng ume may occur (Craxghead et al 1973) ln summer, btomass and- _" l" o ‘9

E ,’ ‘nutrttional qualrty of forage tncreased concurrently thh fi oraging ef fiaency Whlch were higher .

,.-‘

_ than maxima reported for wapttt (Wickstrom etal, 1984 Hudson and Ntetfeld 1985) and mule
deer (Wtckstrom et al 1984) (Chapter IX, Renecker and Hudson 1986b) Durtng the Snow. free

e rpenod moose appear to use addmonal free tl{b (made possrble by their htgh f oragtng rate) to i ;

o ‘forage more selectively r

. X ‘.r. . o e

Average durations of actmty and bedded cycles of moose appean to be tntermediate

’

- among values reported for other wrld rumrnants Short (te 56 mm) but frequent cycles (11 per a B

. ‘day) dunng the wmter period have been reported for small ungulates sltch as 10 deer ',7 X
(Cederlund 1981) white tarled deer (Moulton 1967) and mule deer (Carpenter 1976) whtch
:‘“have a smaller body srz.e and dtgesttve capacity than moose while upper extremes have been

.n

) reported for muskox (J mgf ors 1982) However. when forage quality is high dunng rmd

' summer the duratron of acttve and i'estmg periods of rnooSe isvsunilar to that of other large : S

' rummants (J tngfors 1982) It is ltkely that this seasonal change could be an adjustment to |

RN Y.fol-age quahty (Chapter VIII Renecker and Hudson 1985) rapid particle stze breakdo’lvn and

. rate of passage of dtgesta. envrrpnmental heat stress (Chapter V Reneclrer and Hudson 1986a)

" L :'_,”‘r,.‘” ¥ and insect acnvrty (Gates 1980)
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B o higher energetic eosts of thermoregulation and movement (Chapter V Renecker and Hudson ( ' /
EE -.1986a) from msects as illustrated by, reduwd weight gains in mid summer (Chapter v, . : o |

| ”‘Renecker and Hudson 1986a) thferenoes between moose and wapm (Gates 1980) m length of

. ‘wmter feeding and resting bouts ean probably be explained asa r_v_;‘ult of diet selection A menu
- ‘lof browse and leal‘ htter oonsumed by mc&se may requue a dtft‘erent rummatton ttme than ‘-;“ S . ;-

I'f oods selected by wapiti (Nietf eld 1983) Itis theref ore hkely that dlff erences m f wdmg and
’,:“];digestive strategies exolam wmter differenoes R " e G
" E. LiteratureCited“'n- . e R ,

“71 ‘B*'“-_LCH.C.‘C-".1971"I, e
g , diets for rununants possess the physwal property of fibrousness Cha‘\“temuc Of ‘ ‘. " o |

4
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' XII. TIME-ENERGY BUDGETS OF FREE-RANGING MOOSE

A Introduction _ ,
Ecological metnbohsm defined as total energy expendituresr of f Tee ranging ammals

(MOen 1973). may represent a specific adaptation of ungulates to seasonally fluctuating
envrronments Energy budgets may provrde a meamngf ul mterpxt)tatron of how large ruminants -
' optirmze behavioral pattems to amehorate seasonal hardships and capitalize on envrronmental
opportunities. C ' . o |

" ln sptte of the rmportance of this parameter few studres have overcome the technical

. diff: icultles of makmg such measurements. Overall energy expenditures can be measured wrth ‘

; labelle@blmrbonate (Young andMcEwan 1975) or doubly-labelled water (Nagy and Costa .
1980) but these methods do not partitron expendmrres by specific activities. A potentially more
- useful approach is to sum the products of time engaged in various actrvmes and stmultaneous
rates of energy expenditure (Lund 1979). Heart rate has shown promrse for esttmating energy
expendltures ol‘ undrsturbed ammals and Renecker and Hudson (1983, 1985) have f ound
satisf actory relationships betWeen heart rate and metabolrc rate of moose In this paper, this
teehmque .was ‘applied to estimate seasonal energy expendltures of tame free-rangmg moose
~cows. A prellminary report was published by Renecker and Hudson (1§§3) on partial data.

" Here, analysis of ‘energy'alloeations is ‘presented over a eomplete annual cygle. _
; e _ . R RS

»

B. Methods and Mqterials

Two hand reared MO0sE oows (Nos 211 and 727) were mamtarned ina2ha enclosufe

"‘ona pelleted aspen eoneentrate ration (Schwartz et al 1985) The animals werghed an average

. of 320 +$5 kg, were 2 5 years old at the b7§mmng of the study and were conditioned to human
' fpresenee. : ' - ‘ |

. . . S
They were released intoa 65 ha enclosure every 6-8 weeks to momtor heart rate and

. behavror. Anlmals were givcn an average penod of 4 weeks for drgestive adjustment to the

R v .
. o s . »_~ S . . o . .
> 2 . . . + @0

N
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natural forage and behavioral adjustment to the habhats prior to each scan. Activity budgets |
for these animals have been reported in Chapter XI.

Heart Rate Telemetry K

Heart rate wis transmitted f rom a transmitter implanted i in each moose (Model HR13,
Wyoming Biotelemetry, Inc.) following the methods in Chapter I\{, to a transceiver neck collarl ‘
(Model RRF-3, Wyotning Biotelemetry, Inc.) which relayed the signal 10 a central laboretori'.
The transmitters were tuned to f requencies between 150.800 and 15‘1.880 MHz. A modif ied -
 identification neck collar (Freddy 1977) maintained the extemal’repeater collar in close
proximity to the implant (Chapter 1V, I\{enccker and Hudson 1985 )« A

The telemetered signals were monitored with a receiver (TRX-48A, Wildlif e Mateﬁals, ‘
| Inc.), adigttal data processor (TDP -2, Telonics) and a‘pulse-period 10 pulse rate convet'ter'(.l . :
Cupai Consulting Engineer).installed in a dual channel recorder (TDR-1, Telonics) y{hilehl
generated a moving average of heart rate over~2. dor8 heart rate pulses. The perf otihance of

p\

this telemetry system has been discussed in. detaxl in Chapter Iv.

L( )

v »

The two maose cows, equxpped with repeaterqtype heart rate’ transmittcrs were released
into the 65 ha enclosure. Each animal was monitored for a 24-hr period every 6-8 weeks.“ While - *
on pasture, heart rate was sampled f or at least iO minutes dui'ing each behavioral eategoty. '
when possible, using a strip-chart recording end from visual eamplin"g of inte_rpulse periods’
from the digital data proceesor.;Heart“r'ates f olr'specif ic‘a'ctivities ‘tyere' aVera'g‘ed;over eeeh

24-hour period and then normalized to body weight - (Brody- 1945).

- Energy Expendituree s
'Energy expendxtures dunng spectf:c acuvnuas were computed usmg regressxon equaubns
| developed in other secuons of thts study (Chapter lV Renecker and Hudson 1985) Daily

' energy budgets for each tnal ‘were denved from an esumate of the rate of enersy expenditure

(EE) andacttvxtydatausmgtheeuquatton.".mﬁ : oL N o . "
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EE = LEIAL + E2A2 + ...... EnAn

. -~ | Q-

"where.l? is (t’he rate of encrgy expenditure for each activity and A represents the time spenr in

individual activities of each moose during each 24-hour scan sample pcriod. ‘ o

CResults R - x

Hean rates of adult moose cows varied seasonally rangmg from 27 to 144 bpm over a

13 month period. ‘l'he lughest heart rates were recorded in late spring. and -summer (an XII 1)

when forage supplies were best and the ammals were growmg (Chapter v, Renecker a:nd

Hudsbn 1986). Heart rates declined from summer until J annary with the decline in f ood"supply L
h and quality. A margmal decline was observed through ;ne winter period untll"early April;whenr. -
_ seasonal minima were rworded pnor to the pulse of vegetauen growth This strong cyclic

T

" pattern i .bedded dozing heart rate represented an amplitude of abour 142% L,

. Energy Expendl es of. Specliic Activities

ged seasonally (Tables XII 1 and

'Y

£ Energy expendlturec durlng various ac it
- XXI 2) thle bedded- dozing with the head tucked mto the abdomen moose had an
_' jexpenditure of 10 8 :l:0 4 kJ/hr/kg° 78 during wmter a:nd early sprmg mcreasmg to a hxgh of
. 32 9 +1. 4 kJ/hr/kg" 8y mld ] uly Smoe Lhrs represented Lhe least costly actlvxty for
free ranging ammals 1t wes consxdered an appropnate base (resung metabohc rate) "f or’
. ‘determmmg the mcrement cost of other actwmes S | :' 8 | o - h
anns/Rummauns :‘, '~v s e o .%‘ o " -
Energy e:gpendlmres whxle lymg restmg wnh the head up mcurred an mcrement of 8§
1 110 3 kJ/hr/kg'-” or 6 9% (Table XII 3) ‘l'he apparent cost of lymg rummatmg was L
; ‘- 14:tl% or; 2i0 5 kJ/hr/kg' 3, In Deeember a range o£.31 to 84 chews/mm represented
T an energy change of 13% or. 1 5 kJ/hr/kg‘-” whereas dnnng summer fluctuauons from




Fig. 5(11.1. |

1

Seaonal change in hean rate of ‘two free: ranging moose cows - from
December' 1982 1o Januai‘y 1984 .at the Mxmsnk ledhfc Rcsearch
Stanon Albena Lo , .

7
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| ‘Posture and Locomotion |

= and was measured rnf requently

'Foragrng . 0

n u} 86 ch‘ews/rnin mﬁea”an* expenditure of 26% or 8.2 KI/hr/ke®”. |

n
. i‘r

LI

Higher raws of energy expenditure were assocrated wrth postural changgréi’he

'energy expendtture of standing above bedded dozmg behavror nepresented a 36% rncrease o ;
during wrnter and early sprmg As expected the rncremental expenditure of thrs change in- '
_posture was considerably higher (75%) dunng May and 3 uiy when thermoregulatory

,‘:‘demands were undoubtediy hrgh

A higher rate of energy expendlture assocra.ted wrth travel is noteworthy and

s expected as ammals waiked between f ood patches The most costiy actrvrty was running.

A“\ o
R

Mrnor vanauon m energy expenditures was assocrated wrth consumptron of eertam .

' .food 1tems as weli as season Noteworthy was the energy cost of grazmg on cattails dunng

o ,J uly, in sioughs where water depth was at the height of the bnsket Thrs f oragmg actrvrty o
: '_was oniy undertaken dunng dayhght hours when ambrent temperatures and insect actrvrty L
‘ were extreme and offered a maxrmum reduction in heart rate and energy expenditure of 9 1';: B

. 'bpm or 12 7 kJ /hr/kg'-”, reSpectively. .over simrlar feedmg actrvrty in open pastures

T jxl",surpnsingly. activitres (grazing, stripprng bark from trees and cratenng) which misht

.'f"seem to require more effort . were not much more expensive




Fig. VXII‘.‘ZI 41elauonsh1p between t.he energy costs of activity . and enetgy

" expenditure while lying- with head down- in two free- -ranging: moose
-'cows atthe ' Ministik ~ Wildlife Research Statior; Alberta. The x- axis |

. represents  the resung metabolism . of ‘the animal’ .whilethe y-axis' =
, ”represents the - mcrementa} expendxtures of the th.ree major acnvmes'.‘

Sy
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browsmg. respecuvely Only mcremental expendttures for walhng varled markedly l'rom o

l

59% and 195% between wmter and summier, respectlvely R
. 'Therrnoregulatron and lnsect Harassment
Ambrent thermal condmons mfluenoed rate of energy expenditure and actmty of
moose especrally dunng late spnng and sumimer. when ambxent and black globe |
- temperatures were Iugh For example mo;gse no. 727 bedded m an open sedge meadow 3
’habrtat durmg late af ternoon in- July where Lhe ‘Water was 15 20 cm deep Energy :
Co expendrtures were reduced 2 9 k.l/hr/kg" 73 below the daily average f ora bedded restmg
o | ammal Slmilarly. resptratory rate declmed f Tom 26 breaths/mln recorded f or a
. lymg restmg ammal near mrdday to 7 5 breathslm when the moose was bedded in wet ol
sedge meadow The use of water in eattatl stands decreased standtng heart rates of moose
""by 11 bpm from values recorded in willow dommated habrtats | B | ‘
' Open mouthed panting (90 breaths/mm) was observed in lying restmg postures - v
‘dunng late May when ambi:Zt and black globe temperatures approached 26'C and 31'C |
- . . respectlvely Compared wrth mrd day. resprratory rates durmg beddrng fell to 7
hreaths/min in early mornmg (0600 h) when cooler.ambrent temperatures (10 C) |
‘ v,prevarled A change of 0 7 l(.l/hr/kg" s was detected in energy expenditure between these

- 'two umes of day Respuatory rates whxle bedded decreased to 3 5 breaths/mln when “ | ; :

PRSLRESF AR s
R R

- w;'.winter zfn;bxent and black globe temperatures dropped below 16‘C ’:7"1. = .' "

o _-'Ir'_‘l»(Haemolabia irrltans) horse flres (Tabanus sPP ) and deer flxes (Chrysops 8pp ) durmg

S ";f ":th’e daylight penod The energy expendltures mcurred from respondxng to msect




ke anlmal movement increased during browsing in the aspen forest Ammals walked F

- ,continuously while stripplng leaves from beaked haz.el R AT
Dtsturbance o

The ocCurrenee of a human mtruder elicited a 38% increase m heart rate of bedded

. moose If the foise was recogmzed and presumably judged harmless then pulse rate

elicited a cascade of degenerating peaks over'a penod of 2 5 mtn unnl the mtruder was

apparent and 1dentif 1ed vrsually

’ Time-Energy Budgets e f i B o 5 “
' Trme energy budgets of f ) (o rangmg moose ﬂuctuate ina cu'cannual pattem wrth

: ,forage qualtty and thermal condiﬁons Total energy expendrtures throughout the year, were’

.o

:":‘f"highesthulyandlowesthpril(Frg xn 3) B R ;“-f.‘~

Over trral penods bedded rumrnatlng activrty was the largest contnbutor to the datly ‘

; ' " . energy expenditure of moose cows (Tables XII 4 and XII 5) The exeeptmn to thls pattern was

' “ "'{late May when foragmg became the mo§t important component of the energy budget ’l‘he darly _
5 *.'-energy expenditure of f oragmg increased from 44% in Apnl to 52% in late May Datly energy_ P j
e 'ﬂ:_:"emndituros of active moose doubled between May and me probably in ,esponse 0 gmm o

‘»"'_".heat loads and extrerne harassment by msects Thxs ls reflected m a 15% daily alloeatron of

. energy for movemen‘ and travel

~_decrv:,ased wrthin about 15 sec to the level of the prevrous acnvity HOWever other stimuh N

AR

e



oA . ‘ : s s ' ) - [
. .
-

: Figx. XI1.3. . Seasona.l ume enm‘gy budgets of wo free-ranging moose cows from
: IR Dccember '1982 to Januar‘y 1984 at Lhe Mxmsul; ledhfe R&earch
rStatlcm Albena
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D. Discussion - e ey

2RI

' Heart Rafe as an Index of Ecologlcal Metabolism

» Energy EXpenditurs of Activrty

Although seasonal energy expenditures of penned moose have been repo’rted (Regelln et

al 1985 Renecker and Hudson 1986) dif litculues encountered wrth measurements under f teld

v eondmons have limited knowledge of darly energy allocattons ol‘ f ree- rangmg animals We have

denved our estimates with the heart rate index

An rmportant assnmptton is that heart rate is a reliable index of ‘ener'gy expenditures in-
these Circumstanoes liegressions were based on tethered moose whose metabolic rates varied .
with energy uptake and thermal stress. Thus relattonslups have been extrapolated to acuvities
other than those used in cahbratton Other workers have suggested that heart rate and energy
expendrturemay become uncoupled.durtng alert behavror J ohnson and GeSsaman 1973)

precluding these increasbs as direct increments of *energy expenditure '(J acobsed 1979)'

~However, these pertods are tnl‘ requent during the ctreadtan cycle and probably result in a small

‘partitton of time and energy for adult moose. - - - o .

Resting metabohc rates were somewhat lower than those reported for domestic (Blaxter o |
1962) and other wild (Pauls et al 1981, Regelin etal. 1985) rutmnants Seasonal mtnimum
: metabohc rates of bedded antmals were as low as 264 kJ/kg° 18 whtch is lower than the
" .usually accepted mterspectes mean. This eompares with mmimum basal metabolic rates oi‘ 354
kI kg 4 in penned Alaskan moose (Regehn et al 1985) Although this may show a bias in the |
" “heart rate index, basal metaboltsm is tnﬂuenwd by previous nutritton and theref ore may be

"hrghermpen fedamrnals : o -

v , . y
: Expendttures whrle lymg rummattng. corresponds to those deternuned by Pauls et‘itl s

(1981) for waptti If rummattou is constdered to be the expendtture above lying with h?d up. ': -

then a 'I T 1% increase detected m moose cows is conststent with reports for domestic sheep

,

LW




: (Graham 1964) Adult moose spend a relatively large portion of each day ruminatrng (Chapter ,Q
: ‘XI Risenhoover 1286) During the 4 6 daily periods allocated for rumination moose must :
- adequately reduoe the cell wall oomponent of mgested fi ood ro permit passage of undigested
. residues and subsequent intake of additiorial forage The range of energy expenditures which

l q.
_ correspond with rates of chewing reflects the vanable cost oi‘ regurgitation masttcation and

Lo
¢

swallowing . o
Stapding invoked an mcrement of 40 100% wrth highest value% rn summer Srmtlar

lncreases have been reported f or Alaskan moose (Regehn et al 1985) and moose in Alberta
~ (Chapter v, Renecker and Hudson 1986) using mdtrect calorimetry o o
| Contrasts among foragmg tactics were' small Although cratenng and bark stnpptng " N
| may seem to be more strenuous actrvities cost per umt time \Qs not mordtnately htgh Moose
seemed to simply forage more slowly Minor dlf f erenoes rn energy expenditure of fi oragmg on ‘
different food items may reflect yanable expendttures o£_prehenston and handhng However,
,' another f actor may relate to thermoregulation (Chapter \'A Renecker and Hudsom 1986) smee .
o the lower energy expenditure of l"eedmg on cattatl during mid -day seemed assocrated wrth
. standing in water It is posslble that the water surroundtng the appendages served asa
- mechanism of heat dissipation and relief of insect harassment Ulnmately. thts permrtted the
'» : ,moose 10 forage extensively during daytime hours whtle mmrmmng energy costs. '
R During summer. standing moose have been Shown to have upper thermal hmrts of
R 'between 14 and 20'C (Chapter V Renecker and I-iudson 1986) Use of water by moose _
| L - | amehorates thermal st:ress (Flook 1955 Knorre 1959 Kelsall and Telfer 1974) and provides a -
B uge from insects Bnergy exthures associated wrth heat and msects correspond wrth those

- fof wapiti during summer (Gates 1980) Sinnlanly, mountain goats (Oreamnos americamcs) use.
PN

13800w banks as a behavioral stratesy o mtmmize heat stress durins hlsh ambient t"mpmt“m ‘




" 'Energy costs of actmty are expressed either as absolute expenditures or multiples ol‘
basal (or resting) metabolic rate. The choioe is usually based on convenienoe Results of this |

study suggest the choice may be more criucal since incremental costs were correlated with

seasonal changes in resting metabohsm but remained a constant multiple ol‘ basal expendltures | B

' Watkrns and Hudson (1985) observed a srrmlar relauonship in waprti exoept that incremental

costs were an increasmg proportton of basal at higher levels of basal metaboltsm But these

measurements were based on rates of expendrture rather than costs per. unit work accomphshed .
In good nutriuonal condmon wrld herbtvores are more alert and move more quickly However. ‘

in thrs study, relattonshtps were based on pooled seasonal measurements $0 thermal conditlons f

/

and msect annoyance may compheate mterpretation \ '
' ' AN
o Drf ferenoes among slopes of these relationships may also have adaptrve sigmf icance

R Moose Spend a large part of each day consummg and masticaung forage (Chapter Xl)
Consequently. it would be benef icial to mrmmize energy expenditures ol‘ dominant activities
‘Similar relationships have been reported for wapm (Hudson et al 1985) '

- ./

| Ecologieal Metabolism

3

Bcologrml metabolism (energy costs of free rangtng ammals) ‘a8 def ined by Moen

- o (1973) is usually consrdered to be 2 3 umes basal metabolic rate Even in the absence ol‘

B ‘pregnancy and lactation moose cows rn thts study mcreased metabolic rate. seasonally. more .
| than 300% This resulted from both mcreased levels of actrvtty and htgher lncremental

' Aexpendrtures Although cold temperatures and deep snow mfluenoe energy expendttures ol'

o o smaller herbrvores heat and msects durmg summer tmposed a much greater energeuc penal&

'f’,formoose R SRR

1
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f envuonments wrth more abundant but lower quality food resouroes (l L grasslands) Evolution

\-of tlus trart was probably shaped by a nwd to reduee nsk of predation enhaxibe mating L ﬂ},‘
;opportumttes and increase mobrhty of these specres m the absenoe of abundant cover (Hudso,n |
'198‘5) Accordmgly. a relauonship also ensts between body size; habitat characterisucs and |

. food habrts Rummants wrth a large body srze requtre, large absolute amouuts ot‘ f ood and are

‘normally constrarned by the ume required to search f or large quanuues of rare f ood ttems

_‘which lnmt therr abnhty to consume suf frcrent quantmes Thus. a. tradé of f oecurs betvieen

C forage abundance distrxbuuon and quality m enviromnents utihzed by large or small ruminants

a whnch in tum forms the basis of the "Bell .larman Pnnciple” (Bell 1969 1971 J arman 1974)

L fiHowever moose appear to be an exoepuon to the "Bell J arman fPrmcrple in that they are . -‘ SO

&

4

: large m body siz.e and uuhze resources whxch are mdely spaced (but clumped) in a, strongly L

seasonal envrronment R i o e '

Le

Numerous forces may have shaped evolution of the moose Moose (browsers) are “; B .

T cervrds mhabmng boreal reglons which are of ten associated wrth penods of extreme cold and """: )

| ; deep snow ln these envrronments‘rlarge body srze lS a prereqtusite for eff 1c1ent conservauon

L of energy and mobthty In addrtion to chmate adaptations f or acquismon and prooessing of a

- . f:-Wlde range of food rtems wlnch show seasonal extremes rn abundance and m quality (lughly
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R " '.“:'* Moose havebeenin‘oonstant associauon wrth thelr pnmary natural predator the wolf -

. N B | ., : (Canls lupus) throughout much of their boreal range Wolves exert the greatest pressure on ’
‘ o :calves during winter when movements are restncted or on mdture ammals if condltrons become L e
| T 'gtressful (Coady 1983) More teoent mveﬁtigations by Franzmann et al (1980) have ;‘ »‘ e
s 3 documented that bears (Ursus 8pp ) mn beim%ortant loeal predators which prey pnmarily on’

.,/

R young ca'lvee However human huntmg pracuces have beco e more nnportant and Telfer

o ‘(1984) considered that rt m)xst not be dxsmrSsed asa hmrting crlterta. especxally when m

o " NN
\

‘"J'!

»cOmbination with severe wm\tm and heavy wolf predauon Wrth an mcrease m the nsk of

1 N ,

predation. there arermportant trade»of;fs between ttme spent foragmg and Security that may

A\ T
. L . [ . . ‘,<’ . LT

Iimitenergyintakeoftbeammal ST B EUE ‘/ :

'~

ERNEN

e v

during’winter Generally :'aocumulauons of 40 80 cm of snow oecur in the contmental pomon _'.“
‘;"_{.-":' A of theborenl forest and persnst for a’uout 6 rnonths Characteristrcs of snow (aepth and ) '
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. ;Thermal Environment ‘

v

Wmters are typreally harsh and oold in northe;navrr \ ents In montane habitats of .

" westem Canada temperatures 't requently fluetuate to above O'C as a result oi‘ short lived j ‘i
L chrnook condrtrons Srmrlarly. adverse clrrnatrc conditrons in other boreal habitats are of’ ten B
) "'preempted by moderatrng weather m late wmter C | | L
‘ Although summers are generally brref daxly temperatures are of ten very warm
However shaded areas under mature stands in the boreal forest af! ford less seyere . ,'7 S
mrcroclimateo as coolmg water in streams or aquatxc comm?rmt\im are of ten avarlable The

ef fects of warm summer weather are also exerted mdrrectly through extreme insect activrty of

N

L bitmg fhes and mosqurtoes ST L SRR '”‘,‘
"":‘ N f i
. ~ A -.; ‘Environmehtal Resouree - '
Forage Drstribution and Availability o " . o f co ‘, CL ” Lo
. - k ,"‘ " Throughout the geographical dxstnbuuon of moose boreal habitats are largely
| 0 - dommated by mature comferous or mu;ed f orest stands However frfe, loggrng practices. flood

@ plains and nparran envrronments have altered successron f avorably and aeateda mosaic oi’

Do -. j‘vhabrtat types The inters patches of shrubs and early sucoesswnal stages of regenerated
" ) - " ; . }'growth wrthm mature stands are favorable to moose as they supply both food and cover 9

e “'?Growth and producuvrty of moose populatrons wrthm these vegetatrve patches depends on

Ll seasonal sucoessron mcludmg drsappearanoe of snow cover whieh results in structural and




o avallsble wOOdy forage declines as food beoomes temporarily scarce and more e f ibrous durmg

a

o
. N

- m“d’* Ovcmentis required between food patches | 1,‘ -; “

Numerous factors have a prof ound ini‘luenoc on forage quality Numtional quality oi‘

i. winter. ln addition certain fl ood items may have lngh ooneentrations of secondary metabolrtes
L : ’. rnaking them unsurtable fgr oonsumpnon Similarly. plant defenses can be strmulated by hesvy o
| ‘browsing resulting in unpalatable food items (Bryant 1981) Thus. quality of winter food -
'. :resourees offered to«va browser wrll be oonsrderably less than that of grazrng ungulates wiuch

utilize extensrve grasslands and sedge meadows In response to thrs habttat strucrure moose

ll_ A
"

must spend more tlrm ?or search pursuit and travel between fi ood producrng areas .
‘ In the boreal forest plants respond to the drsappearanoe of snow wrth a green flush of -
vegetation of hrgh nutntive quality Dunng the bnef perrod of acnve leaf growth in late sprmg

‘ and summer. the diStribution of f orage resouroes becomes more continuous rn addmon to the

inereased biomass of shrubs during the mam productron season ’I‘he emergenoe of fi orbs of! fers L ‘

\

options for the dretary menu oi‘ moose Thrs concomitant increase rn f L ge btomass wrth diet ‘ o

quality allows greater intake of foodand arlows f or compensatory body growth after depletion '

ofenergystoresdunngthewmter. N S

kA v v R

o L .
! B [ = -




adequate energy from eell solublesin ligmfred browse Thus moose becauseof thls o \ "

‘ speciahzation m rapid passage eannot aocomodate bulky grass or sedge drets which require slow .

©* " C.Enérgetic Beonomy of a Large Body Size . v [ .

' ‘\‘ i . 4“ e ! i . o0 ! et
Thermallnertia R ‘, ST | I AP

Another f undamental problem conf rontmg rummants lS the acqursrtion of suf f icient

,nutnents wrthm the constramt of their changmg thermal envrrosgaent Because of a large body
‘,5 - ‘"srze and effecuve msulation standmg moose are extremely cold tolerant Furthermore beddmg o

-

o+ with appendages rucked under the body as l as beddmg in powdery snow can f urther reduoe “

' . heat loss durmg cold penods Thrs larger srze conserves heat and reduces energy requirements o

ut
Ny -

. _durmg wmter when the qualrty and quannty of avarlable forage are msuffxctent to meet
o mamtenance requirements R Ty

Hot weather appears to be opprcsswel)Pamcomfortable to moose m both wmter and -

'/ures and a suppressron of activrty which is ,I |

- B summer. Heat stress leads to h'gzer energy expen

b :@pamcularly evrdent durmg chinook conditrons i{ winter when animalsghave maximum thermal

” " ) - ';;msulauon and are physrologrcally adapted.f or‘/cold envrronments Warm temperatures influence
| : ,'_' _thermoregulatory mechamsms and ume enérgy budgets of moose durmg summer also |
- i-i‘-Although the msulative factor lS reduced the low surface afea to volume factor provxdes 3 2‘. ,' “'?‘l

' ,mertral homeothermy creattng thermal uubalance at high ambient temperatures When the

.,_t iE - “’{ abrlrty to drssrpate metabohc heat by convectron conducnon and radiation is compromised '
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Looomot n h 0 ‘ D ‘ ) \ -
' - Ukfavorable snow/gharagteristics tend to make locomouon difficult and restrict actmty

- of mady wild ungulates. However the relative oosts ol‘ vement are less for moose than for ."

- smaller ungulates such as deer (Taylor et al. 1970)

AS

‘ by w b "+ Generally, northem ungulates will not tqerate sndw depths greater tliin chest height
§ A ‘é‘ ,w " \
F .Q} Pand are lmpeded when snow is at Xnee depth (Kelsall and Prescott 1971). Moose have an
Lt /

A dyadtage .due to sizc and longer legs, over other boreal browsers such as white- tatled deer

< o whlch permits ‘them to remairtacuve and exploit wrdely dispersed food resources (Telfer and
Kelsall ‘1984) Ne rsheless. moose and leer have stmxlar footioadmgs and theref ore similar

' slnklng depths, ’I'hus the Selective advantage of the large body slze of moose is due to the long

AN

legs which permit use of dafp soft snow to access clumps of browse.

{/; . L . . .‘. )

‘ D Food Acqulsitlon Y "”\\ b ' - . .
toay R | ‘
AV Viewing boreal habitats in light of the "Bell{J arman Principle”, there should be a clear‘*‘ %

t

pattern between body- slze and the food that an ungulate would eat. Because food is bften scarce
and well- diswsed"in a patchy setting, considerable travel 1s requtred to obtam lnghly drgestrble
! - S { oods One might then expect a browsing herbivoreto be small bodied since smaller absolute ! -f K
quantfties of nutrient would lié reqmred It fs therefore surprismg l’o fmd af orest dwellmg
herblvore of a large body size aligned along the gradrent of coneentrate selectors In terms of .
resot&e utilizatgon it is mteresting to specufate as to how th1s ungulate suocessf ully explorts its
partjcular niche. : | ‘ |

N . ' ." It has been argued that f ood acqutsitton ol‘ the browsmg rummant should )

- net rate of nutrientg_tractlon. This study revealed that moose alloeated ume to foragxpg in\ . 3
Imbltats in proportion to foraging returns (efficiency) (Frg. XIII Jin terms of g crude protexn -

"'vur l.

(CP) and digestible dry matter intake %DDMI) oonsumed per min Also an mcrease ln habitat?

réturns (in terms of g CP/nun and




Relative 'pei-cent of total foraging time spent in major habitats in
relation to relative foraging returns expsessed as -proportion of crude
protein . (g of CP) consumed/min gz:ﬁ:?opofuon of digestible dry

- matter intake (g DDMI/min) divi by -the total for all habitats &t

the Ministik Wildlife Research Station, Alberta. Symbols wenclosed ‘with
a large open .circle represent habitat use during periods of . high
ambient temperatures, insect harassment, selective foraging’ or snow
crusts. The so};d line represents the 1sometnc line :

J. . N ‘ . i PR
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Fig. XII1.2." Relative percent of total number of useable dietary items found in .
‘ major habntats in relation to returns relative foraging returns expressed -
as proportion of c;rude protein- (3 of CP) consumed/min and ‘
proportion . of digéstible dry matter intake' (g DDMI/min) divided by .
- the total for all habitats at the Ministik Wildlife Research Station, ..
., Alberta. Symbols enclosed with a- large open circle represent habitat
- use during penods of high ambient temperatures,  insect harassment,
selective foragmg O SNOW Crusts. The solid line fepresents the
isometric 'line. .
*
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)

harassment winter melt f reeze cycles and seasonal change in'the spatial distribution of fi orage
o appeared to mfluenee the "decrsron rules ‘of moose which resulted in deviations from the
tsometriclinetnFigs XIlIlandXIIlZ ‘ ', R 3 ”;'; Co

In summer there are only small differences in qualtty between patches resulttng ina

o

I decltne in pursurt costs all other factors being equal Generally moose were nonselective during
this penod of green biomass since no penalty was mcurred in terms of quality As foocl qualxty
declined ‘ moose became highly selective choosmg patches which reduced fi oragtng efl’ ictency but N
increased foragtng returns in terms of nutrtents Asa consequence. they compensated for the
reductton in mtake by maxrmrz.mg nutnent capture Thrs behavror resulted tn no penalty in dibt

} qualrty or retentron and clearly f: actlttated tissue anabolism A resources beéame co&rse gramed ‘

‘in wmter animals contmued to proportron ume aecordmg to qualtty and biomass l-lowever
' t : ~‘li
selectivrty was no longer tmportant and used asa compensatory mechamsm f or limited f ood

resources S : ot s R Wj»f;'f':'"

-

v Moose balanced energy cost of f oragmg dunng penods of hrgh temperatures by chorce

- of open aquattc commumtxes Although foragmg returns were lower in terms oir quality : o

- ’ B

relative to other habttats moose tblerated greater extremes m ambient temperature and

mcreased thetr energy economy §1mrlarly. feedmg actmty was suppressed when ambient N

*

temperatures were warm durtng wrnter It appears"l therefore. that apportroned time to habitaT“
: Ty )

. , _‘ use, was strongly mfluenoed by thermal environments -

et _; " . 7“ ': Dunng wrnter. dthattons m the use of habrtats in proportron to foragmg ef f ictency can

1

f‘j ﬂ'f be explarned m terms of forage availabtlrty and snow condiuons Generally. moose rmmmized o

darly movements and uttlwed readtly avariable fi ood 1tems such as leaf lrtter~However snow

. i ) .“crusttng resulted m a°decline in the availabihtyof forage thmass and a shift m habjtat useuand

food selecuon ' Thrs _resulted'\m an mcrease k search trmes as a trade-off for reduwd foragin



e “ Violation of the "Bell Jarman Principle (Bell 1969, 1971; Japman 1974) in body size
| § o and foraging strategy should plaoe moose in a precarious posrtion In answermg thrs dilemrrm I e
: suggest that moose apparently get enough (large absolute quantmes) highly digestible but low |
f iber f ood by choosing habitat types which offer maxrmum\ opportumties for efficrent 'foragmg ‘

of a variety of dietary 1tems It is therefore likely that moose percewe food patches simrlar to

deer (Hanley 1980) in terms of species breadth (crude protem content) and bromass (digestrble

dry matter intalre) Spatial arrangement of food patches 1s drffuse in the boreal forest and large ‘.‘ , :‘

: ‘. -& home ranges would also be requued to meet met‘bohc demands of the moose (McNab 1963
' Peters and Raelson 1984) ’l'hus. we would expect that a wrde drspersion of food results ina " b s

. “
~

forest : '; KR = Co

E. DigestiveStrategy e St

L

“:". The ability of rummants t0. utrhz.e ftbrous foods is determined by physrologlcal

separation. Concentrate selectors which have narrow jaws can separate dif ferent plant and

e plant parts in order to explort diets highin ligmn and eell solubles f or rapid fermentatronin

_m____.—w

i rn capaciougrum;ens These characterisucs’have been shown to be flexible and allow for ;
‘ diet ' uality'and( ""lectron’ Understandmg -the factors»whrch have promoted RENRR

relatively low’ population deustty of ammals Whlch is generally observed for moose m the boreal' L

reqmrements anatomy and foraging stratggy Hofmann (1973) emphasiz.ed the browser/grazer ',7]‘

small rumensv. Large graz.mg rurmnants must eat oommon fibrous foods which can be degra d ed -:> | $
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:;_ '? that rumeus should be l'illed to maxirrmm capacity at the end of each granng bout as suggested

-

f by Sibly (1981) Intakes equal to the prowss of abSorption of nutrients and passage of

E o .
. t \

R iudigestible residues in browsers and mixed feeders suggested that these ungulates attempted to

{ n rate by filllng rumens to their maxrmum eapacity thereby

o .‘l"mcreasing actual organic matter intake However. does thrs mtake capacrty provrde an adequate
] . " *

‘ 'adjustmentinbrowsers with lower drgestron rates" i“'. ‘ g ‘_j Lo L ;"." T ";{',":.-

P

| 01 less fi ibrous diets measured intakes were lower than calculated potentrals Large
'browsers appear to have adapted to utrhzmg hrghly ligmfred foods hke browse. Perhaps the

x

shorter retention of browse m moose may be interpreted as an adaptatron to maximuse returns

LN

through optimal reteution of food Generally. animals consumed grass ratrons rn a senes of
bouts throughout the day which probably mamtamed rumen capacity However mtake of
alfalfa and aspen diets was more pulsed perhaps mdicaung that dry matter capacrty of the

rumen may have fluctuated more throughout the dayx Thrs conclusron was supported by the
vanation in marker ooneentratron after trme of admmrstratron. The l'luctuanng pattern of
disppearance wouldwtend to suggest that both mtake and passage oecurred m a pulsed pattem

for rapidly dtgestrble substrates. i




predxcted by optimal dngemon (Table XIII .2) Moreover tlns probably reflects differences in

1

\ i

troptnc strateglesofthe browser/grazer groups, L . ,‘_"V; ‘ " " o

As expected RTI of moose were marginaliy higher than the predicted opumal

lg\

rcsndency umes (’I‘able XIII 2) I ean' unply that smoe oell wall components of browse are

VAR

vxrtually mdlgesuble because of the strong hgnoocllulose associanon theref ore Effective

B ‘ extraction of nutnents from browse species would only consxder ﬁpidly dlgesting cell solubles
¢

whllc rapldly passmg the mdxgestible f xbex‘ Despxge the grazing tendency of cattle and wapltl

RU ,
"'l

o m extractmg numents fro as

\ o

oy,

i
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““ n

solubles Because absolute quantmes of mtake ar

" drgesta passage and mobthty of the larger body reduees lrmrtatrons of mtake

In adaptmg to its mche the small browser has traded of f the abtlity to drgcst Erbrous f orage in
'y
exchange for rapid passage of lnghly hgmfred f throngh the digestrve tract To counteract

the lugh energy reqmrements these herbrvores ume f orages high in readily f ermentable cell

‘ seardnﬁor small patches of high qualrty food Th v trophrc strategy perrmts browsmg ungulates

to expﬁrt forest habrtats Obvrously, the large y srze of the moose rs a contradrctron to this

0"

»

' "Bell J arman Pnncrple For moose to f ollow the trophre lifestyle of a Srowser they benel‘ rt N

from raprd passage of large particles through the drgestrve tract This unrestricted nature of :.‘ X :

B v‘\‘ ) ‘. 1 o ot ',.‘V\ o i u"l\"\

e “ . - ’ N
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much lower. these animals have more time o .



" 'l'hereean be little doubt that the larger, body size of & mooseis favored in cold boreal

- environments As drscussed in Chapter I energy requirements scale approxrmately to the r
vthree quaner power of body wetght which implies that relati.ve energy oosts must decrease w1th
o, large body sizle Large rummants such as moose mimmtze heat loss by the,low surface area
to volume ratios. In contrast ungulates with a smal] body srze sueh as deer have a greater
R propensity to lose heat and must develop other energy conservmg mechamsms (behavroral and o T .
B . 'physiologieal) (Eisenberg 1983) to eseape l‘rom the demands of hrgh enprgy requrre.;nents | |
! Size favors a sqtall bodied antmal in extreme heat Due to a largdr relauve surfaoe area,’

o -.'sma\ller ungulates such as the deer drssrpate heat more raptdly than the larger moose Effects L

o of heit loading are substanqal for moose as would be expected from therr large body size.

KR ,‘;‘However. 8 (mlj\h "logical advantage for the moose is. provrded by the appendages whrch o

I aw

- : undoubtedly facrlitate thermoregulauon m warm envrronment Moose throughout thetr

e *;‘; boreal 'range. utihze aquatrc habitats which may help drssrpate heat I can conclude that while

/ R

A

o the large body size relaxes the eonstraints of oold envrronments the StIeSS imposed bY heat

t N . . M

B actually limits the southem dtstnbutton of moose (Telfer and Kelsall 1974)




e i .
N ‘ : ' : P S & : ‘ ‘ ,
- mspersed Although the theory of the "Bell-Jarman Principlf’fs jusnfmmsin.most instanees | 3
"‘l‘ ‘ and has been pqmuasively m'gued by Gelst (1‘74) n isa 7éneralizatio} 3 kich oversimplifys and ®
’ ‘.fmls toﬁexplain many or the exoepnons such‘ elaf/ b themoose . .?‘
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