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- There was a long’ silende. , s

. "Lots of peo’p_le talk to animals,” said Pooh.

v,"Not very many hsten though he sald .

"Rabbit's clever ' said Pooh: thoughtfully. - - ‘
"Yes saxd Pnglet "Rabbit's clever.”
"And he has Brain.”

"Yes sald Plglet "Rabbit has Bram

P

,"I spp_pose, saxd Pooh, that that's why he ne\_re.r' understandé anything. "

i
P
° Coe

Tom

' "Maybe but..

- "That s the problem he added

(Wmme-the_l -Pooh)’
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L Abstract ‘ o Ly

_ Lrttle quantrtauve research has been condu/cted_on‘gthe preferences of wapm for plant
‘ "z"specres used m laﬁd recla.mauon Thxs defrcrency was addressed usrng capuve wapru o
,'imeasure selectron -of 14 grasses and 4 legumes durmg the winter sprmg and summer seasons.

..Statlstrcally srgmfrcant dlfferences m selectron were apparent m every season. Durmg the

' wmter creepmg red fescue was the most- frequently eaten specres although samf oin, brome

' ”»trmothy and sheep fescue were also selected. Trmothy. brome and salnforn were most

’

'frequently selected durmg the spnng Du\ng the summer the legumes (alfalf!" crccr
f mrlkvetch samforn and alsrke clover) along with timothy, brome and Russian wild rye were
X 'selected more often than other specres In addttron wmter and early sprmg were 1denttf ted as
the trmes of year whgn‘?ree rangmg waprtr would most benef it f rom addmonal hrgh qualrty
, »forage Plant specres preferred in these seasons were assessed for thetr abrlrty to meet the .
energy and protem requrrements of a pregnant waptu cow. Based" on these results, reseedmg
'strategres wrth the objective of - 1mprovmg the wrnter foragmg opportumtres of waprti on -
reclarmed prpehne right-of - ways and sersmrc cut lmes were e ommended 10 use red fe escuce,
: '_trmothy, whrte clover and c1cer mrlkvetch Seed mrxes for improving the oragmg opportumtcs

of waprtr durrng the sprmg ‘were recommended to contain brome trmothy and whrte clovcr In =~

'addttron 1t was sugges‘ted that the wrnter and spring seed mixes be seeded separately to
\ .

L prevent undesired 1nte/r‘spec1f1c eompetrtron thereby opt:mr.zmg the foragmg benefits .to wapm o

v wrthm each season . - -

A variety- of forage attributes were assessed for their abtlrty to explam selectlon
_patterns m Mer. The forage selection response of waprtr to 14 grasses ‘and 4 legumes
specres occurred-in 2 drstmet groups correspondmg to whether the plant was f requently or.
' mfrequently eaten Mean cell wall thrckness and forage resrstance to- mechamcal shearmg best
explamed the forage selectron pattern Both attrtbutes are related 10 handlmg trme whrch

-. _supported the hypothesrs that wapiti use handlmg trme to dtscrrmmate between plant specr
' Morsture content was also related to forage selectlon mdrcatmg that succulenee may also be

'rmp_ortant. The proportion of leaf comprrsrng the available biomass was not correlated o



. " b .
..plant specres selectlon Exammatlon of the relattonslup among plant attnbutes\revealed that'

dif! ferences occurred between 'g@sscs and legumes in theu structure and phy ‘s:?l prwertxes

-
For instance, grasses appeared to’ have more ;ptersttal space and leskll contents between cell
-

3

) ,’walls ln addition, grasses and legumes dlff ered in the resistance. of their frber to sheanng t'hat ‘

14

was not accounted for by quantltattve measurements of fiber content

a

The botanttcal composmon of rumen;ontents prov1des a brased estunate of dtet Whlch

is thought to be due to plant specres dtfferences in Tumen mean retentron trme (MRT) A

modlf 1catlon to this techmque was tested in whrclr rumen contents collected immediately after

the ‘animals had: eaten were “wet sxeved in an attempt t0 1solate the relatively larger
[<Y
unrummated feed partxcles from smaller partrcles that had been’ rummated It was anttcrpated :

- that the botamcal composrtron of the large partlcles would be more representmve of the diet
, because plant specres dif ferences in MRT wouid be attenuated within this parncle sxze class.

vExammatlon of the partlcle size dxstnbutlon of the rumen contents before and after feedmg

o
revealed,that partxal separation of the large and small parttcle sizes could be achreved with a 4

mm sieve. Unfortunately, the-separation was incomplete and large biases still remained in the -

diet estimate obtained using this technique.
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1. General Introduction
.

o~

l 1 Wapm and Land Reclamanon in Alberta . . | . ‘ -

. Surface coal mmmg and the exploratron and transportatron of petr3l um products

-

often result m surf ace' disturbances in area$ where wapm occur.in Albesta\ Exammatron of the

~

' dtstrrbutron of wapm in the provmce (Nretfeld et al. 1984) 1n relatron o the locatrons of

" surface coal mines (Alberta Energy and Besources Conservatron Board 1984), reveals that 5 -

~

mines are operatrng in areas inhabited by waprtr Coal rmmng rs typically an mtensrve_v

long term drsturbance the impact of whrch on wapm is lrkely small or only locally 1mportant B

@

' fln contrast, %trvmes assocrated wrth the petroleum mdustry smce 1980, have gene\rated "498,800 .

'km of 'sersmrc cut lme (H. Sel,rho personal commumcatron) rn the . non settled forested

: regron ol” the province called the Green Area (Alberta Energy and Natural Resources 1981a) -

u
and 58,800 km of prpelme throughout the provmce (J Owen personalaommumcatron)

Current statrsncs on the number of hectares - affected in regrons inhabited by waprtr'

are_ unavarlable They can, however be estrmated by extrapolatrng from hrstonc activity

levels Unul 1979 37 5% of the seismic actrvrty in, the Green Zone occurred in the Whrtecourt

Edsﬂl‘l Rocky-Clearwater and Bow-Crow Forests (Alberta Energy and Natural Resources :
1981b) These regions collectrvely cover the ‘majority of wapiti range in the provmce (Frgure ,

L) If it s assumed that seismic lines averaged 5.m in width, “then in excess of 93 500 ha of'

M.

- - land would lrkely have been drsturbed smce 1980. With pipeline right- of -ways mcluded @'e |

amount of land t_hat was _drsturbed in areas rnhabrted by wapm was likely in excess of 100,000 -

Surface diSturbances resulting from industrial actrvrtes in ‘Alberta are Tequired, jo

- vundergo reclamatrorr The Alberta Forest Servrce (A F.S.) has’ prrmary responsrbrlrty for the

', adminstration of land reclamatron in. the Green Zone (Alberta Energy and Natural Resources
1981a). The A.F.S. obJectrves for land reclamatron (Alberta Energy and Natural Resources
1984a) are: l) to establlsh a self sustarnmg vegetatrve cover whrch stabrlrzes the sorl 2) to

‘reclaim the land toa forest environment whtch is consrstent to the regron with respect 10 land

e
by
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forms vegetattve pattem and hydrology, and’, 3) to reclaim the land to a productlvrty at least '

*comparable to the undrsturbcd condmon Wlldhfe habttat along wrth comrnerclal txmber

L productton and recreattonal actrvmes were mennoned as a possible end uses' for a. reclatmed‘ B

site. The. potenttal exrsts f or desrgnmg reclamanon strategles Specxﬁcally to benefit wrldhfe
3

Research mto the effects of oil and gas exploratton and: product:on Qn wrldhfe has"
'concentrated largeLy -on the physrologtcal and behavroral effects of noise, mcreases in human
'access landscape alteratrons and the mgestlon of toxic substances (Bromley 1985) Wlldhfe
'managers in Alberta have resp‘onded\ by 1mplementmg pohcy to mttrgate the detnmental _
: :ef fects of the petroleum mdustry on wrldhfe (Stubbs and Markham 1979) Fortunately, all
_' the envrronmental consequences of the petroleum. mdustry have not been negatwe There has
_’been a growmg apprecratnon for the tncreases 1n both habttat dtversxty (D0wn1ng 1983 Revel
| et al. 1984) and forage avallabrltty partxculanly for wapiti (Brusnyk and Westworth 1985) .

" that have accrued f rom “the reclamation of pipeline right-of - ways and seismic lines in Alberta -

Parallel to thts has been the recognmon that the habitat modifications resultmg from oil and -

gas production and exploration can be desxgned to enhance wrldltfe habrtat (Pnsm 1934) and'
that reclamatton strategres that use wrldhfc as thetr maJor end use should focus on key
" wildlifg specres (Gréen et al 1987).

Wapm are-an 1mportant b1g game specres in Alberta and the Alberta Fish and. thdhfe "
Dwrsron would hke to double the populatron by the year 2000 (Alberta Energy and Natural”
' .Resources 1984b) Emphasmng the enhancement of waprtt range when reclarmmg prpehne ,

rtght of ways and seismic cutlmes could facrhtate thrs obJectrve

| 1.2 Proyect Objectlves 4 ,

There were 2 miain ob}ctrves 6 thrs study The f irst was to 1dent1f y plant specles that'
B -could be used in land reclamauon to improve foragtng opportumtles for wapm ThlS was to
' "be 8ChleV0d by quantnatnvely mcasurmg the seasonal changes in, both forage quahty and wapiti
foragmg preferences for selected grass and legume species. .The second objectrve ‘was to"

examine specrftc forage attnbutes and to look for possrble explananons for- the observed

oA



: pattem of forage selection Particular attention was directed at testing a hypothesis posed by
’\

Spalmger et al. (1986) whrch suggested that handlmg time (time spent rngestmg or rumrnaung

the: forage) mfluences forage selectron

1.3 Pnuec; Hrstory

The study proceeded in 2 phases Phase | of the prOJect wis mrtrated in 1982 by"‘

- Alberta Frsh and erdlrfe Drvrsron and rnvolved an exammatron of the establrshmcnt and

o

'productrvrty of 22 plant specres on a prrvate ranch near Hinton, Alberta (Davrh&Walker and

L

K Assocrates 1983 1984) The second phase evaluated waprtr selectron f or these plant spccres and
was conducted by the Alberta Envrronmental Centre at the- request ‘of Alberta Fish and

Wildlife Division. The results of the forage selection study are presented herein.
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2, Wapiti Selection of 18' Plant Species and Their Potential llse in Land Reclamation

2. 1 Introduction : o ‘_ R T
Envrronmental dtsruptlon from the exploitation of natural resources frequently )

requires reclamatxon of land m areas .inhabited by waprtr In partrcular disturbances such as
oil and gas prpelme right-of -ways and selsmrc cut -lines from geo- physrcal exploratton are

common in Alberta (Chapter 1). The reseedmg of these types of drstur‘bances can be viewed

as an opportumty to 1mprove wapiti range Waprtr lrke other ungulates in northern temperate R

clrmates ‘experience large seasonal fluctuations in forage quahty (Colhns and Urness 1983;
Hobbs et al 1983' Nietfeld 1983' Hanley 1984) Land reclamatron could 1mprove productivity
~of local wapm populatlons by provrdrng forage m the seasons in which the ammals maybe -
nutntronally constrained. Dewsmg reclamatron %ategres that will successfully address these
- Aconstramts requrres a detalled knowledge of wapiti seasonal preferences for, and nutrmonal
qualtty of potenttal reclamatron plant specres |
_ Inferences about foragmg preferences are frequently based on the defrnmon of
preferred forage as. being plant specxes that are proportronately more frequent in the dtet'
" than in the avatlable envrronment (Petndes 1975). Thls drstrnctlon is normally made by |
mathematmally adjusting the relattve abundance of each plant specres in: the dret by. its
N avarlabllrty (avaalabtllty is normally synonymous wrth stand’mg bromass) to produce—some type’
g vof fi orage preference mdex (Krueger 1972) Estrmates of availability on a macro scale may not
e accurately reflect plant btomass composmon 1n the area where the ammal is foragmg (Loehle
and thtenhouse 1982). More sophxstrcated assessments attempt to approxrmate avatlabrlrtyA
\ from the perspectrve of the anlmal (Owen Smrth and Cooper 1987) |
-Researchers frequently ascribe variation in forage preference to -some combinat;ofn'of -
plant charactenstrcs that either posmvely or negatlvely mfluence foragmg decrsrons The
cumula{ tive expressron of these characterrsues is commonly descnbed as plant palatabthty :

Attempts 0 1dennf y the 1mportant forage characteristics- affectrng ammal selectron even in

- simplif led..expertmen_tal_ srtuattons leave at least one thrrd of the vanabrhty m ammal



‘preferences u expLamed (Chapter 3) Consequently. -accurate predtctton of the l‘oragmg S

b

.response of an animal requtres that assessments of plant specres pref erence be done dtrectly

, Several revtews have been made of the literature on the food habits of wapm both
yoe

throughout their range (Kufeld 1973 “Nelson and Leege 1982) and»wrthm Alberta specif 1cally'

(Morgantini 1986) Unfortunately, there is ltttle quantrtattve -information on wapm feeding :

preferences of plant specres used in land reclamatton ThlS project was mmated 10 address this

', short- comrng and to 1dent1fy plant species that could be used to lmprove the foragmg

Tt

{2 Materials and Methods 7

opportumtres of ‘wapiti on’ reclamatton sites -in Alberta The specific objectwes of this study

~ were: 1) esttmate quantrtatlvely the seasonal dlet preferences of wapm for selected

reClamatron plant speéres, 2) assess the relatwe forage qualrty of thesg plant species; 3) use

~ the results on plant species preferences and forage quality to. suggest modifications 1o current

reseeding practices in Alberta.

..

_ 2 2 1 Expenmental Desrgn

The study site was located on'a grass meadow (53 23 latttude and 1ur 40 longttudc) v

dommated by Festuca rubra m the Boreal Foothtlls ecoregron (Strong and Leggat 1981) ncar» o

Hmton Alberta Vegetatron plots were eStablrshed in 1982 by Alberta Frsh and thdhfe o ‘

Drvrsron (Davrd Walker & Assocrates 1983) and consrsted of 3 adJacent and conttguous :

rephcates totallmg approxrmately 0. 5 hectares (Frgure 2, 1) Each rephcate contamed 22 plots .
, 'measurmg 3 m by 25 m, each of whrch contamed 1 of 18 ‘plant specres (Tablc 2. 1) or was

_-barren The assrgnment of plant specres to plots wrthm the rephcates was random There were

1n1t1ally 22 plant specres in the experrment but 4 were dropped because of poor productmty

A ‘Detarls on the establrshment and initial producttvrty of all 22 plant specxcs were reported by

‘Davrd Walker and Assoctates (1984). The plots were’ surrounded on 3. sides by a buf fer zone

25 m wrde The buffer zone on the south srde was extended to 10 m to encompass an ammal )

‘ restramt system and handlrng pen (Fxgure 2.1). An alley led f rom the ammal restramt systcm' '

£



Table 2.1

Gfasses and leéumes dsed in tﬁe gapiti forage se]eétidn,study.b
Sciehtifie‘ﬂamev “Common -Name qutety
6nobrych1: vic11f011§ Seop. 'safnfofn ‘1 Melrose
Aattqgeles ctéetr}. o 7 cicer milkvetch .0i1ey )

o szfoltum‘hybridum L} 7‘ﬁ§7 élsike elover Aurora
Medicago sativa L | a\lfaA1fab ' ; ,P.e_ace
Aéropyron:daaystachyum (Hooé.) Scribn;-:'northefn Qheat:grass E]bee ,'
Agtopyton-lnCezwndlum (Host) Beauv. 1ntermediate wheat gréss ;c1afke '
Agtopyron pect1n1fozme R. & S. crested wheat grass v Pprkway
Agropryon smithii Rydb | western wheat grass . “w§1sh
i'*‘ ﬁqropyron tiparium Scribn & Smith streambapk wheat grass _ - Sodar
Aqropyton trachycaulum (Link): Malte ; slender wheatﬂgfass Revenue
Festuca ovina L. hafd'sheep fescue - Durar
Pestuca‘thra.L. s ‘creeping red fescue Bufeel
Poa pratensis L.' : Kentucky b]uegrass ; Bﬁnff‘
Poa.coﬁpressa L. uiteﬁada bluegrass \Reqbens'
Alopecurus pratensis L lmeadew,foxtailv ceﬁmdn
slymus junceus Fisch ~Russian wild rye Swift -
Phleum pratense L. ‘ tf‘mothy'.v Climax
bzomqsvinerhis Leyss.  smeoth brdhe.ggpss . Magna

-
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11
to-an adjacent hol'ding .pen where salt and. water were provided dd libitum. The entire area was -
'enclosed by a page wire fi ence 2m htgh and all vegetatlon thhm the fence or holding pen, but
" not on the plots was removed by appltcatron of herbtcrde or rotovauon Herbtcrde apphcatron._
was dtscontmued after the first summer because rotovation was found to be much more,t:iZ
ef fecttve method of removmg extraneous vegetatton The plots were ngorously weeded by'
' hand 1mmedtately bef ore every tnal except for the winter trial when the weedmg took placeﬁ
durmg September and October of the precedmg fall Each sprmg of the study, prtor to any
new growth emergmg, the plots were mown. to 1 cm herght and the mown resrdue removed

“from the plots, - L o
T\;} male and 2 fe‘tnale adult wapiti, fitted with.. either a. 1. 6 cm (males) or 10 cm
3 (females) rummal cannula were usedlm the forage selection trtals Body werghts of the.

'. ,ammals during the 7.months of expertmentatron averaged 272 -and 289 kg for the males and

233 and 223 kg for the females. The ammals were kept at the Alberta Envrronmental Centre .

«

between tnals on grass pasture sown wrth a mixture cbmprrsed of 15% crested wheat grass L

™
} ,(Agropyron pect:mforme) 15% pubescent wheat grass (A t%chophorum) 10% meadow foxtarl
(Alopecurus pratensts) 25% smooth brome Tass (Bromus mermzs) 10% ttmothy (Phleum '_

) pratense) and 25% Russnan wild rye (Elymus Jjunceus). Alfalfa grass hay and alfalfa barley

"pellets ‘were supplemented as requxred The ammals-were transported to the study site on the

*

: day before: a tnal Was to begm Plot vegetatton was the only source of food for the ammals -

}durmg each trtal except for the wmter trial dunng whrch 1.5 kg/ammal of alfalfa- barley
L -pellets were f ed on two mghts when the temperature fell to - 40 C
Three forage selectlon tnals were conducted in 1986 one 1n each of wmter (February_'
| 14 27) sprmg €June 12 18) and late summer (August 20- September 2). These dates were
E selected to represent major seasonal drfferences in animal behavror physrology, chmate and.'--
~plant phenology The duratron of each trial was selected to maxlmrze the trmethe anrmals
' spent graung on the plots wrthout sertously depletmg the p.referred speaes The sprmg tnal
was ltmtted to 7 daygan order to nmnmtze the 1mpact of graz.mg‘ on plant productron for the :

“Ze. - .
‘trial in August o &g;.

™Y “

o -

e /—-
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222 Plant‘Selectio'n e | ' AR T

In each tnal the animals were allowed to forage-in 2 distinct f oragmg bouts (mornmg
| and evemng) that were at least 6 hours apart. The starung ttmes varted with season but werc
desrgned to maximize the ttme between - bouts thhm the constramt of daylight. Thts
approxunated the crepuscular foragtng patterns of free- rangmg wapiti (Gates 1980) although
- it dtd not allow the ammals as many foragmg bouts as would normally occur, A [ oragmg bout’
ended when any ammal bedded down or when. all ammals had dtscontmued foraging for at
‘least 8 minutes. The ammals were held ‘in the holdmg pen between f oragmg bouts ,

The amount of ume spent foraging on each plant specnes was . esttmated by one
observer using an 1nstantaneous scan W1th az? mmute ttme mterval between scans (Hull el al .
1960' Jacobsen and thgms 1982) The plot each animal was in and t'he acttvny it. was |
engaged in were recorded during each scan. When an ammal was on 2 plots at the same ttme
the plot that the head of the ammal was in- was recorded Plant spectes that were- caten »:
‘srgnt_ftcantly,.more often- tha\n other plant spectes~were considered 10 bepreferred-. Foragev,
selection estimates were not adjusted for differences in standing biomass It was felt that' the
effect of avarlabrhty on forage selectton should be mcluded because plant specxes dtf ferences -
vm producthty is a relevant consxderatton when choosmg plant specnes for revegetatmg
dts_turbed sites. F‘urthermore, to. ensu,re. tl‘_t_at»depletton of preferred plant species was not
- lnfluencing foraging behavior --only the. first 4 days' of‘ each -ttia‘l were used to calculate plant.
" .spec1es selection. Thts decrston ‘was based-.on a v1sual assessment of the depletton of plot
vegetatlon durmg the trtals combmed wrth the exammatton of datly trcnds m mean f eedmgﬁf
times of the 5 most requently selected specxes | '. ‘

In addmon to the foragmg scans described above 4 second observcr conducted btte

co'uths over tntervals ranging from 30 seconds .to 2 mmute;, These counts were. taken

: '_opportunrsttcally in an attempt to obtatn data for all posstble plots used by the animal durmg

' »the foragmg bout. The results were examined to compare plant spectes dif’ fercnces m bttmg
, vrates and to determine whether a sngmftcant changc in bttmg rate occurred between thc f trst

" and second halves of each trial, ot L w



= 2.2.‘ant;ﬂfld ;.;,do;.amy o C e R
: Standinﬁ',-bipmapsestimates‘l.'or the winter trial were taken in October by~ randomly
locating 5 quadrats, each 0. 1.m2 ‘m each plot and clrppmg all the vegetanon to a herght of 1
-cm. These samples wer’lmmedrately frozen and stored in plasftc bags at 20C The matenal
- from all quadrats chpped f rom each plot Was pooled to0 form one sample per plot.. Each
sample was wcrghed and oven- drted at 60C 10 determme dry matter content. The total ’
amount of biomass. was averaged among plots for each specres to calculate avarlable bromass ’
on a dry matter basrs The, btomass esttmates for the sprmg and summer' trials were collected
the day bcf ore the trial was to begm usmg procedures srmtlrar, to those descnbed above except
":‘that 3 quadrats each 0.2 m2 in size, were used The change to fewer quadrats of ]arger srze
- - was 1mplemented to decrease the effort requrred to do the chppmgs R S L
Matcrral obt.amed from the bromass estrmates in ‘the sprmg and summer trials were.
used for nutrmonal analyses and when necessary, the sample was augmented with addmonal‘
material clipped on the frrstuday of the trial. For the winter trlal vegetatron for nutrmonal'_'
. analyses was collected on Janudry 15 0 allow suf ficient tlme to process the samples for the
| nylon bag dr-y matter drsappearance (NBDMD) analysrs cgnducted durmg the foragmg tr1a1 in
}‘ebruary _ »
~ The drred vegetauon samples were ground through a, erey Mrll equxpped with a 2'mm

screen. A subsample was takefrfor measurement of NBDMD described.below. The remamder .

of the sa‘mple w'as'l‘urther ground through a 1 mm. screen and analysed ifor crude prote’inh B

(CP) neutral detergent fiber (NDF) dcid detergent fiber (ADF) calcxum (Ca) and
phosphorus (P) by the Sorl and Feed Testmg Laboratory, Alberta Department of Agnculture
Addmonally from the winter and summer samples five specres were separated mto their leaf : 4
and stem mmponents and analysed oR that basrs The Speaes examrned in thrs way were
brome, mtermedtate wheat grass trmothy, cu':(er mxlkvetch western wheat grass (winter only)
| ‘and alf: alf a (summer only) Chemical analyses of these specres were conducted only on whole

- plant samples for the sprmg trial because of logistic contramts Furthermore it was felt that ‘

dlf ferences in nutrlent content between leaves and stems would be less 1mportant durmg thrs

.
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| " Of the materral ground only through the 2 mm screen 2 g was’ analysed for nt situ
NBDMD usmg technlques descrtbed by Hawley et al. (1981) The bag drmensrons wcrc 10 cm '
. by. 5.5 cm wrth a pore size of '50_ um. Measurements of NBDMD were condueted with- winter *
'rvege‘tation samples during the winter feedlng trial becal‘;\:se the_ ‘wint‘er samples were colle'cted 1
montk before the feeding"tr'ial ‘which a110wed sufficient time for sample preparation The
vegetatlon collected for the spring trial was tested durmg the summ@nal «while thc summer
vegetatron samples were tested in' a penned feedmg trtal durmg which- the ammals were .f ed
. 'good quallty alfalfa grass hay and 2 kg of alfalfa pellets darly There were 2 lypes. of
| NBDMD trials. conducted. ‘In one, NBDMD samples of whole plants werc compared In thc
' second the NBD.MD of the leaf. and stem fracttons were. compared f‘or the 5 spectcs hstcd
3 above Wholc plant samples were d1v1ded among 3 ammals such that 9£ch ammal had samplcs '.
' from 2 of the three rephcates (32 samples) The fourth animal recenved all the samples (30
_'_samples) of the leaf and.- stem samples .The bags were suspended :round a 50 cm loop of
- tygon’ tubmg that was frlled wrth lead shot (Neathery 1969) and placed unattachcd in thc

~

rumen for 48 hrs. ' S o .0",
2.2.4 Statistical Analysis i o . LA

' Data on plant selectron biting rate, avallable biomass and forage quahty were
' .statistlcally analysed usmg the mainframe computer statistics package SPSSX (SPSS 1986) in

\

v combmatron w1th the SPSS user procedure UANOVA (Taerum 1987) The mam eff ects in the .
plant selection and biting rate an.alyses were animal and plant species. The bntmg ratc rcsults
were also compared for dtfferences in the first and second halves of cach tnal For the f
nutntro‘nal_ and available bromass results, plant species and replrcatc wcre the main effects. In
the NBﬁMD analysis, the effect of replicate- 'was confou_nded by animal so ther were treated
.as a block with ‘plant species as the other ‘main effect. l)ifferences betwecn plant Spccics ,

’_,‘means in all analyses were tested with Student-Newman- Keuls multiple range test (Steel and

' Torrie 1980) using UANOVA (Tacrum 1987) The drstnbutron ef the ammals over the 3



af

(STSC 1986)

- T e

replrcates was tested agamst a random drstrrbutxon usmg a Chi- squared goodness -of = frt test

-(Stcel and Torrie 1980) wrth the total number of times all anrmals 0ccurred ina partrcula{

‘ rcplrcatc as the obseryed frequency, and one- thrrd o} the total observatrons as the expected

f rcqucncy Lmear correlatrons were determmed USmg the mrcrocomputer program Statgraphrcs

—_ ‘1

"~ 2.3 Results

0

. 2.3.] Avvailable Biomass

There was considerable vanatron in plant specres productrvrty wrthm every season. The

_standard errors (SE) were large often in excess: of 25% of the mean (Table 2.2). Alsike clover -
- had only patchy growth for ‘the fall and late summer trrals and no bromass above 1 cm durmg '

- the sprmg trial. Sainf om suffered a high degree of winter klll on 2 of the 3 plots and was so

patchy in 1ts growth that there was no measurable bromass oﬂ El}se 2. -plots durrng the spring

-..trtal An unknown ammal dug up many of the samforn plants the precedrng fall and this may

have contrrbuted to winter mortalrty Crested wheatgrass brome meadow foxtarl trmothy ,

~and Canada bluegrass began to grow earlrer in the sprmg than the other species and thrs was'

réflected in relatively higher. avarlable bromass levels at-the time of the spring trral (Table

- 2.2). Sainfoin also began to grow raprdly in early spnng and had 336 g/rn2 of avarlable

bromass on the undamaged plot.

~

2.3.2 Anlimal Behavior on the Plots

v

'Fhe mean amount f time the anrmals spent on the plots per day over the whole trial
(:l:SE) for the winter, sprrng and late summer trials was 161. 6 mm (i 15 O) 135. 7‘mm (x
9. 8) and 213. 9 min (:t 7.6), respectrvely Overall the ammals -used ‘replicate 1 significantly
(P<0.005) less often and replicates 2 and 3 more often than would be expected if the

animals had been randomly drstrtbuted The pattern strll occurred, though to a shghtly lesser

- degree, ‘_when_ sainfoin (2 out of 3 replicates were. damaged) was excluded from the analysrs.
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‘Plant species x t §é<fj> x - © SE x ' SE

Y

Table 2.2 Mean and standard error (SE) of available biomass (g/m“) values,

# on a dry matter basas. colﬁﬁxted before each forage selection trial
< (n = 3). : , :
; s,
Winter Spring ' . Summer .

cicer milkvetch . 67. abc? 1.9 190 a 54.6 132 bcd 7.6
alfalfal . 9 abc  25.6 205 a 72.1 [ 127 bed 0.5
_sainfoin 85 abe . 18.1 120 a . 15.8 66 b 33.0

| alsike clover 28 .a. 7.6 0o - o 24 2 12.9
Ccrested WG* 64 bes  13.3 225 2 13,9 159 bed 170
northern WG~ 139 abcd 1.0 86 , a 0.3 228 de - 16.)

intermediate WG 181 cd . 26.3 . 144 a  41.1 166 bed  19.2

streambank WG 140 abcd 6.5 1o wa , REN 11 ed 0.2
ygstern We - 129 abcd 21.3 117 5”- 19.0 . 139 bed - 38.3
slender WG 224 ¢ 58.0 152 a  44.5 237 de  28.9
.meadow Foxtai1f." 163 fbcd .28,1' 236 .. 3 “11.3 186 cd ' 1.5
brome = 122 abcd 182 281 2 57.9 109 abc  15.3
Russian wild rye 63  abc 17.0 57 a 1.7 - =71 ab  34.3 : T
sheep fe;CUe 176 dc 5.3 162 A a 24.4 ,2Ii‘, cde ' 3J.0
red fescue S 973 cd - c 185 166 a o 16.4 230 de  19.8
timothy - 139 dbed 8.2 222 a 143 188 cd 8
Canada b1$e§rass 228 d 31.2 '25@  ‘a 60.4 312 e T 1.2
Kentucky bluegrass 51 as :21.3 ASY- a ]3'8‘, . W12 abe 202

‘Collection dates were for. wunter October 12; sp}ing. June 11 summer, Auguat
19. i

’Means within seasons that do’ not share a common 1etter were 519n1f1cant]y
different (P<0.05).

INo measurable biomass.

“WG = wheat grass.

e




N

.

17

The most extreme devxauon from random dlstnbutton of the animals occurred in the sprmg
"when rephcates 1,2 and 3 were used 19 38 and 43% of the ume respectnvely "

By

233 I;Iant Seiection ' N

' ‘ During the winter trial,’ creeping red fescue was selected signit’ icahtl;"more often_thsn “
EE all other species except sainfoin (Figure 2.2)‘. In the case of sainfoin, .the anima'l‘s'- atppesred'to
be princfpal]}t "eat;ng;g'reen‘ léaves near the base of the plaht-lgut, .{6_ a tesser extent, also ate the

old coarse stems. Brome, timothy and hard sheep fescue were also consumed frequently.

4 ”r

During the spring trial, timothy, _brome and sainf oin were the most frequently selected -
species, collecuvely accountmg for over 60% of the time spent feedmg (Figure 2. 3) Other‘_
plant specxes received relauvely httle grazing attentlon It is noteworthy that alsrke clover was
catcn as frequently as ‘the grasses with the exceptton of tlmothy and brome even thoughl
there was no measurable avallable b:omass

In the  summer - trial, the animal use of the legumes was extenswe (Flgure 2.4)
- accounting for approximately half of the time spent feedrng. Timothy, brome and Russian
_ wild rye were also selected f reduently, while the ether grasses were used at- signrficantly lower
_levels (less than 3%). | | '

| : Seasonal differences in_ plant use were quite distinct for severeﬁ -plant spe.cies.‘ Red
'fescue and to a vl’esser extent.' hard sheep fesc'ue‘ were used frequently in the’ winter but et"_
» much lower levels durmg the sprmg and late summer trials. Cxcer mllkvetch -was rarely
selected in the sprmg but was used at moderate levels in the late summer and winter trials.
Russian wild ryegrass was used heavrly only durmg the late summer tnal., The legumes'

collecuvely were selected most often in late summer. The exceptron to thxs was salnf oin whrch'

: ‘{ .

“was used extensively-in all seasons o ‘ E S o oL

Correlauons between available btomass and plant specres selecuon for the winter andj
,spring trnals were not 's1gmf1cant (P>0.17 and P>O 80 respectlvely) while a significant
negattve correlation (P<0.007; r—-O 62) was obtamed for the summer tnal Correlations

A
Y
e

between other plant characteristics an

ection;are drscussed in Chapter 3.
J |j“ o
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Figure 2.2 The mean (%' standar_d_,errbr) proportion of time spent feeding on each plant
species vdﬁring the first 4 days of the winter forage selection trial (n=4). The nfeans for
northern, western, crested and slender wheat grasses were not significantly different and were

" presented as an aggregate mean. Plant species that do not share-a common letter were
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Time spent feeding, % |

sigljnifiéantly different (P<0.05). WG =wheat. grasses.
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Figure 2.3 The mea'n (% standard error) proportion of time spent feeding on‘.each ‘plant.

 species dunng the fitst 4 days of the sprmg forage selection trial’ (n 4) ‘The: me&ns for

northern; wmtem crested and slender wheat grasses - ‘were not s1gmfrcantly different and were

\presemed as an aggregate mean. Plant specres that- do not share a common letter were

-

~ signif’ 1cantly different (P<0.05). WG=whcat grasses.
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Figure 2.4, The mean (* stén_dzird error) proportibh of time spent feeding on each plant

species dunng the first 4 days of the summer forage selection trial (n=4). The means for

“northern, western, crested and slender wheat grasses were not significantly different and were

presented as an aggregate mean. Plant species:that do not share a common letter were

significantly different (P<0.05). WG =wheat grasses.
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A significant drf ference in the brtrng rates bgtween the first and sec0nd hal’Vcs of each &

ﬂ; L]
feedmg trial was observed only durmg the wmter trral in whrch bltmg rate was lowgr

...(P<0 001) in the second half Plant specres was a- srgmf jcant (P<0 03) *souret of varratrbn rn .

/ .
'evcry trial, although few drfferences were observed among 1nd1v1dual plant specres (Table‘

-

2. 3) In the winter trial only streambank -wheat grass tended to be- lower than most of the
fm & - '.f .

. othcr specres %hrle during®the summer trial sainfoin was srgnrfrcantly lower while: Kentucl@y, _‘

bluegrass was sigrificantly higher than other specres (T able 2 3) ang rates drd not drffér

signif’ 1cant1y among mdrvrdual plant specres durmg the spring. ) '(f.f"“" .

2.3.5 Forage Quahty

Forage collected before the ‘winter trral was generally characterlzed by low NBDMD'
low CP and high fiber (Table 2. 4) The CP- content of legumes was 2 to 4 trmes langer than ‘
that of grasses Fiber made up the maJorrty of the dry matter for all specres although cicer -
milkvetch and alsrke clover had significantly less NDF than other specres ‘The NBDMD.

. values for both a‘lfalfa and samfom were very low- Calcrum levels were much hrgher in the f
legumes than the grasses whrle P was low for all specres While leaves tended to be of higher
quahty than stems in the forage cornponents measured this difference was much larger for .
cicer mrlkvetch (Table 2. 5) _ o

During the sprmg trral legumes had the hrghest CP content while the wheat grasses .
and. Russian wild ryegrass were srgmfrcantly ,hrgher Jthan the other ‘grasses (Table 2.6).
Legumes also hadlgignificantly lower NDF and- ADF and higher Ca than grasses. Fhosphorus
levels were slightly but not Signil;icantlS'"'h'igher in legumes comnared to grasses. All NBDMD
values were slmilar except for the fe;cues Vr'hich Wéré‘ significantly lower. Acid detergent fiber
content was srmrhar among grasses The NDF content of timothy was srgmfrcantly lower than -
the other grasses whrle that of the wheat grasses tended to be hrgher

As in the oth‘er trials, legumes in the summer . trral had srgmfrcantly hrgher CP levels

than grasses (Table 2.7). Russran erd rye had s'gmfrcantly hrgher CP levels than other
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‘a‘.

'Tab1e 2.3 Mean,

standard

error

m1nute) dur1ng each fOrage se1ect|on trial.

T

%

(SE) and sample size of wap\t1 b\t\ng rateé’(b1tes per

- Whnter
o

(P<0.05).
WG = wheat grass

“"Means wit%}ﬁ.a,season that ‘do

not share a common letter were significantly different

?Snriﬁo' Sqmﬁ;ri'

ZP1;6@ Specieg V% " n x ' " SE x SE. n
cicer mﬂkvetch 30.5° b’ 1.47 -4 40.2 a 2.%2 42.6  ab .61 Z
"-a1fa1fa - 25.4 b 3.45 4 39.4 a-  1.26 42.6 ab 1.438q
_ sainfoin 25.3 b 1.29 4 33.3 a2 1.42, 3.7 a1 4
‘a1s%kevc]over 251@ b 1.31 4 50;0 a 3.05 44.6 abé 1.43 -4
crested WG 300 b - 1 483 a 4.0 39.6 ab 0.88 4
ﬁ;écherq WG 208 ab. 1.31 4 ®.2 a 7.64. 40.0 ab 2.24 4

‘ intefmédiaté'wc D267 b .04 4 48.7 . a 3.8 40.0 ab 1.68 a

streambank WG 130 & 130 3 49.5 k a  0.86 a5.8 ab: 2.15 4 »
western WG 278 b 3.30 3 3.8 .a - :dB.S-.'bc; 1.07 4
sTender WG' 23.3° ab - .ui ;gf 6.8 a  2.76 45.7 abc. 2.33 4
meadOw'fbgﬁéiT'u .323.3'. ab’ 3.92 3 a7 a 2.24 38.9 ab 1.44 3
brome :«éées. “be 2,04 4 2.5 a . 2.3 45.3  abc 2.60 4
Russian wild rye 223 i 3 334 a 2.4 47.8. abc 1.10 4
_speep fescue 29.5 0.83 4 - 41,9 a .1.02 35.4  ab  2.64 3
red fescue 30.0. b 0.5 4 515 a  1.86 45.2  abc 2.62 4
timothy 30.4 b 0.85 4 ; 48.2 a 2.2 47.6 Abg 1.94 4
Canada bluegrass 23.3 ab ';iQG 3 aF 2 2.89. 2.7 b 2.38 4
Kentucky bluegrass 26.7 ‘b 1.28 39.0 a  4.78 559 ¢ 6.90 4
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'selected it more of ten.

'grasses Cicer milkvetchi and alsike clover had sxgmflcantly higher, and sheep fescue had

sxgmf tcantly lower in the legumes most” “of the fiber was ADF. As a consequence, the ADF
values for grasses and legumcs were sxmxlar The legumes had sxgmfxcantly more Ca and
tended 10 have more P (Table 2. 7) Calcnum and P levels were generally similiar amoung”the
'_grasscs although Russran wild ryegrass had 31gmf1cantly more P than other grass species.
Lcavcs had srgmf xcantly hxgher values than stems for NBDMD ¢CP NDF and ADF (Table
2.8). Intcrmcdlate whcatgrass was an exceptlon w1th the NDF content of 1ts leaves not

significantly _dlfferent from its stems-.,Leaf and stem Ca and P levels. were similar among

o

spccies, except for the alfalfa 'and'gicer milkvetch leaves for \xhlch Ca levels were higher than.

for grasses. e v

. ""2.4 Discussion

Txme spent feeding on each plant specnes as a relatlve measure of selection had the, -

advantage of being easily estlmated ‘and also pcrmltted resolutron of temporal chan%s in

oo oragmg behavnor Whlle this method did not measure how much of each specres was efiten, it

did accurately quantll" y the athount of foragmg effort the ammals were w1llmg to invest in

f ecdmg on.each Spemes This provrded a strong basis for assessrng wapm preferences for the

plant species studied. In‘ addmon, an attémpt was made to use rumen content samples to

estirnate:the‘relative intake of each plant species in the diet. It would have been"interesting to
compare the es‘timate"of plant species selection calculated from the feeding time results with

. the esumate determmed from rumen content analysrs but unfortunately. the rumen contents :

: provxded an maccurate estimate of the dxet (Chapter 4)

Alsike clover durmg the spring trial, was the only species for which selectron was
:” LL

obvnously‘af f ected by lack of forage blomass This specres had no measurable btomass dunng

the sprmg trxal (Table 2 2). Desinte thlS the ammals spent 4% of their time feedmg on th.1§

'specnes and u appeared that if more alsike clover had been avarlable the animals would/'

’ .slgmﬁcantly lower “NBDMD values than the other species. Although ‘NDF content was-
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The effect of constraining the ”anir‘nals to 2 foraging bouts per day did not appear to
be Siénif icant. The amount of time that an_ir'nals were held without access 10 food was well
bclow'that- which'has been shown to affect diet selection of sheep (Sidahmed et al. 1977).
Purthermore fasting would have caused the ammals to be less dtscrnntnattng, which would
have rade 1dent1f1eatton of dtf ferences in animal preference more ‘conservative. B 4

Kufeld ( 1973) and "Nelson and Leege (1982) standardrzed the results of a wrde varrety |
Cof f ood hablt studics by assigning an importance rating (values 1 to 3) to each specres in each:
‘of four seasons Where data were available, plant preferences identif 1ed in thrs llterature were‘ v
“similiar to the- ma)or trends ‘in foragmg preferences observed in the present study For
instance, seasonal patterns of use for alfalfa clover, smooth- brome Kentucky bluegrass,
ttmothy) and the wheat grasses in ‘these reviews were similar to those observed in thrs study.
‘Thcre were only 2 exceptions. These same authors reported that crested wheatgrass was
»mo'derately selected’ in the :spring and that Canada ,blu_egrass"' receiyed ‘mode_rate use in every
season except summer. This was in contrast vto the pr.e'sen't, study in which these 2’ species were
“rarely used in any season . | | N

Som¢ mtcrestmg comparisons can also be made between the pattern of plant specres
selection of wapm and that of domestrc ammals Crested -wheatgrass grows raprdlv in tl{e
sprmg and has been used successf’ ully to increase productron of cattle on native range that was |
-.slow to begm growmg in the spring (Hart et al 1983). Wapm have "also been reported as -
- using this specres in the‘sprtng;(Kufeld 1973), It was’ possrble that~greater use of this species |
» in the spring could have been observed in the present study, if the spring trial had been held
earlier' In a'dditio'n” cattle have also been shown to aind s'ainfo‘in throughout tie spring and
summer (Gesshe and Walton 1981). This contrasts sharply wrth the results of both this study
and research on sheep (Wilman, and Asnedu 1983; Smoliak and Hanna 1975) and underscores x
the vanabtlrty in f oragmg pref erences that can occur between ammal specres

" Inter- study comparrsons of plant specxes selectton can be dtffrcult because selectron,.
measurements are relatrve and studtes differ in the plant species avatlable as alternative food

N

choices. Because of the relatmty of food preferences researchers must *be cautious when :
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extrapolating forage selection data o other circumstances. The advantage of ev'alualing forage.
- selection with conf ined_animals is that a _\ivider variety of plant species, ‘many of which are -
common n the lirerature, can be comﬁareci in conditions that allow for fair ‘cornparisons tobe
made. Thus, planr species not normally found in the literature on wapiti food habits can be
;Valuated by comparing them vyith _olher plant species known to:be pref erred by wapiti, -
24.1 Meeting ‘Nutritiohal Requirements

In north temperate’ rangelands wmter and early sprmg arc the two times of lhc year
when productrvrty of wap\u populatrons would most hkely be 1mproved by an mcrease in lhe ‘
availability of .hrgh‘aéquahty forage.-‘ Early spring ‘can be a parllculanly critical time for
pregnant wapiti cows due to increasing energy and CP reqnirements for f etal growth and milk -
productlon The plant species that were preferred by wapiti in this study were assessed for
their ability to meet the metabohzable energy (ME) and CP requrrements of(in adult wapm .
cow during the winter and spring seasons. ‘ |

The daily ME requlrements of wapm cows durmg the winter (November 1 'pril)
were calculated by combmmg data from research exammmg the acuvrty bu(fgs of
free-ranging wapm w1th the energy expendltures of each -activity category esumalcd usmg

captive amma]s It was ‘assumed that the ammal spent 47% of its ume f eedmg,

% rcsvung
_ andv 11% moving (Green 1982) and that. the energy expenditure of a pregnant cow for gac

 these activities was 6.6, 5.0 and 6.4 kca'l/h/kgo'j's (Pauls et al. 1981), respectively. Using

these figures, the darly ME energy requrrement of pregnant 240 kg cow durmg the wrntcr‘f«-'

|

would be 8.63 Mcal/day _ S L

<

‘The ME content of each of the forages in thrs study can be esumated usmg the
a : 4

equation: o ST L

ME content = NBDMD * 3 9 Mcal/kg *0.87
.+ -where NBDMD was the best esumate of drgesubrhty, 3. 9 Mcal/kg was the approx:malc cncrgy :
‘-"content of lrkg of rough_age_ (V_an Soest '1982) and 0.87 is the’ proporuon of digestible cncrgy_

! that was ME (Simpson et al. 1978). The relationship between 'NBDMI‘)'Y and digestibility - is.
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'controversral It has been reported to both over (Scales et al 1974) % under -estimate
‘. (Neathery 1972) in. vtvo digestibility by as much as 10-15 percentage units. Consequently,'
conclusxons generated f rom thrs equation must be mterpeted cautxously

The most f requently selected species durmg the wmter forage selectron trial were red
and sheep fescue, trmothy, brome and crcer milkvetch. Based on the above equation, the ME '
| content of each of these plant species was 1.48, 135 l 59 and 1.82. Mcal/kg.
rcspecttvely Therefore the dally*dry matter intake (DMI) of each of these plant specres
' neceSSary to meet the 8. 63 Mcal/day energy requrrements of pregnant 240 kg cow would be%*\'
5 8, 6.4, 6. 3 5 4 and 4, 7 kg/day, respectrvely If it rs assumed that the ammals will only eat .

i

leaves the darly intake requrrements for mamtenance decrease to 4.7 4. 8 and 4 2 kg/day of
brome tlmothy and cicer mllkvetch respectrvely v ‘ e : ’

The vegetation from the winter was visibly leached and weathered by frequent freezing -
and thawing and this was reflected in the low NBDMD and CP and' high NDF values f‘or

most of the plant specres (Table 2.4). Maxrmum voluntary mtake of extremely poor quality

grass hay has been shown to be less than 4 kg/day for adult waprtr cows (Renecker and
Hudson 1988). Even allowing that free-rangmg animals v _ forage selectrvely thus increasing
their DMIs -(_-Heane_v 19.73.), the f orage quality of the the gras‘s‘esvwas sufficiently poor that it
is‘unrealistic to expect the animals to consume more than 4.5 - 5.0 kg-/day. Voluntary intake
“of lozv quality alfalfa- grass hay, on the other hand, has been reported to be -as hrgh as 6
~ kg/day (Renecker and Hudson 1988) which mdrcates that the voluntary ‘intake of crcer
mrlkvetch should be hrgher than the grasses perhaps as hrgh as 6. 0 6.5 kg/day: The low ME
content and expected voluntary mtakes of the preferred grasses suggest that a pregnant cow
'would erther just, meet ‘her energy requrrements or would Tun"a . shght energy deficit eatmg
these specres durrng the wmter months In contrast the ME content and-expected voluntary"
mtake of cicer mrlkvetch were higher, mdrcatmg that thrs specres should easily meet the ME
| requrrements of the same cOW. ' '

' le f erences in forage qualrty between cicer mrlkvetch and the preferred grass species

during . the wmter, were further‘ awphasized when CP Tequirements are examined. The A



minirnum dietary CP content that would still meet the winter maintenance requirements of a
240 kg cow would be approxrmately 5-7% (Mould and Robbms 1981) assummg that this
animal can eat’ only 4.0-5.0 kg/day of low qualrty winter for%ge Only cicer mllkvelch would
‘meet the cow's CP requirement at this level of feed mtake
v The ME requrrements of the same cow in the sprmg (May and lunc) durmg the last.
trrmester of, pregnancy or in early lactauon were calculated usmg the same pl'occdurcs
‘ descnbed for the winter. lf it 1s assumed that the amounts f time spent feeding, restmg and
movmg were 56 33 and llﬁe-respectrvely during the months of May and June (Grecn 1982)
and the energy expenditure for each of these actlvmes durmg the same period’ was 15.0, 10.8
0.75

" and 18.8 kcal/h/kg * respecttVely (Pauls et al. 1981) the ME re%xrement would be 20. 5

Mcal/day Timothy, brome and sainfoin were f requently ' ted during the sprmg The dally
intake rates of each of these species requrred to meet the ammals dally ME rcqunrcments
would be 7.5, 7.7 and 8 3 kg/day It is reallsttc that the ammals ar¢ able to consume hlgh
(iuahty sprmg forage at these levels of intake. Furthermore at these eebns:rmptron rates, the
‘cow would readily meet it§ predicted CP requirement durmg lactatlon (Nelson and Lccge
1982) All plant species that were preferred by the wapltr during the spr;ng f oragc sclectlon |

trral should meet the CP and ME requrrements of wapiti during the sprmg months

2.5 Reseedmg Strategres
The plant species currently recommended by the Alberta Forest Servrce (A.F.S. ) for .
the reseedmg of disturbed areas m the more. northern’ forests of Alberta are creeping rcd‘
fescue, trmothy, crested wheat grass whrte clover- (Trrfolzum repens) and alslke clover Thc
A F.S plant specres recommendatrons for reseedmg drsturbed areas in the south part of
‘ Alberta are the same as for the north, except Canada bluegrass rs substltuted for crcstcd
wheat grass (Alberta, Energy and Natural Resources 1984) This group of plant spcctes wnll
'Vbe collecttvely called the AFS seed mix for ease of. reference. The results on wapiti

‘preferences for and forage qualrty of the plant specres studled were used to suggest

_ ‘modrfxcatrons to the AF.S. seed mrx The suggested modrf ications werc bascd on the premlsc
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that the primary end use of the reclaimed‘site'was to ‘provid_e‘ forage forwapiti. As previously
discussed in section 2.4.1, the winter and spring seasons are the times of year ‘when wapiti
'w‘ould most . benefit from additional high .quality forage. Separdte reseeding_ strategie‘s‘ are
recommended for providing forage in these seasons. This was done in order to' prevent
undesired mterspecnfrc plant. competmon and to optrmxze the foragrng benefrts to wapiti '

within each of these seasons. .

2.5.1 Enhancing Winter I;‘orage
| Creepmg ted. fescue one of the grasses contained in the AF. S seed mix, was the .
| ‘most highly preferred species during the winter trral On the othex, hand thrs species wasl
infrequently used -during the ,sprmgaand.,'summer trials. This suggests that the annual
phytomass 'production of red ‘fescue would accumulate over the growing season and be"
available for winter use. Therefore red fescue should be included in seed mixes used to
: provrde winter forage for wapiti (wmter seed mtx) Timothy was also preferred during the
winter trial and should be kept in the winter seed mix. Crested wheat grass and Canada
:‘-"-",.bluegrass the other 2 grasses in the A'F.S. seed mix; were rarely selected by wapiti durrng the
d winter trial and should not be used in the winter seed mix. Unfortunately, creepmg red fescue.
and tlmothy were. seriously deflcrent in CP. Ihls defrcrency in CP should be addressed in the
other plant- species recommended- for the wmter seed mix. o
Alsnke and. whrte clover are the legumes normally found in the A. F .S seed mixes. Only
alsrke clover was 1nvest|@ted in this study Alsrke clover did have a relatrvely hlgh CP content
. but, unfortunately was mfrequently selected by the wapm durmg the winter trial of this
_study Furthermore it is a short-lived perenmal (Watson et al. 1980) that would not persrst
on the reseeded srte Whrte clover m contrast, is a long- lrved perenmal that is reported to. be
. nutrmous and palatable but is often low yreldmg (Watson et al. 1980) In fact it was
, ongmally to be mcluded in thrs study,"but was dropped out because of low yreld Because
whtte clover is a legume 1ts CP content can be expected to be higher and its presence in the

" winter seed mix should be benef 1c1al The wxhzter seed mix would be greatly enhanced by the
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N
' addition o'f a plant species that was both prdductive and had a- high Cp 'conleru Cicer
milkvetch was productive and had excellent nutrmonal characterrslrcs during the winter trial.

In addmon it is a long-lived perenmal that is. hardy and persrstam (Watson er al 1980)

o ) While it was not on_e ‘of th/ev}i\st preferred specres, it recewed rn_oderatc use durmg the winter

trial. The rnain limitations of this “s'pec-ies ié that it o‘f.ten'- tek_es_'u'p to 2 years to cstablish, the
seed requires scarification and the seed bed requires careful preparation (Watson ef al. 1980).
(Desp.ite. the difficultieé in establishing ,cr'cer milkve’tch,' the rxutritional- bencfits to wapiti are
_euch that eVergg,gffort should be made to irlc_lude’ this species in the winter seed mix. ,

In eumrrrary, red fescue; timothy and whire clover should compose ‘the- winter seed

mix. In addition, every effort should be made 1o establish cicer milkvetch in arcas were it

-

would be desirable to enhance the winter foraging opportunities of wapiti.

252 Enhancmg Sprmg Forage . =

The A. F S. seed mix already contams timothy, whrch ‘was one of the specics identified
irr'this study as being best suited for enhancmg spring range. Smooth brome grass was al’so ,
well suited forn this purpose .end 'wtrile not contained m the’ AF.S. seed mix»cs,l hzrs,nd
limitations precluding its inclusion (Watson. et al. ‘1980). There is no reason' to.cxeludc white
clover from the spring seed and. rnainrzrinjrrg a legurne» in the spring sced. mix may be
'benef,ieial..Crested wheat grass, canada _:Bluegr‘ass‘arld' creeping r.ed_. fescue were inf rcc}ucnlly
-seleeted'--durirrg‘the spring. ‘t’ri‘al and are not :reeomrrlended for svpring seed. mixes. In addition,
‘red fescue has been reported to out-compete the plam species that were seeded with it on
. seismic cut- lmes (Downmg 1983) Specral emphasrs should be grven to not mcludmg n m lhe _
. spring seed mixes in order to prevent it from competing wnh timothy and bro_me.
Irl‘summary_,_ rimdthy, brorne arrd white clover are recommended for the spring seed

mix.
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2,5.3 Other Strategies
Russian wild ryegrass was. frequently,eaten in the late summer tn’al-and could pl
role m extending the productwe summer grazmg perrod The NBDMD CP, Ca and P value of
this specxes were much. hlgher than those of other grasses at this ume of year Unf: ortunately,
this species grew poorly in this study and-was one of the least productive grasses. Streambank
wheatgrass was rarely selected. in any season. Therefore, establxshmg this specres on reclaimed
sites sensitive to erosion of in road.side ditches"s‘hould minimize the incidence of wapiti grazing

on these areas.

-2.54 General Considerations
The implemention of the spring and winter forage enhanceménl strategies discussed
_above, would not necessnate mordmate amounts of additional effort or cost. to the petroleum
mdustry Inf act, many of the recommended plant species are already contamed in the A.F.S
seed mix. To 1mplement these strategxes would only require that the reseeding decxsxons be
made from the perspective of wapiti range enhancemenr .A |
Thxs can best - be -llustrated by usmg the reseeding of a hypotheucal prpelme
right-of -way as an example. This rlght-of -way ,passes through an area M;lcd by wapm
. throughout the year. The inf; ormatlon available. on this populauon is limited so’it is unknown
whether they would beneflt from enhanced* &oragmg opportumtes ‘more in the wintet or
, sprmg It 1s assumed that the reseeding .strategy should be- dlrected towards both of these
seasons Tl'ns would be a common scenario in Alberta. Reseedmg would mvolve applymg the
wmler and sprmg seed mrxtures alternatwely (perhaps every. 500m) - along the prpelme
right- of -way. An -additional suggesuon would ‘be to seed the sprmg seed mrxture on. slopes
with -south }spects in order 1o encourage . early sprmg growth. Reseeding prpelme:- o
rlght of -ways and selsrmc lines in this fashion should not be costly in terms of time or
money, and should produce tangible benefits to the local populauons of wapm
"_':.;,The utility of the recommende_d -seed mixtures to improve the foragmg opportunities
ol‘ w\apiti.depe_nds on how \yell the forage-prel‘ erences of captive wapiti approximate those of ,‘

G
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wild populations. Foragmg experrence has been shpwn to rnfluence dtet selectton (Arnold and

Maller 1977, Bartmann and Carpenter 1982). In addltron research has shown that tame .- -

pronghorns ( Antilocapra americana) selected diets that were drl‘ ferent from wild ammals when
both types of antmals were foraging in free- -1anging condrtrons (Schwartz and Nag) 1976).
Lack of- expertence should not have aff ected the foraging behavior of the ammals in thrs study
because they were all adults and had had foragrng experience with both native and lame’
ranges Furthermore as.prevrously drscussed the selection patterns observed for the plant
species in this study were srmrltar to those. reported in food habrt ‘studies of wrld wapili

‘(Kufeld 1973; Nelson and Leege 1982). Of larger’ concern is whether wild wapiti populations

‘will use the recommended plant species on the reveg"etated' site given the wide varicty of

alternative food plants that will be available on native range. Further experrmentatron will be -

- - required to determme whether wrld populatrons will eat, and hence beneftt from the presence

of, the recommended forages in the prevrously discussed winter and spring revegetation

strategies.

2.6 Conclusrons

Capuve wapttr were used to measure selection of 14 grass and 4 legume specics during

the wmter spring and summer seasons. Statlstrcally srgmfrcant patterns in plant speucs

’ selectron were apparent in every forage selection trral During the winter, red £cscue was the

most frequently eaten species although sarnfom brome ttmothy and sheep escuc were also

.

- selected. Sainfoin, brome and trmothy were the most f requently selected species during thc

spring. Durmg the summer the legumes (alfalfa, cicer mrlkvetch sainfoin and alsike clover)
along with trmothy brome and Russran wild rye were selected more of ten than other speues
Winter and early sprmg were identified as the 2 times of year when wapm would most ‘

benefit f rom addrtronal hrgh quahty f orage. Plant species that were prcferred ,m"these SCasons

’

\were assessed for their abtlrty to meet the energy and CP requrrements of a pregnant wapiti

cow. Based on these results reseedmg Strategres directed towards tmprovrng the l"oragmg

’opportumtres of wapiti during the winter were ‘recommended to use rcd fescue, timothy, white
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clover and cicer’ milkvetch in the seed mixes. Seed nlixes for imp’foving'the fe%aging'

" opportunites of wapiti during the spring were recommended to contain brome, timothy and
white clover. In addition, it was recomménded that red fescue not be included in the spring

sced mix i%qrder to prevent it from competing with brome and timothy.
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3. Forage ;Xttribute/s Affecting,'piet Selection by Wa)p‘iti;v
3.1 Introduction |

Conslderable research has been drrected towards the study :)f the. nutrmonal ecologyr
ol rummants A promment theory proposes that the cell wall content and the nutrient
concentration of the diet normally selected by a “ruminant is determmed by body size
' y(l)cmment and Van Soest 1985) ‘and ‘by morphology of the jaw and gastro- mtestmal tract

(Bcll 1969; Hoffmann 1973 Bunnell and Grllmgham 1985) Thrs theory was orrgmally
generated from research. on A%rcan ungulates and has since been supported by comparatrve _
_rescarch on w1ld North Amerrcan ungulates (Schwartz and Ellis 1981 Hobbs et alf, 1983).
 While this analysrs has been effectrve in 1dent1fymg the general type of diet an animal w111
choose, it has not been successf ul in 1dentrf ying the vegetatron components that animals use to
. discriminate between{ plant species (Hanley 198_2). : » |
"Studies examining specific forage attributes have shown that dry matter digestibility
b_and' crude protein and l'iber contents are. often significantly corrclaied to ruminant diet',
selection (Colcman and Barth 1973; Vangilder et al. 1982; Geeshe and Walton 1981).
Howcver lnterpetauon of these relatronshrps is problematic because there is no ev1dence that\m
animals can detect these COmponents drrectly (Arnold and Hill 1972). The physical structure
of forages has also been rélated to selectron For instance, ruminants have been shown to
select leavesfver stems ( Atnold 1960; Freld 1976), new.green growth over old brown materral
(Hamilton et al. 1973) and for plant specres hrgher in moisture content over dner materral
(Hilton and Bailey 1972; »Radwan and Crouch 1974; Geeshe and Walton 1981). »

Taste may be an 1mportant deterrmnant of- forage selectron (Amold and Dudzmskr
l978) Solubte carbohydrates (Cowlrshaw and Alder 1960) and - orgamc acids (Jones and
Barnes 1967) have been positively correlated to sheep selection of grasses However Radwan
,and Crouch (1977) found no clear relatronshrp between soluble carbohydrates ang deer browse
Jpreferences.‘ Strong ta.sti‘ng or aromatic secondary plant chernicals, such as’ water vsoluble

phenolics and terpenoids, -have been shown to be negatively correlated with the sed: .on of
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~ forage by ruminants (Schwar}j_ et al. 1980a; ‘Copper and ‘,Owér{-Smith 1'985; Pcrsonius et al.

1987). These compounds are also knoWn to interfére witt nutrient .digcstion (Oh et al. 1967,

Schwartz et al. 1980b) and absor'ptibri‘ (Robbins et al. 1987).

~Spalinger et al. (1986) hypothesized that ruminants use ﬁandling time as a major

N ) .

forage selection criteria. The concept of handling time was 'originatly conceived- for
monogastric animals and was defined as the amount of time required 1o ingest a [ ood item.

Spalinger et al. (1986) have included the amﬁm of time Spent ruminating in their definition

of handling time in order to make it more applicable to ruminant animals. The concept of -
hahdling time has soine important implications with respeg to nutrient intake by ruminants, ‘

For instance, the resistance of plant fiber to physical breakdown duririg-éh'ewing and ‘

- rumination (Trudell-Moore and White 1983; Chai et al. 19“84; Kennedy 1985) is the primary
: constrai_n; on the passage. of ' rr}ateria] from the reticulo-rumen (Thofton ‘and Minson 1973;
Pobpi et al. ‘1981a)‘. Passage réte,"in turn; is the primary factor delermming the voluntary
intake of forages (Laredo and Minson 1973; Poppi’ et al. 1981Db). Consequenlly.. an animal
maximizgs its q;xily putrient'int_ake if it selects forages with lower t;andling times. Even srﬁall
increases in intake would have im’j?ortam cohseduences on animal fitness becatise of the large

~ effect iriLake has on animal produétion (White 1983). From this, it can be argued that the

_ resistance of the forage to chewi'ng'during ingestion would be the forage attribute that best ’

»

. . s W
represents handling time. This paper assesses the relative importance of a variety of forage

. . . \.
attributes, including two that are related either to forage resistance to chewing or rumen

MRT, as determinants of plant species selection by wapiti.

3.2 Materials and Methods
This 'stu‘dy was conducted in conjur;ction with the summer forage selection trial
described in Chapter 2. Only the results from the summer trial were dsed in the present study

because plant material was not available from the other seasons for the mcasurement of the

‘ 'fora'ge attributes described below. Detdils of the study site were described in Chapter 2. In

‘brief,; the study site was composed of 18'pl_ant spec;ies seeded in 3 contiguous replicates. The -

o

A
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plant species used were: sainfoin _(Onabrychis vicii folia), -cicer milkvetch H(A:stragalus cicer),’

alsike_clover (Trifolium hybridum, alfalfa (Medicago sativa), crested»wheat grass ( Agropyron
pectlmforme) northern wheat grass (A dasystachyum) intermediate wheat ' grass (A.
- inlermedtum) western wheat grass (A smuhu) streambank wheat grass (A rrparzum)
slcnder wheat grass (A trachycpulum) hard sheep fescue (F estuca ovma) creeping red fescue
(Festuca rubra), Kentucky blue,gf’. ass (;’oa, ﬁraZensu) Canada bluegrass (Poa compressa)
‘meadow foxtail (% Alo)ecums pratenszs) Russian wrld rye (Elymus jtmceus) timothy (Phleum
pratense) and smooth. brome grass (Bromus mermzs).

‘ “The prco)cedures used to measure wapiti 'selection, neutral detergent fiber (NDF), acid
detergent fiber (ADF), crude protein (CP), nylon b_ag dry jr,rta'tter_j’disappearance (NBDMD)
and available biomass f'or these plant species Were descrihed' in éhapter'é 2 Forage selection'

was represented by the amount of time that ammals spent feedtng on each species, expressed

© as a percentage of the total amount of ttme spent foragmg In addition, a portton of the"

material collected at the ttme of the summer trial was f resh frozen at -20°C and kept for use ..

in the measurements descrtbed below :

The percentage of leaf material comprtsmg the total available btomass was alsov

measured for each plant specres This was accomphshed by separatmg and weighing the leaf

and stem components of 5 g.of oven- drted materral from each replicate Floral parts were

tncluded with the stem fractton . o I S

e

The physrcal resrstance to shearmg of the foraée samples was used as a measure of
plant f rangtbtltty and was measured with the Ottawa Texture Measurmg System (Vorsey 1971)
equtpped with a 454 kg. load cell and a standard shear compression cell (Kramer et al 1951)

using a deformation rate off 15 cm/mm Vegetatron samples were tpawe,d, cut trnto 5 cm

lengths, placed ina plastic bag With a damp paper towel and kept refrtgerated unttl sheared :

normally w1thm 3- 5 hrs Ftve samplest, approxm}ately 0.5 g each, of leaves stems and -the

L EXY< v

whole plant were. taken f1 rom each of 3 replicates and sheared. Fpu.r specres had such a small

Jér.f

proportion of their total biomass made up of either leaves or- Ete@s that plant parts were not

\.‘ ‘K.'

tested separately Red fescue sheep fescue and Kentuc}liy b’luegrass were ‘considered to have |

J“‘ : O v,
Ca . . L, A

R A

A
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only leaves whrle Canada bluegrass had -only, stems The measurements made on ‘whole plant

- . “

samples of Canada bluegrass were used when comparrsons of leaf mcasurements were made
,wrth the other plant species. A measurement consrsted of laymg the sample perpcndtcular to

the blades of the shear cell and recordmg the peak shear force (SF) requrred 10 shcar the

sample expressed as newtons per gram (N/g) ' e ‘3 -

L.

Representatrve samples of leaves and stems were takgr for each species (the fescues T,:-

and bluegrasses were excepti knd were treated as descnbed for the SF measuremcnts) from

each of the 3 replicates an for scannmg electron mrcroscopy (SEM) by thc Heetron

-i
‘Alberta Envnonmental Cehtre Samples were soaked in""

Microscopy Services Seetion‘
glutaraldehyde frxatrve for 24 hrs, vacuum drred for 2- 3 hrs and washed bricfly in ,eacodylatc
buffer. Samples were then cut to provide a cross- sectronal yrew for mountmg dchydrated m §'
~changes of ethyl alcohol (50 100%) soaked in 3 changes of amyl acetate crmcal point dncd
in CO hnd sputter-coated with gold Photo mrcrographs were then_taken scqucntlalLy
through. the center of the sample at 600X magmf 1catlon,, Mean ccll wall thrckness (MCWT)
was measured from the photo-micrographs usmg proc?edures described - by - Spalmger et al :
(1986). A second varrable (XSACW) represented the amount of cell wall as a pcrccntage of .
thg cross sectional area of the sample. This ‘measurement was made usmg the} same g
photo-micrographs used to calculate MCWT by recording along a litnc,ar transect thr'ough the
middle of the micrographs the number of 0.5 cm in’tervals'that intersectcdlcell wall! This
number was expressed a$ a percentage of the tOtal number ‘of intervals, No measu_remcnts'

3
were taken from the prthy regron in the centers of the stems. of most specres R <

-
The mean value across the 3 replrcates was used for each plant speues and plant part '
in correlatrons linear regressions and step-wise. multiple regressions performed usmg thc
micro- computer statistics program Statgraphics (STSC 1986). Forward step wise mullrplc |
regression. was done using a F-ratio to enter and remove of 4.0.'_ Tcstmg for stattstrcal
differences between slopes of 2 l'inear. regres_sions was done using procedures describe_d by Steel

B N

and Torrie (1980).
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3.3 Results '

Shear force‘ NBDMb N‘DF MCWT, " XSACW and CP were all sig(nificantlyvf”

-

;/*y
ﬁcprrelated 1o l”orage “Zelection (’l‘able 3.1). The amount of leaf comprising the available

v

- bibmass-was not correlated to selectron Correlatrons between selection and NDF or morsture;

-5

were calc:ttated on a whdle plant basrs because these composmonal data were fot available for
the plant parts of all specres On a. 'whole plant basrs both NDE and moisture tended to be
" more htghly. correlated to selecttcm than either SF or MCWT In general the diets that the
animals’ selected were htgher”t,n CP, NBDMD and. moisture content and lower in SF, NDF
and MCWT Of these varlable: a high degree of co-variation (r 20. 5) occurred between
morsture NDF MCWT, XSACW and SF (Table 3 2). A step wise multrple regression with

2

plant specres selecuon;\(as defined by feedmg time) as the dependent variable and all the

: vartables in Table 3 1 as, possrble mdependent variables selected leaf MCWT and then moisture

¢

content for the equauon

Selectton = 0 0155 + 0 201 Morsture - 3.402 Leaf MCWT (R =0.684, P< 001)

§

The simple linear relattonshrp»between feeding time and morsture content (Figure 3 1)

L4

] rel’lected*a pattem that vfas also seen to varying degrees with the other independent vartables '

;\.

ot that were htghly correlated wrth selectton MCWT (Figure 3.2) and SF .(Figure 3 3) were

excepttons o thts pattern because the plant specxes were arranged in 2 drstmct groups. Russian

w:ld Tye was an outlre' in both cases. The slopes of separate regressmns through each group

T were not srgmf tcantly dlf ferent from zero (P>0. 4).

¢

PR

Exammatton of thé relationship between NDF and MCWT, XSACW or SE for |

legumes and: grasses revealed that in each case the slope of the legume regressron was

. srgntl' tcantly (P<0 01) greater than that of grasses (Frgures 34,35 and 3. 6 respecttvely) In

contrast smgle regressrons were used to test the relationship of SF wrth MCWT (thure 3.7)

and XSACW (Figure 3.8 because no significant dif ferences were observe be ween legumes

: and grasses.

o

Consrderable dtff erences occurred in the amount of variation- obtam when making

the measurements of MCWT, XSAG_W and SF for each plant specres. The overall coefficients



'ﬂTable 3.1 Correlation coefficients between: forage selection and the

chem1ca1 and phy51cal attributes of 18 plant species.

. : ~ o " Correlation
Attributes - RN ‘ coefficient
crude protein (Cb)‘ - ' " d? > 0}725ff'
neutral detergent fiber (NDF. By "'4 -0.740***
acid detergent fiber (ADF) L 0w
ny]on bag dry matter d1sappearance (NBDMD) - 0.518**f
shear forégw(SF) ‘ IV ' : -0.685***
shear force (leaves) ® '« - - : -0.766***
| avéilable'biomass o _  .,‘ : ’ | -0.617*;'
moisture content l o . - 0.797***
% leaf of tota1 biomass I ' o ' | 0 =0.127
cell wall thickness (MCWT) . | . -0.676***
ce]]vwali thickness (1eaves) ® . I ~0.808***
cross seétional area of cell wall (XSACK) | '—0.626*ff.
_cfoss;§éctional area of cell wall (leaves) - ~0.697***

***p¢0.001 ‘
"Measured us1ng whole plant unless otherw1se 1nd1cated
& :
) ".0 @’ o
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~ Figure 3.2 Prdpp}tiorf of total feeding time spent consuming 18 plant species plotted against

the leaf mean cell wall thickness, Grass= 4 ; Russian wild rye= ® ; legume= & .
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Figure 3.4 Linear regressions. betwesou neﬁtrél detergent fiber (NDF) as a pérccntagé of dry

matter and mean cell wall thickness. Whole plant= a ; leaf=m ; stem= @ . Grasses solid

(n=17); legumes hollow (n=¢€ . A
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wenght and the amount ‘of force reqmred to shear each sample Whole plant-» A leaf=m ;
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Figure 3.7 Linear regression betweenﬁthe amount of force required to shear each sample and
mean cell wall th'ickness (n=32). Whole plant= a ; leaf= m.; stem= @ . Grasses solid;
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‘anure 3.8 Lmear regressnon between the amount of force reqmred to shear each sample and
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_(.n-32). thle ﬂant-— sleaf=m stem— o Grasses sohd legumcs hollow.

~ .



56

of variation for each techmque when averaged across the measuremcnts made on cach plant

part were 8.5, 18 8 and 13.4%, respect'vely

34 Dtscussron ‘

n A distinct pattern of 2 groups occurred in the foraging responsc of wapiti to the plant
species in the summer forage selectlon trial (thure 3.9). The l'irst group was comprised of '
plant species that were eaten less than 3% of ‘the time. The second group, in contrast vonly

contained plant species that were eaten more than 10% of the time. The differences in f ecdmg '

times between these 2 groups were srgmfrcant while dif feren.ces among plant speucs within -

<

either group were not (Figure 3. 9) Only Russran wild Tye grass. was sclected an mtermcdtatc
amount, although it was more closely allied w‘lﬁ the T requently caten plant species. Stmtltarly
other ruminants sueh as _k_udu‘s (Tragelaphus ;trepsr_ceros) have a-‘Torage responsc pattcrn'
‘comprised of fayored. and 'neglected plant speeies witha gw intcrmediate plant species
(Owen-Smith and-Cooper 1987). | |
'So%; of'-the plant attrib’utes rneasured aided in. understanding why thc‘ animals
separated the plant specxes in the summer forage selection trial into f rcquently and :
infrequently eaten groups. For instance, in the relattonshlp between f eedmg time and moisture
content (Frgure 3. 1) ‘the. frequently and inf requently eaten -plant species tendcd Lo separatc

along the moxsture content axis. Thrs separation was much more complcte along the MCWT

(thure 3. 2) -and SF (Figure 3. 3) axes. In these cases, the frequently eaten group was

,drstmgurshed by havmg much thmner cel] walls and lower resrstance to shearing. Thc

separatron of the frequently and mfrequently eaten groups by MCWT was paruculanly
distinct: neither group had specres with MCWTs in the mtervemng l 0 to 1. SULm range

An explanation for the abruptness of the transrtlon befyvegx; these 2 groups became
- ‘apparent when the plot of feeding time and leaf MCWT was con;pared thh the curvnlmcar
‘relattonshrp between MCWT and predlcted rate of plant fiber breakdown in the rumen
(Spalinger et aI 1986) Figure 3.10 clearly demonstrates that the leaf MCWTs of the

: frequent]y eaten plant specres were typically- 1n the relatrvely steeper reglon of the curve. As a
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thure 39 The ‘mean (:t standard €rror) proportion of total foragrng time spent feeding on

" 18 plant specres durmg the frrst 4 days of the summer forage selection trial (Chapter 2) The:

_means for northem western crested and slender wheat grasses were not srgmf 1cantly different

and are presented as an aggregate mean (WG) Plant specres that "do not share a common

_letter were srgmfrcantly different (P<0 05)

A

v% ﬁ’% ) ,x'»




58

[N

"\ .
. ) . . 2 £~
18 # -12
2
N . .{,,?* g
15 ~ . N E X
o ' ' LA -]Om ‘
A ) ?-’
& . : ®
' [ 59
| A
s 127 _ “a -8 95
o fa i
: B
o T
$ ° L6 O
s o
= . S
_ . 5
Q
7 Bk
£ ok
- ©
3._.. K A - | =
v — 2»0,,
Al 1 .=
0 Y - r lL.o w
-0 ‘ 2. -3
' l)’ Cell Wall Thickness, um S
i;':
) g ; e
3 L
-“W j‘
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result, the average predrcted plant materral breakdown rate (Spahnger et al. 1986) of the_

f requently eaten .group was over 1.5 times hrgher than the rnfrequently selected group It

appears that the location and abruptness of the separation -of the 2 plant species groups may

be a response to the curvilinear relationship between MCWT and fiber breakdown 1n the
rumen. ~ ‘ | | | |

The above drscussron does not imply that ammals can dgermrne the MCWT or the
rate of plam materral breakdown of each plant specres in their diets. Rather, proxrmal sensory -
cues related to these forage attributes, such as how tough the forage was ‘to chew, were

probably emplpyed by the animals to. detect the plant specres wrth faster rates of breakdown

Sensory cues sych as forage toughness would require th %m ls ‘Bo chew the food item in

¥as

order to assess it. Thrs is consrstent with the observghon’ 8"‘, gry specres in the summer '

? b
forage selection trial was eaten at least part of the time:"It is also worth notmg that the

f eedmg times among pglant species within the frequently and mfrequently selected groups were
not significanily dif ferent from each other, nor were they correlated with either leaf MCWT
or. SF. This suggests ‘that the animals were cither unable, or disinclined, to discriminate
between plant specres wrthm each group o |

;‘ Both MCWT and SF should be related to plant species drfferences in handlmg trme

For instance, MCWT ‘was correlated to the rate of breakdown of each plant species in the

rumen (Spalmger et al. 1986) Changes in the rate of plant flber breakdown (1 €. passage ,

~ rate) has been identified in sectron 3 1 as one the rmportant consequences of plant specres
E .drff erences in handlmg trme In addmon forage aésrstance tb masﬂ@mn 1s drrectly related to

handlmg time because resistance of plant fiber to physrcal breakdown wrll cOntrol how much

trme is spent 1ngestmg and rumrnatmg the forage Therefore SF should be a good index- of ‘
forage resrstance to mastlcatron and hence a good indicator of handhng trme Other
researchers have also related selectron to forage attributes ‘linked with handlmg time, For :

mstance Theron and Booysen (1966) found that the leaf tensrle strength of grasses was

srgmf 1cantly correlated to forage selectlon In general, these restits supported the hypothesrs'

~ of Spalinger et al. (1986) whrch proposed that wapm use handhng trme to drscnmrnate among
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plant specres whrle makmg foraging decisions. :
. Support for the hypothesis of Spalmgg : al (1986) does not preclude the possrblltty‘
that other forage attributes were rmportant ‘For instance, morsture, contcnt explamed a
significant portton of the variation left unaccounted for by leal MCWT in a stcp wise
muluple regression equation predtcttng forage selection. It is reas6nable to suggest ‘that the
~animals may have been partrally usmg succulence to discriminate between plant species. In
addttron none of the forage attributes accounted for vfﬂy Russ.tan wild rye lay outside the two
groups. Perhaps other- forage attributes not measured in thts experiment would be ab\%
explain this deviation. Several possiblities ase suggested and drscussed in Chapter 5. }
fn contrast to othert studies (Arnold 1960; Field _l976). the proportion of vlcaf
compriSing the availalgle biomass. of each plant species ‘was not cor,related to‘selection in this
stua; The lack of -correlation was largely due to the wheat grasses, all of which were
mfrequently eaten desptte havmg a hrgh proportton of thetr total biomass composed of leaves.
It appears that the wapiti were selectmg f 2r f orage attrtbutes other than’ leafiness. It was also
interesting to note that~tl_1e wheat ' grasses had relatively large lealf MCWT, Sl- and‘ NDF
Qalues, sometimes even higher than their respective‘stems. The animals were apnarcntly'
'selecting' for' intrinsic plant attribu'tes (eg. resistance ‘to chewing) ,rath_er than morphological
features like leafmess | |
Regressrons usmg NDF as the dependent varrable and exther MCWT (hgurc 3. 4) or
'XSACW '(Flgure 3.5) as . the tndependent variables, resulted in different. regressions for
legumes and grasses The srgnrftcantly steeper slopé for legumes in both the MCWT and
’ XSACW regressrons indicates that increases in either MCWT or XSACW resulted in a- morc”
‘raprd decrease 1n the amount of cell solubles in legumes when compared to grasses It is worth
‘noting that a decrease in NDF content mdlcates an mcrease in the proportton of the dry~
btomass contammg cell contents and a correspondmg decrease in cel] walls Measurement -of
XSACW and MCWT on the other hand, refers, either dtrectly (XSACW) or mdtrectly
(MCWT), to the proportion of area on a photo-mtcrograph of a leaf or sgm cross section

that was occupied by cell wall. The area inbetween the cell walls could be occupied by either
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the cell contents or interstial space (presumably air). With this in mind, 2 explanations for -
thc‘steeper slope of the'legumes,,in these regressions can be suggested. The first possibility was
that the solute concentratron of the cell contents of the. legumes was higher. ‘As a_
'conscquence the amount of cell solubles would decrease faster for legumes than for grasses
when cell contents are displaced by thickening of ‘the cell walls. The second explanation would
' be that- grasses had more interstial space and less celll contents betweenv' cell walls.
Conséduently. the amount of cell contents would decrease faster for legumes than for 'gra'sses
~as the cell “walls thickened because more cell contents and less interstial space would be -
- displaced. Forage moisture content explamed 88% of the variation in- NDF (Table 3 2) wrth

no apparent difference between grasses and legumes in this relatronshrp Thrs suggests that the '

solute concentratron of their respective cell contents were similiar. It appears that tHe beSt T

explanauon of the observed results was that legumes, relatrve to grasses had proportronally
- more interstitial space and less cell contents between their cell walls
Drfferences butween grasses and legumes were also observed in a regressron usmg

NDF as the dependent varrable and SF as’ the ing

.- ent variable (Frgure 3 6) ‘This suggests
that quahtatwe drfferences exrsted between tha -?&stance of grass and legume frber to
' shearmg that were not reflected in quantrtatwe changes in cell wall content *‘hts drfference "
- was not observed in the regressrons of SF wrth MCWT and XSACW (Frgures 3. 7 and 3 8)
ucontrary to what would be expected if qualrtatlve differences in fiber exrsted. Perhaps the
 techniques “used to measure XSACW and MCWT were not precise enough» to detect a.
dif ference. This was supported by the_relatively high coef Ficients of variatior;:obs‘ierved for the
MCWT and XSACW technidues‘ FurthermOre SF ‘was more representiye’beeause L'the' whole -
’plant or plant part was sheared while MCWT and XSACW were both measured onlv at the _
mrddle of each leaf or stem * : \.\ .
Mlchaud et al. (1984) used a. Kramer shear cell to measure- the structural strength of‘
f orages employmg techniques similiar to those used’ in thts study However, they sheared :

-oven- -dried troprcal grasses and recelved a posmve (r=0. 40) but msrgmfrcant correlatlon

between NDF and SF. While the range m NDF values they used was less than half that used
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could ac‘gaunt for the discrepancy. Poor correlations between voluntary intake and cell wall

62

in this study, statistical-analysis of our results over the same range was significant (f;o.vo.

P<0.005). Furthermore, it 'seems unlikely that using oven-dried instcad of fresh material

content have also been reported for tropical grasses (Laredo and ‘Min‘son 1973; 1975). This is |
| ’noteworthy because voluntary intake of f orages is highly negatively correlatcd 1o the resistance
of plant frber to physical degradatron (Troelsen and Bigsby 1964; Welch 1987) Pcrhaps largc "
. ; _'vquahtattve drfferences m fiber quahty exnsted between ‘the troprcal grass species, comparablc

: .,_A_to what was observed between legumes and grasses in this study.

."V . ,." ‘- PN

3.5 Cdnclusrons Lo
The forage selectron response of wapiti to 13 grasses and 4 lcgumcs occurfed. in 2
drstmct groups correspondmg to whether the plant was f requently or inf requently eatcn Mcan

cell wall thrckness an SF were the 2 plant attrlbutes that best explained. this forage sclccuon

Npat’tern Both SF. and MCWT were related to handlmg tilme thus supporting the hypothesis of

"'_Spalmger et d? (1986) whrch proposed that wapltl use handlmg time to discriminate between

) 'plant specres Whrle majcmg foragmg declsronsOMorsture content was also relatcd to forage

“ 2

' selectron suggestmg that succulence was a forage attrrbute that the animals used 1o sclect

: between plant specreSu The proportlon of’ leaf comprrsmg the avarlable bromass was not

correlated to plant specles selectron

! v

Drfferences between legumes and grasses in therr structure and physrcal pr0perues o

.

- were also observed Grasses appeared to have more 1nterst1al space and less cell contcnts

’ between their cell walls. leferences also occused between grasses and legumes in - the

o KA

‘resrstance of therr frber to shearmg that was not accounted for by quantrtauvc mcasuremcnts

of frber conpent The SF measurement descrrbed m thts paper appearcd to be good way of

resolving these drfferences D

K .
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4. Alnalysis'of Wapiti Rumen Contents to Det,erm'ine the Botanical Coniposition of the Diet

4.‘l Introduction ‘ . ‘ A
Research comparin"g ‘techniques for quantifying the food “habits of free-ranging

ruminants has shown that sampling from an esophageal fistula is the most accurate method
" (Rice 1970; Mcinnis ef al. 1983). However, one disadvantage. is that only a small portion of
the foraging session can be sampled and this can lead to an unreliable estimate of diet in S
_heterogeneous grazing conditions (Loehle and Rittenhouse 1982). A much more difficult

problem lis the short life expectancy of the research animals‘due to fistula deterioration from

‘pressure necrosis around the cannula (Ve‘teto 1972). | |
- The diet of a rnminant can also be accurately represente(l‘* 'by rumen content samples
~ taken through a rumen fistula, prov1ded that the rumen has been ‘evacuated pnor to foragmg

(Lesperance et aI 1960). Whlle this results in an accurate representatxon of what the anlmal
~has consumed‘, the effects of rumen evacuation on foraging behavror is ltkely to be severe due -
t.o‘- the "'role rumen)' distention plays in determini‘ng' appetite" (l;aile and D'ella-Fera 1981).:
' Unlortunately. when‘ rumen contents were sub?sampletl Witnout ‘ptior evacuation, the
-~ occurrence of forbs in the estimated diet are significantly under-estimated relative to grasses
‘(Rlce 1970; Mclnms et aI 1983). Gaare et al (1977) has suggested that thrs is due to plant
specnes dlff erences in rumen mean retention time (MRT) Consequently, plant species with
‘longer rumen MRTs would be over-represented in rumen contents
- The potentxally hxgh mortahty and morbldlty rates for esophageally frstulated animals

made esophageal f 1stulatlon unacceptable for the food habit study discussed m Chapter 2 and

an alternative ‘method was sought. The present project was 1n1t1ated to. determme whether a

modrf ication of the rumen sub-sampling technique would make rumen content samples more

srepresentitive of the a;tual diet. This modif: icatlon was-basecf' on the observat’ion that mosfiof

the reduction in the size of feed particles occurs during rnmmatton with only 15-30% of the

total reduction attnbutable to mastlcauon dunng mgesnon (Trudell Moore and Whlte 1983

Chai et al. 1984; Kennedy» 1985). If amn_lals thoroughly rummated feed'partlcles between.
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foraging bduts. the rumen contents imrﬁsdiétely after eating sho'uldibe compossd of 2 particle
'size pbols: thefl'a:rge particle pooi co‘rresponding to the most recently ;onsumcd meal and the
small particle pool corresponding to the particlés that héve been subjected to uimination. It
was h);pothesize'd tha_i sieving with the correct mesh size should separate these 2 pariiclc pools.
The botanical ‘composiiio'n of the large particle pool could then be analysed to determine the -
“composition of the meal. It was -anticipated tha‘t" by isolatihg the rumsn contents that belonged
to the large parficle p‘ool,A the biases in diet estimation due to differences in MRT would be
attenuated. The objectives'o‘f this proj.‘ect were 10 select a siev;: si'ze-‘t’h'at isolates pr"irﬁarily lh‘c‘
- lafge particle pbol and to determine whether the particles beldngin’g to this poo'l. prdvid: an

accurate ‘estimate of animal diet.

4.2 Materials and Methods

Ux

The experlmental ammals were 2 male and 2 female adult wapiti Lhat weTe rummally
] . Selased

flstula‘ted and fitted with either a 7 6 cm (males) or. 10 cm (f L 1 cannula.

Rumen. content samples were collected from the ammals whlle t ) t_gr_i two

d1f ferent diets. Samplmg for both diets mvolved allowmg the ammal 1 the morning

A

and evening with at least 6 hours between meals. Thxs was to ensurc that rumen cc;xstcnts were
well rummated beforg@eedmg Rumen content samples were collected from cach ammali_
1mmed1ately before and after every meal and stored f resh frozen at -200C. A samplc consisted:
of five 100 ml sub-samples each taken from 1 of 5 different locauons in the rumen (hgurc _
. 4.1_)._ The sub-samples from the yentral sac were t_aken with the device shown in Figure 4.2_.

| >The_ﬂ2 diets were comprised of either range f orage grazed by the animals or long hay
fed to animals in péns. In the first diet, th'c aﬁimals graied on a pasture in 3 separate f ccding .
trials consisting of 14 days during the. winter (trial 1), 7 days during the spring (trial 2) and '
' 14 days during the summer (trial 3)." Deta'ils on thetdgtes of each trial, the éedihg routine -
and the -de’scriptidh ‘of the pssturc'Were described in Chabter 2. The »plafn specics comprvisin,g“
the )pasture w'e:c: northern whéat _grass.‘(Ag_r‘o:vyron dasystaéhyuin ), intcfmcdialc wheat grass
(A.' intermedium ); vcrested,wﬁeat grass (4. ‘-pectiniforme), western wheat grass (A.b'. smlthii ).

¥
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Fxgure 4.2 Dev1ce used to sub -sample rumen contents thhm the ventral sac. A'rumen comem
_"'sample was taken by msertmg the closed sample chamber 1nto the vcntral sac The samp{c
chamber was: then ogened allowed to f xll closcd agam and extracted of ro,m thc rumcn A 100

: ml sample chamber B— mechamsm for opemng and closmg samplc chamber
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‘ strcambanlr wheat ss (A. riparir’zm) slender wheat grass (A. trachycaulum) sheep fescue

. (Festuca ovina ) rqd f escue (F. rubra), Kentucky bluegrass (Poa pratensis), Canada bluegrass
(P. com;{r,essa ), meadow foxtail, (Alopecurus pralensis) ), Russran wild rye (Elymus junceus ),
timothy (Phleum pra nse) brome (Bromus inermis), samfom (Onobrychrs wcufolza ), cicer
mrlkvetch ( Aslragalus cicer), alsrke\ clover (Trifolium hybndum ) and alfalfa (Medrcago
sativa). v
Dlet 2 contained 500 g (as fed) of long hay of each of alfalfa '(Medicago sativa), red
i clover (Trlfolzum pralense) tifiothy I( Phleum pratense) and brom'e ('Bromus‘ inerrrzis)
Animals wEre held in separate pens with concrete floors and fed -this ratron twrce darly (0700
“ and 1800 h) for 9 days (August 3 to- 12) An}nals were removed from therr feeding pens as
soon as one animal had drscontmued feeding for a least 15 mrnutes Between meals, the
animals were housed mdrvrdually in roofed, open-air pens in which water and Co-1 salt were
r\avarlable ad libitum. One of the f emale Knrmals was excluded from this samphng because she
. .was in the last trrmester of pregnancy . .
Four samples of each hay specres were taken opportumstrcally over the course of this
f eedrng trral and the average dry matter content (DM) determmed by oven- drymg at 60°C. To "
- facilitate separatron of the orts trmothy and alfalfa were fed rn the opposrte. corner of the
pen from b:ome and red clover The Orts from the morning meal were left in the. feedrng',"
troughs and; fed wrth the evenmg meal. At the end of each day the floors were swept and the/"

s orts collected m total The orfs were later separated 1o specres ‘oven- drred at 60C and-
, werghed "Rhe amount of each plant specres mgested) each day by each ammal was calculated
" on a DM bagis. | . o k T

- 4.2.1 Study 1 Determrmng Particle Srze Drstrrbutron '

YI"‘

A subset of all the rumen samples collected before and after f eedmg v’ere analys’ed for .

the relauve drstrrbutron of drfferent srzed partrcles The samples analysed were‘from the
. .wmter-(day,‘))v and su_rnmer (day 6)'tr1als of drét 1_ and day 9 of diet 2.,These samples were

~ selected to illustrate the full effect et type on 'part‘icle-s'ize; dlStr_ibutl‘o'n.- From eath

Y

N.'
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sample, approximately 50 g. (fresh weight) of .thawed nrate_fial'was ‘sieued serially ..through |
screen mesh ,siies of 11.5 mm, 7.4 mm, 4.0 mm and 2.(l rrrr'n using techniques'dcscribed by -
'Mu‘dgal et al. 1982. The materral _Temaining on each screen and the matenal passing through
the fmal 2.0 mm screen was collected, oven- dncd at 60°C, welghed and expressed as a
percentage of total dry wreght
The results for’the samples collected‘ before and after fi eeding were' displayed
graphrca_lly (Figure 4.3). A screen size of 4.0 mm was selected by visual inspection of thc data
as beingthe sieve size that was best able to separate the larger partlcle‘s‘ that bclonged to lhqff:\
most recent meal from the smaller parucles that were theorettcally the remnants 6f prevrous
meals. Thrs screen size was used to sreve rumen samples in the remammg 2 studnes
- ' h
'4.2.2 Study 2: Botanic_al Cornuosition of Rumen Contents Cornpared to Foraging Timie
A portion"of ‘the rumen content saniples collected in diet 1 (winter: days 2, 4 6 10
"~ and 14 spring: days 1, 3-and 7; summer : days 1 3 5,9 and 13) were exammed for bmamcal

l composltlon These days werc»selected in order. o mi 1rruze the number of samplcs act%auy

. 8
-exarnmed whlle still mamtammg a represe each season Samples were

Ty .

‘ processed by thawmg and s1evmg the entxre sample%ﬂ ‘ga_ f time, using the 4.0 mm screen:

The. materlal setamed on the screen was oven-dried and sent to the Composmon Analysrs

«Laboratory (CAL) at. Colorado State Umversrty. for determmauon -of botamcal

-

composmon usmg mrcrohrstologrcal analysrs ot‘ plant cuuclg fragments Mlcrohlstologrcal L
—

analysxs ‘could on‘y accurately 1dent1fy congenenc specres 10 genus Ther¢ . daty f of the

' wheat grasses fescues and bl}grasses were pt'esented as’ genenc aggregates A

.

Data on the time spent feedmg, on each .plant specxes expressed as perccntage of the

total amount of time spent foragmg (foragmg tlme) was collected whxle the animals fed on .

-diet 1 (see Chapt 2) and com ared to the results of the Tumen content analysrs s "\
%2 P N
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4.2.3 Study 3: Botanical 'Composition of Rumen Contents‘ Compared to Dry Matter 'Intake
'.The botanical compostion of :he rumen content samples collected immediately after .'
the amm@s had fed o ; t 2 were determined. The first 4 days were used .as a conditioning
pcrrod in order to give the ammals trme to become accustomed to the diet and to’ mrnrmrze the
' number of f eed refusals The rumen .samples collected the last 5 days were sieved and analysed
for botamcal composrtron usmg‘the technrques described in study 2. Legumes other than
- alfalfa and red clover were often mrstakenly reported by C.A.L. to be present in the rumen
contents. Consequently, all .occurences of legumes in the rumen contents were reported as a |
' smgle catagory called 'legumes | |
» The botanical composrtton estimates from the morning and evening meals of each day
vwere ..averaged together for each animal. This allowed _the diet estrmates from the rumen
contents to 'be compared‘ with the daily D'Mls of each plant species or plant species catagory

expressed as a‘percen'tage of the tgtal DMI (%DMI).

4. 2 4 Statlstrcal Analysrs ' Co . ’ - - -

| All results were analysed usmg analysrs of varrance (ANOVA) procedures (Steele and'

Torrre 1980) wrth the mamframe statrstrcs program SPSSX (SPSS 1983) combmatron‘ wrth
tbe user procedure UANOVA (Taerum 1987% -

The main effects of study 1 were screen size, dret and samplrng time (before and after

-feedmg) and meal trme (mornmg and evenrng) Thé- prrmary arm of thrs study was to

determine if the the relatrve proportion of rumen contents retamed on- each sieve ‘'mesh srze» .

B _changed before and after feedrng It was also 1mportant to determrne if this effect was

: 'af f ected by the diet consumed Thus the pnmary factors in the ANOVA were screen size, the

screen sizg by ,samplrng trrne mteractron and the screen size by’d'et interaction. lﬁe screen size

l,by meal tiy e mteractron was: also tested to determrne . 3 the results from the mormng and

Aﬂ

'EVemng meals were diff erent Nete thafbecause the’ reeultNere calculated as percentages the

I

s @ -
, . mean value of each catagory wrthm alt the main ef fects except sCI srze were a constant
. value Consequentl) the only mam effect that could be tested Was screen size.* j AR

. .
' ey ‘ ."'{\ *
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The results were then exammed with the varratton from dtet and meal time pooled in
_ order to determine whether any differences strll exrsted in the partrcle size. drstnbuuons
between before 4_and. after feeding that were apphcable to all the diets. The cell. means
associated with the,screen size by sampling time interaction were compareglé, using
‘Student-New‘rnan-Keuls'.(_SNK) multiple range test in the program UANO'VA.‘Means from
before and .‘a"fter feeding were compared for each screen size to see if they were significantly v
. different. - | | |

The influence of plar\rt specres on the relatronshlp between Tumen content analysrs and

3

foragmg trme was tested in study 2b examimng the plant specics by method (rumcn content

analysw and f0ragmg trme) mtA - Y- ach season mQrvrdually The cell means from. the
¢ ,

plant specres by method mteract' 9 arhpared usmg S'NKs multxple Tange test and thcv

o

compared to %DM;mstead of foragmg trme . L,
_ _ : e
43 Results %

In study 1 the ‘amount of ma?erral retam%d on each screen was?&mﬁcantly af f cctcd
(P<0 001) by screen: srze ‘and by bot.h the @creen sxze by dret and screen srze by samplmg tifne

mteractrons In 'contrast, the meal trme by screen size - mteractmn ,was, not srgmf 1cant

\

(.P>0 48) - After feedmg, srgmfxcantly mor &partrcles were retained on the 11 5 mm. screen
e ﬂ

\ Whtle srgntﬁcantly ‘less ;#etther re‘tamed%'n or passed through the 2 0 mm screen ( Frgure :
4 3) It appeared that the recently caten partrcles were on average larger than *fhose that

e were m the rumen p‘rror to feeding. Vrsual companson of the parg.rcle srze drstrrbuttons f rom -

s

before and after fwdmg suggested that the 4, 0 mm screen was the sieve srze that was 'best able

L to 1solate the larger recently leaten partrcles (Frgure 4 3) A ‘mean i standard error of -

£

67 2i12 8% of the rumen conrents that were in the rumen pnor to f eedmg passed through
tlnssreve i-, T et ’
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" meadow foxtail and crcer mrlkvetch were n0t srgmfrcantly over or under- esttmatcd in- any

not for timothy. B DR ’

—

method of estrmatmg dret Comparrsons of the results from the rumen contcnt analysrs and )

e B
forag{ng trme demonstrated that ,the f escues were srgmf rcantly over- repre!ented Whll!! trrnothy5

R4

. and sarnforn were under represented for all 3 seasons m the rumen contents relauve 0.

. »

foragmg trme (Table 4:1). The wheatgrasses were slgmf‘rcantly over eshmated ine the spring

and ‘summer by more than 26 and 45%, respectrvely Brome tended to be under estrmated in

‘ d

. every season and the drfference was signifi 1cant in wmter and summer Alfalfa and red clover

W

were srgmfrcantly under estrmated on the summer pasture whtle alsrke clover tended to be
under- estrmated in all 3-seasons Russran wrld rye was srgmftcantly under estrmated only on

the symmer pasture: whrle the bluegrasses were over estrmated on the wmter pasture. Only

< [

‘
b

'season although crcer mrlkvetch tended to be under estrmated m all 3 scasons. ln addition,

, . v»“

exammatlon of the raw data from the results of study 2 revealed that a particular animal

"would reportedly have 10 20% of tts Tumen contents composed ol” the biuegrasses (winter) or

the‘fescues (summer) even though the ammal had not been observed cating these specres f or

two days prror to the collectron of the rumen sample

.

~In study 3 there was a srgmfrcant (P<0 001) interaction between plant spettes and

.. the method of estrmatmg dret CompzrrsOns ‘between rumen contents analysrs :@d the known-
'%DMI revealed that the rumen contents tended to -over- estrmate the grasses rclauve o

legumes (Table 4.2).rThrs drfference was signficant (f}<0.05) for brome and the 'lcgumcs but

»

«

. b R .
e ¢ = .~ ‘ Ll
v 4 Lo B
‘ . .

44Drscussron-" o o

The results f rom study 1 mdtcated that the proporuon of largc partrcles in the rumen

. was consxstently greater al‘ ter the ammals had f edr For mstance af ter feedmg on the Sumer

E pasture the prbportton of partrcles retamed on the 11 5 mm screen mcreased by approxrmalcly'

\

':"demonstrated by the smaller mcrcase (less than 8 pcrccntagc ,umts) in thc proponmn of

S

In study 2, there was a srgmfrcant mteractron (P<0 001) between plant speetes and :

-

29 peroentege unus (Fxgure 43) However thrs'M was modcrared b\ dnc& ase vwas:_ K
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Table 4.2 Mean ‘and standard error (SE) of the dry matter ‘ntakev(DMI)‘

of each plant species or plant species group and the
botanical composition of the rumen contents (n=3).,
rumen -
DMI, % © contents, % difference
- - Crumen - DMD)

; SE : SE S
brome | 22.6 0.31  43.7 3..03 2100 0 s %
timothy 24.9 0.12  31.3 1.8 . 6.4
. N ‘ ‘ ; ~F
legumes 52.5 0.27 2.02 .~ -27.5*

25.0

kN

*Means for methods w1th1n specxes and seasons were significantly ‘

d1fferent (R<0.0%).
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particles retained on the 11.5 mm screen after the animals had fed on the hay diet. The results
generally supported- the hypothesis that freshly ingested feed particles were larger than the
particles .fromv earlier meals. Thus, the rumen contents imrnediately after feeding did appear to
. . ’ I

be composed of a large and smak particie pool. '
The- 4.0 mm screen t_»/as used in our study to separate these 2 particle pools: On
" average, this screen was able to remove 'approximately two-thirds of the particles in the rumen
hef ore_fee-:ling. Unf ortunateiy, the methods employed were unable to discern what proportio:n‘
of the rumen contents that were retained on this screen after the animals had fed, were

attributable to the remaining third. |

The results f Tom studies 2 and 3 suggest that srevmg the rumen contents wrth the 4.0
mm screen did not adequately separate the two partrcle pools. Large biases, smulrar to those
reported by other researchers who examined unsieved samples (Rice 1970; Mclnnis et al.
1983), still remamed in the dret esttmate based on the rumen contents For mstance in study
2 large descrepancres eX1sted in every season between the results recerved from rumen content
analysrs and foraging ttme.- Interpretatron of these ~compansons must be made cautlously 3
. because f oraging.tir_ne does not accoit{ﬁt\for plant species differences in the rate of ingestion
©and can not be considered a good indicato_r.'of total vconsu.mp'tion'. However, it seems unlikely
that differences‘r'n rate of " ingestion would acgpunt for why plant species ‘that were rarely.
caten often made up a large proportion of .the Tumen contents. For example, in‘every season‘
"at Ieast 1 specres was over or under- represented by a.t least 25% In fact during the summer,

\{Eﬂ ‘with diet 1, the wheat grasses were reported by C.A. L to compose 56. 5% of the rumen

g *conﬁcrtbs 1'Even though they were eaten less than 11% of the trme In addmon several specres .

iM(ere reported to ‘make up 10 20% Qf the rumen contents even though the ammals had not

(%ngqutvocal Large dlfferencec someumes as htgh as 20- 36% exrsted between the plant

- ‘( ™
-.* 3 ‘N
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There are y stole explanattons for- the biases assocrated with the rumen samplmg

- method. The ftrst "’{bat a. l,arge number of the particles that were retamed on the 4.0 mm

screen were from 'prevrous meals It was known that 30% of the parttcles from bef ore eating

uﬁgrd not pm mrough this screen. These partrcles would be primarily composed of plant spccrét‘

with "long “MRTs and would bias the diet estimate by causing these spectes o be
over- estrmated Alternatrvely some of the plant specnes may have been much more suscepttblc
to commmutron during ingestion. A‘S";,“a result, many of their particles may, have passcd
through the 4.0 mm screen and thus would be under-estimated»in the dict. If both of these
events occurred, using a screen.size that vvas larger or smaller than 4.0— mm would-not improve
the diet estimate determined from the rumen contents. For ‘instance a large'r screen size wouldb

 pass through. The specnes correspondmg to

A
these particles would be under- estu‘nated SrmrlrartiS' a smaller screen size would retain more

would cause more of the recently eaten particles tg

of the partrcles from prevrous meals and . the pl@t specres correspondmg o thcsc spectcs '
. ¥
would be over-estimated.™t appears that sieving is an’ mef fective approach to |mprovmg the

diet estimate de\ermmed from rumen contents. Future research should be dtrected towards tly

alternatives, such as developmg correctron factors calculated from dtrect measuremgpts of

& \ -l‘ e’ ,0
rumen"MRT to adJust rumen botamcal composrtton estimates (Gaarc ‘et a[ ‘I977»)

° - - '!

-Some problems aiso existed in usmg mtcrohtstologrcal analysrs of plant cuticle -
fragments to determme botamcal composition of rumen contents. For mstancc, in study 2,
-substantral amounts of some plant specres were reported in the rumen contents, even though' _

. o v
" the amma] had not been observed eating these specres for several days Furthermore in study"
3, ted clover and alfalfa were mistaken f or other legumes known not to have been caten by

the ammals It appears that some of the btises observed in- the rumen contcnt analysrs may -

o

~ have been due to the inability. ol_“ CAL. to ac_curately distingyish some species.
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4.5 Conclusions
Usmg a 40 mm. screen to sieve rumen content samples with the objective of
scparating the large recently eaten partrcles from the Well Tuminated remnants of previous
_ meals, dld not correct the brases in the diet estrmate determ:ned from rumen contents that
have prevtously been reported by other researchers. No technique currently exists that
provides a reliable estimate of diet from sub-samples of rumen contents. It is reconrmended
" that this tech'nique not be used in food habit studies where other rndre reliab’le'techniques are
applrcable Future research in this area should concentrate on developmg correction factors
alculated f rom drrect measurements of rumen MRT to adJust rumen botanrcal composrtron

ey

estimates (Gaare et al 1977). . Py -
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" . 5. General Dtscuss%n Selectton of Indlvrdual Fodd ltems by Rumlnants

[ o

_ \\ Optrmal foraging theory (OFT) has been used extensnvely during the last 20 )/cars in .

research exammmg the diet selection- patterns of ammals (Shoener 1987) The theory ts based -

- on the- premlse that foraging behavror is a herrtable tratttthat is subject to natural selecuon _

‘ ¥
) From this it is argued that natural selectton has honed foraging “behavior such that when the
B x4

'populatton is in evolutionary equrhbnum the ammals are maxxmtzmg thetr Darwmtan {itness
by foraging opttmally (Shroener 1971; Pyke et gl 1977) Net energy ihtake is the crtterton
normafly assessed when determmmé’ if ammals are l‘oragmg optnmally Tlﬁs is donc byf. |

®
' constructmg mathematrcal mpdels that predtct the opttmal dtet based on the energy contcnt_
V)

| and abundance) of each potential fodd rtem and on the amount of time" the antmal takes o |
. pursue, handle jnd swallow the food. The: valtdtty of the models are tested by comparmg the |
results of the model tQ the observed I oragtré behavror of the ammal The approprtatencss and |
) the valtdlty of the assumpttons underlyrng OFT have been criticised (Gray 1987). Desptte thc -
crmCtsms it appears -that OFT. has made some srgmftcant contrtbuuons in the study of
foragrng behavror parttcularly for some predators necttvores and\gramvores (Krclf et al, |

"1983 Shoener 1987). This- drscussron w1ll be restrtcted to rummant ‘animals and how thcy :

- dtsttngursh 'between mdrvrdual food 1tems ,
Rummants are large generahst herbtvores and the appltcatton of OFT to the study of -
' ‘how rummants select their dtets has met wnth ltmtted success Lmear programmg ‘models have |
. been used to successfully approxxmate the observed consumptton pattern of the maJor f oragcd R
catagortes (aquatrc vegetatton decrduous browse and t" orbs) exhtblted by moose (Alces alces)
" and the rglattve proporttons of monocots -and dlcots in the dtets of 14 sympatrtc 'hcrbtvolrcs‘:'
. _’%Belovsky 1978; 1986) Owen Smith and Novellie (1982) attempted to predtct the~d:x
; selecuon patterns of a kudu ((I‘ragelaphus strepszceros) usmg OFT However the model. .
proposed by thesg(3 authors was unsatisfactory because it predxcted a much less diverse dt\t
'-‘than what the ammals ate Researchers mvaﬁably are left trymg to account for why

.rummants forage i in such a diversified fashton (Freeland and Janzen 1974; Westoby 1978) To -

dat!g, OFI' has not "been "sucgessful in explatmng how rummants dtstmgursh bctwccn the

By



»
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mdmdual units of the fi orage resource _ '
| There are several reasons why classical OFT may not be the r%ost appropnate
conceptual model for: rummants Gtven the nature of the diet and the dlgestrve physrology of

\a‘ ruminant, 1t¢nay not be pdssnble for the animal to drstmgutsh the drfferences between food

items necessary for it to forage optimally. For mstance the concept of handlmg time for .

rummants as- dtscussed m Chapter 3 1s more complex thap in the ‘case of monogastncs

S bCCause handlmg time’ for rummants mcludes dlfferences m the amount of -time spent

SR

vrummatmg each food item. To mlmmrze handlmg trme a rummant would have to select .

forages that' were both faster to mgest and requrred less rummatron It i§ i‘mhkely that e
“rymmnnt\s ‘are abl: r; accurately ascess how much ttme is spent rum:natmg mdrvrdual food |
items. - v, » - V.»,- -  o H
An exen more dauntmg task for a rumnnant ammal 1s the detectlon ofmthe energy
.- -content of the forage Whtle the gross energy content of forages tend to be srmrhar (Van '
~Soest 1982) Yhe. factors that determtne what proportlon of “this energy 1s dlgestrble are both

subtle and varlable The &gestrble ene’rgy content of the cell contents varies httle among plant
| specxes because 1t is un{f ormly dngestxble (Vatn Soest 1967)« In contrast the dlgesttbrhty of ‘cell
wal]s varies. substanttally among plant specres and 1s strongly negatlvely correlated to hgmn
content (Van Soest 1967) Furthermore llgnm content within a plant specres can bé affected
b by cnvnronmental f actors such as temperature (Van Soest et al. 1978) -
The mabtlrty of rummants to accurately dlstmgursh between fczod rtems on the baSlS of
. handf‘lng tlme or dtgestrble energy’ content may cxplam why classxcal OPT has not been able to
: 'account for how rummants sélect between mdrvrdual food 1tems Adaptatlons and altematrves :
1o traditional OFT have been proposed to account for the patterns of dret selectron of large g
‘ '_.generalnst herblvores These 1deas separate into 4 general hypotheses that are drscussed below 7' s
N 1. Toxic Chemlcal Dllutlon *reeland and Janzen (1974) a;Ehe that diet drversrty isan - '
adaptatlon to mmlmtze the consequence of mgestmg toxrc and antr nutntrve plant
\

' compounds By feeding on a variety of .pecnes the concentratron of any partrcular compound

is kept below the threshold at whrch toxcrty occurs or drgestrve capacrty is 1mpa1red
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2. Optlmal Foragmg Theory Usmg Proxlmate Decislon Rules Krebs et aI ‘1983) l

o dxstmgursh between ultrmate and prolumate explanauons of foragmg beha"lor They argue

that the classical OFI‘ models provrde only ultrmate explanatrons and as such can only'_', '

provrde general predtctxons A good example of thrs would be the successful predrctron by

OFT of the general forage classes consumed by herbrvores (Belovsky 1978 1986) To explam“ "

: })ragmg behavmrownh more resolutton requtres a more proxxmate perspecuve Krebs et al,

' L}

(1983) suggest that thrs can best be done by trymg to determme what srmple rules of thumb“

- (ROTY the anrmals are employmg when makmg foragtng dechtons Thesé ROT should ref’ lect .

-~

_the sensory rmput that an-mdlvrdual animal .uses to make foragmg de;:;srons If. the researchcr

[
¥

can measure the ROTs that the animals are t;smg, then they can be mcludell in- more complex .
 “OFT models as addrtronal contramts From this modified- OFT perspectlve the dxverse l‘ ood
habrts of rummants would be a result of 1mprecrse ROT the. ammals are l'oragmg as, optlmally

;_astherrROTwrllallow B .

. 3 Risk Aversron Tradmonal OFI‘ models ‘have been adapted toraccommorlatc thc
--"‘concept of rrsk in st0chast1c foragmg models (Caraco 1980) Thrs type of analySts recogm/es

. fthat the ammal may- not detect vanatron m the srze ol” the l‘ood reward (1 c. energy or

nutnents) and hence make foragmg mtstakes whrle trymg io select the opttmal dlet ln other .

' words the ROT that the anrmals apply are 1naccurate ‘As a result a hrghly selectrve foragmg .

%t

strategy would have a larger vartance in the size of the food reward: recerved than would/a less

-

. selectrve strategy Some ammals are satd to follow a rtsk -averse foragrng strategy (Caraco '

1980) in Wthh they forage less selecttvely in order to have a htgher probabthty of meetmg o

: ,’thetr marntenance requrrements even though the mean quahty of therr dret wrll be lower L

'Belovsky (1984) argued that foragmg strategres of . large generahst herbtvores are rrsk aversc_

°

and that thls accounts for the diversified foragrng strategy of rummants

4, Satrsfrcmg Some authors ha\)e: suggested that large generahst hcrbrvores do not use -
decrsron tules that are, conststent w1th OFI‘ For mstance Bunnell and Grllmgham ( 1985)
have adapted the concept of satrsflcmg from the freld of ecohomrcs (Wmter 1971 Radner -

“'-1975) 10 descrrbe ‘how rummant ammals choose food items.. A satxsf 1cmg explanatton argues
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“ that ammals will not. contmue to pursue an opnmal foragrng strategy mto mfrnrty ﬁtstead

e

once a“certaln acceptabrlrty thtreshold is reached the individual will stop samplrng and\
| consume the )s_t;_ected food rtem To determme whether a food 1tem is above thrs threshold the

herblvore would use some 5type of’ ROT The dtfference between OPT and satrsfrcmg is that .
[« N

OFI‘ predrcts thdt the anrrq’al tries to opttmtze rts mtake usmg tts ROT A sattsfrcrng theory in \\

contrast woul predrct that the ammal would use its ROT to determme whether a food rtem o

-1

‘passes its acceptabrlrty threshold. No effort would be made to drscnmmate between food rtems A

kY

| “once they were deemed acceptable they would simply be eaten ,

';,_.» \‘" All 4'*Sof these hypotheses are able at least conceptually, to account for why the. drets |
cof” rumlnants are so drverse Howevbr the toxrc chemrcal drlutron hypothesrs is quite hmrted
For dnstance it does not explarn Why some speetes are eaten. more than others only that the

' diet wrll ‘be- dtverse Ther'e rs no evrdence that the plant species used m the forage selection

- N

.experrments m Chapter 2 cont;am any toxic or anti- nutrmve compounds Nevertheless ‘the '
:ammals ate sorue specres much more often than others The toxrc chemical drlutron hypothesrs

provrdes no explanauon for thrs varratton rn),the selection of plant specres It. is much more
-probable that the ammals detect the’ presence of a. tOXlC compound by smell or taste .~

(Chapman and Blaney 1979) and are usmg thrs as an ROT to drscnmrnate between food

" - . . - & M
items. s‘“’ S

s unclear whrch rf any. of the 3 remarmng hypotheses best explams the patterns of
roragmg behavror of rummant anm'gals More attentton needs to be patd to the ROT that . ‘
S _ammals ‘use fo. make their foragmg %crsrons before these 3 hypotheses can be. tested Indwd
‘?: not only do the ROT need to: be 1dent1fred but an assessment of how accurately and precisely
. they are apphed rs also requued to determme whether ruminants employ optmuzing, rrsk
'vaversron or sattfrcmg foragrng strategres | | '
The main sensory cues used by mmrnant ammals to drstmgulsh between food 1tems
probably result from rngestmg a sample of the forage Thrs contention is based on. the

observatron that rummants eat at least small amounts of most plant .species they encounter

(Chapter 2; Owen Smrth and Cooper 1987) The results of the present study were used to

. ..7
\-] R
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suggest some ROT that the ruminants may be using to select between f oodotems

The relatronshrp between handlmg trme "and voluntary mtake by rumrrtants was
drscussed in Chapter LIt seems logrcal that ammals would try to eat species that have lowcr.

handling tlmes m order to mcrease therr nutrient mtake Dif ferences between plant specres in -

. therr resrstance to mastication is a lrkely sensory cue that the animals use as a ROT to select“jvz

RO 7Y

plant . specres wrth lower handhng trmes In thrs context 1t may be noted that Chapter 3

demonstrated that the mechanrcal measurement of -shear force would be a good resea-i"ch

i

o techmque for assessmg drfferences in the physical toughness of plant f rber

L

The cell contents represent the most digestible and nutrrent rich f raction of forages o

(Van Soest 1982) and it }rs probable that ruminant animals select plant specres that have
) proportronally more cell solubles In Chapter 3 it has been demonstrated that thc solute ‘
"concentratron of the cell contents at least m the 18 specxes studred did not vary srgml’ rcantly
among plant specres Consequently, morsture content covarred wrth the total cell solubles An
amrnal selectrng for succulent food rtems would therefore be mcreasmg its intake of cell |

..contents However the observatton that rummants express obvrous preferences for some

species of hay suggests that drfferences in succulence may be of secondary 1mportance Some

v

‘other potentral indicators’ of the. cell soluble content- of forages are srmple tastes lrketsweetness

4

(srmple carbohydratesl 0‘23 3

~ s (orgamc acrds) Rummants are able to drstmgursh between '.
srmple -taste sensatrons assectated wrth sweetness and sourness (Goatcher and Church- 1970
" Arnold and Hill 1972 Arnolcl et'al 1980) Furthermore srgmfrcant correlatlons have been
o demonstrated between the selectron of’ plant specres and’ the soluble carbohydrate (Cowhshaw .
...and Alder 1960) or organrc acrd content of grasses (Jones and Barnes 1967) or soluuons'
(Atnold et 1980). L SE e |
The tasté of Russran wrld rye may account for why rt was -an outlrcr m the
relationship between plant° specles selectron wrth erther frber resrstance to shearmglbr cell wall
”fthrckness (Chapter 3). In both. cases rt was selected more often than expected grvcn 1ts hrgh
resmtance to shearmg and thick cell walls Perhaps some taste attrrbute such as sweetness or -

soumess ‘was responsible for the ammals selectmg Russran wild rye
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: ,L "Future research on the ROT that anirnals use when foraging sﬁu&ﬂexamine each -

- potenual ROT in 1solauon a,nd assess the .accuracy* and precrsron W1th which: the ammals are

-

able to apply it. Each prospecuve ROT could then be analysed in assocratron with other ROT

and thexr mteracuons and the degree of covarrance assessed An experrmental system tQat

\

could exercrse thrs degree of control would not.be difficult to desrgn For mstance drfferent ‘

[3 .
f orages could be washed m neutral detergent solutron to. remove the cell contents. Cafetena

‘style penned feedmg experiments could be used to determme how drfferences in Qber

. resistance to chewmg af fects diet selectron The mechamcal resrstance to sl?earmg (Chapter 3) '

[a

' couql‘: d be used as an index of fiber toughness ln srmllrar experiments, taste components such
' as sugars orgamc acrds or secondary oplant compOunds could - be added to a standard plant o
' f 1ber rauon "o assess how taste affects the selection of food 1tems _ LR

A more complete understandmg of the ROT that mmrnant anrmals apply to select :
S

among food mems will requrre further research An understandmg of these dechron rules wrll

/ jallow the resolutxon of the ultrmate debate concemmg the OU_]CCUVC (i.e. optrrmzmg, nsk ‘
® e S
: aversron or catrsf 1cmg) of the l’oragmg stratcgy pursued by rulhmant ammals T

rs v
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