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[HPLICATTONS OF DCETARY OVERLAP TO MANAGEAENMT OF
FREE-RANG (NG LARGE HERR[VORES!
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Easte:cn Oregon Agrlcultucil Reseacch Cencac
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[ntcoduccion

[a North Amecica, rang:lands support mlxturas of
ungulates specles chat nelther co-avolved noc evolved
wicth the vegectaclon, WLld hechlvocres, due to the
presence of che lacge human populaclon and con-
com{tant land uses (acompatlbls co uildlife, ace
forced to exlsc (n ecologlcally {ncomplete hablrtacs
(Cols, 1971). That {s, animals are noc free o axist
wherca they once did beciuse many of the hablrats have
been alteced or no loager exisc., Low eclavacion
wincec canges pactleulacly have Lacome pclvacts crop
or ringe lands, and have high denslcy human papula-
tlons (ncludlng cltles. Deer oc elk on Wincar and
spclag range that (s pcivace land ace pecrceived as
teduclng the focige avallabla foc livestock to be
tucned out litsc ln the spring. Spoctsmen resent the
presence of llvestock [n areas they hunt and wnviston
that livestock consume forage that otherwlse would be
avallabls to (ncreased numbecs of game animals.

Free-ranglny lacge hecblvocrws ace faced wlch the
dilemma of extricting sufflclant nutclencs and enecgy
from rungeland vegeciclon to mect thelr amlnimum
t2qulcements foc growth and reproduction. The forage
base from <hich anlmals sclece thelc diecs (s fce~
quzntly limlcsd {n amountc and conscancly changlne Ln
qualtzy. WVaclous speclas of lacge hechlvoces have
evolved to mest thele speclfle nutclanc requlicementcs
by adapclng fecding stcategles cthac tend to optlinlze
levels of eneczy and nuctclenc lncake, and milnimlze
feeding tlme (Ellls ac al., 1976).

By seleccting some plawt foods and cejeccing
others, hecblvocss (nfluence structucrs and composi-
tlon of wvegecatlon, potentlally f{mpacting thelr own
population dynamlcs and those of sympatcle hep-
blvores. \Undec pcoduction systems {a which a single
specles of hecblvore I3 malactalned, managemenct
efforts can ba deslgned to maximlza single-product
outputs. For exampls, on private lands grazed only
by cacttle, rangeland vegetatlon can be alteced to

maximlze nuctclenc [nerke foc growth and cepcoductive
capablllcias of bovines.

When other spect2s of herblvoces ace added to the
system, as In mulciple-use management on public lands
oc f=e-hunclng sltuaclons on pcivate lands grazed
concurcently by llvestock, vegeratlon manigemenc
becomes I(ncceaslagly complex. Because aguctrlent
tequlcemencs of diffecent spacfes usually varcy,
consldeciclon mustc be glven to providing adequaca
autcition to each, VYhen feedlag strategles of
varlous hecblvor2s pacillal one another and dietacy

hables convecrge, the potenclal for forage compectlition
may Llncrease,
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The objectlve of cthls paper Ls to raview factors
which {nfluence dieaciacy salacclon by f:ed—cangtng
lacge heacrbivoces and discuss aanigexent [mplications
of convergent dilatacy hablres,

Diecs of Lacge llecbivores ace Conscralned
by Fouc Mocrphologlical Charactaclscles

Diec selecclon by ungulatss has besan examinad on
the basls of (1) body stze, (2) type of dlzesclive
syst=m (cumlnanc vs cecal), (3) rumlno-cacleulac
volume, and (4) mouch slze (Van Soest 1982, Hanlay
1982, Demment 1ad Van Soest 1985). Largec anfmals
requlce moce nutclents pec day than saallar anfmals
but the larger anlmal's celaclve cequliremants (per
unlt welght of body tlssue) ars less. Since larcgec
anlmals requlce greater amounts of dry macter (ntake
pec day, they have l2ss time t2 spend selactlvely
focaging. Conversmly, slnce thelr relatlve requice-
ments Ace less they have less need to be selacrtive
(Demmenc and Van Soesc, 1935) and can meet thelr
nuctcltional requicemencs wich celatively lowsar
focage quallcty (Hanley, 1982). Forage slctuatlons
whace quanzloy of macrclal avallabls (s che 1imfclng
factoc should favoc the small hecblvocs's success (a
a compeclcive slcuatlon whersas limlcsd qualley of
foruge avallable would favoc lacrger hecbivoras,

Anlmals of simllac body stze may scill
disslmllac food hablcs LE thelc dlgestlve tracts ace
dlffecanc. Rumlnants aces tlme-limlted (n regacd to
tate of passage of focages and ace thec=fors (ncike-
limiced. They acre quite efficlanc ln cecms of
absolute digestlon. Cecal 4lgesctocs on the other
hand ar= only 70% as efflclant as cumlnancs {n
absolute digesclon of cellulose but ace not Lncike-
limited and amecc thelc nutritlonal requlcements by
passing lacger amounts of dry mattec through thelce
gascro-incascinal ctracts (Janls, 1976). Therafoca,
ln slruaclons of limicting focage quantlty the
rumtnant should prevall, but whera qualicy is
limttad che cecal dizestac wfcth the ablllty to

process moce mataclal pec unlt of time should
prcevatl,

have

Aumlnant specles outnumber thosa of cacal dig=s-
tocs ln the modecn world (Jants, 1976). However,
within cuminanta dlsclnce d{ffersnces occur dus to
cumine-racliculac volume to body slze raiclo. As has
been mentlnned, ractz of passage |3 a critleal facruov
ln the foraging sucuess of a ruminant. Antmals wich
small rumens ace pacticulacly sensicive to forages
of high cell wall cont2nt. Foods ace cecalned Ln
the czclculo-rumen uncil dlgestlon allows paccicles
to be reduced o sufflclent slze to pass through the
ctumen-onagil orlflce. Therafoce, passage ratz
dacceases wicth lncczasing dlatacy flbac. For an
anlmal “(ch a small cumen, €ftll (s ceucht=d (n a
shoct time and (ncake s casccleted. Ar anlmal wich
a lacge cumen could battaecr cope with the problems of



physlcal chacacteclstlcs, succulznce and mictucatlon,
and genotype (Macten, 1973). MHerblvoces pcobably
salact food ltams chat maximize sensocy plaisure and
alnimlze gastrle oc sensocy discomfoct (Arnold and
Dudzinski{, 1974). Some plinc speclias hive baen con-
slscencly documenced as belng celaclvely unpalatable
(Marcan, 1973) because of objectlonable chem{cal or
mocphological chacictecliscics (Muegglac, 1970).
Howevec, pcefecreance foc most planc spaclas (s
sfcuacion-speclfic, and ctratcs such as concenctratlions
of sugar oc solubls carbohydrates, proteln, ether
extrdct, minecal conctent, succulance, and mocpho-
logical tralcs cannot be craliaed upon as ctepeatable

palacabilicy ccicecta (n diverse slctuatlons (Mactan,
1973).

Among envi{conmental faccors {nfluencing palatabll-
ity of forages ars soll fercllicy, animal dung, plant
dlseases, climatl{c vaclaclon, seasonal or d{ucnal
vaclaclons, and relative avallabtlicy of plant
spacles (Macten, [973). In the wesc, seasonal and
annual vaclatlion In preciplracion, and cthe consequen-—
ces on focage productlon are {mpoctant and recurcing
varlables (nfluencing wild and domescic hecblivores,

Holechek et al. (1982a and b) restrlcted yeaclling
helfecrs to elcther grassland oc foresc pasctuces for a
June to Occober grazlang seasoa foc & yeucs. Simllac-
Ly lndlces were developed from distary (nformation
between grazlng peclods within pasctuces and years
(table 1); and between yeacs wichln pAsturaes and
grazing peclods (cable 2). When diet stmflacltles
veca compaced betueen grazing perlods within ¥Yearc orc
bectween yeacs within grazing perfods llrcle consis-
tency vas obsecved on the focest pascures which
concained mocre dlverse plant communities and
thecefoce a greatec vaclety of planc speciles avall-
able. Shrub use wvas pacticulacly vaclable among
years and perlods, and seemed to depend on the
avallabllicy of zraen grass. Caccls dlecs on
grasslands wvecre less divecse than those on the forest
ceflecting less diversity (n vegetatlon avallabtllcy.
Dfets Ln apclng on the grassland vece lass slmllar
than other seasons baciuse dlverslcy (n avallabllicy
would be greatsst during the grovlng season.

TABLE 1. THE PERCENT SIMILARITY OF CATTLE DLETS
COMPARING GRIZING PERIODS WITHIN YEARS

Year
Food comparclson 1976 1977 1973
Graasland
LS-ESu? 4f 79 59
LS-LSu 51 71 48
L5-F 51 61 49
ESu-LSu 76 75 63
ESu-F T4 65 66
LSu-F 32 T4 T4
Foresac
LS-ESu 47 52 53
L5=-L5u 42 37 52
LS=F 41 40 44
E5u-LSu 66 54 54
ESu-F 52 61 42
LSu-F 46 67 45

3LS = late spclng, ESu = eacrly summec, LSu = late
summer, F = fall
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TABLE 2. TIE PERCENT SIMILARCTY OF CACTLE DCETS
COMPARING YEARS WITHIN EACH GRAZING PER{OD

Gecazlng Paciod

Yaac Lace Eacly Laca
Compac(son spcing summe c sSumme ¢ Fall
Grassland

1976-1977 48 10 16 72
1976-1973 46 45 66 657
1977-1978 38 44 55 12
Forasc

1976-1977 a2 58 56 53
1976-1973 43 51 42 48
1977-1973 51 53 41 54

Given all the vaclablas praviously discussed,
those Inhecenc to the anl{mals, those found {n forage
and those of the envicoamentc plus the lntacacelons;
defining dletary overlap and from thart compeciclon,
ls no easy ctask. If catctla cestcicted to spaclfic
study pascures (grassland oc forest) consume dlecs
of limtcad repeatab{licy, defining dlatacy ovarlap
between oc among dlfferent hacbivoca spaclas fraa
select a varlacy of feeding sites form a divecrse
landscape over several years does nac sasm practl-
cal. Howevec, land managecs ace faced with the tisk
of idenclfy{ng the cocrect mi{x of hecblvoces so that
the forage cesoucrce L3 not degraded.

Lo

Applying Food-llablts Informactlon to Management
of Lacge llecblvocas

Diecacy Information has been used o datecalne
nutclclonal adequacy of the forage base (HYescoby,
1974), anlmal pecformanca (Svejcac and Vavca, 1985;
Hobbs et al., 1932), sultability of (mprovad focages
(Truscott and Cuccle, 1983), and hablrac prefacence
=stimaclons (Jenkins and Wcighc, 1983). Knowladga
of food-hablcs can ald manuzers (a a13sessing che
potenclal of focage compaticion among sympatcic
herblvoces, and provide a basis foc allocacing
focage {n mulcti-hecblvoca produccion systems.
Informatina on the dietacy praferences of hecblvoras
can also provide useful {nslghcs for uslag animals
as enviroamental tools to alter planc coamunlty
composltion and structurca,

Although In the practical sense Incacapeclflic
competicion between sympatric hecbivoces may appeac
to be obvious and may {ndeed extsc, relatlonshlips
betueen lacge hecblvores acs not necessactly
compecicive and may often benefit one or the othec
or both herblvoces. The exlst=nce of incecspeciflc
compecition {1 difflcult to decacmine sci=nclfically
from emplcical daci. Intecspecific comapeclclion musc
be judged oan the basls of two ccltecta (Nagneac,
1969): (1) two speclas compet= uhen they shace a
resoucrce that s presenc (n shocc supply, and (2) la
uslng the casource, =ach specias reduces the ochec's
population pecformance to levels below what these
measures would be {n the absance of aothec apecies,
Huch of the literaturs on compectltlon betuean
organlsms focuses on measuremenc of alche and nlche
overlap. Huclbert (1973) deffned nlche oveclap as
the degree to which frequency of (nctacspeclfic
encountac la hlghec or lowar chan Lt would be (f
each specles uctlized each cesource Ln proportlon to
Lts abundance. Measures of niche oveclap ace
deslgned to establish the degcee that two speclas
stace a sec of resources oc uctllize che saime pact of



shifted on the differenc study aceas with overall
less similacicy of food hablts on most study aceas.

Lesperance ec al. (1970) used rumen flsculaced
steers and cumen excreti from collecced mule deer to
examine compecitive use of the range forage cesource
in Nevada. Examlnactlon of food habicts {adicated
cattle had the potencial to compete with mula deer
for bittecbcush (Purshla tridentaca) ducing fall.
Potenclal competi{ctlon betwesn cattle and mula deer
during cthe spring season when both hecbivoces had
high consumption of grass was alleviated by use of
different range types. Duclng other seasons, food
hablts of the tvo herblvores were separated by the
high selectivity of cattle for grasses and mule deer
for browse. Over ucllizaclon of a range areas by
elcher hecblvore resulted {n an {ncreasingly less
desicable plant populacion for that specles but
tended to produce and ecological shift {a planc
populactlon more favorable for utillzatlon by the
other specles. Perlodic grazing of bittecbrush by
cattle was thought to benefit mule deer by Increasing
browse avallabllity chrough alteraclons In moc-
phologlcal characteciscics of shrub canopy. The
authocs also suggested spring competition could be
avolded by delaying cattle turnout on deer ranges

uatll Hay, and early removal of cattlea to prevent
hrowse use on deec wintec ranges.

Hanley and Hanley (1982) used dlet composition
data obtalned froa hocses, cattle, sheep, pronghorn,
and mule deec, analyzed by disccimlnant analysis, to
predict an ungulate food selaction framewock asso-
claced wich hecblvore morphological pacameters (body
slze, type of dizgestive tracct, rumlno-creclculac
volume to body welght ratlo, and mouth slze). Wich
thls knowledge, predictlon of the kind of dlet that
would be selected by a hecblvore can be projected.,
[n chelc study, dilecs of cattle and hocses were
composed pclmucily of grumlnouids, whlle chosa of
pconghocn and mule desc wece composed primacily of
browse and forbs. Sheep dlecs were lntecmediace
be tweun the former herblvore groups.

Nelson (1977), uslag Smich's (1965) daca on
vegetaclve composition_and ucllization by mule deer
and sheep developed formulatlons for calculacing
maximum scocklng rates, cacrying capaclitles
trade-offs among herblvore specles based on
specles In the dlecs of the two herblvoces.
ledge of food hablts uslag thls mechodology provides
a means of calculating a reasonable optimum stocking
rate comblnatlon that would be expected to result In

maximum allowable use of key specles In the dlets of
the two herblvores.

and
key
Know-

Sheehy (1933) used diet composition of elk, cattle

and mule deer to develop a similacity index of large

hecrbivocs dlets on seasonal rangeland {n northeastecn
Oregon (ctable 4).

The slmllarity {ndices of dietacy overlap tndl-
cated there was a high probability diets of elk in
the wincter and spring coasisted of many of the same
food {tems as diets of catctle {n the fall. The
Indices also Indicated food hablts of cattle and elk
were generally more sim{lar to each other than with
food hablits of mule deer. Although food habits
indlcacted cthe potznctial for competition among
herbivoces, especlally cattle and elk, {ndices of
hecrblivore distributional overlap indicated the
probablllity of hecblvore competition for habltat on
this seasonal rangeland was less than would be
indlcated solely from di=tacy overlap (crable 5).
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TABLE 4. INDLCES OF DLET OVERLAP OF CATTLE, ELK AND
DEER ON A SEASONAL RANGELAND IN
NORTHEASTERN OREGON.

Hecbivore Catcle Cacctle Elk Elk Deerc
(Season) (Summar) (Fall) (Uln:e:)(Sprlng)(Uln—Spr}

Cactle

(Summer) 61.6 75.8 55.0 37.5

Cactle

(fall) 67.5  76.4 46.0

Elk

(¥inter) 44.0

Elk

(Spring) 50.0

Deer
(Win-Spr)

TABLE 5. PROBABILITY OF DISTRIBUTIONAL OVERLAP OF 3
LARGE HERBIVORES ON SEASONAL GRASS STEPPE

RANGELAND
Overlap Plant Comm X Edg= X Elevaclon
Elk-Cacrtle .043 518 -600
Catcle-Elk .280 L343 .381
Deec-Caccle .874 851 .830
Catcle-DPeer 1.000 1.000 -9139
Deec-Elk . 360 766 +395
Elk-Deer .663 138 +596

Probability of deer and caccle discrcibucional
overlap was highest among the thres herbivoces buct
dletacy ovarlap of these two herbivores was low.
Cactle and elk had high probabfllty of overlap ia
food hablrts bucr disctributlonal overlap was moderate
to low. Deer and elk had low probabllity of
disccibucional overlap and dietary overlap. Timing
of discribucion of the three herblvores on seasonal
rangeland was also a factor amelforating the
potanctial for herbivore competition. Elk and desc
had highest occupancy In wintec and early spcing
before cattle turnout. In years with normal or
above average spcing and early summer preclplitation,
di=tacry ftems common to diets of the three
herblvoces had opportunity for cegrowth. Sheehy
(1988) also used that food hablt {nformatlon to
determine assoclation of herbivores with plant
communities present on seasonal rangeland fa nocch-
eastecn Oregon. By comparing rank cocrelaclon of
food {tems occurrling ian the dilet of hecrblvoces aad
the sdme focage specles in plant communitles,
assoclation of herbivores with specific plant
communicies could be assigned. Food hablt informa-
tlon indicated diets of elk and cattle had highesc
correlat{on wich different plant communlities.
Catctle agd mule deer diets had hi{ghest correlation
vith theé same plant commun{ty but diet composition
of the two herblvocres {ndicated lass than 50%
dietarcy overlap Indicating the use of different
plant specles within the same community. In pencral
the potantlal for a competitive ralatioashlip
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