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Herbivory by Wild and Domestic Ungulates in the Intermountain West

Abstract

Nhnagcnrent of wild ungulales is scldom undefiaken \ith lr ibcus on lhe effects on li)rest heal|h and productility but mther

focusrng on populalions ofrhe Lmgulares nd theihabital need\. Consequently, onl] linrjtcd research hrs exanined grazing alrd

browsing b,v un-qulates in coni lerou\  forcsts as a chfonic d inurbancc iacror  a lTecl ing nutr ienl  lumo\ cr . .  cornfet i t l \  e lnterut t iuns

amon: plunt \pccics. and rates and traiecrorics of succes\ional path\tays. Local cilccts are quite lariable and dcpcnd on ecosys-

iem productivitt. Crazing can have mixed e ecls on spccies richness rnd the sprcad of cxotic plants althe landscapc scalc.

Crazing also can rfttcr nirfogcn fixrtion and fate ofnitrogcn mincraliTation. LrnguLate density rclalivc to carr] ing capacity ol the

sile largcl_v derermines rhe efiecls of hcrbjvory. High population dcnsidcs of ungulates ha!e beer shown 1o change plant species

composition. growlh of rrces. and ro damage regencralion. Grazing also reduces accumulation of fine fuels on the lbrcn floor.

$hich fomrerly c fied low intensily. high frequenc) grourd fiir\. Effccls of\r'ild ungulates crn bc cortrolled b,v hunting recula

tion\, irnd in somc cascs. by arrilicial contraceprion. Effic$ ofgrtlzing b] livenock can bc controlled $fough managcncnt actlons

such as changes in lilestock numbcr\. changes in timing and duralion ofgraTing, rlterirg li!estock dislribution wi$ fencing rnd

placement ol s,llt and supplemental feed. and spccializcd rotational grazing systcms such as defeffed irnd resl rchdon.

Basic Knowledge

Ungulates arc impofiant components ol'healthy
ecosystcms and can serve as important ecologi-
cal indicators (Hanley 1996). The biology of wild
ungulates is wcll known compared to that ofother
spccies of wildlife, they havc relatively larye hotne
langes, and are often seasonall), migratory, re-
quiring resource manage$ to consider entire land-
sciLpes rather than isolatedpatches ofhabitat. They
require temporally and spatially diverse habitat
elements such as tbod and cover. Finally, ungu-
l r te .  r ' rn  harc  s ign i f i cun t  e l ' l e ( l \  on  regeta t ion
composition as well as basic ecosystem tirnction
thereby actiDg as keystone specics (Hanley 1984,
Hanley et al. I 989, Wallis de Vries 1995. Hanley
1996, Hobbs 1996, Kie et al. / ir press).

This rcview relies primarily on research con-
ducted throughoutthe intcmountainregion of the
westem Unitcd States. The scope of this paper
was expanded beyond just eastem Oregon and
Washingbn because of the relativc lack of geo-
graph ic  .pec i t ie  re }c l t (h  on  ungu l  te . .  p rn icu-
larly at the wate$hed and highcr spatial scales
(sec table on literature richness in this volume,

Quigley et al. 2001.). Applicable informrtion only

available iiom elsewhere, such as thc Olympic
Peninsula of westem Washington or the dccidu-
ous forests of the castem United States, is also
mcntioned briefly. Finally, no attempt is made to
revicw the literature on the efTects of gmzing by
domestic ungulates in riparian ecosystems: rather,
the readcr is refen'ed to other papcrs in this vol
urnc (Wales 200l, Howell 2001).

Grazing and browsing b)' ungulates act more
as chronic disturbanca lactors rather than as epi
sodic disturbances. Although the presence of u
large number of ungulates in a singlc herd at a
specific location tbr a short period of time can
have a profound effect on vegetation, ungulate
hcrbivoly nore stongly affecN ccosystems through
modi l i i r t ion , r l  h r r i c  p roces .es  5u(h  a \  nu t | i cn l
turnovels. competitive interactions among plant
species, and ratcs and tlajectories of successional
palhways (Hobbs 1996. Rodgers 1996, August-
ine and McNaughton 1998). Direct etfccts ofher
bivory, howevcr, are often complex and may de-
pend in prrt on interactions with other disturbance
tactors such as fire and logging (Hobbs et al. 1991,
Bartos et al. 199,1, Coll ins et al. 1998). More re-
search on these interactions is necded.
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Effects of Ungulates

Effects on Plant Species Divers ty

Ungulate hcrbivory can enhance species diver-
sity in plant conxnunities by directly reducing the
abundance ofpreferred spccies lnd indirectly in-
tluencing competitive intenctions among plants.
High densities ofherbivores, however, can result
in decreases in diversity ofplant species (Olffand
Richie 1998). These effects also depend, in part,
on ecosystem productivity. A given level of her-
bivory may result in increascs in plant species
richness in nutrient-rich ecosystems but tdecrease
in plant species richness in nutrient-poor ecosys-
tems (Proulx and Mazumder 1998). Bison (Bos
Disoir) have been shown to increase plant species
diversity in the tallgrass prairies ofKansas (Collins
et al. 1998). Whether domestic cattle, however,
are the functional equivalent ofbison in such eco-
systems has been debated and remains unclear
(Kaiser 1998).

In a comprehensive study using sites in Colo-
rado, Wyoming, Montana, and South Dakota,
Stohlgrcn et al. ( 1999:45) concluded that: (1) gmz-
ing probably has little effect on native species rich-
ness at landscape scales. (2) grazing probably has
little eft-ect on the accelerated spread of most ex
otic plant species at lardscape scales, (3) grazing
aflects local plant species and life-form compo-
sition and cover, but spatial variation is consider-
able, (4) soil characteristics. climate, and distur
bances may have a greater eftect on plant species
diversity than do curent levels of grazing, and
(5) few plant species show consistent, directional
responses to grazing or cessation of grazing.
Fleischner (1994), however concluded that ef-
fects of l ivestock grazing can include loss of
biodiversity, decreases in population densities of
man l  p l rn t  ta ra .  i rnd  d is rupr ion  o f  ecos) : rem
tunotion.

In contrast to these studies that dealt pima-
rily with grassland ecosystems, research conducted
in coniferous lbrests in Olynpic National Park
in westem Washington suggested that herbivory
primarily by elk (Cenras claplzas) reduced plant
standing crop, increased species richness of forbs,
and helped detemine the distribution of several
shrub species (Woodward et al. 1994, Schreiner
et al. 1996). McShea and Rappole (2000) also

found that herbivory by white-tailed deer
(Odocoileus virginianus) decreased the density
and diversiry of understory vegetation in theeastem
deciduous forests of Virginia.

Effects on Rates of Nutrient Cycling

Distubances such as grazing can alIbct the ground-
level microbial crust in add ecosystems, and
thercby decrease the rate at whichnifogen is fixed
(Evans and Belnap 1999). In more mesic forest
soils, rates of nitrogen mineralization are highly
dependent on the amount and nitrogen content of
plant litter deposited on the ground each year (Fan
et al. 1998). Large herbivores can have short term
positive ellects on mtes of nitogen rrineraliza
tion through their consumption ofpalatable plant
species and the subsequent fertilization effects of
urine and feces deposition (McNaughton 1992,
Seagle et al. 1992, Pastor and Cohen 1997). For
erumple .  moose {41(  (  \  . t / r 'p .s r  b ruus ing  on
diamondleaf willow (Salix planifolitL pul chra) in
A la \ka  no t  on ly  caused \ ign i t i can l  inc reares  in
the grcwth of wiliow stems and leaves, but also
increased the rate of nitrogen tumover (Molvar
et al. 1993). Grazing by large herds ofmigratory
ungulates also increased the rates of nitrogen
mineralization in soils in Yellowstone National
Park (Frank et al. 1994, Frank and Evans 1997,
Frank 1998, Frank and Groffman 1998, Singer et
al. 1998a).

Long-term effects of ungulate herbivory may
be different, however, when changes in plant spe-
cies composition occur as a result of herbivory.
In Michigan, where high population densities of
moose have existed for long periods, forest com,
position has changed from deciduous woody spe-
cies palatable to moose to stands dominated by
conifer species that are less palatable. Conifer
species produce less litter each year than do de-
ciduous rpecies. and rhrr l irter contain\ greuter
concentrations of compounds used by pl?rnts as
defense mechanisms against herbivory, which is
why conifers are less palatable in general than
are deciduous species. Those same compounds,
which act to inhibit microbial action in the rumi-
nant digestive system, are also resistant to bacte-
ria[ decomposition in forest soils. The results are
decreases in rutes ofnifogen mineralization (Pastor
et al. 1988, Pastor and Naiman 1992, Pastor et
al.1993, Pastor and Cohen 1997, Pastor et al. 1997,
Pastor et al. 1998).
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Effects on P ant Productivity

Where grazing and browsing by ungulates act to
increase the cycling of a nutdent in limited sup-
ply, the result may be an overall increase in net
primary productivity (Fnnk and Evans 1997, de
Mazancourl et al. 1998). This most likely occurs
in  \ )  . rcm\  u  i lh  la rge  lo .sc '  o f  the  l im i l ing  nu l r i -
ent during reoycling of plant detritus (de
Muzancoun e t  l l .  lqq8) .  Inc rcases  in  pnmur l
productivity resulting from herbivory have been
well documented in the Serengeti grasslands of
eastem Africa (McNaughton 1992, Seagle et al.
1992, Singer et al. 1998a).

Whether such herbivore optimization occurs
in the forests of the westem United States has
been questioned in the past (Frank 1998), although
much remains to be tested. In addition, predict-
ing the effect ofspecific levels ofgrazing on plant
productivity, however, may be difficult. There is
evidence that two alternate stable states exist be-
tween populatior densities of white-tailed deer
and the forb Laportea ctnadensi,r in deciduous
forcsts in Minnesota, depending on initial fbrb
abundance (Augustine et al. 1998).

Risk, Susceptibility, and Hazard

Kienast et al. (1999) conducted an ecological risk
assessment of the effects of red deer (Cen'tts
elaphus, called elk in Nofth America), roe deer
(Capreolus c ap re oLas). and chamois (Rapicopra
rupicapru) on stald dynamics in xeric forests of
central Europe. The analysis was based on a for-
est-succession model supplemented by an empiri-
cally based browsing subroutine fbr both conif-
erous and deciduous plant species. The model
indicated that browsing below critical mean in-
tensities had limited effects on long-term total
woody biomass and successional pathways
(Kienast et al. 1999). Critical levels ofmean brows-
ing intensity ranged from 30olo to 50% depend-
ing on tree species. Forest structure was affected,
however, with heavily browsed forests tending to
be more open with trees reaching intermediate
and adult sizes more quickly (Kienast et al. 1999).

In another study conducted in cantral Europe,
Reimoser and Gossow (1996) concluded that dam-
age to regenerating forests depends in pafi on the
silvicultural system. They concluded that open
clear-cuts tend to attract red deer, roe deer, and
chamois, exacerbating damage problems. Natu-

ral regeneration in a shelterwood silvicultural
system, however, usually results in less damage
to developing stands (Reimoser and Gossow 1996).

In the western Untied States, the effects of
herbivory on willows (Sallr spp.) by elk was found
to differbetween two locations. Willows in Rocky
Mountain National Park produced up to 2.5 times
the amount of annual growth of those in
Yellowstone National Park (Singer et al. 1998b).
Gro\ ,th conditions for willows were better in Rockl'
Mountain National Park; annual prccipitation was
higher and there were more beaver (Castor
caaadensls) ponds. Use by clk was sinilar in both
locations, however, with elk removing about 26
28olc ofthe annual growth of willow. As a result,
elk had greater negative effects on willows in
Yellowstone National Park (Singer et al. 1998b).

Effects ot Management

Effofis at maraging populations of wild ungu
lates are often directed at providing recreational
hunting opportunities or controll ing nuisance
animals. Immunocontraception in wild ungulates
has also been suggested as a method to control
population densities (DeNicola et al. 1997, Muller
et al. 1997). Management options for domestic
ungulates include: changes in livestock numbers,
changes in timing and dumtion of gnzing, alter-
ing livestock distribution with fencing and place-
ment of salt and supplemental feed, and special-
ized rotational grazing systems such as det-erred
and rest rotation (Kie et al. 1994).

The effects on vegetation of long-term graz-
ing and browsing pressurc by wild and domestic
ungulates, however, is often dramatic. The exclu-
sion of elk, mule deer (.Odocoileus hemionus),
and cattle from exclosures in the no(hem Blue
Mountains ofOregon fbr 30 years following tree
haruest has resulted in striking results (Weigand
et al. 1993, Riggs et al. 2000). Forests stands sub-
jected to grazing are more open and lack a di-
verse mid-story component (Figure 1). Where wild
and domestic ungulates have been excluded, therc
is a denser mid-story consisting of woody plant
species that arc palatable to ungulates and which
are not otherwise abundant (Figure 2).

During the l8th century, red deer were reported
as scarce near Braemar in Scotland (Watson 1983).
The Earl of Fife, subsequently took actiors to
reduce poaching of red deer, and populations
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Figure L Example ofa forest stand alHoodoo in the Blue Mountains ofnortheanem Oregon rhathas been available lo borh wild
and domcsdc ungulates. including elk, mulc deer and carllc (RiSSS et al. 2000).

ungulalcs s i rce 1965 (Riggs er  a l .  2000).
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Figure 2 Example of a foren stand at Hodoo in the Blue Mountains of northeastern Oregon ftat has been lenced to exclude



increascd accordingly. Many ofthe trees cunently
alive regenerated prior to that time when deer
Jen ' i l i e .  \  c re  lou .  u i th  deer  p re \en l ing  regcn-
eration since (Watson 1983). Other ecosystems
in Europe have also respondcd similarly to re-
ductions in dcer numbers (Rose and Platt 19ti7).

Tilghman (1989) reported that population den-
sities of white-tailed deer above about 7 deer per
lO0 hectare. ldr ersel\ al 'f.clcd lree reE:enerrtion
and species composition in northeastern Penn-
sylvania. Tree growth was reduced, species di-
versity of tree seedlirgs, and fem cover increased
at higher densitics of deer. Similar effects have
been found elsewhere (Anderson and Katz 1993).
High population densities of white-tailed deer have
also been sho$'n tohave cascading effects through-
out ccosl'stems in the northeastem United States,
adversely atTecting other species groups such as
songbirds (decalesta I 994).

Belsky and Blumenthal (1997:315) have hy-
pothesized that long-telm grazing by domestic
ungulates in westem tbrests has rcsulted in: (l)
reduced biomass and density ofunde$tory grasses
and scdges that otherwise compete with conifer
seedlings and prevent dense recmitment oftrees,
and (2) reduced abundance of fine luels, which
formerly carried low-intensity, high-trequency
ground fires. Similar intenctions were discussed
by Hobbs ( 1996).

ln forests throughout thc westem United States,
herbivory by domestic ungulates is a function of
timing, duration, and intensity of grazing, all of
which are factors undgr direct control ofresource
managers and grazing pemittees. Similarly, popu-
lation densities of wild ungulates, and hence their
impact on forested landscapes, can be influenced
by the numbers that hunters are allowed to rc-
move cach year. Although these concepts arc rcla-
tively easily to apply from a technical concept,
decisions regarding them are often very sensrtive
from a political standpoint, and require that man-
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