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Effects of White-tailed Deer (Odocoileus virginianus) on
Plants, Plant Populations and Communities: A Review
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Ditegrative Binlogy, Schoal of Bological Saenees, The Unversity of Tesas at Austin, Anstin FR712

ApvTRaCT—Large effers of whietailed deer (Ororeibens wivginiones apon diadial
plants, phary popudations and communities have been documented woa number of siudies
Hawever, wellsuppurted experimenial seasures of the magnitade ol geographical exwent
of these effects are sl surprisingly searce. Deercadsed changes in stems moyphology and
reductions in phaat growth rates are welbdoomnenied in some parts of the Narth America.
Furthermaore, deer have beenr shown 1o affect the composttion of several plam vommunivies
i the northeeenual and portheastern Untted Sutes. There are some docomentod cases of
Aevrcaused reductions in plam survival most of these are ree swedlings and saplings. How-
maer, rray studies have detrored no etfects on plant survival or fecaadity, o have foamd
thut tegative effects ovcur onlv 1o a facdon of vears, scasons, sites ot deer deasitios, Linde
s knoen aboor populationdevel or ecosvstemedevel fmpacts, Magny ceglons and phant come
mmpities with farge deer populations have aot been stndied. Whereas deer dessioe i vlearty
important i determining spatial and wmporal varistion in the prosence and mageiode of
deer effects, sther facters that may modily the offeces of deey densisv are poorly undeesood,

INTROPUCTION

In many parts of the eastern United States and south-eastern Canada whitestinled deer
{ Odprodlens vivgintenes (Boddaert)) are currentdy so abundant that uumy observers have
suggested oy assumed that deer are having a major unpact upon the vegeaton of this
vegion {Lespold, 19500 Hough, 1965 Behrend o ol 1970 Whithey, 1984 Alverson of al.
FURR: Michael, 1992 Suole and Anderson. 1992 Vi Auken. 1993 Boorner and Brinkman,
1906 Phullips and Maun, 1996 Van Deelen of ol 199 Calding and Lason, 1997, Buckles
el af., 1998). Whereas substantial evidence exists that in some communty types deer neg-
atively affect the growth rate of tree seedlings and saplings, prevent adult recruiunent into
tree populations amd alter species composition, experimental evidence for widespread {rel-
wive 1o the range of white-taited deer in North America or 10 the geographic area over
which deer populations recently have invreased) substaniial effects are loss than frequently
appears to be assumed. Here we summarize current koowledge abour the natuee, magni-
wde and spatial and wporal patterns of the effects of whnteailed deer upon individuasl
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4 Tre AMERICAN MIDLAND NATURALINY 1ini 1)

plants, plant populaions, plant communities and ecosystern processes and identify major
gaps i our curvvent knowledge. We also review some methodological challenges in obtudning
more conclusive evidence of deer effects.

Managemetit of deer populations i a contentious issue that has stirved emotional conflicr
between individuals who want o avoid the extirpation by overbrowsing of rare aesthetically
pleasing or cconomically valuabde plants and plant communities (Diarond, 1992 Dieteo-
bach & al. 1997} and wdivduals who condgider hunting deer to be orael {(McShes and
Rappole, 19971, hunters who enjov the abundunce of deer {(Dietenbach o gl 1947} and
fand paragers whe distrost human intervention in “natucal” processes within wildlife refs
uges and preserves (Diamond, 1998, However, the effeets of deer berbivory on vegetadon
are alsi of interest to ceokogists exanmining the effects of herbivares op individual planss,
phmt populations and communities. By reviewing this leranare we hope o provide Intor
madon w aid land managers i oevaluadog the need o bont deer to preserse e o
veopomcally valuabde plant species and 1o preserve or restere rarve plard compumities, In
addition, we bope 1o enbinee ecologises’ npderstanding of the effecs o berbivores on
plants and the mechaisme that anderlie these effecs.

This review will be confined w effects of whitedqutled deer, although siihah high dew
siies of related species present singlar problems ebsewhere (G, 1985 Clutton-Brock and
Albon, 992 Mclnnes of of, 1992 Singer and Renkin, 19931, For brevity we will use the
word deer’ w vefor o whitetailed deer, There have been 1 number of regional reviews of
effeers of whiteaaited deer an plants (Netls of o, 1956, Marguis and Brenmeman, Mgl
Abersom of of., FORR Winner and deCalesta, 1923, bat, o date, no wider overview of the
stsbject,

As we will demonsiate, although there have been large increases in deer popdations 1o
many community tvpes durtng the wid and late i century, stndies that exumine the
effects of deer upon phint populaions and communities have been condnoted in o amadl
suhiset of these community tpes (Fig 1) Furthermore, exivdng stadies priovarily have ex
asainiedd deey effects upe a sihset of the plam lifestages that are consumed by deer. Where-
as there Is sufficient evidenee 1o conclude thae deer effects canr be substantial mosone sties
andd vears, we arguce thid hesy common those sites mud vears are remains ancleay, Move
stucies, and berier dexigred and wrgeted studies, are highly desirabide. In their absence, we
stggest that prudent I managers and plant conscrvation blologises be alevt for potential
deer effects on plant individeals, popadatons and commumiges such as those reviewsd here,

Historivad fwrkgromnnd. - Whire-tidled deer necur theonghowt mosy of the United Stres
and sowthern Canada can of the Rocky Mountains and are the most abundant wild angadare
oy the continent (GiIll, 19883, In the absence of direcr dita on decr abunduance before
Earopean setdement, disagreement exists about whether and 1o what extent current deer
densities exceed pre-Furopean setdement deer densitios {MeCabe and MoCabe, 1Y)y, Ex
iimates of prefuropean settlement deer densities have been constructed from archeolog

wal evidence of the consumption nae of deer by native Americans, and hence rely upon
assumptiony concerning the demographics of nanve Americans and the vate af which they
harvesierd decr. or arve exmrapotated from anecdol accounts of deer abvndance by carly
Earopean sculers, Therefore, estimates of pre-European decr densities must he considered
mnprecise approximanons, Nevertheless, aithors have suggested that current deer densities
are 2 1o 4 times higher than pre-Foropesn setdement deer densities in homlocknordiem
hardwoods forests (Alverson o of, 1988 Redding. 19951 and white cedor (Thuge occidese
talisy deer vards (Van Declen of al, 19896).

Although estimates of pre-Eavopean deer densitios are huprecise, reliable accounts doo-
winent a geographicalhy widvspread decline in deer populadons in die late 19th Cenwry,




2001 RUSSELL BT AL WHITE-TATRED DR K

Ill
¥ oy in.,\n v ED
E(6) | ek ( 5L
L ¥ oy} Sl
1 BES
s %_"F ¥
n .
S/E
EEQ2) 5
D . ;

Fit.. L—Locations of studies that have examined effects of whiteailed deer (Odoomiens vitginanis
on indivdual plants, plant populations, plant commanites and ecosvstems. Studies of deer diets and
habitat use are not included. The shaded area s the range of whiteatled deers iy the United Sures of
America and Canada. "E denotes studies that used deer exclosures. "0 denutes studies that sboulated
deer herbivory by dipping. '8 denotes sandies that compared vegetation among sites with different
dees densities. ‘D denotes dercriptive studies of deer pffecis on vegetation other than comparisons
among sites. M denotes modeling studies, Siies where prshiple siudies of thie same type have been
vonducted are represented by the appropriate leser Tollowed by the number of studies in parentheses

By the carly 20th Century commercial bunting had extirpated deer from much of their
former range and i ather aveas reduced their populations {(McCabe and McCabe, 1984}
In the 19305 and 19405, after establishment of strict hunting regulations and changes in
Jand-use, deer began o increase in abundance and to expand their range {Leopold, 194%;
Cook, 1945 Leopold »# el 1947; Tavlor and Haha, 1947 Schorger. 1953; Hough, 1965
Behread w ol Y970; Gill, 1938). Today deer have re-occupied (or been translocated o}
their entire former range and are sfowly expanding their range westward (Gill, 1988).
Biologists began documenting deer population tends (particularly die-offs) (Van Volk.
enberg and Nicholson, 1843; Hahn, 1940; Leapold o al, 1947; Leopold. 1950, dier (Hosley
and Ziebarth, 1955; Petrides, 1941 Bramble and Goddard. 1943; Halloran, 1943; Hill. 1946)
and habiat use (Hosley and Ziebarth, 1935; Halloran, 1840%) mmmediately following the
increase in deer populations in the Jate 1930s, These early studies, however, rarely addressed
the response of individual plants. plant populations or plant communities 10 deer berbivory
and those studies that did primarily presented qualitative vesults (Swift, 1946), Quantitaive
experimental and descriptive studies of plant responses to deer herbivory, including exde-
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sure experiinents, appeared in the liseraiure in the late 19505 and are most prevalent since
1970, Therefore, although scientists have been concerned with deer population sizes, diet
and habisr use for ar least 65 v much of the hterature that is relevant wo deer effects on
plants has been published in the last 35 v

MATERIALS AND METHODN

We searched the Agricola and Biosss electronic databases from 1985 1o 2000 and 1989w
2000, yespectively, 1o loome artickes that addressed deer effects on vegetation in North Amer-
wa (Table 1), Because Journal of Wildlhife Management and Journal of Feresiry contained
many relevant artctes, we seurched all voluntes of these journals beeween 19380 and the
present. We did noy attempt 1o search nonpeer reviewed Bierature comprehensively al
though we did include soch documents in this review i they were referenced i peui-
reviewerd sources. Althongh we did not condacta meta-analvsis of the studios we discovered,
we did cousider the magnitude of treatmeny effects and the statistical power of studies in
our subjectve weighting of results,

ESTOEMOCE OF OEER ERFECYS UPOXN INDIVIDO AL PLANTS

Effects on plant grosoth vute. mavfhology end development.—in theary, an boerbivore might
affecy plant growth rate, morphology or develepment and vet not affedr ferundity or sup
sival. Therelore, evidence of deer effeeis upon plant growih does not prove that deer affect
fndividuad fitness oy population growth, We discuss effects of deer upon plant growth for
w0 reasons information on this subject B relatively abundant and, i many cases, effects
upess plant growih most Bkely do canse, o are concurrent with, effedts upon the plam
population and cormmunity,

Conchustve evidence for negative effects of deer upen phant growth esasts only for certain
taxa. principally tree species, i cortain commupities, principallv masure and post tdmber
harvest white pine-hembock-northern hardwoods foress (Alversen and Waller, 19497) and
old fields Unouve o ol 1994 Sunge and Shea, 19983, The lack of evidence for widespread
negative effects. m part, reflects the Tmited range of s ared commmnnitios thad lave been
stihied, However, in sonme sites with bigh deer densities, experimnents tvalving welbstudied
tasa and communitivs have found no effeot of deer o plant growth rates {facobs, 1969
{526 deer Jkand overwintery or effects that are ighly variabde i bath thne and space {In-
ouve of ol 1994 (2 HLA deer Tk}, Far example, in one of twn old Belds stodied, inouve
of gl (1994 found thar deer significantly reduced praportional rates of increase in height
of Quercus rubrr sod Pinus strobus seedlings in onbe ¥ and 4 of 9 v respeesvely, Howevar,
these significant negative effects i a minority of vears cawsed & smnficant over all negative
eftect of deer ou growth of both speries over the Sy study, Deer did not affeor growth
rates of oaks in the second old feld,

Marw studies have docomenied fewer saplings and small adudt rees ouside exclosures
thunt inside them (e, Tierson o ol 1966 Harlow and Downing, 1970 Anderson and
Poucks, 197% TiHghman, 189 Trumball o al, 1989 Healy, 19971 These differences are
ofwen interpresed as arising from deercaused reductions 1o growth rates, but some of these
differences may arise wholly or iy part from deercaused reductions in survival cuther than
fn growth, (That s deer might be killing individuals of a given size class onside the exclo.
sure rather than stowing plants from growing into that size class, especially of the exclosure
has been in place tor a long tmes Swodies that do not repeatedly census individunls are
unable to determine conchisively whether olserved changes result from reduced survivad
ur growth and w which Jife-stage negative effects oceur. We will review the sabstanual e
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Ber of studies that dovument deer effects on size distributions of plan populations in the
section entitterd “Feidence of Popuelatorsdevel Effects.”

Few studies have examined effects of deer upon growth of herbaceous plants. However,
Augustine and Frelich (1998) suggest that deer browsing can signiticuntly veduce the growth
vate of herbs. I sugar maple-basswood forest renmants, where deer densities exceeded 25
deer “km?. the wean teal area of tansplants of the longived, perennial herh Pallium gran-
diflorum increased 28 7% where pratected from deer for §n bt decreased 11L2% where
unprotected. Shnilarls, i nannall occurving populations of T flexipes und ¥ eermun,
where deer densities exceeded 25 deer/km?, the mean leaf area of prowecied plasts de
creased 15.4% following a vear of deer exclosure, whereas the mean leaf area of exposed
planis decreased $1.1%. In forest remnants where deer densities were betwean S 1Y dhiecrs
km?, protection from deer herbivory fus oue year did pot significantly attect change in
miean eaf area

fir Both herbaceonts and woorly specic
tufly regrow tissne consumed by herbivores, Such compensatory growth may Bmit the re-
duction in aboveground size caused by deer However, compensation aboveground may
reduce growth belowground. For example. clipping that simulated deer herbivory did no
significantly reduce aboveground biomass of Ciraum pitched plaots, but belowground o
miass declined whth increasing intensities apd frequencies of clipping (0 Ulisse aned Maun,
1456, Be congast, Rooney (19971 found ne significant difference berween the inrernodal
thizome lengths of Maiasthemuen canadense plams growing in mameal refugis from degr
ton 1op of furge boukdenst and those oxposed o deer herbivory.

One hallmark of mammalas herbivory on plangs is prosounced changes in plant mor
phalogy. The most cottanon of these bs produaction of abundant lateyal stems in woody plants

. plants mav be able 1o partially on in some cases,

as 2 resulr of terminal mersass removal, Trees aud shrobs browsed by deer often have
greater stemn densiies than anbrovesed plants Marshall ef o/ 1955 Switzenberg of ol T4
Tierson o ab, 1986; fucohs, 1969 Throop and Fay, 1999) Marshall o ol (1955) soggest
that frequeney of hrowsing is probably more important dum s intensity in determining
stem densi, Anather comon effece of deer on woody plant morphalogy s a “hrowse
e helow which deer have verroved stems and twigs of trees (Adums, TR Aldonss, 1952
Marshall o 8, 1955 Neils & of, 1956 Halls and Urawlord, 1960 Trumbull of ol 13988
Studies sarelv have addiessed the effecis of deer herbivory on planty” belowground mor
pholegy or relative allocation to aboveground vs. belowground stractures. However, Rooney
(19971 showed that the branching frequency {number of nodes between hrmwchesy of
Muianthemumt rancdrnse thizomes did pot differ sgnificamiy berween planis growing in
natral refugia and those exposed o deer,

Effects un plani surinval and frewndity - The ultimate measure of the magnitude of effects
of deer on individaud plants s tredr impact upon average individual fimess, which s a
funetiom of sugespectiic survival rate G estimate of an individual’s probabiliy of survie
ing) and the stagespecific average fecundity of all sages of the hleovele, Untormnately, no
study has yet examined effects of deer atadl ifestages for any given plant species. Thas, we
review stitdies that focused on one or g few life-stages.

Afthough seeds, particularty scorns, constitite a farge portion of deer diets (MeCaffery
et al. 1974 Higlow of o/ 1975 MeCullough, 1955, Pekins ind Mautr, TI87 Weckerly and
Nebson, 1890}, ¢ffects of deer on germinaton rates have not been quansibied. A siady of
acorn remnoval rates in the Shenandoah Vallev of Virginia suggesied that vemosad rates by
deer and rodent granivores are approximately equal, but bath cause less morgality than do
curcubionid heetles (MeShes aud Schwede, 199310

Research on effecs of deer on tree survival has tocused on seedlings and saplings becatse
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a tree’s entire aboveground biomass can be browsed during these life-stages. Stange wnd
Shea (1998) show that in maple-basswood forest fragments in southern Minnesota the sur-
vival rate of Querrns rubra seedlings over two vears was 3.2% for seedlings exposed 1 deer
terbivory and 34.6% for seedlings protecied from deer by tree sheliors, Deer veduced the
survival rate of Ao seccharum saphings by 10% over 5 v bina Wisconsin northern hardwoods
forest following a partial fimber cut (Jacobs, 19603, Altbough many saplings were browsed
repeitedly, no saplings died andl the founth vear of this study, suggesting that death oc
curred as a result of cumutative effects of deey browsing. Alverson and Waller (1997} showed
that the survieal rate of browsed Touge conadensis seedlings was lower than that of uee
brsswsed scedlings, but they did not find a significam effect of deer exclusion on seedling
survival, Presumably, too few 70 conadensiy seedlings were hrowsed repeatedly to produce a
sigaificant reatment effect daning the two vear study.

Conchaive demenstranons tha deer reduce survival rates of tree seedies and saplings
are rare hecause fow studies have repeatedly consused indidduals. Many studies measwre
seedling shundance in arens of high and fow deer densities (Harlow and Downing, 1976
Frumbull e al, 1959, Bugerworth and Trilkowski, 19901, ban these studies do aot deme
onstrate effecis of deer on seedling aved sapling survival. Differences in seedling and sapling
abunddance may result from different germinaton rates amonyg sites due to many possible
fartors, umiuémg ciffering deer sbundunce or when ‘seedling” and “sapling” vefer 1o size
caregories, from deer effects on growth raes (Truebull e ol 1854,

Muny workers have suggested that deer can substantially decrease ssvival nates of her
huceous plants because all aboveground tissue of these plants s accessible (Miller of al,
1999 Anderson, 1994 Balgooyen and Waller, 1995), Unlike nees, herbs do notescape deer
herbviory by growing abave the browse line, Moreover, during spring and swamer forbs
often form a significant porton of deer diets (Dunkesor, 1955, Halls and Crasford, 1964,
Kohn apd Mooty, 1971 Ceawford, 19820 Irwin, 1985 McCollough, 19850 Cuse and Mo

Callough, 14471, The hypothesis (hat deer have large effects on survival of herbs Is difficult
(o svaluate at this tine becanse of a lack of studies that have repeatedly consused individual
plants. fa the only study we found that repeatedly censused individual plants. deer did not
significantly reduce the survival rate of wansplaned Trllium graadifforum plants over 2y
w11 where devr densities exceeded 28 deer/kin? (Augustine and Frelich, 1998, Ahhough
deer consumed the entire aboveground tissue of these plants, the plants re-emerged, ab
thowgh smaller i size, the following spring. However, beawse 1 grandiflorwn is longlived
relative 1o the @ v durmtion of the study, the comulanve effects of dssue removal by deer
way ubtimately reduce survival vite,

The long litespan of perenniad herbs and many woody specios has prevested measure-
mesns of effects of deer herbdvory on the et feconduy of these plants, In individual
vears, however. deer can reduce the proportion of plants or ramets in a population that
produce reproductive struciures {Rooney, 1997, Augustine and Frelich, 1908 Augustine ¢
al, Y9U8) and the number of reproductive seructures produced per plant (Allison, 19901,
Tuxus canadensis shyubs that were protected from deor produced more male and female
strobill than unprowcted shrubs iy the finad two vears of 2 5 y study (Allison, 198, Several
stischies have shown that deer reduce the prapartion of shoots thae flower in pereanial forest
herbs in individual vears (Rooney, 1997 Augustine and Frelich, 1998 Augusiine # al,
196381, In maplebawwood forest fragments, where deer densities excevded 2% deer/km®,
southern Minnesota the owering rate of prowected Trifliem cernunm and 17 flexipes plants
was 19 that of unpratected plants in the second vear of protection from deer (Augustine
and Frefich, 1998 fn addition, in forest fagments with low densities (.01 sterms/m?) of
Lapiortens canadensss and high deer densities (winter deey density »15 deer/km®). deey
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prevented Huwering by L. canadensis vamets entively (Augustine o af 199%). Similarls, the
proportion of Maianthemum canadensis plants in Allegheny northern hardwoods forests
that Hlowered in nawiral refages from deer was 39 times greater than the flowering rate of
exposed plants (Rooney, 18973

Timing of deer herbivory appears to be important in determining the magnitade of deer
effects on plant survival and fecandity (Prachar and Samuel, 1988, Gedge and Maun, 1982,
1994, Canham o al. 19945, Fur example, dning of simulated hevbivory was cridcal in
determining ity effects on morality of deer radrum, Prunus serotina and Froxinus americand
seedlings: winter clipping had little or no effecr upon plant mortality. but sumwer cipping
incremsed mortality 2% in A, rebrim and P oseroting and 52 . americans over controls
(Canham o ol. 1994 Similarly, clipping the lakeshore dune anmund, Covisperanam hysso
pifelium, reduced fecundity only e in the growing season (Gedge and Msun, 1992, 1994,
in Cukile edentula, another dune annual, offects of clipping ou plant fecundity depended
on both the timing and imensity of clipping (Gedge and Maun. 1992, 19845, Reductons
in fruit number were proportional to cipping fotensity when clipping was performed early
in the season, but reductions were much greater when clipping was pertormed just before
anthesis. Clipping did not affect seed mass in cither species. but effects on seed viabili
are unknown, Clearly, the ineractions of factors thin determine the magnitade of effeas
of deer, and herbivores in general, on individual plant pertormance ave comples.

Fvidiner of pupralationdeosl sfferts -1t deer atter suvvival probabitives o feeundities of
individual plants 10 4 population, they might be expected tradter the population’s giowik
ate, Howeser, evidence that deer affect growth rates of plant popadanions is weant bBecause
it rarely has been sought. In the only study to measare the effect of deer on the finte rae
of ncrease of a plant populastion, deer reduced e population growth tae of Lapasrten
ranndersis where deer were abundant (winter deer density =13 deer ko™ and L. v
densis wus rare (.01 stems/m7). Under these conditions the finite rates of ndrease of
protected L. canadensis populations were between 2.0 and 8.0, whereas unpratected pope
wlations dechned dowly Deer hud no effect where they were rare twigter deer density <7
deer km®y or where £ canadensis was abundamt (01 steoe/m® {Augustine of el 199%),

Most studies exumining deer effects on plant populatons describe thelr effects om size
strnctures of tree populadons. I deer reduce survival or growth of ree seedlings or smull
saplings, ceriain size classes may be underrepresented in the populaton. Underdepresen:
ration of sapling size classes owside deer exclosures fras been described for many forest vee
species, including Duga ranadensis (Anderson and Loucks, 197 Alverson o of.. 1988}
Aver saccharum vocckeler of ol 1957y and Betilo alisghanionsis Britt, (Socekeler of al,
U7 in mature northern hardwoods foresis, Prunus sertine apd A rubrem in old cleas
cuts in northern hardwoods foress OMarquis, 1951 Trambull of afl, 1980, Lirodendron
tudipifera and Fagus grandifolic in clear cuts in southern Appalachian cove forests {Harlow
aned Powning. 19707 avd Quereny yubra in Massachusetts oak forests (Heoahe 1997 For
example, Stockeler o af (1957} found tha deer elinunated regeneration of Arer sacchurum
wees more than 14 m wll on unprotected sites. whevess stoms taller than L4 m were
abundant on protecied sites, o vach of the swdies Bsted above deer densities i the sady
sites exceedid 8.5 deer 7han.

Where deer densitios are consistently high at o regivnal scdde deer may cause under-
representation of saplings &t & regional scale. Rooney of al (2000} wse a pth arnadvids
approach to demonstrate that underyepresentation of Tsuga ranadensis saphings raller than
30 e in forests of northern Wisconsin and the western Upper Peniosula of Michigan is
strangly and positively cotrelated with deer density.

Several suuties, however, suggest that the magnitude of deer effects on the rate of re-
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cruitment of adult trees can sy greatly on s landscape scale and that deer only prevent
achudt recruitment in sites with high decr densities, including deer vards and thinned or
clearwt paiches i forests. Tilghman (198497 found that deer significandy reduced the
number of saplings aller than 0.3 m of “hrowse sensitive species,” including Acer secchor
wm, A, rubruwm, Fraxonus americana, Bebwda alleghaniensis and B, fentn, only 4t experimen-
tally elevated deer densities (148 deer/km?) that exceeded the mean deer density for the
Allegheny National Forest (11.2 deer k™) and approached the maxbum deer densiry
shat was recovded i oa surver of 11 sites in the Alleghany Nattonad Forest in 1998 (180
deer/kn?y (Redding, 19953, At experimental densities approximating the regional mean
steras taller than 0.9 remained 77% as abundant as they were in the absence of deer
Sinibuly. Frelich and Lovimer (1985) showed that, whereas bellshaped size distributions of
Touga cnnadensis ocenrred in @ vorthern Michigae deer yard (winter deer deasity = 1/
't 10 canadensis populadens owside the deer yard (winter deer density = 27k} had
sive distiibutions that decreased vwonotonically from small 10 brge size cuegories {Frelwh
and Lorbuer, P85

The few stdies that have exaumined effects of deer on size distributions of populations
of herhuceaus plants show that decr ierense the proportion of the populasion in small size
classes {Augustine and Frelich, 1998 Augustive o ol 1998), Under conditions of high deer
density 015 deerken®y and low plams density (<000 stems) o'y, deor prevented Laporten
renadensis vapres from exceeding 40 o in height, bug in exclosures, more than 09 of
vamets pxeseded H om in height (Augnstne o o, 1998]. Simtlardy, in forest fragments
with high deer densities (25 deer/kar), size distributions of Drilliam cernumm and 1
fiewipes populations shifted toward smaller size dlasses onee deer began browsing plants in
the spring. whereas no shift ocourred I fragments with lower deer densities (<10 deer/
ko) tAngostiie and Frelich, 1998y, Lower proportivoal representation of large phasts
where deer sre abundant ay reflect vhe previoushy documented wend for browsing pres
sure 1o increase with plant size for plants below the browse line (Stranss, 1988, Campbell,
TS Inouye ef #f, 19943,

Other studies, although no describing sice disiriburions, have shown the mean size of
indiviuads in herbaceous plang populadons o be sigaificandy tess where deer are present
than wheve deer are absera (Rooney, 1997 Long ¢ af.. 1998}, For example, the mean leaf
area of shoots of Maianthemun canadrasswas 28% Jess For shoots exposed w deer herbivory
thair for shoots that occurred in wetaral retugis (Rooney, 1997}

Evidenee of effects on wadire oy midsuecessional communifies. ¥ xclosure experiments have
demonstrmied that deer can decrease wee regeneration (Tilghman, 1984 Heaby, 1997,
rinmgﬂ the idrmm of the dmnizmm iree %}}c‘i‘it‘s in the mp)ing ayer twhich u‘micl twmmzﬂiv

KPS mhmm ui tree n(miimgs, htﬁ‘lﬁ‘a and shrubs (nghmmx [@ma?. Hm!y lﬁfit Ruum,y
and Dress, 1997, Augustine of 2, 18998}, The magoitude of deer effects on conrunity
conmpesition may be very Large, In old- growth hemlockbeech and hemiock forest in northe
western Pennsvhmnia an increase it deer densities from near 2evo in the early 20th Cennuy
10 719 deer km?¥ s corveluted with 80.4% and 59% decreases in the number of understary
herb and shrub species i hemlock-beech and hemlock forests, respectively (Rooney and
Dhress, 19975, Ruave shrab and herbaceous species (<TG of cover iu 199} were significanty
more Hkely o be ehminated during the 70 v of high deer densities than were abundans
species (1% of cover in 19840},

Although large effecs of deer on community composition have been demonsirated,
whether these effects are widespread or vestricred ro babitats preferred by deer remaing
unclear. In gorthern hardwoods forests of the Allegheny Platean deer reduced the species
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rickiness of sems tller than 0.9 m and increased dondnance of Pruous wroting only at
experimentatly elevated deer densities (268 deer/km®s that weve more than twice the mean
deer density for the Alleghany National Forest {11.2 deer/kw®) (Tilghman, 1989). In ad-
dition, deer reduced the density of Laportes canadensis in the anderstory of sagar maple-
basswood forest fragments in Minnesota only where they were abundant (> 15 deer/km®
and L. canadensiz was rare (<1 stems/m% (Augostine o of. 1998},

In sites where deer populations are not sufficientdy dense w0 eliminate preferved herbs
from forest understories, they may increase species diversity of shrub and herbaceous layers
by counteracting competitive exclusion. Webb e al. (19561 showed that in deer exclosures
cover of Drsopteris intermedio increased from 25% 10 45% and cover of Viola spp. and Oxalis
montana decreased by V7% and 12%. respectively {Webb & al, 19561

Effects on sucorssion, —Becanse deer prefer feeding in distirbed and early suceessional
forest commumnties {Kohm and Mooy, 1971 Rearney and Gitbert, 19761, nune might expect
particularly pronounced effecis on such communities. Whereas it some instances deat
probably affect the rate and divection of succession, existing saudies are nsufficient 1o
determine whether these effects are cormmon. Furthermere, mest studies have esamined
etferts of deer on succession following fogging or in old fields. Effecs on other successional
commnnities are nog know,

Dreer coultd redues the rate of suceesston of old Belds and clearcuts 1o forest by decreas
ing the rate of hvasion by woudy species or by retarding the sate of recrstment of woody
species to sapling and adult sice categories. In most instances, deer appear to hine tiile
effect upon the rate of woody species fnvasion immediately following disturbances. For
example, deer did not reduce densities of ree seedlings 1o old fields in Virginta (Bowers,
1997 or Minnesota (Inouve o of, T or fn 2 elearcot inoa sonthern Appalachian forest
{Harlow and Downtng, 18701, In contrast, Rirchie wod Tilmwan (1998 fownd that dewy did
reduce the demsity of tree seedlings and saplings in 4 Minoesot savanne (Ritchie ot o,
14881,

Because deer are known o reduce the mge of secruiiment of wdult trees i some sites,
they may slow the rate of succession o forest in those sites. For instance, deer cansed &
755 reduction m the number of stems above the browse ine in g sonthern Appalachian
clearcut (Harlow and Downing, 19703, Other studies, however, nwve shown infrequent of
fects of deer Unouve of al,, 1994 oy effects vnly at experimentally elevared deer densities
texperimental densgy = 148 deer ke, regional mean = 1138 deer kin®h {Filghou,
1989), In sowte ostances the magoitnde of deer effeets on the raie of canopy closure
foltowing disturbance appears to be temporally and spatially variable, wnd therefore studies
of short duration {1 10 3 v} miy not deteat changes in the vute of overstory regenesation.

The strongest evidence for deer effects on the direction of succession is for changes in
the composition of siccessional forest communities. I Virginia old field and immediaely
tollowing clearcutting in a southern Appalachian forest. deer reduced spevies richness of
regenerating woody species (Harlow and Downiog, 1970: Bowers. 1947}, Because measutes
ol species diversity consider both the number of species present (species richnesss and
redative abundances of the species (eveaness), the reductions fn species richness could have
produced a reduction i the species diversity of woudy regeneraton. Whereas in the forest
commmnity deer also reduced species diversity of woody saplings (Harlow and Downing,
76, in the old Beld deer diet not affeet diversity of woody saplings {(Bowers, 1997}, A

Bffects of deer on the species composition of early successional communities are aot
confined to woody species. Deer caused a signiticant reduction in percent cover of legumes
in a Gfaeold, old Beld i Minnesotx by reducing cover of Lathyrus venusus, one of three
legume species present (Ritchie and Tilman, 19953, The negative effect of deer on legume
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cover, however, was less pronounced in the old field than in a savanoa that had never bren
cultivated. In early successional forest habitats changes in herbaceous and shrub layers may
mediate indirect effects of deer on tree speties compasition. Following clearuutdng in
Allegheny forests deer caused a decrease in cover of Rubus and an increase by vover by
ferns and grasses {Horsley and Marquis, 1983). Growth and survival of Prusus sevotina was
lower in the presence of ferns and grass than in the presence of Rulus,

Local deer density and size of early successional patches probably wre imporant in de
wermining the magnitde of the effects of deer on the raw and direction of succession.
Tilghman (1989) demonstrated that deer densities higher than the mean regional densin
were required to ajter domimance patterns and reduce evenness of the species composition
of regenerating canopy trees. In addition, Bowers (19971 suggesied that the magnitude of
deer effects on community properties is less in larger early suveessional patches because
deer browsing s less concentrawed.

Evidence from both early successional communities in bemlocknorthern hardwoods for
ests of the Allegheny Plateau {(Horstey and Marquis, 1985; Stromaver and Warren, 19973
and maple-basswood forest fraginents of southeastern Minnesota (Angustine of al,, 199%)
suggests thar deer can vause shifts among alternate stable states mi forest compnmities, A
particular site has alternate stable states if more than one stable species composition exists
for that site, An extornal force (such as intensive grazing or browsing) can drive the com-
munity from one sable species composition to the another, Once an alternative stable
species composition has been achieved the community will notrevert o its original species
composition even if the external force that caused the shift is removed. For example. Stro-
mayer and Warren (1997) suggest deer browsing of Rubus, which causes the understory to
e dominated by ferns, forces Allegheny bemlock-nonhern hardwoods forests to shift to an
alternate stable state in which competition from ferns will prevent wee regencration even
if deer are temoved, The possibility that intense deer herbivory can push the spevies cone
posttion of a site From one stable state o another increases the potential visks of mamitaning
high deer populations. Once w shift among stable states has occurred it may be mpossible
1 re- establish the onginal community,

Evidence of ecosystendevel effects.~—Wherever deer alter species compesition of a plant
community a corresponding effect upon ecosystem properties and processes. such i size
af rotrient pools in the soil, rate of nutitent ovcling ov pramary productivity may occur.
Deer may have large effects upon the quantity of soil nitrogen in old fiekds and savannas
by affecting the abundance of legume species (Bowers and Sacchi, 1991; Riwhie e el Gul;
Kaops e al., 2000). For example, Riwhic of ol (1998} found thut decreased cover of fe-
gumes in 2 Minnesota savanna where deer were present corresponded to decreased 1onal
available sol} nitrogen and decreased pitrogen in plant tissue, In sddidon, deer exclusion
increased net primary productivity in the savam, perhaps in response (o greater nitrogen
avaitubility (Knops et al., 200405,

In some communities negative divect effects of deer on Jegiune sbundance may be bal-
anced or exceeded by positive indirect effects. Bowers and Sacchi (1991) documented @
positive net effect of deer on cover of the legume, Trifolium prafense. Deer tedhuced the
density of 70 pratense and, thus. preveated epidemics of fungal infections that greatly re-
duced T, pratense density where deer were absent. Because legume cover increased with
deer presvnce in this study, an increase in soil aitrogea might also be expected where deer
are present. Therefore, deer effects on nitrogen availability may be more complicated than
jndicated by divect effects of deer {Bowers and Sacchi, 1991).

In forest ecosvstems effects of deer on the relative abundance of conifer and hardwood
species {eg. Ross o al 1970) could cause farge changes in the vate of nuident oychng.
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Conifer litter decomposes more slowly than havdwond littey and contuins fewer natrients
(MacLean and Wein, 1978 McClangherty of al, 1985, Unforiunatcly, effects of deer on
mitrient eveling in forests that conain both conifers and havdwoods have not heen studied.

SEMMARYD WHAT 18 ENOWN

The most commonly reported effect of deer upon mdividual plants is o change b plant
morphology following removal of the terminal weristens (Magshall of ol 1955, Switrenbery
of al, 1955 Tierson of al. 1966 Jacobs, 1968 Throop and Fay, 198995, Soang svidence abso
exists that deer can reduce growth rates of nee secdlings and saplings (fnouye of wl, 1
Alverson and Waller, 1997 Stange and Shea, 19981 Negatve effects of deev on plant survival
are Jess well documented than effects on growth, bin the wideprepresenmion of saplings
in some tree popubatdons in cormmuniies where deor are abundant moay refleet redus dons
in seedling survival as well as growth. 1o general, deer probably have & mue b Jarger offect
on survival of seedlings and seplings than on the rate 2 which seeds, even aroras (MeShea
and Schwede, 19931, become seedlings (e, the probabifine of a seed hecoaning a seedling,
the germination e},

In sites with high deer densines. deer car affect size disttbutions of populations of pre
ferved browse species by preventing recruitment to sapling and soall adult size classes
(Tierson e al, 1968 Harlow and Downing, 1970 Anderson and Loucks, 1978 Marquis,
1981 Tilghman, 198 Trumbull o2 o4, 1090 Healy, 19975 All studies that docamenied
deerinduced failure of adull recruivnent were conducted i siees where deer densities
exceeded 83 derr ki In addition, because deor feed seleetively, deer can sflect the spes
cies diversity and identine of the dominant spevivs ia bath hevbaceons (Webh of ol 1956,
Horstey and Marquis, 1958% Bowers and Sacchi, 198915 wnd canopy tavers i fores, commie
sities (Hardow and Downing, 1470: Marguls, 1085 Tilghman, 198% These oftects on popr
whations and conununities are best documented for corlv sucee
following timber harvesting. Both through divect effects on juvenile sees and through
indirect effects by changes in the species compustiion of e hoerh laves, deer canostow the
rate {Stocrkeler of wl, 1957 Hardow and Dewning, 197G Ruchie of af, F9U8) and alter the
divection of succession in forests (Harlow and Dowiing, 1970 Hordev and Marguis, 19833,

Muany sinehies resiewed here have dovumenied targe spadal (Anderson and Loncks, 1974;
Frelich and Lorimen 1985 Anderson. 1904 Inouve o ol 1994 Healy, 19977 Augastine amd
Frelich, 1995, Augustine of al. 1998 Roonev of ol 20000 and semporal vaiadon (Inowve
et el 19945 i the magnitade of deer effccs on vegegiion. Both experimeniat (lilghman,
Fo; Anderson. 1994 Augustine and Frelich, 1998 Augustiov of af, 19981 and comparative
descriptive studies (Frelich and Dortmer, 198% Michael, 199 Ronrey of g, 20003 have
shown that deer depsiy b frequently positively and signifloandy correlated whth the mage
nitude of deer offects on vegetstion. Deer densities may be the primary factor affecong
spatial and tempinal vatatdon o deer efferts, However, the denshiy of the plant constmed
by deer {Augustine s a4l 1983 and the availability of plant tesources (particubarly light)
tSarenders and Puettmann, 1391 mav modulate the effecs of deer densiey, The interactions
among these factors should not be discounted in formudating future cosearch questions,

ssionsitl forest conmmdiion

SUMMARY. WHAT 18 S0P ANOWN
(1} Most published anddies huave been conduated i oratire aud early saccessional white
pine-hemiocknorthern hardwoods foress of the Allegheny Platesu (Macquis, st Horsley
and Marquis. 1983 Tilghman, 1989 Trambudl o al. 1989 Butterworth and Tritkowski.
10U, the Adirondack mountaing (Webb ot al, 1856; Sroeckeder o ol, 1957) or the Upper
Great Lakes region (facobs, 1968 Ross of af, 19700 Anderson and Doucks, 1974 Fredich
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and Lorioer, 1985 Ajlison, 199(0; Aberson and Waller, 1997), in maple-basswood forest
fragments in southern Minnesota {Augustine and Frelich, 1998 Augustine of of, 1998,
Stange and Shea, 1998) and in old fields in central Minnesots {Inouye of ol 1994 Ricchie
ang Tilman, 1995 Knops # al, 2000) and wessern Virginia {Bowers and Sacchi, 1991
Bowers, 1997). The potensial for substantial deer effects is high in many other regions of
the United Stes and Canada. 10 not known what effects deer have in these other come
avunities and regions,

2) Effects of deer on aboveground growth raws and stem morphology of plants have
heen more extensively studied fhan other potential effects on growth, morphology and
phenology of individual plants, The effects of deer herbivory on belowground growih and
aspecis of aboveground morphology other than stem density require documentation, In
particalar, the e of the plant may depend upon the rate at which helowground stored
reserves are exhausted and upon the extent to which aboveground regrowth reduces root
growth, moreasing faser drosght morality and decreasing belowground competitive ability,

(%1 Clipping experiments suggest that tining of herbivory (eg. growing seuson vs, do-
sant periods, early in the growing season vs, pear anthesist is important in determining
ehe magnitude of the effects of herbivory (Gedge and Maur, 1992, 19040 Canham of ol
1994). However, i general, the effects of dimiag, frequency and intensin Gusount of teue
removed) in determining the magnitude of the effects of deer herbivory are poorly wider
stood, Stodies thar Bave examined these mechanisms using actal deer herbivory rather
than chpping are especially rave.

4} Do deer effecws on plant morphology and aboveground wowdh the best studied
properties of individual planis, indicate effects on other individual properties. such as sur-
vival and tecundity, populaton growth rates and community composition?® Litde is known
about the magnitude of deer effects on growth rates of plant populations ar on plant fimness,
Whersas some studies have quantified effects of deer upon survival { facobs, 1969 Inouye
of i, 1994 Alverson and Waller, 1997) and fecundity vates (Allison, 1900) of parteudar age
ar size classes, no published studies have constructed complete lifetables with and withour
deer and then used such data o predics deer effects on the finiie rate of increase of o plant
population. Such informaton could allow predicdons of effeces on plant populations and
cormuities o be rauch move precise.

%) The vulnerahilie of most plant communities 1o being pushed into an alternate stable
state by intense deer hevbivory iy tunknown. In how ouny communities is this putentially

irreversible change posible? Can we predict which comnmunities are likely 1o be pushed
into an alernstive stable siate by intense deer herbivoryr

{6y Effects of deer upon ecasystem propeciies and processes, such as murient vveling,
biomass distribudon and productivity, have received Hule study and are poorty understood.

{71 What is the mugnitnde of wmpors! and spatial vaviadon in effects of deer apon
planes? Do differences in deey densities adequately explain temporal and spadal variation
i deer effects? How do the density of the plants consamed and the availability of plam
resonrees yaodify the influence of deer density? Sdies reviewed here clearly show that
effects of deer vary substantidly through thime and in space (Fredieh and Lorimer, 1985
tnouye of al., 1994; Augustine and Frelich, 1998 Augustine of ol 1998y and that differences
in deer dewsities are importam in determining when and where deer will have significant
effects on vegetaton, However, Augustine of al. { 1948 also showed that for a constuy deer
density where the density of the plant consumed was greater, the magnitude of deer effecis
o the plam populaton was less. The interactions benvern deer density, plant abundance
and resource avaifability are poorly understood.
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AME THOIDOLOGICATL CHALLENGES AND LRMUATIONS

Experimental designs involving exdosures or enclosures, which are essental w the ex-
perimental stady of deetr herbivary in the field, pose several challenges that warrant dis
cussion, ldeally, designs would be used that overcome all of the problems diseussed below.
o most cases, however, constraints of Gme and fonsds do vot allow this To this simation.
readers may be better able (o evaluate the strengths and weaknesses of o study’s conclusions
if they copsider the consequences of the lmitatons of the imethodology used.

{1y The great leaping ability of deev can make effective deer exclosurss or enclnsures
difficult 1o construct. The necessary height of the fence will vary with the area of the sie
that s to he fenced and the foncing design, However, in exclosure studies scientisis can
monitor the area nside the feacing for evidence of deer activity, such as recent browse
damage. hoofpring or feces. Published studies that have tiken these precantions and have
been sucrossful in excluding deer exist. These studies cancbe msed as a guideline for offective
fencing design. Studies in which the exclosures ace not completely effeciive in excluding
deer can still produce valuable results 3 the redoction in deer density is quantified,

{2} Subjective fnonrandom) placement of plots can be a serious problem m exelosure
and enclostive studies, I plots are placed in areas of unuseally high deer density, sach as
areas with evidence of revent deer browsing, and this placement s ot clearle planped,
reporied and taker into acconnt in the interpretation of the vesudts,
f such vartation (deer densiies. donsites of the mrget plang

sppeaieous Cconchisions
will be reached. Howe k
etc.y is purposely incorpurated inte the design of the study and i ddeardy reported, this
informstion can evhance seientiss’ uadderstanding of spatial varnation in the prosence and
smgnitade of dewy effeos,

(8} “Fenveline effece’ are anpther challenge of exclosure and enclosure studies, Ret
erence phots that are placed next 1w exclowres may have exceprianaliv bigh raes of her
bisery.

4} Sample sizes frequently sre smadl wexclosure and endosue experiments becanse

exclosures ‘enclustres are expensive (o build, Exdlosure stindies revewed here had 2 mean
sample size of 13,8 plats (30 = 192, vange 1-720N = 303 Seven of the 30 exclosure studies
vend ton preparing this review mxztm;wd ess than two rephicates and four were unreplivated
{Table 1), Sinall sample sizes increase the probabibity thas real differences between manip
wlated plots and congrols will not e detected and, hence, preseat the risk of detectng only
deer offects that are of very lurge magnitide,

(5} The relagonship herween deer density andd the wid bmpact upan a pbnp plant
population or plant cotmunio is important for mamgenens. However, studving the cffeots
of different deer densities is difficult. Whereas ambient deer density usually provides the
‘contro} wreatment” and exclosures provide complete deer absence, intermedinte denshiles
wseably st by simodaed by cipping. A methodologleal problem s that the relationship

between deer densin and degree of browsing damagze is wsaally not known, so the levels of
lipping appropriate for a studs aye unknown, Furthermore, clipping may fail 1o mimic
effects of herbivores in other wasa, such ax thising and pasterns of tssue removal within a
plant {Sirauss. 1988 Puldwin, 1990 Krause and Raffa, 1992y, Tnstead of chipping, compar
isems of vegetation among sites with different deer densities can be made. but then differ-
ences in desy densitles are contounded with other variables, weakening eonchagions. Gon-

clusions from such comparative studies are muc h stronger i a multivariate anabyvsis, such as
path analysis, tue inchudes potentially confounding variahles i the regression model
used o expliin differences in vegetnion between the sites (Roonev of al 20003 A third
method, small randomby Jocated enclosares thist contain different deer densities and are
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sufficiendy replicated avoids inadequacies of clipping and confounded independent vari-
ables, bt is cosily 11 muerials and labor,

(6) Inferring or predicting effects of deer upon plant communities from the extensive
literarore describing deer diews is rempting. However, problems with this approach are so
severe that we have excluded such dam from tiis revicw. Many diet studies describe deer
food ivake with ne corresponding dat on plant abundance. Without the laner, preference
canot be dewrmined. In some stodies data on food intake or on plant abundance e
problematic because, for example. only certain subsers of plants were sampled { Juhnsen.,
1080 despire the fact that deer are known o eat a wide variety of plants. Furthermore, the
relationship between preference and browsing pressure is not always sorong and the rela-
tionship between browsing pressure and plant resporse mav not be clear

SUMMARY: WHAT REMAINS TO BE DONE

Bufficient evidence exists to conchulde that white-tailed deer can have a substantial impact
upon plant morphatogy anid. in some cases, plant growth rates, especially for wee seediings
and saplings. Strong vvidence also txists that W certain cases the structure of pmm popt
Tations and composition of plan commurities can be altered by deer, However, this is quite
different from conciuding that sach effects ave widespread or usual. Stadies conducted w
date indicate that effects of deer upon plams vary substamgally in both space and time,
Deer densty is importmt in determining tempor, al and spatial variation in deer effecs on
segeration. The density of the plant consumed and plant resource availabilio also ¢ oy ibnie
o the observed temporal and spatial variation in deer effecis. Critical future guestions
include “what 15 the relative importace of these factors in determining when and where
substantal deer effects will oceur?’ and “how do these factors interact 1o produce substntial
eifects of deer on plant popalations and communisies?” Finally, an answer o the question
‘how widespread or frequent are substutial effecs of deer on vogenion® awalts funire
research i many North American plant eommunities that have received Hitle or no atten-
fion,

Although we fail to vejeet the null hvpothesic that deer do not have widespread effecis
upon plamt individuals. populations. communities and ecosvstems this does not, of course,
mean that deer effects are not widespread, The muny aspects of plant growth, individisal
fitness, populaton and community structure and dypamics and ecosystem processes that
have not been studicd may be affected by deer. Where deer are alfectuny, for example,
phant growth rates, deer probaldly affect population growth rates, future community come
postien and so on. Likewise, the absence of experiments in many regions where deer are
highly abundant shoudd not be interpreted as evidence that deer do not affect plant pop-
ulations and communities in these regions,

More intevesting thun the scarcity of studies that address particudar quesdons in particalay
communities are three possible explanatons why studies that examine deer effects on veg-
eration may fail to find ggnificant effects, One is that substantial effects may be limited o
certain combinatons of deer densities, plant densities and site characteristics. Another pos-
sibility is that some direct negative effects of browsing are obscared by indirect pasitive
effects caused by reduced compeniton resubing from having zmghbum:g plants cates or
by maintaining prrpul'mcxm below densities at which pathogens are readily trapsmitted. The
thivd possibility, which is especially strong for shortlived planss, is thar many of the most
dramatic changes happened in the past, so that present vegetation has abready undergone
most changes that deer can cause. I so, we will miss these effects because we have noe
buseline o serve as a reference. For example. some highly preferred species that are highly
susceptible to deer browsing may now be so rare or even absent that we cannot now detect
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effects npon themn. The largest changes in deer density ovcurred i the lawe 19th and early
26th centuries (Hahm, 1945 Leopold ¢ al. 1947; Redding, 1995), and the greaiest changes
i plant communities may also have occurred at that time.

Thus, although evidence for widespread substanual effects of white-tailed deer upon plant
populations and communities is not as clear as some have assumed, substantial effects under
particular sets of circumstances have been elearly demonstrated. In the face of wncertainy
the uswal presciption is conservaive panagement, Civen the very large, and sometimes
increasing., deer populations now common in some plant communities atid the worrkorme
possibility that effects of deer overbrowsing may be irveversible, or roversible only with
compheated and expensive intervention m the futore, the most pradent management op-
tion woudd be 1o attempt to keep deer populations at more moderate densities. The aptimal
deer density for any particular site wil vary with the managment objective arpd the plam
community, but the deer densities in studies cited i this review and the presence and
magnitude of deer effects documented i these stidics can provide inital guidelines (Tablke
13. Purthermore, tand managers should be alert for readily observable deer effects, such
altered aboveground morphology or population size disiriburions, on plant species that are
preferred by deer or ave of conservation concer,
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Recent population trend

Wisconsin Deer Population, 1960-2003
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Home Council Initiatives Contact Us Community

Deer - Impacts on Forest Ecology and

Management
Exclosures Overview
Exclosures have been erected by many indlviduals as part of formai studies and as « Council Position

demonstrations. Deer exclosures have been used to demonstrate browsing impacts in the

Lake States since at least the 1950's. Long-term maintenance of exclosures is necessary, * Letter to the Govemor
but difficult to sustain. Exclosures consistently demonstrate the impacts of herbivory on

plant compeosition and growth. Deer Research

« 2005 Reforestation Survey

« 2006 Plantation Assessment

+ 2006 Natural Oak
Regeneration Survey

« Exclosures

.

Presentations

.

Literature Addressing
Impacts

« Chronology of Deer Hunting

* Deer Population

— e .
A 15-year old deer exclosure in Vilas County.
Inside the exclosure, regeneration of maple, birch, hemiock, and white pine is abundant. Outside, where deer browse, grasses and sedges dominate

the understory {photo 2004 by T. Rooney).
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Wisconsin Bowhunters Association

William Friede Complex 17 E Third Street
PO Box 240 Clintonville, Wi 54929 ph: (715) 823-4670 Fax: (715) 823-1385
office@wisconsinbowhunters.org  www.wisconsinbowhunters.org

PROMOTE, PROTECT, PRESERVE

For immediate release

April 18, 2011

Bowhunters support proposed legislation returning
stability and tradition to Wisconsin deer hunting

Senator Moulton and Representative Tiffany and any additional co-sponsors of this
bill should be applauded for their effort to protect Wisconsin’s deer hunting
heritage while still providing the DNR the ability to manage our deer herd.

“It is very encouraging that these legislators understand the situation and are
taking action to stabilize hunting traditions that we can depend on and pass on to
younger hunters” said Mike Brust, President of Wisconsin Bowhunters Association.

Brust noted that although the DNR meant well in implementing changes over the
last several years, they sometimes lost sight of the fact that all the programs in the
world don’t actually manage deer - hunters do.

“Bowhunters will welcome the permanent elimination of the early herd control
hunts, Earn-A-Buck and threats to change the dates of the gun season. With
consistent seasons and regulations, all hunters will be able to plan ahead and re-
establish many of the traditions that have been a part of Wisconsin deer hunting
for generations” Brust said. “We can enjoy hunting again without having to carry
around a regulations book and worry about how things might change again next

year”.

Founded in 1941, The Wisconsin Bowhunters Association is the nation’s oldest and
largest state bowhunting organization, dedicated to promoting, protecting and
preserving the sport of hunting with a bow and arrow. WBH considers the wild
deer herd to be one of Wisconsin’s most valuable natural resources.
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