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\ATURAL HISTORY AND INVASION OF RUSSIAN OLIVE
ALONC EASTERN \,IONTANA RIVERS

Peter Lesictrl trnd Scott Nlilest

Austnrct.-Russian olive (,EkLeugnus ut'rgttstifolia) is an erotic tlce corsiclerecl irrvasive in thc uestern U.S.'fhere rs

concel-n it rvill replacc rativc riparian firrests, resultinq in a loss ofbiological diversitr'. \\'e shrdied the drlamics ol R1ss-
ian olive irrvasion on the Nlarias Rir,er in north central \[ont:rl:r trld the lorver Yellori.stone River ir southcastern \lorr-
tan:r to detcrmire uhere ancl il nhat hnbitats it occLrrs. hus.it is intcracting l'ith plnins cottonuoocl (Popttlus tleltoides)
ancl grecn ash (Frarlirts TtcnnsglturLical, the clominant native riparian trees, and hori'these ilterilctiors u'il] alter 1ut1re
ripirrian fbrests. \lre measru'c-cl size, clensitr'. and age ofllussian olile, cottonu'ood. and grcen rish as u'cll as vegetilti\e
composition attd overston' canopv cover in sample plrts in alluvi:rl bar and telrircc habitats at rauclomlv chosen sites.

Russian olile occrtrre'cl in multiple-age stirrcls on terraces along both rivers but las rareh'found establishing in
recentlr' floocl-depositecl alluvirtm. Diameter grorvth rates clecreirsed rvith increasing olerstorv canopv cover bnt did not
vary significantlv rvith soil moisture as leflected lrv qrounclJtrver'\egetatioll. Russiar olive greu' at nearlr' 3 times thc
rate o{ the natir,c late-sttccessioral green ash :rt sites u,here both occun'ecl together: Russian olive;rtt:riled reprocluctire
ntirtttlit\ at ca 10 r'ears ol age on both rirers, ancl. on aver:rge, there wirs less than I nes'plirnt recmitcd per lnaturc tree
per I'car. Beaver l-elled a high proportiort ofcottonunocl \\.ithin 50 rn ofboth river channels, but Rnssiiin olive s'as littlc
clilmagecl.

Russian olive rvill estnblish rvith increasing liecluencv in rip:rrian frrrests as l'e]l as n'et meaclou,s ancl along clitches
:rncl or erflctrv channels in eirstern Nloltanir. \irtive ripari:ur firrests u,ill be replacecl br, Russiirn olir,e as old cottonn'oocls
clie or upper terraces or are removecl b1'beavcr ncar active chanrels. Cottonu'oocl cstirblishment ancl clorninalce l.ill
lot be precludecl on rir,ers u'here flooding regularlv reiniti:rtcs primtrrr, succession berr;ncl thc zone ofbe:n'er activitr:
Hol'erer, Russian olive mn'preclude cotton\\'ood recruitnent br,shacling secdlings illong streiims x.hcre flooding cloes
ilot occul or nrereh cleposits alltrvinm on top of existing veget:rtion rather than creirtirrg neu channels or brorrcl point
bars. Bccaruse of its long maturation tine ;rnd los' recruitment rate. liussian olive invasion ilr \loritarra lill proccccl
slosl1' compared u'ith manl erotics.

Keg u:u'ds: Russiun olixe, Elaeagnus :rngustifoliir, erotic, cottotTtood, ripurian habitat, Lltntanu. better.

Riparian areas provide important \\'ildli{'e
habitat in the semiarid landscapes o{'lvestern
North Arnerica (revierved in Finch and Rug-
giero 1993, Ntrimtrn ct al, 1993). Numerous
species of plants and animals are restricted to
these habitats, nnd productivitv of riparian
svstems is usualll. ntuch higher thiin rvater-
lirrited uplancls (Brinson et al. 19BI). Exotic
species invade these dn-rarnic svstents and alter
processes and species composition (deWaal et
al, 1994, Stohlgren et al. 1998), often causing a

loss of biological diversitr'(Drake et al. 1989).
Russian oliye (,ElaecLgnus angustifolial is

native to southern Europe and r,vestern Asi:r
(Little 1961) and wils introduced into North
America during Coloniirl times, probablr.' for
ornarnental purposes (Elias 1980). Since ca
1900 it h:rs been planted for lvinclltreak and
utldlife enhancement pulposes and has become

extensivel_-v rltrturalized throu ghout the rves t-
ern United States, especiallf in riparian areas
(Christiiinsen 1963, Olson and Knopf 1986a,
1986b). In \{ontana an rl\rerage oi'10,000 Russ-
ian olive nurserv stock are distributed bv the
state each )'car (Nlontana Department oi'Nat-
ural Resources and Consen'ation lturserv data,
1997). Russian olive has been planted as \\'ind-
breaks in N,{onttrna since at letist 1953 (N{on-
tana Departlttellt of \atural Resources ancl
Conservation nurserv data, 1997), and natural-
ized trees occur along most major ri."'ers in the
Great Plains portion of the state (Olson and
Knopf 1986a).

Russitrn olivc' can enhance h:rbitat for some
u'ildlife species (Knopf and Olson 1984). On the
other l.urnd, there is speculation thnt Russian
olive ma)' hinder recruitlttent of native cotton-
woocls Qopulus) ancl u'illorvs (Scllr; Currier
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1982). A decline o{'these clominirnt natir;e riptrr-
ian u'ood)- plants coukl ctruse the loss of habittit
f<rr species such as cavitv-nesting and insectir'-
orous bircls (Knopf trnd Olson 198'1, Olson ancl
Knopf 1986a).

The purpose of our stuclv u'as to docurnent
the d1'nnmiqs ol Russian olir.'e invtrsion trlong
the legulatecl lor.r'er Nlarias and unregulatecl
lou'er Yellou'stone rivcrs in eastern \Iontana.
Both rivers hrrve peak discharges dominatecl
b1'Iate spring/earl1' sumnler snos'melt. In par-
ticular u'e ask: (1) \\that habitats cloes Russian
olive occupvP (2) Hou' are grorvth, reproduc-
tion, trncl recruitmcnt a{I'cctecl b-v habitat ancl
hou, clo these vittrl rtrtes in{luence its invasive-
ness? (3) Holr- does berrver herbivon' affect
thc interaction betr,r'een pltrins cottonrvood
(,Populus cleltoicles; hereafter referred to as cot-
tonu.oocl) rlnd Russinn olive! We then use this
informtrtion to specultrte on ho'nv Russirrn olivc
lvill affect riparian vegetation in the future trncl

the implications {br manager.nent.

S'r'uov Ans.qs

The Nlaritrs River has its headu'atcrs along
the eastern frorrt of' the Rockl' Nlountains
60-150 km south of thc Canadian borclcr.
Tiber Dam on the \{arias 

"r'as 
cornpleted in

1956 ca 135 river km above its confluence
rvith the Nlissouri River just belou' the torvn of
Loma. We conductcd our stud)'betr,-"een Tiber
Dam ancl Loma (Fig. 1). The lor,ver Nlarias
cuts through scdirnentarl' plains composcd
priniarihr of Crettrceous shales and sanclstones
(AIt and Hvndman 1986) glaciatecl cluring the
Illinoian Ice Age (Perr1' 1962). The lorver river
vallev is betu'een a f'eu' hunclrecl meters ancl
) 1 kn.r r.r'idc ancl fi'equentll' boundecl lt1' steep
breaks eroded frorn the so{i sedimentarr, fbr-
mtrtions. Surface elevations of the \{arirrs
Rir.'er just belorv Tiber Dam and at Loma are
861 and 779 m, respectivelr:

Tlie Yellorvstone River has its headu'aters
in the mountains of southrvestern \Iontana trnd
northrvestern \\''1,'oming. In N'Iontana it flou's
north trnd then east fi'om Yellowstone National
Ptirk to the confluence r,r'itl.r the Nlissouri River
just east of the \'Iontana-North Dtrkota border.
It is unregul:ited its entire length. \\re con-
ducted our stud]' on 2 reaches of the lou,er
Yellorvstone River: (1) fiom Pompel's Pillar tcr

H1'sham and (2) liom ShefTield to Terrl'(Flg 1)

The rir.'er flolr's tl'rrough unglaciatecl, clissectecl

\Vss'l'ERr Nonrrr Arrnnrcrx Nrruru,r,rsr f\tolume fi1

plains underlain b1' late Crettrceous sandstone
o{ thc Fort Llnion {brmation (Alt ancl Hvnd-
mtrn 1986). The ulrper reach generrrlll' has a

braicled channel trnd relativelv levcl floocl-
plain. In n'mch of the lou'er reach the river hiis
rr single channel confinecl betu'een high ter-
races or lou. blufl!. Surface elevations of tlie
1'ellou'stone River trre 939 m at tsillings, 711 m
tit \{iles Citr', and 662 m at Tern:

Clinrrrtt' itlong l,r,tlr rir er, is sirrrilrrr': serrri-
aricl ancl continental. \'Ican annual precipitn-
tion in f!150-19E0 for the \'Iarias (at Lonra)
and Yellou'stone (tit Hvsliam) -"vtrs 32 cn with
i0-75V0 firlling in April through August. N,Iean
annltal temperature in 1950-1980 'uvtrs 6.SoC
nnd 8.0'C fbr Lorria and l{vshanr, respectivclv
(NOAA 1982).

Uplancl vegetation in the 51ud1' slgss is
sl.rmb-steppe or mired-grass prairie donri-
natecl b1' s:rgebrush (Artenisiu tridentata ssp,
utJ o|t1ingensi,s) and/or perennial grasses includ-
ing needle-i,rnd-thread (Stipu c otrufta), u'esiern
u'heatgrass (Agropyron snithii), and blue grarna
(B cttLteloua gracilis). Vegetation of uppernrost
river terraces is dominatecl b1' 5ih'st sagebrush
(Afternisia cond), western rvheatgrass, ancl green
neeclle gras s (,Stip a t i r idula) ; hor.r.ever, extensive
arcas of upper telrace along the Yelkx','stone
River havc been converted lbr agricultural
crops. Terrnces closer to the river channel sup-
port riparian vegettrtion cknrinated b-,' cotton-
wctod (PopuhLs cleltoitles, some P angu,stifolial,
rvillon' (Salh spp.), bu{}Iloberrr' (Shepherclia
argenteu'), trnd l-r1'clrophvtic grasses, sedges, iind
bulnrshes. Vtrscular plant nomenclatr-rre fol-
lou's Gleat Plains Flora Association (1986).
Cottonrvood {brests ma1'be hundreds of mcters
n'icle in meirndering re:rches of the rivers.

Russr.rx Ouvs

Russian olive is a small tree; naturalized
pltrnts nial' reach l0 rri tall in \{ontana. Ii
occurs on soils u'ith lorv to lnoderate soluble
salt concentlations (Cannan and BrotJrerson
1982). OLu' obscrvations indicatc that Russian
olive frecluentlv branches at grouncl ler.'el, onlv
1-2 drri above root flare in rnoist, unshtrclcd
sites. Hou.ever', it brernches well alrove ground
level more o{ien in drier, shadecl habitats.
livigs h:u'e spines, rrncl brancl'rcs elongrrte each

1'ear b1' grou'th fronr :L lateral bucl near the ter-
minus o{'the pre','ious year's gro\\,th. Russian
olir,e is cirlrtrble of sprouting fl'om the basc'
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Fig, 1, Location ofstuch.reaches on the Nlarias irncl Yellou'stone rirers in \Iontana

s'hen claniaged. Nlature trees bear nectar-pro-
ducing flou'ers (Ilaves 1976) that mature into
nlrnerous clusters o{' smtrll, eclible, berry'-like
fmits in late summer. Seccls gernrinate under a

uitle vrrrietr of rnuistrrre cnir,litio,,s at differ-
ent times of the grorving seilson (Shafrotli et
al. 1995), Russian olive fixes nitrogen in its
roots through a sy.'mbiotic relationship u'ith
tlie lri,rcteria Frcmkia spp. (Huss-Danell 1997).

\lpruors

Field \Iethocls

\Ve conductecl our stuclv on the \Iarias and
Yellor.r.stone rivers in spring and summer of
19!17 ancl 1998, respectivelr'. During spring
canoe trips rve mapped all areas u,here u'c
observed Russian olive densitl' o{'at least 20
plrrnts . ha-l :rncl randoml-v selected 19 sites on
the N{trritrs and 15 sites on the Yellor.r'stone {br
sampling during mid-August trncl etrrly' Sep-
ter.nber. At each site u,e subjectir.'el1' loctrtecl
sample plots to represent a recentlv deposited
alluvial bar (u'hen present) and all the clistinct
htrbitats that supported Russian olive. Each
site htid 2-,1 sample plots, for rr total of 38
plots on the \"Iarias and ,12 plots on the Yel-
lorvstone. Sample plots rvere 500 m2 and cir-
cular or rectangular, depending on the sh:ipe

of the stands being samplccl. Frrr each sample
plot rve estimated meirn distance to the edge
of the nearest rivel chtrnnel :ind recorded the
distance above the September river level rvith
a htrnd-helcl level trnd gauging pole. Estimates
for 6 plots on the Yelloll'stone rvere inaclver-
tentll' Iost during fieldu'ork.

In etrch sarnple plot u'e cstiniated canop\.
cover (Dirubcnrnire 1959) of all cornmon ()lolc
cover) r.ascular plant species to the nearest 5%
and estimatecl tall-tree cilnop\r cover u'ith a
spherical densiometer at the centcr clf circular
plots and at 2 ccluidistturt points in rectangular
plots, Estinates of'seedling densitl' on alluvirrl
bars u'ere macle from ten l- or 2-m2 circular
rriicroplot sarlples sp:rcecl evenlv throughout
thc plot. \Ve u,ere not al.nvtr)'s trble to distin-
guish lretrveen 2 sedges, Cru'ex tttlttutlll,s and
C. lanuginosa, ancl so tl-rcv u'ere e^ombined in
the trnalt'ses.

In each sample plot u'e recorcled the num-
ber of Russian olive trecs in etrch of 4 size
classes: seedling (<90 cm tall), sapling (>90
cm ttrll trncl <8 cti basal dian-reter [bd]), pole
(>183 cm tall and 8-13 cm bd), and mature
(>13 crn bd). \Ve obtained age estimates fcrr 3
pl:rnts in the 1-2 donrinant (r,vith the greatest
basal trrea) size classes and :rt least I plant in sub-
orclinate size classes {br cottonu'ood. Russian
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olive, and green :rsh (Fraxinus pennsylaanical
from cross sections or increment cores taken
just above ground level (basal dianeter). \Vc
counted the number of annual rings using a

10x microscope. Age estimtrtes of cotton-,r.ood
taken fror-rr increment cores are likelv to be
less than the actual age because ground levcl
is not alrval.s the level of the establishrlent sur-
face (Bradlev and Smith 1986, Scott et al. 1997).

In addition. some cottonu'ood trees had rotten
centers, resulting in underestimates of age. We
used the oldest measurement for cottonu'ood
stand age, but this shoulcl lte consiclered a

minimum estimate. \'{any Russian olive branch
at grouncl level, irnd root flare occurs just
belor.r', so rve often took increment cores or
cross sections lrom the base of the l:rrgest
leader. The largest leader rvas 1 1'ear vounger
than the base in 5 of 6 juvenile plants rvhere
both u'ere measured; thus, r,r'e trddecl I 1'ear to
the estimated age of Russian olive rvhen cores
rvere taken from the largest le:rder. \Ve mea-
sured basal di:rmeter to the nearest I cm u'ith
a diameter tape :rnd also recorded r.r'hether the
s:rmpled Russitrn olive trees had fruit.

We recorded the nun.rber of cottonrvood and
Russian olive trees in each plot d:imtiged b1.

beavers. \Ve estimated ungulate brou'se use as

the proportion of at least 25 t."r,o-vear-old Russ-
ian olive or cottonrvood tu'igs brorvsed. fivigs
r'r.ith abruptl-'- blunt ends and neu' shoots aris-
ing from lateral buds rvere consiclered brou'sed
(Ruther{brd 1979). Onlv trvigs easilv :n'ailable
to native or domestic ungulates (1-5 {t high)
on vigorous plants r,r'ere chosen haphazardlv
on a random lr'alk through the plot.

Data Anr,ill'sis

We ordinated plot understorv species b1'
percent cover rvith reciprocal averaging (RA).
RA lvas chosen because it is an effective
method lr'hen the data set is structured b1. a
single predor.ninant gradient (Gauch 1982,
NIcCune and N'Iefford 1995). Species scores
indicated that the 1st axis representecl a mois-
ture continuum and rvas a metric of stand suc-
cessional age (see Results), a continuum that
structures man-v Great Plains floodplain vege-
tation mosaics (Johnson et al, 1976, Boggs
198,1). \Ve used RA axis 1 plot scores to quan-
tif,v a successional continuum because vegeta-
tion changes as representecl b1' a multivariate
gradient o{ten integrate important correlated
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environmental variables (\Vhitakcr 1975:120,
Gauch 1982).

Average grou'th ratc uras estintatecl as bas:rl
cliameter divided b,v nge. \\,'e colnpared the
gror.r'th rate of etrch recorcled green ash tree
rvith the Russian olive from the s:rme nlot u.ith
the rnosl similar agc uitlrirr l0 reali rrsirrg a

paired-sarnple / test. For all other gros'th rate
ctrlculations, onlv Russian olive plants u'ith
unambiguous age determinations and 5-12
years old u'ere used.

Recruitn-ient rate is a measure of horv ouick-
lr the dr:nsitr of Rrrssirrrr olir e tlees irrr.rr'ases
in a stand. \\Ie estimated recruitment rate trs

the number of seedling plus sapling plus pole
(ifpoles averaged <10 1.ears old) plants divldcd
bv the number of poles (if thev trveraged >10

1'ears olcl) plus matule plants multiplied bv
their mean age nrinus 10 (number of vears to
mnturitl,). In other u'ords, recruitrnent r:rte is
the number of recmits per mature tree per
year since the stancl rvas l0 vears old. Plots
rvithout mtrture Russitrn olive u'ere excluded
frorrr tlrese unltlvses. This nrc'iLsurc lssunres nu
immigration of recruits ancl is onll' trn approxi-
mate metric of hou' quickll,' Russian olive can
increase trt a site. Seedling and sapling size
classes rvere considered juvenile because onl1,
ISVy (l{ = 114) bore fmit, rvhile 867o (N =
128) of pole and rrature cl:rsses bore fi'uit.

\Ve used regression analvsis to test for sig-
nificant relationships betrveen Russian olive
grou'th irncl recmitment rates and nge, tall-
tree canop.u'cot'el height above the river, :rnd
vegetation. We used anall'sis of vnriance
(ANO\A) to test {br a difference in Russian
olive grorvth rate behveen the 2 rir-ers 'uvith age
ofthe trees as a covariate in tlie tnodel. A I test
rvas usecl to tc.st for ti diff'erence in Russi:in
olive recruitment rate betu'een the 2 rivers.
Tivo-rv:rv ANO\A u'as emplor.ecl tti assess dif-
ferences in brixvse use betn'een cottonrvood
and Russian olive betrveen the 2 rivers.

Rnsurrs

Vegetation of Stud1. Sites

Vegetation on alluvitrl bars u'as sparse. Corn-
nron plants included the annuals Xanthiun
strumarium on the Nlarias (,n = 6 plots) and
Er agro stis hy p nctide s, PcLnicrnn c apillare, arrd
Chenopodiurn botrys ott the Yellou'stone (n =
1,1). Cottonr,r'ood and Salir eilgtut seedlings
\\ere ('ommon on both lircrs.
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\\'etland indicirtor stirtus estimatcs the
= 31-66c/c, facu = 1-337c (Reed 1988).

'I.st.l l. Unclersto.'pl.'t species with highest a'cl lo*"est scores u't Ii{ axis l
probabilit'o1 a species occurrirrg in uctluncls; obl = >9!J.zr, facrv = 67-9g%. firc
Species u'ithout a status gcner:rll1'do not occur iu u.etlands.

Species R{ scorc
\\ietlancl indicator

status

High scores (rvet sitesl
ScirptLs rnurithnus
Et1 r Li s etu n arx e nse lJluriutil e
f,lcntha arcensis
Pholaris antndinaceo
Salix elgua
C ur e x ru I uati lis ll.a nu gi tto s u

S olida go grurni n ifoliu
lltl tle nb e rgia as p e r if'ol.ia
Spttrtirru pectinata
Salit luteo

Lol' scores (moist sitcs)
l'leclicugo htpulina
RluLs triktbata
S t1 r np h o r i uup os ct c c ide nt al i
Pou pratensis
Agn4tryon snitltii
Thc rntop s i.s rlnnb ifoLitL

Stipa r.iridilu
Elytnus canadettsi,s
Agrop4rorL cristuturt
C ul urnot ilftt lo n gifoli a

11,-

3,16

290
z6D

ZD'
23E

Z,JD

195
I92
17,1

-170
-r72
-201
-229
-269
-2El
-296
-316
-319
-377

obl
fac/obl
lacrv
fircg f
lacrv*
obl
f'acl.
facu'
lircu'
facr'*

l;rcu

f*"
iacrr

f-"

Terrace \.egetation associatecl rvith Russian
olive u'as dir.erse. The Ist RA axis accounted
for 39% of variation arnong plots and clearll'
representecl a moisture/successiorltrl Sradienl
spatiltiilg rerr Net lorr terrlrr.es to rlen. dn
upper terrtrccs on both rivers. All 10 suecies
nith tlre highest R\ scrrres are olrligirte or fac-
rrltiLtirc rvetland plirnts. rilrile,{ rrfthe l0 lou-
est scoring species nre lhcultative upland plants,
ancl the remainder arc collsiderecl upland
spe('ies,Table l: Reed l98E;. Tlreru,..r, nlro u
strong correl:ltion betr,veen cottonu'ood stand
trge (oldest tree) trnd RA plot scores (r = 0.59,
P < 0.001).

Russian Olir.e Habitats

Russian olive did not occur in i,rlluvial bar
salnple plots on the \Iaritrs River :rnd rvas
found in onll'2 alluvial bar plots (1,1%) on the
Yellon'stone lr'here densitv \,\/as <4 plants . 100
m-2. Ou ),oung, ntoist terraces (high RA scores),
Russian olive occurred rvith and rvithout tr cot-
tont'ood canop).; holver.er, it never occurred
outside a cotton$'ood canopv on the dr1', high-
est terrtlces. Dc.nsitv ol Russian olive in ter-
race stancls varied froln 20 to 760 nlants .lia-1
u itlr u mean of lEfi rllurrts h,,-l or, the \larias

River. On the Yellolvstone River, Russian olive
varied from 20 to 5120 plants . ha-I rvith a
mcan of 676 plants'ha-l.

Russian olive in all size classes occurred
along both rivers, and most stands r,r.ere multi-
ple-aged. The olclest Russian olives recorded
were 36 and 40 \'ears old on the \,Itrrias and
Yellor,r.stone rivers, respectivell: \,Iean age of
Rrrssiln olirr: stands {i.e.. irge of oldest tree in
plot) rvas 15.3 1'ears F- = f.2) on the Marias
and 18.6 1'ears (r = 1.4) on the yello,uvstone.

The oldest Russian olive tree \\ras as olcl as or
older than the oldest cottonrvoocl in 3g% and
l17c of the stands on the N{arias and yellou,-
stone rivers, respectivell'. In rnant'cases these
lvere stands rvhere cottonu.oods appeared to
have established in {iesh iilluvium deposited
on existing terraces rvith est:rblished Russian
olives.

Crorvth

Grorvth rate of Russian olive (diameter .

age-I) increased rvith age over all aee cltrsses
rr'2 = 0. 10. P < 0.001, n = 153). Tlris r.elation-
ship rvas significant for juvenile trees (5-10
vears; 12 = 0.11, P = 0.002, n = 9l) but not
fbr rnature trees (>I0 vetrrs; 12 = 0.02, P =



0.31, n = 62). Grol'th vtrried betrveen 0.1 and
2.7 cm. 1'r-1, u'ith a mean of 0.80 cm . r,r-l (r
= 0.04) trnd u'as not dilI'erent Lrctu'ecn thc 2
rir.crs (F1,156 = 15.3, P = 0.61) u'hen cor-
rected lbr age. Grou.th rate u'as negativell,
trssociated u'ith height trbor.c the Septcmber
river level for both the \'Iarias (r2 = 0,20, p =
0.028) and Yellorvstone (r-2 = 0.18, p = 0,012)
1'1\'0rs.

Therc rvas no relationship bctu'een grorvth
rrrte of Russian olive and understorv vcgeta-
tion as rcpresentecl br. the lst RA trxis (r^2 -
0.01, P = 0.32, ir = 153). There r,r'as a signi{i-
cant negative relationship betrveen Russitrn
olir.e grou'th rate and tall-tr.ee (i.e., cottor-r-
lvood) canopv cover 0-2 = 0.06, P = 0.002, rt

= 153), ufiich explainecl 2I7a of the r-ariation
u,hen age u'as included :rs a covari:ite in the
regression model (12 = 0.21, P < 0.001).

Creen ash occurred in 6 sample plots on
the Yellorvstone River in the vicinitv of N{iles
Citri \{can dcnsitv of green ash and Russian
olive juveniles (sec.clling * sapling) u,:rs 33
and 13 plants 'plot-l respectivelr: but this dif-
ference n'as not significant (t = 0.71, p =
0.,19). Sapling or larger green :rsl.r varied from
7 to 28 r.cars old. \Iean diametcr grou,tli rate
of grcen ash rvas 0.43 crri . ).ear 1, t'hile grou.th
ratc oi'piiire.d Rnssian olive l'as 1.10 cm . r,'ear-l
(paired siirnplc t = 7.0. P < 0.001). nearlr 3
timcs :rs greiit. \'Iean trges of green asl-r and the
ptrired Russi:rn olive u'erer 16.5 nnd 16.6 r,ears
rc'spcctivelr'.

Repr.oduction

\onc of the Russian olive trees sampled on
the \{ari:rs River- under age 5 producecl fruit.
rvhile all trees over trge 1rl fmited (Fig. 2). On
the Yellor.r'stone River onl1. 1 of 38 plants S6
vears olcl ll'uited in 1gg8. Fruiting generallv
bc.gan trt 7-10 l'ears, tincl 89% of Russian olive
)10 r,etrrs olcl proclucccl lruit (Fig. 2). These
results suggcst the nverage age of lst repro-
cluction for Russian olive on both rivc.rs is ca
10 r'ears,

Recruitment

Russian olile recruitmcnt rate per rlature
trec in '16 stands varied fi'om 0 to ,1.07 recruits
' vr-], rvith a mean of 0.69 recruits . l-r t (r -
0.15). There was no cliflerence in recruitnrent
ratc betu'een the Nl:lrias ancl Yellol'stone rivers
(f = 0.51, P = 0.61). There u.ns no significi,rnt

relationship betu'een recruitment rate and
tall-tree cirnop)' covcr' 0'2 = 0.006, P = 0.61).
Thele rriLs rrlro no si,{rrifit.arrl relatiorrslrip be-
tu-een Russian olive recruitment rate ancl asso-
ciated unclerstorv vegetation :rs representecl
bv Rd axis I plot scores (r-2 = 0.001, P = 0.87),
trnd there \\jas no relationship behveen recruit-
ment ltrte ar-rd eler.'ation above Septenrber
river levels fclr either the \Iariirs 1r.z = O.UO, f
= 0.28) or Yellou'stone 0'2 < 0.01, P = 0.86).

Herbivorv

Beirver clamage occurred in SgTc of tlie
\Iarias River terrtrce stancls u'here an average
of 57.IVo (r = 9..1) of the cottonr..ood ,r-eie
clirnragecl b1' benver, rvhile onll' ll.Gc/c 6 =
5.2) of the Russiarr olive r,vere clamased. Onh,
IbQ of'srrnrple plols on tlre Yelloustone shorred
evidcnce of betu'er, u'ith 78% of cottonrvooc
trees darnaged, u4rile none of tlie Russian
olive in these plots ."vere in1'urecl. \{ost beaver-
damagecl cottonrvood u'ere {'elled at the base.
rvhile clanrage to Russian olir.e rvas usuallv
confined to I or 2 lra5lsl 11"';tr.

Ungulate brou'se use of 2nd-r,ear branch
en<ls uas 39? {r = 5/r r and 56q ir = 5/i r lbr.
Russian olive and cottonu.o<tcl, respectiveh., on
the \'Itrriirs River and 57c/c (i = 6Vo') and lgTc
(T = 6Vo') on the Ycllorvstone. Therc u,ere no
signiiicant dif{'erences in overall brou,se use
bctu'eeu thc 2 rivers (Ft.S+ = 1.19, P = 0.28) or
betr.r'een the 2 species ivhen both rivers r,r.ere
taker.r together (F1.5a = 0.57, P = 0.45). There
\\'as a significant interaction betr,r'een tree
species trnd river (F'r.;+ = 6.02, P = 0.02),
inclicating diflerent ungultrte preferences be-
tu'een thc. 2 rivers.

\\rusrsHr NonrH Alrnnrc,lx N,rruru.lrsr lVolunie 6l

Fig. 2. Proportion of Russi:rn olive trees proclucing lmit
in 2-r'ear agc classcs on the \lirrias ilncl Yellos.stone rir.er.s.
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flou's. Here Russian olive could eventuall."'
preclude cstablishment of cottonll'ood's shade-
intolerant seecllings (Read 1958, Shafroth et al.
r995).

Cottonrvoocl establishment :rnd clomintrnce
u'ill not be precluded b1' Russitrn olive on the
upper reaches of the free-florving Yellou'stone
River u'here flooding and ne.,r' cliannel devel-
opment continuousll' create neu' habitat for
cottonu'ood establishment u'ell bel.ond the
zone of beaver activity Hor,r.ever, cottonu'ocld
mav eventuallv be repltrcecl b1' Russian oli."'e
on the \{arias River rvhere flor,v regul:ition bv
Tiber Drrm htrs chnngecl seasonal florv patterns
:rnd attenuated flood florvs (Rood and Nlahonev
1995). Here riparian cottonu'oocl forests rvill
eventuallr.'be replaced b), Russian olive as olcl
cottonr'voods die on upper terraces ancl r.'oung
cottonrvoods on lor'"' terraces are removed bv
bea','er or shaded bv less pirlatable species
(Lesicti and Nliles 1999). Absence of flooding
decreases alluvial cleposition and cottonr.r'ood
recruitment on trll but the lou'est terraces
close to the rir,'er channel. Beaver clarnage to
cottonu'ood rvas usunlll' severe on these lorver
terrtrces, but Russian olives u'ere little affected
(Lesica ancl \'Iiles 1999). Beaver damage
occurrecl primaril.,' close to the active chtrnnels
on both rivers probablv {br 2 reasons: betrver
are more vulnerable to predators such as cor'-
otes farther lrom the safet,v of rvtrter, and trans-
porting {bod nrtrterial greater distances requires
more energv (Tenkins 1980, Belor,'skv 198.1,
Easter-Pilcher 1987). Indeed, on both rir.'ers
rve observed that Russirin olive often linecl the
riverbi,rnk, u,ith cottonrvood becclming more
common frrrther irlr.av frorn the channel, sug-
gesting that beaver can prevent cottonrvood
fi'om developing a mature canopl, close to the
river s'hile having little e{fect on the contin-
ued invasion of Russian olive.

Cottonu'oocl recruitment ancl gro'nvth can
be adverselr allec tcd lrr livestot.k lrlou sing
(Kau{Iinan and Krueger 1984, Green and
Kauffman 1995). Selectir.'e brou'sing could also
{iu'or one wood}- spccies over another; horv-
ever, we founcl no evidence of tr pre{'erence for
cottons'ood or.er Russian olive in our stud'n'

retrches. \\ie Cid not distinguish betu'een r.r-ild-
Iife and livestocl< brorvsing, and u'e measured
frequencl, ltut not tluantitt' of broq'se darnage.
Hos'er.er, our impression u'as thirt a higher pro-
portion of cottonu'oocl than Russian olive tu'ig

Drscusstor

\"'egetntion of large ripirrian svstems is d1-
namic. Cottonu'ood and rvillor,r' usualll' establish
fiom ri'ind-borne seed on fresh, moist alluvium
deposited b1' floods or chtrnnel meandering
(Braatne ei al. 1996, Scott et al. 1996). Boih
nntive species are intolcrant of shade ilnd
rarelv reproduce in their orvn shaclc or that of
other species (Johnson et al. 1976, Rood ancl

\{:rhoner' 1990), On the \{arias and Yellor'r'-
stone rivers, terraces u,ith an unclerstory of
u'illou,tind a ground lr:lyer of hvdrophvtic pl'ints
(high RA scores) rvere domintrtcd b1' relativelv
1'oung cottonrvoods. As stancls bectrme older,
periodic deposition raisecl ground level higher
trbor.c the rvater table. These older stands sup-
portecl an understor)' domintrted bv less hvdric
shmbs and grasses (Johnson et al. 1976, Boggs
198,1). After 100-200 \,ears cottonu.oocls die
and are replaced bl'sagebmsh or shade-toler-
ant green trsh if it is present (Johnson et al.
1976, Boggs 19E4, Hansen et al. 1995). Our
results suggest that Russiar.r olive r.rrtrl' affect
this successional riparitrn sequence in sever:rl
\\'i1\'s.

Russitrn olive rvas common along both rivers,
ancl older stancls genernllv had plants of manv
ages, suggestilg that recruitment occurs under
established trees and does not require uncom-
mon flood events. Russitrn olive has l:irgc seeds
that lielp allou'establishrnent in the sh:rcle of a
cottonn'ood canopv and in the open on lou'er
terraces iurd other relativell'rvct sitcs, such as

bnnks of overflou' channels (Shafroth et til.
1995). Recruitrnent and grorvth rvere not sig-
nificantlr' :r{I'ected b1' strind age as reflected b1'
understorv vegetation; hor,r'ever, grorvth, but
not recmitment, r'r'as greatc,r on lor,r'er sites
closel to trlluvitrl grouncl u'ater.

Although Russian olive is c:,rpable of germi-
nating on bare, moist alluviun rvith cotton-
u'oods (Shafroth et al. 1995), u'e rarel','obsen'ecl
this in the stucly nreas, trnd Russian olive rvas

younger than cottonrvood in rnost stancls. Both
species grol' cluicklr,l but Russitrn olive cloes

not becor-ne as tall as cottonrvood. On verl'
ncti'n'e rir.'er reaches u'here cottonu'ood estab-
lishment occurs on ne\\. point bars or in {lood
chtrnnels, cottont'ood rvill persist in the pres-
ence o{ Russian olive. Horve\rer, on marlv
streams ancl entrenched rivers, cottonrvood
recruitment occurs primtrrilv in alluvium clc-
posited on existing vegetirtion b1' ovcrbtrnk



length .nvas rer.novecl. This aspect oi'Russian
olive-cotton-"r'oocl cl."lamics neecls f irrther s tudvr

Russian olive clid not appcar.to crpand the
aerial extent oi'riparian vegettrtion in our study,
trreas, bnt it mav allorv tree-clominatecl habi-
tats to persist indefinitelf in areas rvhere cot-
tonu'oocls Jrave diecl or been killed bv beiiver.
Knoyrl arrrI Ols,,n rlgb-lr predit.ted tlirrt Rrrss-
ian olive could increase thc u'idth o{'riparian
corriclors in some areas br, esttrlllishing adjti-
cent to, ltut outsicle of, natir.e u,oodv riparian
vegctation. I{orvevcr, t'e founcl that Russian
olive did not establisl.r on clrier high tcrraccs
u'itltriut a cottonu.oocl or cr.storr'. T]te pr.esence
of Russian olir.c recruitr-nent on .,p1r"i t"..o"",
onlv irr riparirrn forests mtu' be due to facilita-
tion by- cottonu'oocl. The overstorv canoDv
could be n'raking the local niicroclimate cooLi
and more hurlicl than in the adjacent steppc
(Callau'ar, 1992), and/or cottonrvood mav be
rrt'tirrg us ir hr draulit, punrp. brirrgirrg ri-att'r
lroni the rvtrter tilblc to tl.re uppcr rooting zone
(Caldrvell et al. 1998), Hor.r.ever, once Russiari
olive is present on these high terraces, it
appears to persist after overstrtrv cottortr.r'oods
liavc died. In thc absence of Russinn oli'u-e
manv such sitcs rvould be clorlintrtecl bv strge-
bmsli stcppe (Boggs 198,1).

In the riparian svstems of eastern \Iontana,
Russitur olive can fill the niche o{'late-succes-
sional canopv dominant. It is ecologicalh'sim-
ilar to green ash and coulcl reltltrce it u.here
lrotlr or.t.rrr. Russirrn olir e is ilrrrcle t,rlerarrt
(Carripbell ancl Dick-Peddie 1g64), capable oi'
replotlucing lreneatlr a cottonrlood L.anoD\ ()r
irr othel slrirded sites. Older- stirrrtls ol R,irri,,n
olivc generallv have plants of manv irgc.s, indi-
cating that infi'equent clisturltance cvents are
not rcquired for recruitrnent. As cottontvoocls
clecline u'ith age and eventuall)' diropn"nr.,
Russian olive can continue to rcproduce rrnd
tttu l,et'ome Ihe t.an6pr tl.rnrirr,rni qLesiciL and
N{iles 1999). Green ash is also capable o{'
reproducing in the shade ofcottonn'ood and is
tJre native late-successiontrl dominant along
nlajor rivers in much of the Northern Great
Plains and parts oi'eirstern \'Iontana (Johnson
et al. 1976, Hansen et al. 1995). Hou,ever,
Russitrn olive is becoming more common in
\Iontana, and onr clata indicate that it grou's 3
times fhster in girth than green :rsh.

Russian olive has a lou'recruitrnent rate in
eastern \'Iontana and recluires cti l0 1'ears to
reach reproductir.e maturitr'; thus, ir-n':rsion

\\rRsru nx No nrH Arrs Rrcrr N_lrumlrsr fVolume 61

shoulcl proccecl slou4r' compared to manv
aggressive herbaceous or shrubbl. neecls. Tlie
averitge recmitrnent r.rrte (mean nunrber of
recruits per mature tree per I'ear) rvas 0.69. In
our simplifiecl model of invasion dvnamics, r,r..
assume that a stand o{' Russiiur olive is initi-
trtccl b1' a single plant r,r'ith no densitr-depen-
dent change in ler.rrrittrrent r.ate,-n,, ,,g"-
deperrderrt r.lranges in Iec.unditr. un,l n,, ,L,b-
sequent imrligration. An average stand u'ill
havc 1 reproductive tree after 1 generation (10

1.ears) and a 2nd one after another generatiorr
(20 vrs). An :idditional 0.6g mature trees rvill
be recruitecl into this stand cach 1'ear frrr the
next I0 years, brirging the total to 8 mature
trces af'ter 3 generatiorrs (30 r'ears). After this
point the number of rn:rtnrc. trec.s begins to
increase geometr:icnllv as increasingh' r-nore
mature trees are recruited in eacl-r consecutit,e
vear (Fig. 3).

Our model is based on a mean annual
recruitment rate, and fe'"r' stands lvill develop
exactlv tis predicted in Figurc- 3. Recruitntent
rvill be temporalll' sporadic, and the rate nill
be higher in some sites but lou'er in others
Nonetheless, our moclel has heuristic r.alue irr
illustrating ho."r'lou' recruitment rate ancl late
maturation age interact to damp the speecl of
invasion. It ulso can provide guiclelines for the
fi'equencl' of erridication treatments (see belou,)
This rrrodel is c.onsisterrt rrith orrr stun<l drrta.
indicating that Russian olive has been present
lbl lt leiLst 36J0 r (.tl's on lroth rir er.s, but dcn-
sitf in m:rnv stancls is kru,-. In N{ontiina, Russial
olive is near the northern limit of its natural-
izecl range in NortJr Antcrictrn. It ural,be more
invnsive in rvarmer parts of serniarid rvesten-r
North Arnerica

NL{r,.rc;s trsxr I\r pLrcAl.r oNs

Russian olir.e u'ill continue to increase along
-\lonlanrr rivers arrd streirms, at lerrst trar.tlr due
to lt'latir e irrrmunitr fi'om bear er use an<l it,
tree-size stature :rnd sliade tolerance. Cotton-
rvoocl success{ull1' establishcs on tillur.ial bars
and in flood ch:rnnels ancl u'ill continue to be
the clominrint tree trlong manv reaches of free-
flou'ing rivers. Holl'evet \\'e believe that Russ-
ian olive rnal'replnce cottonu'oocl along rcaches
of'rivers and stre:rms rvhere overbtink allur.ial
deposition provides tlie only' est:rblishment sur-
faces lbr cottonu'ood seedlings. Russian olive
c'arr bertrrrc. clonrirrlnI ulong riier'l,anks. ditt.hes.
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Fig. 3, Average nuntber of mature Russian olir-e trees
over time since colonizartion b:rsecl on a model erlploving
enrpiricallv dcrived values frrr ntean recruitrnent,"t"'nnJ
nrirturation itge i,rnd assuming a single immigration irncl no
clensih -depenclcnt eflccts.

anci overflow channels as \\rell as in late-suc-
cessionill, declining cottontvood forests. \,{oist,
little-shaded channels and ditches where flood-
ing rarelv occurs provide habitat conducive to
inr':rsion. Russian olive may also increiise its
prevalence in the understory of man1, younger
riparian lbrests, possibly displacing native
shrubs and small trees such as green aih.

Russian olive does not establish rvell in cln,.
rrplarrd halritats. and inr.asiorr of r.itrirriun conr-
rrrunities ofien depends on proximitr to t,stab-
lished, mature trees. Invasion in our it.,d,, 

"."o,and presumabll. along most \Iontirna rii-ers is
relativclv recent and ongoing, receiving impor_
tant irnpetus from domestic plantings (Leiica
and Nliles 1g9g). Russizrn olive shor,icl rlot be
planted close to riparian or overflor,r, areas or
irrigation ditches ifinvasions are to be avoided.

Where a dvnamic disturbance regime main_
tairrs must of thc active floodrllain in errr.lv-srrc-
cessionill r.egetation (i.e., toung to middie-age
t'ottorrsotrds and rvillowsl, onlt a small oro-
portion of the riparian zone rvill remain ur.rdir-
turbecl long enough to become fulh. stocked
uith Rrrssian olive. Rrrssirrn olire is more likelr
to bt'corne clonrinrrnt in reaches u here the r.inai-
iart zone is less dlnirmic or rvhere the str.errm
is rnore entrenched or has been trrtificialh.,
charrnelized. Tlrese irrclrrdt, r-egulatecl,,,t'.,,-
trenched rivers, smaller streams, and irrigation

ditches. Consequentll', these are the Dlaces
uhere c,ontrol measur.es rr-ill har.e o rrlnr. lonu_
term ltencfit. N,{ost, but not all, Russian olive in_
vasions in eastern \'Iontana occut.over a period
of several det.ades. Eradication of nratrrre tr.ecs
every 10 -vears or of all plants even, S0 vears
rna1. be effective stratc.gies for controlling
Russitrr olir c.
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