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Abstract: Elal'ognu.1 angustifo!ia (Russian olive) is an alien tree dlat is increasingly common in riparian 
habilats or WCSlern North America. Thi" paper reviews the pertinent scientific literature in order to deletnline 
tbe ~r.ams uf E. anguslilo!ia as a rip~rbn invader and to suggest ecological rcasons for irs suceC$s. Elaeagnus 
angustifulia meets the biogeographic. spread, and impact criteriu for invasive species. Ecological character­
islics likely enabling il$ illvasivenes~ indndc aduptatiun to the physical environmental condjtion~ Lhal char­
acterize semi-arid riparian habitats, lack ,)f jmcnse prcssure from herbivores. and tolerance of the c,)mpctitivc 
etfens of established vegetatiun. Wc bdieve that the success of this species is at least partly due Lo iLs abilily 
to take advantage of the reduccd levels '1f physical disturbance lhat charactcrizc riparian habitats downstream 
from dams. Conlrol of E. allf?,usri/n[ia is likely Lu be most promising where natural river fiow regimes rema.in 
relatively intact 
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INTRODUCTION ical disturbance (Hobbs and Hucnnckc 1992, 
D' Antonio et a!. 1999), resource availability (Stohl­

13 iological invasions constitute a major componcnt gren et a1. 199Y), and hahi tat iliversity (Lonsdale 
of anthropogenic global change (ViLousek 1994) and 1999). However. the abililY of a particular alien spc­
thrcaten nati vc biodiversiry and ecosystem functioning cies to establish successfully and spread in a new re­
in a variety of seltings (Mack el al. 2000). Whereas gion depends on hoth the awibUles of the alien and 
all ecosystems arc invasible in principle (Williamson the characteristics or thc ecosystem bcing invaded 
(996), alien species are more abundant in some eco­ (Lonsdale 1999, Prieur-Richard and LavoreJ 20(0). 
systems than in others. In partiCUlar, riparian ecosys­ Unless otherwise noted, in this paper, we use the term 
tems commonly provide habitaL and dispersal corridors "invasion" 10 rerer lO lhe successful eSUlblishrnent 
for alien species (DeFarrarj and Naiman 1994, and spread of an alien species within an ecosyslem. 
D' Antonio et al. 1999, Prieur-Richard and Lavord Although we recognize the problematic negative con­
2000). For example, North Ameriean Greal Plains ri­ nOlation associated with common use of the term "in­
parian areas support greater alien species richness lhan vader" (Daehler 200 I, Davis and Thompson 200 I), 
do adja.cent grassland uplands (Srohlgren et al. 1998), we believe tha.t it may still be a useful and efficienl
 
and riparian areas in the Pacific Northwest support term describing the role of certain species within eco­

greater numbers and cover of aliens Ihan uplands logical ..:ommunities.
 
(DeFalTari and Naiman 1994). In this paper, we review literature on the biology,
 

Theories put fortb to explain patterns of biological ecology. and management or El({eagllus llllgu.Sl(folia 

invasion include those emphasizing th,;: roles of phys- L. (Russian olive, also called oleas{er), an alien tree 
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Figure l. Naturalized sland of Elaeagnus W1E<:IISII/o!ia along the Snake River, lclaho, (Photo by FL. Knopt). 

that escapes from cultivation in much of western North 
Amcrka. in particular, we examine (I) the status of 
E. angusI{folia as an invader in riparian ecosystems of 
interior western North America, (2) some likely rea­
sons for its ecological success, (3) the availahle infor­
mation 011 management and conlrol of tbis species. and 
(4) promising areas for fuUlre research. 

Plant Description 

Elaeagnus angllst(folia is a memher of the Elaeag­
naceae family, which contains three genera (Elaeag­
nilS, Sheperdia, and Hippophae) and approximately 50 
species (Heywood 1993). Tn western North Amel'iea, 
common native species closely related to E. angusti­
folia include Ela£'agnus commulala Bernhardi (silver­
berry), Shepherdia argentea (Pursh) Nuttall (silverber­
ry), a.nd Sh(!plzerdia canadensis (L.) NutaJJ (buffalo­
bClTY, Weber and Wittman 1996). Elaeagnus umbel­
lata Thunb. (autllmn olive) is a related Asian spe~ies 

that was imroduccd to North America for omamemal 
purposes and bas spread from cultivation in parts of 
the mid-westem and the eastern United States (Ebingcr 
and Lehnen 1981, Sternberg 1996). 

Elaeagrws angustifolia is a small tree or large multi ­
stemmed shrub (Figure 1). It is deciduolls, with alter­
nate, lanceolate leaves. Leaves, petioles, and current-

year hrallchlets are covered in distinctive silvery-gray 
peltate scales (Grcat Plains rlora Association 1986), 
Its bark is reddish and sometimes shredding, and 
branches may possess sharp thoms. Fragr<lnl yellow 
flowers are produced in spring and are insect-pollinat­
ed (Figure 2a), Frtlj Ls are oval-shaped, 1-1.5 em long, 
and contain a single, relatively large seed (Figure 
2b.Young and Young 1992). Fmit dispersal occurs 
durlng the fall and winter, primarily by hirds (Van­
Dersal 1939, Borell 1962, Olson and Knopf 1986b, 
Kindschy 1998) and other vertebraLes (G, Katz. per­
sonal observation), and possibly also by fluvial trans­
port (Brock 1998, Pearce and Smith 200 I), Elaeagllus 
angust(lc)lia has bcen shown to b<lve vesicular-<lrbus­
cular mycorrhizae (Riffle (977), It is also an aClinhor­
izal species. participating in <l nitrogen-fixing symbi­
osis with actinomycete:, of the genus Frankia (Zitzer 
and Dawson J992, Johnson J995). 

ELAEAGNUS ANGUSTIFOUA AS A
 
RIPARIAN iNVADER
 

Recent criteria proposed for classifying a species as 
an invader commonly include a "biogeographic cri­
terion": the species must be new to the region (Davis 
and Thompson 2000, Richardson et al. 2000). Addi­
tional criteria have been the subject of considerable 
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Figure 2. (a) Branchlet of Elaeagnus anguslifolia showing leaves and /lowers (Photo by FL. Knopf). (b) Elaeagnus angus­
tifolio leaves and fruits (Photo by G. Katz). 

debate (e.g., Daehlcr 2001, Davis and Thompson criteria provides a useful framework for assessing [be
 
2001) and have included a "spread criterion"; the spe­ ecological role of E. artgus!{folia in North America.
 
cies must reproduce ~Lnd spread in the new environ­

ment (Davis and Thompson 2000, Richardson et a1.
 

The Biogeographic Criterion
2(00), or an "impact criterion": the species must have 
a significant impact on the new environment (Davis Ela(~ag1tus anglts!ijolia is native to southern Europe 
and Thompson 2000). Although some workers have and to central and eastern Asia (Hansen 1901. Shish­
recommended exclusion of the impact criterion (e.g., kin 1949, Little 1961). Within this region, it occurs 
Daehler 200 l), we believe that examination of all three primarily on coasts, in riparian areas, and in ocher rel­
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Fig:ure .1. DiSllibution of Elaeagnu.f QllguslijoliQ in 17 we~tern United States. Figure is modified from Olson and Knopf 
(1986).• = occuo'cnces or E. anglJsr!/(J/ia reported by Obon and Knopf' ([986), 0 "'- occurrences reported by the Great Plains 
Flora Association (1977) . •:. = occurrences rcportcd by Olso)) and Knopf (1986), but excluded by Brock (998), Shaded area~ 

represent regions of extensive naturalization, according to Olson and Knopf (1986).• = occurrences noted between 1997­
2001 0. M. Ftiedman. unpublished data). 

ativety moist habitats (Shishkin 1949. :Zhang 1981). It 
is a component of several forest types. including 
mixed Ta/1"larix-Elaeagnus forests, E. atlgustifolia­
dominated stands, and Populus-Elaeagllus and llal­
o,rylon woodlands (Shishkin 1949. Bakhiev anu Tresb­
kin 1994. Petrov and Kuz'michev 1994). 

Elaf!agllus anguslifolia was intentionally introduced 
to North America as a horticultural plant. According 
to Hansen (1901), it was brought to Nebraska. Kansas, 
the Dakotas, and Minnesota by Rnssian Mennonites 
who used it for bedgerows and as a shade tree. 1l was 
recommended for cultivation in sever'al western states 
in the early 190005 (Christenscn 1%3, Tel1man 1997), 
was planted in Minnesota prior to the 19308 (Deters 
and Schmitz 1936), and was used extensively in wind­
breaks throughout the Great Plains by the 19408 (Read 
1958). 

Public and private agenciel' have continued til <ld­
vocate plant1ng E. angusrifolia for windbreaks and oth­

er horticultural purposes. As recently as tbe 1980s and 
19908, many state and federal agencies were subsidiz­
ing the distributjon of E. angusl!t'olia seedlings in the 
western U.S. and Canada (Olson and Knopf 1986a, 
Haber 1999). It has been promoted and planted in the 
western U.S. as a sourcc of neetar for bees (Hayes 
1976), for wildlife habitat (Borell 1962), and for el'O­
sion control. Tn the eastell1 U.S., E. an~usl!roIia has 
been planted on reclaimed mine spoils (Core et al. 
1988) and in coastal areas because of its ability to 
withstand ocean salt spray and deposition of wind­
blown sand (Morehart et al. 1980). Continued horti­
cultural interest in E. angustifolia is evidenced by re­
ceot research addressing such tOp1CS as ehemically r'cg­
ulating the growth of E. angustifolia in nurser'ies to 
maintain a compact form (Warren 1990), herbicide­
resistance of E. anguslilo/ia seedlings (Abrahamson 
1986, Porterfield et al. 1993), treatments that facilitate 
rooting in E. Qilgustij'o!ia cutti ngs (Chong et aI. 1992), 
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Table I. Quantitative assessments of MlUraliled Etaeagnus {mgusrifoiia in west.ern North America. 

Dcnsity Cover 
River or Location (plants/ha) ('n.) Source 

Rio Grande. NM 
Rio Graude, NM 
Rio Grande. NM 
Chinle Wash, AZ 
Duchesne R.. UT 
Milliken, CO 
Arikaree R.. CO 
S. H. Republiean R., CO 
Platte River, NE 
Maria:, R.. MT 
Yellowstone R" MT 
Snake R.. ID 
Snake R.. fD 
Suake R.. m 

52-357" 
0-·560" 
N/A 

430-1150' 
N/A 
NIA 

0.7-225.2 
4.3-3 1<-i. 3 

N/A 
20-760 
20-5l20 

N/A 
940 

0-55 

N/A 
0-43.3 

J 1.1-34.8 
25--78 
50 
40 
NtA 
N/A 

2.2-24.5 
N/A 
NIA 
80 
81.2­
N/A 

Freehling 1982 
Hiuk & Ohman 1984 
Howe & Kuopf 1991 
13rock 1998 
Knopf & Olson 1984­
Knopf & Olson 1984 
KatL 2001 
Katz 2001 
Currier J982 
Lesica & Miles 2001 
Lcsica & Miles 200J 
Knopf & Olson 1984 
13rown 1990 
Dixon & Johnson J999 

'Only indiVIduals >8 em di.a.meter at breast height and >. 2 III tall sampled.
 
b All individuals ;;unpled.
 
. Estimated from figure.
 

and melhods of propagating E. angusTifolia from leaf 
segments (Economoll and Maloupa 1995) and shoot 
segment.'. (Iriondo et al. 1995). 

The Spread Criterion 

Elaeagnus angusriJolia occurs in most of the con­
tinental U.S., ab~ent only from 13 ~tate~ in the south­
east (USDA, NRCS). In the 17 westcrn statcs it has 
spread from its original plantings without dire.ct human 
assistance and is now widely established outside of 
cultivation (Figure 3; Olson and Knopf' 986b. Brock 
1998). Tl is repolled to be spreading from cultivmion 
in the Canadian provinces of British Columbia, Al­
bena, fvIanitoba, and southern Ontario (Scoggan 
1979). While it is present in much of the centra) and 
north-eastern United States, it is generally described a~ 

only occasionally or rarely escaping from cultivation 
(e.g., Steyermar1< 1963. Rhoade~ and Block 2000. Wis­
consin Sl<lte Herbarium). Similarly. E. ungr.lsTifolia is 
occasionally cultivated in far southern New Mexico 
and Arizona (Olson and Knopf 1986b) but is generally 
not abundant along the Rio Grande below ca. 175 krn 
soulll of Albuql1erque, New Mexico (Campbell and 
Diek-Peddie 1964) and iii not widely naturalized south 
of the Mogollon Rim. Arizona (Brock 1998). Wc 
know of no documented occurrences of E. angust{lolia 
in Mexico; however, suitable sitcs may exist in parts 
of the Siena Madre of Chihuahua and Sonora. Tt has 
also spread from cultivation in semi-arid pares of South 
Ameriea (Klich 2000). 

Elueagl1/.ts anguslifolia was introduced to western 
North Ame.lica by 1900 bnt did no! become prominent 
outside cultivated areas until 2-5 decades later (Cllris­

tensen 1963, Olson and Knopf 1986a). The time lag 
between initial introduction and Widespread invasion 
renects a pattern commonly observed for invasive hor­
ticultural plants (Ewe] c[ a1. 1999. Reichard and White 
200]). Although reasons for the "lag phase phenom­
enon" are often poorly understood (Ewel et al. 1999). 
in lhis case, it was likely associated with (l) a low rate 
of introduction in the early part of the 20"' century, 
with significantly grcatcr rates in the 1930s and 1940s 
in association with government programs, (2) the ap­
proximately ten-year lag before newly establishcd E. 
ungustifulia individuals hecome reproductively mature 
and provide seeds for establishment in new areas (Les­
ica and Miles 2001). and possibly (3) the inherently 
slow rates of spatial spread expected for spccies such 
as E. angllsriloliu that possess relatively large. primar­
ily vertebrate-dispersed seeds. 

The Impact Criterion 

Vef{elal/ol1 C;r{ecis. Given the complex and vaIied in­
teractions [hat occur in most ecosystems. all invaders 
are likely to have ecological effects in their ne'-v ranges 
(Daehler 200 I). The presence or E. GllgllsTifolia has 
influenced vegetation eomposition and structure, as ev­
idenced by high stem densities and canopy cover val­
ues measured at several sites in western North Amer­
ica (Table T). At variOllS sites. E. anguslifolia is pres­
ent in monolypic stands or within mUlti-species can­
opies. For example. al sites on the Middle Rio Grande, 
New Mexico, E. wl/;uSr({Dlia was co-dominant with 
Populus frenwntii S. Wats. (Fremont cottonwood) as 
an overstory species, and dominanl or co-dominant in 
the shrub understory (Freehling 1982). 
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Invasion by E. angust(folia may a](er the succes­
sional dynamics of riparian forests. In mllch of interior 
western North America, nalive. riparian forests are 
dominated by pioneer species (primarily Populus and 
Salix spp.) that rely on physical disturbance to create 
bare, moist patches for seedling establishment (Braatne 
el a1. 1996, Auble and Scott 1998). These species are 
generally intolerant of shade (Shafroth et a1. 1995) and 
do not become established within intact vegetation 
(Katz et ai. 2(01). In the western Great Plains, shade­
tnlerant or late-Sllccessiona1 tfee species are rare or 
absent from the native riparian forest flora. In the ab­
sence of physical disturbance, riparian forests eventu­
ally succeed to non-forested communities such as prai­
rie (Friedman et al. 1997), or sagebrush steppe (Lesica 
and Miles 2001). Here, E. angust([olia constitutes a 
new functional guild; it can establish beneath the can­
opy of native Jipatian trees (see below) and can form 
self-replacing stands. In more humid parts of western 
North America. E. angustifolia may compete strongly 
with native species such as Fra.'finus pellllsylvanica 
Marsh. (green ash) and Acer negundo L. (box elder), 
whicb arc seral in Populus stands (Lcsica and Miles 
2OCl! ). 

Faunal Effecls. Alien plants tlIat successfully estab­
lish and spread in new environments may alter the use 
of ecosystems hy animals. Although E. angust(folia 
has been promoted for use in wildlife habitat plantings 
<Borell J962), there has been relatively little research 
on its use by auimal species. Borrell (1962) noted 42 
bird species and 5 mammals that eat E. angust(folia 
fruit, and Freehling (1982) reported an average of up 
to 24 bird species that use E. al1gustifofia-P. frenwntii 
forests along the Middle Rio Grande in New Mexico. 
However, except for mourning dove (Zenaida ma­

cmura L), it was not clear to what extent the bird 
species were using E. angusti,t(l/ia versus co-occurring 
vegetation (Freehling 1982). Knopf and Olson (1984) 
found that bird species richness and alpha diversity in 
monotypic E. angustiolia stands were intermediate to 
those or native riparian and native upland vegetation 
types in Colorado, Idaho and Utah. For smaJi mam­
mals. species richness was greater in E. angustiolia 
stands th,Ul in the native ripari'ffi and upland vegetation 
types (Knopf and Olson 1984). Stoleson and Finch 
(200 J) found nests of 1 I bird species in E. angus/i­
folia, a m.inor forest component out of a total of 29 
species observed to be nesting in liparian woodlands 
of the Gila River in New Mexico. Of thei,e, only 
mourning dove. willow flycatcher (Empidonax rraillii 
Aud.) and yellow-breasted cbat (lcteria l'irens L.) nest­
ed frequently in E. angllstifOlia. Black-billed magpies 
(Pica pica L) nested almost exclusively in E. angus­
tifolia on the Snake River Plain in southeastern Idaho 

prior to expelirnental treatment but appeared to shift 
nest sites successful1y to big sagebrush (A rtemisia (ri­
denlala NUll.) following removal of E. angusti[olia 
from a management area (Gazda et al. 2(02). 

In some cases, E. angusttfolia may provide impor­
tant structural habitat for wildlife species. It can fonn 
an intermediate-height understory canopy layer that is 
lacking in some nativc riparian forest communities and 
may increase the spalial extent or woody habitat by 
estahlishing on the outer edge of native riparian forests 
(Knopf and Olson 1984) or within fonner grasslands 
and herbaceous wetlands (Gadza et aI. 2002). A test 
of the structural importance of E. allgllstijolia was pro­
vided by Brown (1990), who compared bird use of 
Salix and E. angusti{olia habitats of similar structure 
along the Snake River in Idaho. In the \vinter season. 
more roraging guilds were l'ound in Salix. than in E. 
allgllstifolia stands, but no other differences existed. Tn 
me breeding season, species richness, abllTIdance and 
den~ity were significantly greater in Salix than in C. 
angust{t'olia habi tats, and all foraging guilds avoided 
E. allgustifolia (Brown 1990). Certain bird guilds, such 
as cavity nesters, appear to be consistently absent froln 
E. Clngust~lolia stands in New Mexico (SLOlei,on and 
Finch 20(1). 

Differences in bird use between E. angllsttfolia- and 
Salix-dominated habitats might be due (0 rclati vely 
low insect abundance in E. angus/ij()!ia stands (Brown 
L990). In other settings, greater insect species richness 
has been associated with trees historically abundant in 
a region compared to recently introduced trees (South­
wood 1961). Waling and Tremble (no date) examined 
this question in their study of invenebrate berbivore 
communities associaled with dominam native (SO!i1 

exigua Nutl. and P. IremorLtii) and alien (E. angu.I'li­
.fblia	 and TanlOrix ramosissima Ledcb.) plants along 
me San Juan River in Utah. Species richness of insect 
herbivores was much lower on E. angusl(folia (8.23 ::: 
3.08 species/lOO sweeps) than on the native S. exiguo 
(24.25 ::: 4.39), but numbers were similar 011 thc native 
P. fremontii (8.22 :t 3.59). Insect densities were also 
lowest on E. allguslifolia (13.53 ::: 5.92), greatest 011 

S. exiglla (210.34 ~ 115.83). and intermediate on P. 
fremontii and T. raJnosissima (Wm'ing and Tremble no 
date). 

Ecosystem Le\'el Ejj'ecis. Alien species may alter eco­
system processes sLlch as disturbance regimes (Mack 
and D'Antonio 1998, D'Antonio et al. 1999) and nu­
trient cycling (Vitousek et al. 1987). Invasion by E. 
angus/ifoIia potentially influences hydrogeomorphic 
processes, for example by increasing Iloodplain rough­
ness in habitats where woody vegetation would oth­
erwise not occur (Tickner et aL 200 I). However, we 
know of no research that has addressed this issue, In­
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vasion by E angustifoha also potentially affects eco­
system nutrient levels, although we know of no studies 
that have demonstratcd this in natural scttings. 

Elaeagnus angu.\"I(folio is an actinorhi7.al species. 
forming nitrogen-fix ing root nodules in symhiotic as­
sociation with actinomyceres of the genus Frankia 
(Miller and Baker 1985, Zitzer and Dawson 1989, 
Morelti ! 993). Degree of nodulation in E. angust(folia 
was related to soil type, soil pH, and possibly soil 
aeration in cemral illinois (Zitzer and Dawson 1989, 
7.iLzer and Dawson J992) and La salinity in experi­
mental treatments (Kcfu and Harris 1992). As is typ­
ic,,1 of nitrogen-fixing plant species, E. anRusli!'olia 
h,IS high leaf nitrogen content (Royer et al. [999, Si­
mons and ScasLcdt 1999). Leaf lillcr from E. an.gus­
t(folia populadons contained 3.08% N in Spai n (Ber­
mudez de Castro et a1. 1990),2.25% N in Frc1l1ce (Do­
mcnach ct al. 1994), and 1.8-2.7°1£; N in Colorado, 
compared to 0.7-1.4% N for Populus deltoides Marsh. 
ssp. moni1ifera (Ajron) Eckenwalder (plains cotton­
wood, Simons and Seastedt 1999). Leaves of E. an­
gusI(folia contained 3.1-3.3% N in Spain (Uinares et 
al. 1992), 2.9% N on the Rio Grande in New Mexico 
(Johnson (995), and 1.6% N in southem Jdaho, com­
pared Lo values of < I % for native Populus rremuloides 
Michx.laspen), Comus slOlolt~fera Michx.(dogwood). 
and Popu.lu.s balsamifera ssp. fric!zocarpa (1'01'1'. & 
Gray ex Hook.) Brayshaw (black cottonwood, Royer 
ct al. 1999). Leaves of lahoratory-grown E. al1gusti­
folia seedlings contained 3.3% N, which was associ­
ated wilh a high photosynthetic rale (Cote et al. 1988). 

Because of its actinorrhizal nature, high leaf nitro­
gcn contcnt and dcciduous hahiL, E. angustifolia may 
contribute siguificant additional nitrogen to ecosys­
tems thaL iL invades (Berrmldez de Castro el al. 1990). 
Indeed, E. angust(folia has been used as a "biofertil­
izer" or nurse crop in silvicultuntl setLings becausc the 
decomposition of its leaves and sloughed root tissue 
adds nitrogen (0 plantation soils (Dawson and Sam­
beek 1993, Dornenach et al. 1994). Fur!.her, LI inares 
el al. (] 994) suggested that allelopathic chemicals in 
E. angusl(foha litter inbihit microbial nitrification and 
may resul( in considerable N-conservation on sites 
dominated by E. anf?ustifolia. Although Dornenach et 
al. (1 Sl94) found that complete leaves of E. al1gusr~folia 

had relatively high lignin:N ratios, tbey also concluded 
that a large proportion of the leaf components were 
\vuter-soluble and N-lieh and. therefore, were prohably 
prone to ready biodegradation. On the orher hand, 
Royer et al. (1999) found slow processing rates of E. 
angustifolia leaves in some Idaho sueams and sug­
gested that slowed litter processing might alter local 
and downstream aquatic communities. 

ThTVASTON ECOLOGY 

MosL allempted general explanations or biolugil:al 
invasions have foeuscd on either the attlibutcs of suc­
cessful invader~ (Bingelli 1996, Rejmanek and Rjch~ 

ardson 1996. Crawley et a1. 1997) or 011 the attribmes 
of inva~ible communities (Lavore! et aL 1999, Prieur­
Richard and Lavorel 2000). Another approach, pre­
sented by Lonsdale (1999), is 10 view the relative suc­
cess of an invader as a funClion of both its rate of 
introduction and its rate of survival in the new range. 
The sUri-'tval rate includes at least four SUb-compo­
nents: survival considering maladaptation (or adapta­
(ion) to the pbysical environment of the new range, 
survival given the effects of herbivores and p[lthogens. 
survival ilS infl uenced by competition from native veg­
etation, and survival after chance exti nction evcnts 
(Lonsdale 1999). The overall survival I'ate is inllu­
eneed by both the attributes of thc alien plant and by 
{he propel1ies of the ecosystem potentially being in­
vaded. Below, we examine the first three of these com~ 

ponents and the role of physical disturbance. 

Adapt<ltion to the New Physical Environment 

Tolerance of the abiotic condition~ that characterize 
a ncw rcgion is a prerequisite for invasion there. Be­
cause it is native to lemperate area~ of Eurasia, E. an· 
K~/sIUi)lia is prc-adaptcd to the general climatic con­
eli tions that characterize much of intcrior western 
Nonh America. However, within this region, the suc­
cess of E. ansustifolia may be due m its ability 1O 

tolerate a broad range of physical conditions and to its 
relative lack of specialization with respect to fluvial 
processes. Baker (1965) argued that weeds should pos­
sess "gcneral purpose" genotypcs, which prc-adapt 
them to grow under a wide vallely of environmental 
conditions. There is some evidence that E. an-gustifolia 
fits this description, especially in comparison (Q native 
woody riparian taxa. Below, we review the currently 
llvailable pUblished information on the tolerance of E. 
angustifolia to varying levels of (l ) soil alkalinj ty and 
~alinity and (2) moisture availability. 

Soil Chemistry. In experimental studies, E. angusli­
folia has heen shown to possess high alkali tolerance. 
Sccds and recently gcmlinatcd secdlings of E. angus­
tifolia rated as the most alakali tolerant of twenty COlll­
nlOll shcllcrbelt speGies te~ted for tolcranGC of Na1SO. 
mId Na,CO, (Stoecke1er 1946). Field observations are 
consi~tent with thi~ result, as E. lmgusli/'olia is report­
ed to be naturalized on some alkaline sites (e.g.. on a 
gypsaceou~ alkaline gley solonchack in Spain; Ber­
mudez de CasU'() et al. 1990), and several workers have 
stated that E. angustifo/ia is generally tolerant of al­
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kaline conditions (Read J958, Bertrand and Lalonde 
1985L 

Elaeagmls angustifo/ia seems to be fairly tolerant of 
salinity in experimental studies. Using leakage of UV­
absorbing substan(;es a.<> a measure of cellular injury 
from salt treatments, Redmann et a!. (1986) deter­
mined that E. allgustifolia leaf tissue was very Lolerant 
of both NaCl and KCI. Monk and Wiebe (1961) con­
ducted salt ilTigat.ion experiments with equal parts 
NaCl and CaCl 2 and found E. angust!folia seedlings to 
be tolerant of a 10.3 gIL sannity level, grouping it 
among the most salt-tolerant species studied. Funher, 
Kei'll and Harris (1992) cited data indicating that 
growth of E. allgustifolia seedlings was unaffected by 
wcckly application of an 8 gIL solution of NaCl, with 
only slight injury resulting from a 10 gIL salinity level, 
severe injury occurring at 14 gIL, and frequent mor­
tality at 16 gIL and higher. By comparison. P. fre­
montii seed germination was inhibited by irrigation 
viith a mixed-salt solution of 4.0 gIL (Sbafroth et a!. 
J995), and decreased performance of rooted cuttings 
has been reporred at salinity levels of 4.0 gIl (Glenn 
et a1. 1998).5.3 gIL (Vandersande et a!. 20(1), and 
6.0 giL (J ackson el a1. 1990), with mortality occurring 
at 6 gIL (after 120 days, Jackson et a!. 1990) to J6 gl 
L (arter 60 days, Glenn ct a1. 1998). For P. delloides 
rooted cuttings. significant reductions in growth have 
been observed at NaCI concentrations of 5.8-11.7 gIL 
(Singh ct a!. J999). 

Although E. angustifolia is somewhat salt-tolerant, 
it cannot survive the extremely high salinities that 
characterize some western U.S. habitats. Although 
Kefu and Harris (1992) cited daw indicating that E. 
angustifolia can grow in soils wilh sal initie;.; of 10-15 
gIL in China, sites supporting non-cultivated E. an­
gu.sti/illia populations in Utah had average soluble soil 
salt conccntrations of 2.0 gIL (range 0,1-3.5 giL), 
compared to 5.2 giL (range 0.7-15.0 giL) on sites sup­
porting saltcedar (Tamarix spp.; Cannan and Broth­
erson 1982). In anothcr study, al1 E. angusr{ti)/ia seed­
lings pJanted in a higbly saline (EC 9.2 dS/m) and 
sodic (SAR 33.1) bentouite soil in Wyoming died 
within two weeks (Uresk and Yamamoto (994). 

Soil Moisture. In the westem United Stales, drought 
stress is commonly experienced by vegetation, even in 
riparian areas (Albertson and Weaver 1945, Tyree et 
a1. 1994). Although many authors mention drought tol­
erance as an important part of the horticultural appeal 
of E. angus/(folia (Hansen 1901, Deters and Schmit.z 
1936, Little 1961, Sprackling and Read 1979), there is 
relatively litlle published research that can be drawn 
upon to support this claim. Deters and Schmitz (936) 
studied shelterbelts in Minnesota following a 1930s 
drought and fOLlIld that E. angwmjolia showed very 

high survival, although ic was a minor shelterbelc com­
ponent. However, in the more arid Southern Plains, E. 
angusr{folia pl<lnted in windbreaks suffered consider­
able dronght-induced mortality following dry condi­
tions in (he 1950s (Read 1958). Further evidence for 
only moderate drought-tolerance is provided by Car­
mean (976). who found that E. angu.stifolia grew best 
on a moderately drained silty clay loam soil in western 
Minnesuta and that it perfonned most poorly on a very 
well-drained sandy loam. 

Although at the landscape scale. E. angusrifolia is 
naturalized primarily in moist sites, at the local scale 
it occurs on sites with a Yarlety of moisture conditions. 
Campbell and Dick-Peddie (1964) observed natural­
ized E. anguslifoLia popUlations on xeric, mesic, and 
hydric siles along Lhe Rio Grande in New Mexico. 
Elaeagnus angu.Hi/o/ia has been characterized as typ­
ical of moist pastures and rangeland (CaIman and 
Brotherson 1982) and frequently flooded wetland 
meadows with saturated soils (Currier 1982). How­
ever, Knopf and Olson (1984) characterized sites sup­
porting E. angustifolia stands in Culorado, Idaho, and 
Utah as intermediate in 1l10istme, compared to riparian 
and upslope areas. Similarly, E. angltsl~folia occurred 
at intermediate elevations within the bottomland of the 
Snake River, Idaho (Johnson et a1. 1995). On the Ma­
rias and Yellowstone Rivers in Montana, E. angu,\·ti­
folia was restricted to the cottonwood understory on 
dry high terraces but oCCUlTed with and without a co[­
lonwood canopy 011 moist. lower-elevation LC1Tlll':CS 
(Lesica and ?\,jiles 200 I). 

Elaeagnus anguslifolia may be similar to native 11­
panan [ree taxa that possess few adaptations to drought 
(Stromberg and Patten 1992, Tyree et a1. 1994, Rood 
et a1. 1995) in that it sometimes survives in arid en­
vironments as a facultative phreatophyte, avoiding 
drought stres~ by tapping into a relatively constant 
supply of ground water. Zhang (\981) reported that E. 
angustifolia was much less physiologieaUy drought­
tolerant than the xerophytes Nirraria langurorum 
BubroY. and Haloxylon ammodendrOl1 (c. A. Mey.) 
Bunge, and that its survival in the Min-Qin area of 
China was primarily due to its ability to extend irs 
roots 1 to 3 meters downwards to ground-water sourc­
es. For the seedling stage, Shafrorh el a!. (1995) fOllnd 
no difference ill the response of E. all8HStifolia and P. 
delroid~~s seedling establishment LO various watcr ac­
cessibility treatments. For both species, the lowest 
numbers or seedlings survived when ground-water lev­
els were farrhest from the soil surface. 

Re1ar.ive to many native riparian trees in western 
NOTCh A merica, however, E. angusrf(olia does seem to 
possess some adaptations for drought-tolerance. 
Whereas Shafroth et a1. (1995) found that biomass did 
not differ betwcen E. anguslifolia and P, deltoides 
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seedlings grown under varying water accessibiliry 
treatments, root:shoot ratios were higher for P. delro­
ides thun for E. angust(lolia, suggesting that E. an­
gusti[olia may have additional drought adapwtions that 
-:ompensate [or its relatively small roo( mass. Indeed, 
comparcd to native riparian tree taxa, E, anguslifblia 
seedling~ and adults possess some apparentlY xero­
morphie attributes, including reflective silvery foli age, 
a relatively thick cuticle. and sunken stomata (Zhang 
1981). Klieh (200U) argued that morphological and an­
,t[omical leaf variation wiiliin individual E. Qngllsri­
folia canopies constituted an adaptive advantage in 
semi-arid riparian habitats characterized by strong var­
iations in solar radiation, air temperature, and humid­
ity. 

Effects of Herbivores and Pathogens 

When a species is introduced into a new area, it 
usually leaves behi.nd specialized predators and path­
ogens that prey on it in its native range. Therefore. the 
success of invasive species has sometimes been attri­
buted to this release from" natural enemies" (Crawley 
et a1. J997, Mack et ai. 2000). HO\vever, if generalist 
native predators (including herbivores, granivores) and 
pathogen:; are present in the new region, they can po­
tentially have a large influence on the survival of the 
alien species (Katz et aL 200 1). Herbivory by intro­
duced livestock and attack by introduced pathogens 
may also influence the success Qf a plant invader. 

Herbivory does not seem to limit E. angu,\'tij'olia in­
vasion in western Norlh America to any great extent. 
Population densitie,s of invertebrate berbi,'-ore" were 
low on E. angusti[olia along the San Juan River in 
Utah (Waring and Tremble no date). Native beaver 
(CaSTOr Canadensis Kuhl) harvested very few E. all­
gusti;faZia trees, and the severity of beaver damage was 
low compared to the mortality and damage inflicted to 
native p, deltoides on both the Maria5 (Lesica and 
Miles 1999) and Milk Rivers (Pearce and Smith 2001) 
in Montana, Although domestic livestock will browse 
E. angusli!,olia (G, Katz, perso/lal oh,\'en1al1£m), the 
observation that E. all!justi[olia commonly invades 
into grazed meadows and pastures (Currier 1982) sug­
gests that herbivory does not prevent its survival. In 
addition to large seed reserves that may enhance the 
survival of seedlings following browsing (Armstrong 
and Westoby 1993), E. anguslifolia adults possess sev­
eral aclapt['\tions to deter grazers, including sharp 
thom1- (Hansen 190 I) and leaves containing abundant 
defense compounds (T. R. Seastedt. personal COIn­

munication). On the other hand, granivory by gener­
alist mamnla]s (primm'ily house mice, Mus musculus 
1.. <Uld deer mi-:e, Peromyscus maniculatus Wagner) 
completely prevented germination of E. amlgusti[olia 

seeds outside of small mammal exclosures in study 
plots in Colorado (Katz et al. 2001). 

Elaeagmls angustifolia is subject to several diseas­
es, both in nurseries and in field settings. Published 
reporL~ of diseases in E. angusti[olia nursery stock in­
clude documentation of scveral fungal eankcrs (Arnold 
and em-leI' 1974, Morehart et a1. 1980, Krupinsky and 
Walla 1986, Morton and Krupinsky 19X6, Peterson 
and Morton 1986) and a leaf spot Fungus (Loren7.ini 
er a1. 1984). Read (1958) stated that disease caused 
considerable mortality of E. Qngusti[o!io planted in 
windbreak..;; ill t.he Dakotas, and there is increasing 
concern about disease and die-back of omamelHal E. 
wlglistifoZia plants in the Midwest and Great Plains 
(e.g., anonymous 1987, Pottorff and Jacobi 1998, Tis­
serat 2002). For nati vc E. angLlst~I()lia, Petnw and 
Kuz'michev (1995) described die-back of native E. an­
RIlst![o!ia in forests near the CN-pian Sea due to vas­
cular bacteriosis carried by a bark beetle. Episodes of 
widespread mortality and bark beetle infestation are 
apparently common for E. angu.Ytifolia in its native 
range (Petrov and Kuz'michev 1994). 

Competition aud Disturbance 

It is often generalized that physical disturb<1nce fa­
cilitates biological invasions (Fox and Fox 1986, 
Hobbs and Huenneke 1992), presumably by removing 
competing vegetation (Lonsdale 1999) and releasing 
rcsourccs. In many settings, biological inva:;iol1s arc 
cnhanced by increased levels of physical disturbance 
or by thc introduction of new kinds of disturbance into 
native ecosystcms (D'Antonio and Vitomek 1992, 
Hobbs and Huennekc 1992. Crawley Cl at. 1997). Such 
patterns result from the fact that, in the ~cosyslerns 

studied, invasive alien species are better able to eolo­
nize. grow, and reproduce in disturbed hahitats than 
are the native species (McIntyre and Lavorel 1994) or 
are better able to tolerate novel kinds o[ disturbance 
to which the native species arc not adapted (e.g., Mack 
and Thompson 1982). 

The case of E. angusri[olia invasion in western 
North America provides a contrasting example to these 
general pattel'lls (Lesica and Miles 1999). In the pres­
ent example. the invader seems to have ecological 
characteristics typical of later-successional species. 
while nati vc riparian trees tend to be pioneers, depen­
dent on physical disturbance for recruitment (Shafroth 
et al. J995, Katz cl al. 200 I). Field observations in­
dicate that E. an;;ustijolia i.~ relatively tolerant of the 
competitive effects of established native vegelation, in­
vading heneath woody overstories or within herba­
ceous vegetation, Along the Rio Grande in New Mex­
ico. £. allgustifo1ia occurs as an understory species 
(Howe and Knopf 1991) and without an overs tory on 
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some reaches (Campbell and Dick-Peddie 1964). 
Knopf and Olson (984) observed naturalized E. an­
gustifolia individuals growing both within cottonwood 
floodplain forests and colonizing wet meadows in Col­
orado, Idaho, and Utah. Along the Bighorn River in 
Montana, E. ttngustij"olia occurred beneath the open 
canopy of middle-aged cottonwood woodlands. as well 
as on the outskirts of cottonwood stands (Akashi 
1988). Currier (1982) considered E. ollgusr(folia Lo be 
typical of heavtly grazed pastures along the Plane Riv­
er. Nebraska, although it also occurred in some ripar­
ian forest understories. Elaeagnus angllsti./olia has 
been characterized as typical of moist pastures in Utah 
(Christensen 1963) and pasture land along the North 
Platte River in Nebraska (Bovey 1965). 

Two experi mental studies support these field obser­
vations by suggesting tl)at E. angusri./olia is relatively 
shade-tolerant compared to native P. deltoides and that 
it is able to establish within intact vegetation. Shafroth 
et al. (1995) found that artificial shade decreased 
growth of P. deltoides seedlings more than E. angus­
I!folia seedlings in expeJimental planlers hut that there 
was no effect on seedling survival of either spccics. 
Kav. eL a1. (2001) found that seedling.~ o[ Ii. angusti­
folia became established within dense, undisturbed 
herbaceous vegetation, while thosc of P. deltoides did 
not. 

Seed Size, Dormancy and Longevity. Ecological at­
tributes contributing to the latcr-successional regener­
ation traits o[ E. angustifu/ia may include large seed 
size and seed longevity. Seeds of E. angusr(folia weigh 
approximately 0.09 g. eompared to 1.7 X JO-4 g for 
Salix amygdalaides Anderss. (pcachlcaf willow; 
Young and Young 1992) and between 2.0 X 10"3 g 
(Young and Young 1992) and 6.04 X IO-~ g (Fried­
man et aI. 1995) for P. delToides. Large seed size is 
associated witb several ecological attributes including 
establishment. growth, and survival in the s11ade 
(Grime and Jeffrey 1965, Foster 1986, Saverirnuttu 
and WcsLoby 1996), tllC ability o[ seedlings to estab­
lish within intact groundcover (Reader 1993). seedling 
survival following defoliation (Armstrong and Wes­
toby 1993). and possibly seedling establishment under 
arid conditjons (Bakcr 1972. Leishman and Westoby 
1994. Westoby et aI. 1997). On the other hand. be­
cause of the trade-oft's between seed size, seed nnm­
ber. and dispersabiliE)' (Harper 1977, Rees 1997). good 
invaders might be expected to produce abundant, 
widely dispersed, small seeds, rather than fewer large 
seeds requiring specialized dispersal. However, when 
efficient dispersal agents are present, the potcntial dis­
advantages of largc-seededness may be overcome 
(Rejm8.Llek and Richardson 1996) or outweighed by 
benefits such as increased competitive ability (Crawley 

et al. 1997) and increased tolerance of environmental 
stresses. Indeed, l<lrge-seededness may be an important 
factor enabling E. allgust;,[olia to establish within in­
tact vegetation and litter. thereby libcrating it from the 
dependence, on physical clisturbance that characterizes 
the establishment of native cottonwoods and willows. 

A relatively long seed-viability period may be an­
other imponant aspect of the invasion ccology of E. 
angusl(fu!ia. In contrast to native cottonwoods and 
willows, whose seeds are germinable when dispersed 
ancl remain viable for only a short period following 
dispersal (Young and Young 1992), E. angu.I'rijolia 
seeds are dispersed during the late fall and winte,r in 
a dormant state and remain viable for one to three 
years in the laboratory (Young and Young 1992). To 
break dormancy, E. ongustifolia seeds require a period 
of arter-ripening (Hogue and LaCroix 1970. Hamilton 
and Carpenter 1976, Belcher and KarrfaH ] 979). In 
gencral, under laboratory conditions, cleaned seeds 
germinate best after pre-chilling for approximately 90 
days undcr moist conditions at 5 cC (Hogue and 
LaCroix] 970, Belcher ancI Karrfalt 1979). 

The exact mechanism or mechanisms responsible 
[or E. angusr(folia seed dOImancy are unknuwn. Hogue 
and LaCroix (] 970) found that seed germinability of 
non-after-ripened seeds was increased by removal of 
both the seed endocal"[Js and the seed coats and argued 
that germination inhibition appeared to be caused by 
non-leachahle substances ill these structures. Hamilton 
and Carpenter (1976) analyzed growth substances ill 
E. angusflfolia seed endoearps and embryos and attri­
buted donnancy regulation to cOllmarin-like subSLanc­
es present in both structures. It has been proposed that 
treatment with sulfnric acid improves germinabilily 
and may replace pre-chilling for the purposes of hor­
ticultural propagation (Heit J967). 

Long-term seed viability may allow E. angusT!folia 
to exploit suitable germination conditions over a rcJ­
;;\lively lengthy time period compared to native taxa 
(Howe and Knopf 1991, Shafrotb et a1. 1995). In es­
tablishment experiments. Shafroth et al. (1995) found 
tbat the timing of E. angtlsLij'olia seed germination var­
ied f~lirly widely depending on treatment conditions. 
They argued that the success of E. a7lgustifolia was 
probably at leas( partly due to its ability to genninate 
whene.ver cond:i tions at a particular site became suit­
able. However, this att.ribute is only advanwgeous on 
substrates old enough and stable enough to contain 
seeds tllat arrived in previous years. 

The later-successional characteristics of E. angrHti­
folia contrasL sharply with the ecological trailS of many 
native riparian trees and with those of saltet'dar (ra­
marix spp.), the dominant woody riparian invader in 
must of the southwestern U.S. Like native pioneer spe­
cies, Tamorix produce~ abundant quantities of small 
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(1.0 X 10-4 gram) seeds that are dispersed by wind 
and water to bare moist substrates where seedling es­
tablishmeut occurs (Brock J994). In contrast to native 
pioneer species, however, Tamari.x secds are dispersed 
throughout the growing scason (Wilrren and Turner 
)975), and establisllcd plants are relatively tolerant of 
salinity, drought, and fire (Jackson et aL J990, Brock 
1994, Shafroth et aL J998). During the 20'" century, 
Tamari.x spread quickly and become very abundant 
along rivers in the southwestern United States (Rob­
inson 1965, Everitt 1998). However, it is lllllikely that 
Tamorix can maimain long-term dominance of riparian 
sites in the absence of occasional disturbance. 

On most rivers in western North America. river now 
regimes have becn al tered by humans (Graf 1999). and 
in most cases, flood frequency and intensi ty have been 
reduced (Williams and Wolman 1984). Downstream 
from dams, reduced ratcs of fluvial disturbance have 
led to reduced recll.litment of native pioneer riparian 
trees on many formerly meandering rivers (Bl'adley 
and Smith 1986, Johnson 1992. Friedman et al. 1997). 
This reduced recruitment resu1t~ from the fact that 
these species typically become established on >fluvial 
disturbance patches= created by sediment erosion and 
deposition accompanying natural river flow nucrua­
tions (Auble and Scott 1998). Where river regulation 
has resulted in diminished rates of creation of these 
disturbed patches, recmitment of native t100dplain spe­
cies has been reduced. In such settings. E. (If\g~.srif()lia 

is at an advantage relative to native and alicn distur­
bance-dependent taxa because its reproduction is not 
as closely linked to flood disturbancc (Shafroth et al. 
1995, Lesica and Miles 1999, Katz 2001). 

CONTROL AND MANAGEMENT 

There is little published research addressing effec­
tive techniques to control or remove E. allgusTiji)/ia 
from invaded siles, although Stannard et al. (2002) as­
sessed a variety of suppression mcthods, including mc­
chanical and (;hemical approaches. Techniques such as 
mowing, cutting, girdling, chaining, and bulldozing 
can suppress E. (mgustijolia on invaded sites, although 
the disadvantages to such approaches can be signifi­
cant, including the necessity for frequent treatment 
repetition, the indiscriminate removal of other woody 
species, and severe soil disturbance (Stannard et al. 
2002). Burning does not seem to be an effective con­
lfol technique, sincc E. angusrifolia will resprout vig­
orously from roo I crowns, and at present, no targcted 
bioc-onlrol agents exist (StannaJd et al. 2002). 

Most puhlished accounts of effcctive E. angLlsll/o/ia 

suppression employ a chemical treatment, either alone 
or combined with mechanical techniques. Bovey 
(1965) reported successful control of E. angustifolia 

invasion by aerial spraying of herhicides (I: 1 mixture 
of 2.4-0 and 2,4.5-T, at 1.8-3.7 kg/hal, and Ohlen­
bu:-.ch and Ritty (1978) also reported effective control 
using foliar (2,4,5-T, Silvex (2,4,5-TP»). dicambra, and 
picloram in a 9: I carrier so.lution of water and diesel 
oil) and basal (2,4,5-T, 5il vex (2,4,5-TP)), dicambra, 
and tryclopyr ester in a 100% diesel oil carrier) her­
bicide applications. Edelen and Crowdcr (1997) re­
ported significant initial damage to adult E. angusti­
folia when foliage was sprayed with a 4% solution of 
imazapyr (Contain. 14% active ingredient). although 
long-term response was not assessed. These approach­
es may not be feasible or desirable in many l'iparwn 
settings (Ohlenhllseh and Ritty 1978, Caplan 2002). 

Dietcr (1996) repol1.ed that tht~ most effective mCiln~ 

of g WLRusti[olia control employs a combination of 
(I) pulling out small individuals from moist soil using 
a weed wrench and (2) cutting larger individuals at 
ground level and then immediately applying a small 
amount of herhicide to the cut stumps. Similarly. Ca­
plan (2002) described controlling small « IOcm di­
ameter) E. angustifolia stems with a mulching tractor 
and controlling large stems with cutting and immediate 
application of a 50-percenl solmion of Garlon-4·1f; (tri­
clopyr) to stump surfaces. However, sevcral annual 
follo\v-UP applicat.ions of herbicide to t.he fol iagc of 
root sproUlS were also required. Tn general, any initial 
control method requires at least some ongoing sup­
pression of stem and root sprouts and of new recruit­
ment from seed (Edelen and Crowder 1997. Stamwrd 
et al. 2002). Such labor-intensive control techniques 
might bc avoidcd if it were possible to lilniL initial 
scedli ng establishment in an area using management 
techniques such as targeted grazing, granivol'y, or tem­
porary inundation. 

Attempts to limit funher invasion by E. anguslij'olia 
will heneJlt from recognition of the ecosystem and 
management contexts in which inva.~ion occurs. In 
much of western North America, native liparian eco­
systems have been impactcd by floodplain and river 
management techniques. Hydrologic alterations have 
been implicated in the widespread decline of some ri­
parian forest types (Johnson 1992, Stromberg, 2001) 
and in facilitating invasions by oppOltUniSDC alien spe­
cies (Everitt 1998). Indeed. it is likely that reduced 
levels of flUVial disrurbance downstream from dams 
favor invasion by E. al1gustijolia (Shafroth et a!. 1995, 
Lesica and Miles 1999, Katz et al. 2001). However, 
current intcrest in changing river-t1ow managemcnt 
strategies to restore native riparian forests (Molles Jr. 
et al. 1998, Richter and Richter 2000, PaLlen et a!. 
200 I, Stromberg 2(01) provides hope for the possible 
control of invasive riparian plant species via reslOra­
tion of ecosystem processes. At present, il is unclear 
how prescribcd flows, such as tbose aimed at main­
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tall11l1g a mosaic of native tipanan forest patch types 
(Richter and Richter 2000), might influence the spread 
or abundance of E (In-gustifolia. Ideally, river flow re­
gimes designed to improve regeneration and survival 
of native ripm'ian forest species will also lim.it the suc­
cess of alien invaders. 

RESEARCH NEEDS 

Despite the increasing prevalence of the alien E. an­
gl.lstifolia in riparian environments throughout the 
western United States. much remains unknown regard­
ing the ecology and invasion effects of this species. 
For example, there is little quantitative information 011 

the histOl;c and prescnt-day rale of spread of E. all­

gu.stifolia (except Pearce and Smith 2001) or its po­
tential for range expansion in this region. \Ve suggest 
lhat research addressing the ecological factors limiting 
the geographical range of E. angustifolja could ex­
amine the possibility that seed dormancy is not effec­
tively broken in the warm southern dcserts and the 
question of whether pathogens lTlay limit its spread in 
more humid areas. Further, there is little published in­
formation on the tolerance of E. ul1gusl~tolia to 
drought stress. innndation. or the physical effects of 
l1uvial disturhance, and there have been no studies of 
competition or facilitation hetween E. angustifolia and 
co-occurring species. Elucidation of the effe<;ts of E. 
0Ilgust(j()lio invasion on ecosystem nutrient levels is 
abo needed. With increasing intereSI in using managed 
rivl::r flows as a tool in riparian forest restoration, re­
search addressing the effects of liver flow regimes on 
invasion by E. anpustilolia merits particular attention. 

ACKNOWLEDGMENTS 

DUling preparation of this paper, G. Ka.ll. was sup­
ported by the Gmduatc School of the University of 
Colorado-Boulder and by a U.S. Environmeutal Pro­
teetiun Agency STAR Graduate Fellowship. We are 
grateful to Jonalhan Friedman, Susan Beatty, Peter 
Lesica. and one anonymous reviewer fOI- providing 
helpful revicws of an earlier version of tbe manuscript. 

LITERATITRE CITED 

Abrahamson. L. P. 1986. Forest Iree nursery herbicide swdies in the 
Northern Greal Plains: herbJcide phytotoxicity tables. p. 58--67. [11 

Proceel!Jngs: fntennountain Nurseryman's Association Meeting, 
1')85. FI. Collins, CO. USA. USDA Forest Service General Tech­
nical Repon RM-t25. 

Akashi. Y. 19i1ll. Riparian vegel<\tion dynamics along the Bighorn 
River, Wyoming. PhD. Dissertation. UniVl,r.ity of \Vyoming, 
Laramie. WY, USA. 

Albertson. F. W. and J. E. Weaver. J945. Injury and death or re­
covcry of lrc<:-s in pmiril' climate. Ecological Monographs [5:304­
4)J 

anonymon,. 1987. Plwmopsls canker and dicback of Ru.,sian olive. 

University of mino;s EXlension, Oepamnenr of Crop Sciences, 
Champaign, Hlinois, LISA. Report on Plant Disea.se No. 606. 

Armstrong, D. P. "nu M. Westoby. \993. Se.cdlings from largesceds 
lolel:1te detoliation belleI': a test usmg phylogeneticaJly indepen· 
dent colllra'ts. Ecology 74:\092-1 LOO. 

Arnold, R. H. lUld J. C. Carter. 1974. FusicoccIlm elaeogm, the cause 
of a eanker and diehaek of Russian olive, redescrihed and red.is­
po~cd to the genu, Phomopsis. Mycologia 66:191-197. 

Auble, G. T. and M. L SCOt!. 1998. Fluvial distnrbance patcbcs iLnd 
cottonwood recruitment along the upper Missouo; River, Momana. 
Wetland, 18:546-556. 

Baker. H. G. 1965. Cbaractc.ristics and modes of origin of weeds. 
p. 147~1611.ln H. G. Baker and G. L. Stebhins (eds.) The Genetics 
of C{)loni~ing Species. Acauemic Press. New York, NY. USA. 

Baker, H. G. 1972. Secd weight in relation to environmental con­
ditions m Californi'l. Ecology 53:997-IOJO. 

B''-''.hicv. A B. and S. E. Trcshkin. 1994. Dynamics of prodllctivity 
of floodplain communities in the Amu Darya <letta III condillons 
of the ten'Itoey', varylng hydrological regime. Russoan Joumal of 
Ecology 25:322~325. 

Belcher, E. W. and R. P. Kanta.!!. 1979. Improved methods for test­
ing the viahility or Ru'sian olive seeu. Journal of Seed Technol­
ogy 4:57--64. 

Bermud~1. de Ca.';ll"O, E. Y. Aranda, and M. F. Schmitz. 1990. Acet­
ylene-reducing activity and nitrogen inputs in a hluff of E/ol?ognll>' 
angusli/oUa L. Orsis 5:85-89. 

Bertrand, L J. and M. Lalonde. I'.l85. h. vitro propagation and nod­
ulation by !".-allkiLJ of actil\orhizal Rus,<lan olive (Elaeagnus agll,'­
tijolia 1.,.). Plam and Soil 87: t43-t52. 

Hmgelli, P. 1996. A taxonomie, hiogeographieal and ecological 
overvicw of mvasive woody plants. Jonmal of Vq~elalion SCH,ncc 
7:121-124_ 

Borell. A. E. 19()2. Russian-olive for wildlife and other conservmion 
Uses. U.S. Department of Agriculture, Washiuglon. DC, tlSA. 
LealJ.el No. 517. 

Bovey, R. W. J965. Comml of Russian olive hy aerial applications 
of herbicides. Journal of Range ManageLl1clll 18:194-t95. 

BraatJ1e. J. H., S. B. Rood, and P. E. Heilman. 19')6. Lite hislOry. 
ecology, and c()n.servat;on of riparian eo(lonwoods in Nonh Amer­
ica. p. 57-85. lit R. F. SteHIer. H. D. Brad&haw Jr., P. E. Helhnan, 
:lJld T. M. Hinckley (eds.) Biology of Popuills and les Implications 
for Management and Conservation. NRC Research Press, Onawa, 
ON. Canada. 

B"'dlcy. C. E. anti D. G. Smith. 191>6. Plains cottonwood recnut­
ment and survival on " prairie meandering river floodplain. Milk 
River, southern Atherta and norlhern Montana. Canadian JOllrnal 
of Bot.any 64:1433-1442. 

Brock,	 1. H. 1994 Tamarix spp. (salt cedar). an invasive exotic 
\\'C1ody pl:Ult in arid and semi-(Uld riparian habitats of westcm 
U.S.A. p. 27-44. II] L. C. dc \Vaal. 1.. E. Child, P. M. w'lde. amI 
J. H. Brock (eds.) Ecology and Management ofInvasive Rlver,ide 
Plants_ WIley, New York. NY, USA. 

Brock. J. H. 19911. [nv·,sinn. ecology and managemenl of Elal?a!:""s 
aflgll,'tl/aha (Rnssian o!ive) in the soulhwcstem U.S.A. p. 372. III 
U. Slarfinger, K. Edwards, L Kowarik, and M. Williamson (cds.) 
Plan I Inv'L'ions: Ecological Mechanisms and Human Rcspo",es. 
Backhuys Pllhlishers, Leiden, The Netherlands. 

Brown. C. R. 19')0. Avian use of native and exotic riparian hahir.als 
on the Snake River. ldabo. MA Thcsis. Colorado State UniversilY. 
Ft. Collins, CO, USA. 

Campbell, C. 1. and W. A. Dick-Peddie. 1964. Comparison of phre­
alophytc communities on the Rio Grandc in New MeXICO. Ecol­
ogy 45:492-502. 

Caplan. T. 2002. Controlling Russian Olives with.in cottonwood gai­
lery forests along lhe Middle Rin Grande flnodp1ain (New Me,, ­
iell). Ecological Restoralion 20; 138-139. 

ClIl'man, J.	 G. "nd J. D. Brolhc~on. 1982. Comp",isons or sites 
infested and nol iufcSlcd with saH.ct,dar (Tamarix pentandra) and 
Russian olive (EI(J('agnu. IJltg<f,·tijvlifl). W,~eu Sciencc 30:36~ 

364. 
Cannean,	 \V. H. 1976. Soil conditions atfect growlh of hardwood, 

in shelterhelt". USDA Forest Service. North Cenuai Poresl Ex­
penment Slatinn. SI. Paul. MN, USA. Rest~arch Nole NC-204. 



775 Katz & Shafroth, INVASION ECOLOGY OF FLAEAGNUS ANGUSTlFOUA 

Chnng. c., O. D. Allen. and H. W. Barnes. J992. Compar31ive mnt­
in): nf stem cuttings of selecred woody landscape shruh and tree 
taxa to varying concentrations of ill/\ in talc, ethanoJ, and gJycol 
canier,. JournaJ of £nvirnnment4J Horticulture 10:24:>--250. 

Christensen. E. M.. 1963. Naltlraliz"rion of Russian olive (Elaeagm/s 
anguslllolia L.) in Ul>Ih. Amcncan Midland Naturalist 70,133­
137. 

C6te. B., R. M. Carlson, and J. O. Dawson. J'I81:\. Leafphto.'ynthellc 
chanlCtcristics of seedlings of actinorlnzal Alnus spp and Ell1eag 
nus spp. Photosynthesis Research 16:211-211:\. 

Crawley,	 M. J., P. f-T. Harvey, and A. Purvt .•. 1997. COl1lparatJ\'c 
ecology of the native and alien flora of the British bl(;5. p. 36­
53. III J. Silverlown, M. Franco, and J. L Harper (eds.) Plat\[ LIfe 
H"tories: ecology, phylogeny, and evolution. Cambridge Lniver­
sity Press, Cambridge, UK. 

Currier. P. J. 1982. The tloodplain vegetatIOn of Ihe Plattc Ri"'er: 
phylOsociology, forest development, and seedling cSlablishml,·nL 
Ph.D. Disse.rLation. Jowa State Univcrsity, Ames. IA. USA. 

Daehler. C. C. 200J. Two ways to he an invader, but one i, more 
SUItable for ecology. BullClin of the EcoJogie:d Society of America 
82:101-102. 

D' Anlonio, C. M., T. L. lJudky, and M. Mack. 1<)99. lJistorhanee 
alld biological invasiono: dIrect effects and feedbacks. p. 413-452. 
111 1... R. Walker (ed.) Ecosystems of Disturhcd Ground. Elsevier, 
New York, NY, USA. 

D' Antonio, C. M. and P. M. Vitollsck. 1992. BiologIcal invasions 
by exotic grasses. the grass/fire cycle, and gloha.1 chllllge. A'1I1uai 
Review of &:ology and Systematics 23:63-87. 

Davis. M. A. and K. Thompson. 2000. Eight ways to be a coloni7a; 
two ways to be an lOvader: a proposed nomenelature scheme for 
ill\'aslon el'ology. Bulletin of the Ecological Society or Amenea: 
226-230. 

DaVIS, M. A. and 1(. Thompson. 200t "Newcomers" invade the 
field of invasion ecology. question licJd', fulure. Bulletin of the 
Ecological Society of America. !U: 196-J 97. 

lJawson,	 J. O. and 1. W. V. Sambeek. J1)93. Imerplanting woouy 
nuroc crops promotes differential growth of black walnut oaplings. 
p. 455-464. III 9th CellU'al HarclwOod Forest Conference, WeSI 
Lafayette, IN, USA. 

Dl,Farrm, C. M. and R. 1. Nairnan. 1994. A Olulli-scak asseSMncnl 
or Ule occurrence of exoric planls in the Olympic Peninsula, 
WashinglOll. JOllrnal of Vegetation Science 5:247-258. 

Delers. 1\1. E. and H. Sehrnllz. 1936. Drouth cbmagc 10 prairie sht:l­
terbelts in Minnesota. Umversity of Minnesor.a Agricultural E>.­
peri.menl Stalion, Sr... Paul. MN. USA Bulletlll 3'29. 

Dieter. 1... 1996. Eloeagn",I' anga..<li/olia. p. 51. III J. M. Randall ~nd 

.T. Marinelli (cds.) Tnv~sive Plants: Weed.~ of the Global Garden. 
Brooklyn Bot~nic Garden. Brooklyn. NY, USA. 

Douwnach, A.-M., A. Moiroud. ,Old 1... Joct.::ur-Monrozicr. 1994. 
Le:l1' carbon and nilrogen consituems of some nctinorhizal [roX 
species. SojJ Biology and Biochemistry 5:649-653. 

Eb111ger. J. and L Lehnen. 19/11. Naturali:>;ed ~utull1n olive in J"JIi­
nois. Tr~nsaetions of u,e J"JIinois State AC<.\demy or Science 74: 
83-85. 

Economou. A. S. "nd E. M. MaJoupa. 1995, RegcnefallOU or Eloeo[!.· 
1/.lIS angu.lijolia f"om leaf seglllcms of i" vitro-denvcd 8hoots. 
Plam Cell, Tis&ue, and Organ Culture 40:285-288. 

Edelen, W. J. and W. A. Crowder. 1997. Russian olive (f."oea.~I11/J 

ongu.H!I"lia) control experimenl nnderway (\VashlnglOn). ReSl()­
mtion and Management Note" 15:198-199. 

Everill,	 B. L. 1998. Chrouology of the .pread of [;Iln~ri,k in the 
eeOlral Rio Grande. Wetlmlds 18:658-668. 

Ewe\. J. H., D. J. Dowd. J. Bergelson, C. D. Dachler, C. M. 
D·Antonio. L. D. Gomez. D. R. Gordon, R. J. Hobhs, A. ['lolt, K. 
R. Hoppel. C. E. Hughe;;, M. LaHan, R. R. B. Leakey, W. G. 
Lee, L. 1... Llxlpe, D. H. Lmence, S. M. Louda...... E. Lugo. P. B. 
McEvoy, D. M. Richardson, aud P. M. Vitousck. 1999. Deiiberatc 
illlroductions of spcdes: rese,o'ch needs. BJoScicncc 49:619--630. 

Foster. S. A. 1986. On the adaptive value of large seeds fOI tropical 
mOlSI forest trees: a review ano syntheSLs. Thc Botanical Revicw 
52;260-299. 

Fox, M.	 D. and B . .I. Fox. 1986. Thc su;ceptibil ity ot natural cnrn­
munities to invasion. p. 57-66. I" The Ecology or BIOlogical In­

V;l,~JOns: an Australian perspect.1ve Australian Academy of SCI­
ence, Callben·a~ Auslralia. 

Freehling. 1vl, lJ. 1982. Riparian woo(Uands of the Middle Rio 
Grandc Valley, New Mexico: a study of bird populatioas cl1ul veg· 
etation with spec.ial reference to Russian-olive \E'a~o8"l./S ongll'<­
lifalia). U.S. Fish and Wildlife Scrvice, Albuquerque. NM, USA. 

Friedman. J. M., M. L. SCOll, and G. T. Auhle. 1997. Wat"" man­
agement anu (;ouonwoou fOfe~,:.r dynarnic5» along prairie ;..(r¢mns_ 
p 49-71. In F. L. Knopf and F. B. S,.HJ15orJ (cds.) Eeolugy and 
Conservation of Great Plains Vet1chrmes Springer-Verlag, New 
York, NY. USA. 

friedman. J. M., M. L. Scon. and J. William. r-,..1. [",wi., I995 Rc.~­

loratlO.lt of I"Iparian forest nf;ing iITlg;jtlon~ wtHicial dl.~(Urbance> 

and ilalural .<ccdfall. Environmental Management 19:547-557. 
Gazda. R. 1.. R. R. Meidingcr. I. J. BaH, and J. W. Connelly. 2002. 

RelationshIps between Russian olive and dnck nest succes.< in 
sonthea.'tem Idaho. Wildlife Sociely of America Bulletin 30:337­
344. 

Glenn. E.. R. Tanner, S. Mendez, T. I<ehret, D. Moore, J. Garcia, 
and C Valdes. 1998. Growth ratc>, sitlt wlerauce and water usc 
l·haraclensr.ics of nau\'e and invasjve l;parian plant< from tlle delta 
of the Colorado Ri"er, Mexico. Jonl"l1al of Arid El1vlrOlllnent, 40' 
281-294. 

Grat. W. L. 1999. Dam nalion: a geographic Cen'US of American 
dam' and their large-,cale hydrologic impacts. Wacer Resource, 
Rcs<::ar.::h 35: 1305-l3ll. 

Grear Plain, f'lora Associalion. \977. AlIa.,> of the Flora of the Great 
PLain.<. Iowa Slate University Pres;, Ames, lA, USA. 

G,'eat Plains Flora Association. 1986. Flora oj lhe Great Pl'llns. T..;ni­
ver.sity Pre,~ of Kansas. Lawl·ence. KS, USA. 

Grime, 1. P. and D. Vol. Jeffrc)'. 1965. Seedling e,tablbhment in 
"ertical gradicnL<; of sunlight. Jonl"l1al of f;,:;ology 53:62 J-634. 

Haher. E. 1999. Invasive Exotic Planls of Canada Fact Sheet 1\'0. 
14: Russian-oJive. National Botanical Services. Otiawa, ON. Can­
ada.. 

Hamilton. D. F. anu P. L. Carpenter. 1976. ReguJation of seed dor­
mancy in Elacafl,nus anKlIslijolia by eudogenolls growth ,ubstane­
es. Canadian .loun,a) of BOlany 54:1068--/073. 

Han.sen. N. E. 1901. Ornamentals for SOUlh Dakota. U. S. E~(leri­

men! Slarion. BJOokings. SD, USA. BullcllIl 72. 
Harper. J. L. 1977. Population Biology of Plan[<;. Academic Pre", 

New York, NY. USA. 
H~YCi. B. 1976. Planting the E!"C{!KI1IJ~' RuS,lan lind ,H1tUl1lrJ oli ... c 

for nectar. American Bee Journal lI6:74,82. 
I·Jei" C. E. 1967 Propagalion frOlD ;;eed. ParL 6: hard5eedednes;; ­

a cnlLeal faclor. Amenc'ln Nurserytuan J25: I 0-12,-1:\8-96. 
Hevwood, V. H. (eu.) 1993. F1owenl1!! Plants or the Wodd. Oxford 

UnivCJ'sity Pre;,_ New York, NY, USA. 
Hobbs, R. J. and L. F. Huenneke. 1992. Disturballl'c, divcrsily, and 

invasion: implications for conservation. Conservauon BioJogy 6: 
324-337. 

Hogue. E. 1. and L .T. LaCroix. 1970. Seed dormancy of Ru,'Sian 
olive (Eltut2g"us WII?""I~lolio L.). Joul113.l of the Amcrie~n SOCiety 
or Ho.rtic::uhur'JI Science 95:449-452. 

Howe. W. H. and F. 1... Knopf. 1991. On the imminent dccline of 
Ril) Grande COlLOnwoods ,n ccntral New IvIexieo. Tbe Southwest­
ern Nalurolisl 36:218-224. 

lriondo, J J'v1.. M. de la IgleSIa, amI C. Perez. 1995. MJcropl'opa­
galion o~ Elaeagl1u.< angu.<lifolia 1'1'0111 mature lI"ees. Tree PhYS1­
ol()gy 15:691-693. 

J"ck,ol1, J.. J. T. BnJJ, and M. R. Ro",. 1990. Assessment of the 
salinity tolerance or cighl Sonoran desert riparian tree, and shmhs. 
Blological Sciences Center. Desen Research Institute, University 
of Nevada System, Reuo, NV, USA. Final Rep,)n, Contract No. 
9-CP-30-07170. 

Johnson. G V. 1995. Nitrogen fixation by Ru."ian olive (Elaeo,~!ll" 

o"gusrifo]ia): field and laboratory slUdies (abstract). I" 10th In­
ternational Conferctlce on Fmnkia and AClinhorizal Plants. DaVIS. 
CA, USA. 

Johnson,	 W. C. 1992. Dams a.nd nparian forests: case scud)' from 
the upper Missouri liver. Rivers 3:229-242. 

Johnson, \Y. c., M. lJ. Dixon, R. Simons. S. Jen.'nn. and 1<. Larson. 
1995. Mapping thc rcsponsc of .ripalian vegetation (() po.~Slblc now 



776 \VETLANDS, Volume 23, No.4, 2003 

reductions in the Snake River, Ir1aho. Geomorphology 13: 159­
173. 

Katz, G. L. 2001. Fluvial disturbance, Ilood control, and biological 
llwasion in Great Plains riparian forests. Ph.D. Dissenat.1ulI. Uni­
versity or Colorado, 80ulde1, CO, USA. 

Kdtz, G. L.. J. M. Fricdrnan, and S. W. Bealty. 2001. EffeelS of 
pnysical di.sturhance and gran ivory on esrahlishment native and 
alien ripariaJl u'ee::s in Colurado, U.S.A. Divnsity and Distrihu­
tions 7: 1-14. 

Kefu. Z. and P. J. C. Harris. 11)92. Effect uf salt .stres~ on nodulation 
and nitrogenase activity in £laea8/Uls aIl811.\·lijoli(J. Nitrogen Fix­
ing Trec Research Reports 10: l65--166. 

Kindschy. R. R. 1998. Emopean starlings disseminate VIable Ru~· 

,ian-olive .sceds. Northwesl<.~" Naturalist 79: lI9-120. 
Klich. M. G. 2000. Leaf variatious in Elaeugnus ungl.lslijolia relalcd 

to environmental heterogeneity. Environmental and Experimelllal 
BOlany 44: 171-183. 

Knopf, F. Land T. T. Olson. 1984. Naturalization of Rus.sian-olive: 
implications lo Rocky Monnla;n wildlire. Wildlife Sod.ely Bul­
lelin 12:289-298. 

Krupinsky.	 J. M. and J. A. Walla. 1986. Tu/>ercJ.l/(Jrj(J callk.er of 
Siheri"n ellll and [{ussian-olive. p. 40....41. I" J. W. Riffle and n. 
W. PNerson (cds.) Disease, or Trees in the Grcat Plain!>. USDA 
Fore,,! Selvice General Technical Repor1 RM-129. 

Lavorel, S., A.·H. Prieur-Ri<:hard. and K. Griguli,. 19':19. Inv·",ihilily 
"nd uivcrstry of planl eornllltlnitie.: from pat{ems to processes. 
Diver,iry and Distrihutions 5:41---4'>. 

Leishman, M. R. anu M. Westuby. 1994. The role of seed siz~ III 

seedling cstahlishment in dry soil eonditions--experimclll.al <;;vi­
denc~ from .~ertlj-a1iu species. Jonrnal of Ecology 82:249-258. 

Lesica, P. and S. Miles. 1999. Ru"ian olive invasion inlu eolton­
wooel forests along a rcgulatcd river in north-central Mortlana. 
Canadian Journal of Brttany 77: l077-108~. 

Le'ica. P. and S. Miles. 2001. Natural history and invasion of Rus­
sian ol',vc along castem Montana rivers. Western North American 
Naturalist 61:1-10. 

Litlle, E. L. 1961. Sixty trees from foruign lllnds. U. S. Departmenl 
01' Agriculture, Washington, DC, USA. Agricultllre Handhook. No. 
212 

Llinan's, T'., D. Munoz-Mingarro, N. Acero, ,U1d A. Probanza. 1992. 
'femporal "adation uf the total nitrogen concentralion in aereal 
orgart~ or nitrogen f,xing <U1U non-Jixing riparian species. Orsi; 7: 
125-lJO. 

L1Inarcs, foO D. MUiioz-Mingarro, J. M. Pozuelo, D. Ramos, ;lnd F. 
Benmidez de Castrn. 19')4. Microbial inhihition and nitrification 
potenlla] in soils inenhated with Elae.u8'ws angllsllj()"a L. leaf 
I,ller. GeomicrnhllllDgy .Ton mal 11: 149--156. 

LOIl.,uak. y.,'. M. 1999. Global patterns of planl lnva.,iull.' "nd the 
concept or inva,ihiJity. Eenlogy 80: 1522-1536. 

Lorcn7ini, G., G. V~nnacci, ~nd E. Triolo. 1984. Eriology and epi­
demiological ohservatlons of EltJ(!(Jgnu" leaf spot caused by Sf'/-," 

I"ria elea~illJ. Phylopalhulogi,ehe Zeitsenrirt 110: 134-142. 
Mack. M. C. and C. M. O' Antonio. 191)8. lmpaels or biological 

inVaS10n1{ on disturbanec regimes. TTt'nd~ in Ecology (LOU Evoh..l­
tion U 195-198. 

"·Iack., R N .. D. SIIl.berloff, W. M. LOllsdalc, H. Evans, M. Cluur. 
and F. A. Bnzaz.. 2000. Bimic invasions: causes, epidemiolog)', 
glohal consequences. a.nd control. Ecological Applic~tiolls 10: 
689-710. 

Mack. R. N. and .T. N. Thompson. 1982. Evolu1ion in sleppe wilh 
rew large hum·ed mammals. The American Miuland NamraliSl 
119:757-773. 

McJnlyre, S. and S. Lavorcl. 1994. Predicting richncss or nalive, 
rare, and e"orie plants in response to h.ahitat aoel uisrurhanee Var­

iable, across a variegated landscape. Conse.rvatJon Biology 8:521­
5.11. 

1\·liller, l. M. and D. D. Baker. 19R5. The initiatiun, dc"elopment 
aod slruclllrc of root nodulc& in Elaeagnus anglls!folia L. (Elaeag· 
rwcede). PrOlopliL~ma 128: 107-119. 

Mnlles Jr.. M. c.. C. S. Crawfonl. L M. Ellis. II. M. VakiL and C. 
N. Dahm. 19'JH. Managed tlooding for riparian ecosystem resto­
ration. BioScience 4~:749-7.~6. 

Monk. R. W. anu H. H. Wiebe. 1961. Salt lOlenUlce anu pmlOp.la,­

mie sah hard:ine.~s of various woody and herhaeeous ornamental 
plants. Planl I'hY<lo!ogy 36:47B--4BZ. 

Morcha!1, A. L .. R. B. Canoll. and M. Stuarl. 1980. PllOln0l's;S 
canker and diehack of El(J('aglJlI.f cmguslij(J!i/!. Planl Disease 64: 
66--69. 

Morctti A. 1993. Aetinorhi:wl symbiose;,. Giunale Botallicu Haliano 
127:4.14-4-13. 

Monon, H. L. and J. M. Krupinsky. 1986. Phomopsis canker of 
Russian-ulive. p. 44-45. In J. W. Riffle and G. W. Pclerson (cds.) 
Diseases of Trees in the Gre~t Plains. USDA Fores1 Service (rell­
eral Technical Report RM-129. 

Ohlenhusch, P. D. and P. M. Riuy. 1978. Russian olive conrrol-a 
preli.minary look.. p. 132 In North Central Weed Control Confer­
ence. Des Moilles, lAo USA. 

Olson, T. E. and F. L. Knopf. 1986a. Agency snhsidization of a 
rapidly spreading exotic. Wildlife Sociely Bulletin: 492-493. 

OLson. T. E. and F. L. Knopf. 1986b. Natundization uf RU'.sian­
o.live in the western United StJJ.tes. Western Journal ot ApphccI 
ForesLJ'y I :65--<'J9. 

Pallen. D. T.. D. A. Harprnan, M. 1. Voila, and T. J. Randle. 2001. 
A tnanaged flood on lI,e Colorado River: hacl<grOlllllt, uhjeeiives, 
design, anu implementation. Ecological Applicalio", I I :63'i--{)43 

Pearce, C. rvf. and D. G. Smith. 2001. Plains eOllunwood', laSl sland' 
c"n it sulvive illvasion of Rnssian olive om.o the Milk River, Mon­
lana. floodplain'! Environmental Management 28:62J--()37. 

Petersun, G. W. and H. 1.. Murton. 19R6. BOlryodiplorlia disea,e or 
Ru~sian-oli\'e. 1'. 42.-43. In J, W. Riffle and G. W. Peterson (ws.) 
Dis~a,es uJ Trees in the Great Plains. USDA Forest Service Gen­
eral Technical Report RM-129. 

Petrov, A. V. and E. P. Kuz.'michcv. 1994. Drying-up of Russian 
olive un the wcsl ';oasl of thc Caspian under the influence of 
Yaroshevskii's engravcr and palhogenic microflora. Rlls~ian For­
est Sciences 3:40-44. 

Porterfield, J. DoO J. D. Odell, and G. R. Huffman. 1993. Efrc.cL, or 
a DCPAfNapropanliue herbice wnk mix on germinants of seven 
haruwood specics in nursery hed,. Tree Plamer'·s Nole,: i 49-1 53. 

POltorfr, L. P. and W. R. Jac-obi. 1998. Russian-olive uecline anu 
gumlllUsis. Culoradl) Slate University Cuoperative Extension. Ft. 
Collins. CO. USA. Faer Sheet no, 2.942. 

Prieur-Richaru, A.-H. anu S. Lavurd. 2000. Invasions: perspective 
of uiverse plant communities. Anstral Ecology 25:1-7. 

Read. R. A. 1958. Tbe Great Plaills shelterhelt in 1954. Great Plain!> 
Agricultural Cuuncil. University ufNebraska Experiment SnUiUll. 
Lio,oln, NC, USA. Publication No.16. 

Reader, R. J. 1993. CoJltml of ~eedling emergence hy ground cover 
and .s::cd predatIOn in relation to seed sIze for SOme old-field spe­
cies .Iou maL of Ecology !\ l: I{i9--17S. 

Redmann, R. EoO J. Haratdson. and L. V. Gust... 1986. Lo::akage of 
UV-ahsorbing substances as a measure of salt injusry in leaI tissue 
or woody specic~. Physiologia PlallW.f1,rn 67:87-91. 

Recs. M. 1997. Evolmiouary ecolog.y of ~eed domlaney a'nd seet! 
size. p. 121-142. In J. Silvertown, M. Franco, and J. L. Harper 
(ed~.) Plant Life Historie~. Camhriuge Unive",ity Pre-'s, Cam­
bridge, UK. 

ReJchanl, S. H. and P. White.. 2001. Horticulture as a pmhway of 
,nva,i"" plant introduetioJJS in the Uuite,l Slate•. BioSeicnee 51: 
103-112. 

Rejtllallek, M. and D. M. Richardson. 1996. What attributes make 
some plant specie, more inva,;ive'! ECDlogy 77: 1655-1 6(,j. 

Rnoaue;,. A. F. and T. A. Block. 2000. The Planls of Pennsylvania. 
University of Pennsylvania Pre,", Pbiladclphia. PA. USA. 

Rlchardsun, D. M .. P. Pysck, M. Rcjnl<inek, M. G. Barbour, F. D. 
Panetta, and C. J. West.. 2000. Naturaliz.'ltioll ami invasion of alien 
plants: concepts and definition~. Diversity and DbtributLons 6:93­
107. 

Richter. H. D. and H. E. Richter. 2000. Precribing floou regimes to 
sustain riparian ecosystems along meand<;;ring ri"ers. Cunservation 
Biology l4: 1467-1478. 

Rime. J. 'tv. 1977. First rcporT of vcsiL'Ul:tr-arboscnla,' myco,,.hizae 
ou ElaeagJll.Is <I/lgJ.lslijoli(J. Mycolog.a 69:120Cl-12OJ. 

Rohin.'on, 1'. \\'. 1965. Intrnducrion, ~pread and areal cxtent of salt­
ceuar (TaJ7wr':..) in lhe western Stales. U.S. Geolugical Survey, 
'Wasnington, DC, USA. Proressional Paper 491·A. 



777 Katz & Shafroth. INVASION ECOLOGY OF ElAEAGNUS ANGUSTIFOUA 

Rood, S. B., J. M. Mahoney. D. E. ReHl, and L. Z,lIn. 1995. Instream 
tlows alld thc dedine of riparian eottonwoods along thc SI. Mary 
River. Albata. Canadian Journal of Borany 73: 1250-1 260. 

Royer. T. Y., M. T. MOIl:.ghan, and G. W. Minshall. 1999. Pro­
eessmg of native and exot'lc leaf liner in two Tdahu (U.S.A.) 
scrcams. HydrobioluglU 400: 123-128. 

Savcriwullu. T. and M. Westoby. 1996. Seedling survlv,L1 undcr 
deep shade In rdatioil to seed size. Journal or Ecology 84:681­
689. 

Scoggan. H. J. 1979. The Flora of Canada, Par' 4 DicolyleJoneae 
(Loasaccae 10 Compositae). National Museum of Natural Science' 
Publi,al;ons in Botany Nu. 7(3). Nmional Museums uf Candda, 
Ollawa. ON. Canada. 

Shafroth. P. B., G. T Auble, and M. L Scott. 1995. Gemllnat;nn 
and cstabli.~hLnenl of naLive plains (;ollonw()od (Poplilus delroide.l· 
Man,hall stlbsp. fIlo7lilif'era) and the exotic Russian-oliv'c (ElaeQ~­
"'LI.' (lIIgu.<rijolia). Conselvation Biology 9: 16'J~ 175 

Shali·olh. P. B., J. M. Friedman, and L. S. !.';chLnger. 1995. Errect., 
of .'ahnlty on establi~hlllenl of Populus ./;-,''''{Jllli, (cottonwood) 
and TallJarix ramo.ris.riJlllJ (saltcedar) ill southwestern United 
Statcs. Great Basin Na(Urali~t 55:511.....(,5. 

Singh, M., M. Jain. and R. C. Pant. 1~1)9. Clonal variability In pho­
tosynthetic and growlh characteristics of Pupulu", d~iI(}uJe., under 
saloue irrigatioJl. Photosynthetiea 36:605-609. 

Shishklll. B. K. (ed.). 1949. Flora of rhc U.S.S.R. In,ritute of the 
Acadcmy of Sciences of the U.S.S.R., Moscow. USSR. 

Simons, S. 13. and T. R. Seastedt. 1999. Dec01llpositlOn alld nitrogen 
release from foliage of cotlonwood (Populus ddlOides) and R.us­
"an-olive (Ela"asm,s OIlguSlifoliu) in a riparian ecosyslcm. Soulh­
western ~alUrali~t 44:256-260. 

Southwood. T. R. E. 1961. The number of speClC, of lusects dSSO­
elalcd WIth varioll, trees. Juumai of Animal Ecology 30:1-8. 

Sprackliug, J. A. and R. A. Read. 1979. Tree root systcm" in eastern 
Nebraska. InstiWle of Agri,ulturc and NaLural Resourc<:.s, Lincoln, 
NE. USA. Nebraska Conservation Bulletin 37. 

SUUlna.rd, M., D. Ogle. L. Holzworth. J. Scianna, and E. SuuleaL 
2002. History, biulogy. ccology. suppression and rcvcgetation uf 
Russlan-oti\'c .sites (Elaeagllll.r ungu.m[oiw L.). USDA-National 
Resources Conservation Service, Boise, 10. USA. I''lanl Material, 
No. 47, Technical Notes. 

Sternberg. G. 1996. Elaeagll/l.< IImhelleila. p. 54. In J. M. Randall 
and J. Marinelli (eds.) Inva~ive Plants: Weeds of the Glohal Gar­
dcn. Brooklyn Botanic Gilrden. Brooklyn. N'y, USA 

Sreyermark. J. A. 1963. Flora or Missouri. The Iowa State Univer.'lly 
Pre.,". Ame,. l.A, USA. 

Sloeckelcr. J. H. 1946. Alkali tolerance of drougln-hardy trees and 
shrubs ill the seed and seedling stage. M.I.llJlesma Academy of 
Science 14: 7<)....K 3. 

StOhlgren, T. J .• K. A. Bull, Y. Otsuki, C. A. Villa, and M. La. 
J~9K Riparian zones as havens for exotic plam species in the 
central grasslands. Plant Eeology 1.>8:J 13-125. 

Stohlgren, T T, D. Binkley, G. W. Chong. M. A. K~Jkhan, L. D. 
Schcll, K. A. Bnll. Y. OtSLlki. G. Newman, M. Bashkln, and Y. 
Son. 19~9. Exotic plant species invade hot spots of native plant 
diver5ity. Ecological MOllograpbs 69:25-46. 

Swleson. S. H. and D. M. Finch. 2001. Brceding bird usc of and 
ne.~ting ~l1CeCS,l:; in exotic RussiiJn olive iu New Mexieo. \V1lson 
Bulletin 113:451-455. 

Sl.rombcrg. 1. C. 2001. ReSTOration of riparian vegctation in thc 
wUlh-,""cSl,'rn Uuile<:! Slates: impomUlee of /low ,,'gimes and Ou­
vial dynamism. Journal of Arid EnvironmenL< 49: J7-34. 

Stromherg. J. C. and D. T PatlCO. 1992. Mortality and age of black 
COIlO"....·ooJ &l.ands along divened and um1ivcl1cd stre·alllS in rhe 
ea,I<:.m Sicrra Ncvada, Califurnia. Madrono 39:205-223. 

Tellman, B. 1997. Exotic pest pl~nt imroductiOJl In the AnH;[Ican 
sOllthwl'sl. Dcsert Plants: 3-10. 

Tickner, D. P., P. G. Angold, A. M. GUnlell. and 1. O. MOLlntton1. 
200 I. Riparian plant invasions: hydrogeomopholigi~al~ont.rol and 
"Cological impacrs. Progress in Physical Gcography 25:23-51. 

Ti~seral. N. 1002. Pl1OlIIOp,'is canker of Rus,;ian 011\'['.. Kansas Stale 
University, Department of Plant PaLl10logy. Manhattan. [(S, l'SA. 
EXI.c:nslOn Pl,lIll Palhology Fact Sheet. 

Tyree, M. T, K. J. Kolb. S. B. Rood, and S. Patino. 1994. Vulner­
ability 10 drought-induced cavitation of riparian cOHonwoods ;n 
Alhen,,: a pos.sbile faclor in the decline o( an ecrhystem? Tree 
Phy~,oJ()gy 14:455-466. 

Uresk. D. \V. and T. Yamamuto. 1994. FIeld Stutly of plant ,urvlval 
as atlecled by amendmenL> LO bentonite soil. Great BaslIJ Natu­
nLl.,t 54:15&---161. 

(trSDA. NRCS). United State~ Depanment at Agriculture, Narural 
Resources ConS"'''''I'')!) Scn·icc. Plilnt" Database. hllp-JI 
planLs usda.gl)\' 

VallD"r~a], W. K. 1939. Birds that feed on Rus~ian olivc. Auk:483­
~84. 

Vandcrsandc. M. \V .. E. P. Glenn. and 1. L Walwunh 200 I. T01­
,ranee II r live riparian plam, trom rhe lower Colorado RIvcr LCl 

,aliniry, drought and inundation. J,)urnaJ ot Artd Ellv'lronments 
~9:147-159. 

Virousek. P. M. L994. Beyond global warming: ecology and global 
~h:tnge, Eculogy 75: 1861~1876. 

Vltousek, P. M., L R. ·Walker. L. D. Whiteaker, D. Muellel-DoII1­
bois. and P. A. Matson. 1987. BiologICal invilsion hy Myr;ca.!a)'IJ 
allGfS eeosyslem tlevelopnlent ill Hawaii. Science 2JK:B02-H04 

Waring.. G. L dud M. Tremble. no date. The impact of ,'XOIIC plams 
Oil faunal diver~iLy along ::t s()uch\V¢~aerl1 r1\'cr. The Nature Con­
servancy, Arlington. VA. USA. Contract #B0767000-9 I 0524. 

Wancn, D. K. und R. M. Turncr. 1975. Sallcedar (Twllnnx chi",,,,­
n.;) seelt production. seedling e'tabli~hmenL. aud respome to m­
undation. Journal of the Arizona AcadGmy of Science lO:135­
144. 

Warren, S. L. 1990. Growth rcsponse of 15 containl'r-grown land­
."ape plaut.~ III UniconazoJe. Journal of Environmental Honiclll­
lure K:151-153. 

Webcr, \Y. A. and R. C. Wiuman. 1996. Colorado Flora: Eastern 
Slope. Univl'"ily Pres;, of Colorado. Niwot. CO. USA. 

We.'!oby. M .• M. Leishman. and J. Lord. J '197. Cumpiiraljv~ ecology 
at seed si1.e a.nd dispersal. p. J4.~162. In J. Silvenown, M Fran­
co. and J. L. Harper (cds.) PLant Life Historics. C~mhriLlge Uni­
versity Prc,". Cambridge, UK. 

Williams. G. P. and M. G. Wolman. 1984. Downstream effeel.~ of 
dams on alluvial river.'. U.S. Geulogical Survey. Washingwl\. DC. 
USA. Profcs,ional Paper 12B6. 

Williamson. M. 1996. Biologie,L1 Invasion,. Chapillan & Hall, New 
York, NY, USA. 

Wisconsin Stare Herharium_ \\/j~COnsill Va,cular PLants and L.ichcns. 
Universi(y of Wisconsin. Madison, \1,'1, USA. http://www. 
botauy. wise.ed n/wi sflora 

Young, J. A. and C. G. Young. 1991. Seeds of Woody Plants III 

£"orth America. Dioscorides Pre'S, Portland. OR. OS ..... 
Zh311g, Y. 198 t. A prelimillaly study on the ceo-physiological char­

acteri,lics of Elaeagllu.< ,,,,gusnfolia L. in Min-Qin region of Gan­
'u Province. Acta Botanica Sinica 23:39:>-400. 

Zir7.er. S. F. and J. O. D~wson. J989. Season~] changes in nodular 
nitrogenase: activity of Alnus glwiJloslJ and E/aeag,lUs angu.\'Iijol­
ia. Tree: Phy,iology 5:185-194. 

Zitzer, S. F. :md J. O. Dawson. 1992. Soil properties and aClJnnrhiz<l1 
vcRer.atloll in(luence nodulat.lon of Altw.'\ glulztw.\l-! and Eh1.edgnLls 
angll.I/1joli" by Fm"J..io. PI:\T1t and Soil 140: 197-2Od, 

Manuscript receive.d 5 August 1()()2: revisions rece.,ve,L 4 February 
2003; accepted 4 August 2003. 




