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Abstract

Concern about spread of non-native riparian trees in the western USA has led to Congressional propos-
als to accelerate control efforts. Debate over these proposals is frustrated by limited knowledge of non-
native species distribution and abundance. We measured abundance of 44 riparian woody plants at 475
randomly selected stream gaging stations in 17 western states. Our sample indicates that Tamarix ramo-
sissima and Elaeagnus angustifolia are already the third and fourth most frequently occurring woody
riparian plants in the region. Although many species of Tamarix have been reported in the region,
T. ramosissima (here including T. chinensis and hybrids) is by far the most abundant. The frequency of
occurrence of 7. ramosissima has a strong positive relation with the mean annual minimum temperature,
which is consistent with hypothesized frost sensitivity. In contrast the frequency of occurrence of
E. angustifolic decreases with increasing minimum temperatures. Based on mean normalized cover,
T. ramosissima and E. angustifolia are the second and fifth most dominant woody riparian species in the
western USA. The dominance of T. ramosissima has been suspected for decades; the regional ascendance
of E. angustifolia, however, has not previously been reported.

Introduction

Along rivers in the dry interior of the western
United States, Eurasian trees are replacing native
riparian species. The most widely naturalized
taxa are Tamarix ramosissima Ledeb. (saltcedar;
here we include the closely related T. chinensis
Lour. and hybrids; Baum 1978, Gaskin and
Schaal 2002) and Elaeagnus angustifolia L. (Rus-
sian-olive; Olson and Knopf 1986). Costs of this
change include loss of plant and animal diversity
and decreased streamflow and channel convey-
ance (Brock 1994; Di Tomaso 1998; Shafroth

et al. in press; Katz and Shafroth 2003). Benefits
include sediment stabilization and provision of
vertebrate habitat along regulated, salinized riv-
ers that no longer support native riparian trees
(Everitt 1980; Stromberg and Chew 2002).

7. ramosissima and E. angustifolia are already
targets of chemical, physical, and biological con-
trol efforts costing millions of dollars per year
(Zavaleta 2000). Greatly accelerated control
efforts are under debate in the US Congress and
state legislatures. In 2004, US Senate Bill 1516
proposes to spend $50 million on control of non-
native riparian trees for water salvage. The
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debate has been frustrated by limited knowledge
of non-native species distribution and abundance
and the underlying environmental influences.
Maps of T. ramosissima distribution are still
based on a survey carried out more than 40 years
ago (Robinson 1965) and even less is known
about the distribution of E. angustifolia (Katz
and Shafroth 2003).

Most of our knowledge of plant distribution
comes from herbarium records and other non-
systematically collected observations. These
observations are important, in part because of
their great numbers. Analyses of distribution and
abundance based on such observations, however,
have limitations. First, because search effort is
spatially clumped, and because species absence at
a site is typically not reported, it is difficult to
distinguish between absence of a species and
abscnce of a search in any location. This hmita-
tion degrades the precision of species—environ-
ment relations based on herbarium data. Second,
herbarium records typically de not include infor-
mation on abundance, making it difficult to
assess the relative dominance of a species. Qur
goal was to augment ongoing studies based on
herbarium samples with a systematic, representa-
tive sample of riparian plant communities.

We measured abundance of T. ramosissima,
E. angustifolia, and 42 other widespread native
and non-native riparian woody plants at 475 ran-
domly selected stream gaging stations across the
conterminous western United States. Here we
focus on the present distribution of 7. ramosiss-
ima and E. angustifolia, their abundance relative
to other common woody riparian species, and
the influence of winter cold temperatures on their
occurrence.

Materials and methods

We measured abundance of 44 large (>1.5m
tall), widespread woody riparian plants at 475
randomly selected sites in the [7-statc region of
the USA bounded on the east by the [00th
meridian and on the west by the Pacific Crest.
Nomenclature follows USDA (2004). Study sites
were stream-valley reaches near US Geological
Survey gaging stations with daily discharge data
for at least 20 years between 1965 and 1994. The

1539 gages that met this criterion were spatially
clumped. To achieve a representative sample of
riparian areas across the region, we randomly
selected 500 gages using a sampling design in
which the probability of selecting a gage was
weighted by the land area closer to that gage
than any other. We eliminated 25 study sites
(5%) because of lack of legal access.

There is bias in the location of US Geological
Survey gaging stations toward pcrennial, inten-
sively used streams and accessible locations.
Because T. ramosissima is drought tolerant com-
pared to native species in the Salicaceae (Busch
and Smith 1995) the bias against ephemeral
streams should lead to under-representation of
T. ramosissima in our data set. On the other
hand, the bias toward intensively used streams
and accessible reaches should lead to over-represen-
tation of the non-native species. We countered the
tendency of gages to occur at bridges by sam-
pling a long reach (mean = 1.3 km), by sampling
only naturally established vegetation, and by
shifting the location of the mapped reach as
much as a few kilometers when patterns of natu-
ral vegetation at the gage were obscured by
human activity.

We visited cvery site once between 1997 and
2002 and used aerial photographs to map the
overstory cover of each of the 44 species within
the area that is inundated at least once every
30 years. Reach length ranged from 0.14 to
5.07 km (mean = 1.3 km). To ensure uniform
search effort across sites, visits were limited to -
3 h regardless of the size or complexity of the
area. We used a telescope for identification of
inaccessible plants. Aerial photographs were
acquired from the National Aerial Photography
Program (image scale 1:40,000; date > 1986) and
enlarged by a factor of four. Using clear overlays
we divided each study area into relatively uni-
form patches of vegetation and visually deter-
mined the canopy cover of each species in each
patch. All field visits were carried out by one of
the first six authors. Prior to the study, this team
standardized the method by training together at
sites in Arizona, Colorado, and Montana. Qver-
lays were scanned and areas of polygons were
determined using ArcInfo (Version 8.1, Environ-
mental Systems Research Institute, Redlands
CA).




Distinguishing Tamarix species is difficult in
the field. T. ramosissima, T. parvifiora DC., T.
canariensis Willd., T. aphylfa (L.) Karst., and
other species and hybrids are present in the wes-
tern United States (Gaskin and Schaal 2002),
and only T. aphylla is easily distinguished from
the others. Therefore, when we found Tumarix
other than T aphylla we collected specimens for
identification by John Gaskin (Gaskin and
Schaal 2002).

We related occurrence of T. ramosissimu and
E. angustifolia to the mean annual minimum tem-
perature. We used ArcInfo to register gage loca-
tions to a gridded climate data set (grid cells
2km x 2 km) based on weather station data
from 1961 to 1990 (The Climate Source, Corval-
lis, OR, www.climatesource.com). Finally, we fit
Gaussian logistic curves relating species presence
or absence to mean annual minimum tempera-
ture (ter Braak and Looman 1995, PROC
LOGISTIC, SAS, Release 8.02, SAS Institutc,
Carey, NC).

Results and discussion

Our sample indicates that T. ramogsissima and E,
angustifolia are already the third and fourth most
frequently occurring woody riparian plants in the
region (Figure 1). Based on mean normalized
cover, T. ramosissima and E. angustifolia arc the
sccond and fifth most dominant woody riparian
species (Figure 1). The dominance of T. ramosiss-
ima has been strongly suspected for decades
(Robinson 1965; Brock 1994) though systematic
regional measurements have not been available
to confirm this suspicion. Although concern has
been raised about spread of E. angustifolia
(Olson and Knopf 1986; Katz and Shafroth
2003), its regional ascendance was not previously
known.

All but one of the 93 collected saltcedar sam-
ples were identified as 7. ramosissima (Gaskin
and Schaal 2002). The one exception was
T. canariensis collected at the Pecos River near Orla,
Texas. Although herbarium records indicate that
T. parviflora is widespread in the region (USDA
2004), its absence from our collections indicates
that it is much less abundant than 7. ramosiss-
ima.
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T. ramosissima and E. angustifolia have con-
trasting geographic distributions and are arrayed
distinctly along a temperature gradient (Figures 2
and 3). T. ramosissima dominates low elevation
sites in the southwestern USA, but is only locally
dominant (especially along reservoir margins)
north of the 41st parallel. E. angustifolia, on the
other hand, is abundant in the northern Great
Plains, but uncommon in southern California,
Arizona, and Texas. Both species are rare in the
mountains. The highest elevation of occurrence
was 2006 m for 7. ramosissima and 2296 m for
E. angustifolia.

The frequency of occurrence of T. ramosissima
has a strong positive relation with the mean
annual minimum temperature (Figure 3), which
is consistent with hypothesized frost sensitivity
(Lesica and Miles 2001; Sexton et al. 2002). If
this inference is correct, anticipated increases in
winter cold temperatures with global change can
be expected to lead to northward expansion of
T. ramosissima.

The frequency of occurrence of E. angustifolia
has a strong negative relation with the mean
annual minimum temperature (Figure 3). E. an-
gustifolia was not present at any of the 40 sites
with mean annual minimum temperature higher
than —8.7 °C. This could reflect a chilling require-
ment for bud break or seed germination (Katz
and Shafroth 2003), or the effect of some other
environmental factor correlated with low temper-
ature. The success of Russian-olive at mean
annual minimum temperatures below -35 °C is
consistent with controlled-freezing experiments
showing a killing termperature of —55 °C (Gusta
et al. 1983).

T. ramosissima and E. angustifolia have been
widely planted in the United States and Canada
since around 1900 (Brock 1994; Katz and
Shafroth 2003). Given the ability of T. ramosiss-
ima to flower in the first year and to disperse its
seeds over long distances by air and water (Eve-
ritt 1980), it seems unlikely that the relative scar-
city of this species in the northern USA is due to
incomplete dispersal. Factors that could lead to
future spread in the north include climate warming,
reservoir construction, and evolution of increased
frost hardiness. E. angustifolia matures at a later
age and has larger, less mobile seeds (Katz and
Shafroth 2003). Therefore, E. angustifolia is less
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Figure 1. Frequency of occurrence and mean normalized cover of the 10 most frequently occurring woody riparian plants in the
western USA. Normalized cover is the arca covered by a specics al a site divided by site valley length. Salix exigua here includes
S. exigua Null., S. interior Rowlee, S. melanopsis Nutl., and S. sessilifolia Nuti. Populus deltoides Bartr. cx Marsh. includes ssp.

monilifera and ssp. wistizeni (USDA 2004).

likely to have occupied all suitable locations than
T. ramosissima. Relatively slow dispersal may
explain why E. angustifolia has apparently taken
longer to become dominant in the region.
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Figure 3. Gaussian logistic regression of occurrence of Ta-
marix ramosissima and Elaeagnus angustifolia as a function of

mean annual minimum lemperature. Vertical bars are 95%
confidence intervals.
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Figure 2. Mcan annual minimum temperature and occurrence of Tamarix ramosissima and  Elaeagnus angustifolia across the

western USA.
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