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Abstract—Tamarisk (saltcedar: Tamarix), an invasive exotic tree native to the Eastern
Hemisphere, is currently the dominant plant species in most southwestern riparian
ecosystems at elevations below 1500 m. Tamarisk alters abiotic conditions, vegetation
structure, and the plant species composition of native southwestern riparian ecosystems, and,
in turn, affects native southwestern animal communities. However, information on the overall
effects of tamarisk on avifauna is somewhat conflicting and incomplete. This paper attempts
to resolve debate regarding the value of exotic tamarisk to avifauna across the Southwest by
gleaning information from the published literature on: 1) which groups of birds use tamarisk;
2) avian species richness and abundance patterns in tamarisk; and 3) which attributes
intrinsic and extrinsic to tamarisk are useful in predicting avian use. Use of tamarisk across
the Southwest by certain groups of birds is consistently associated with the availability of
specific food resources or nesting substrates. For example, frugivores, nectivores, platformnesting raptors, and cavity nesters all tend to avoid tamarisk due to lack of fruit, tubular
flowers, large trees, and pliable wood, respectively. However, use of tamarisk by other groups
of birds, such as insectivores, cup nesters, and residency groups, is more complex and is
strongly related to the tamarisk vegetation and geographic location being investigated. Avian
species richness and abundance patterns in tamarisk are also variable, with evidence from
the published literature suggesting that tamarisk vegetation along the lower Colorado River
supports a depauperate riparian bird community compared to tamarisk vegetation along the
Rio Grande and Pecos River. Overall, avian use of tamarisk is best explained by speciesspecific nesting and foraging requirements, which in turn covary with vegetation structure
and floristics, and are mediated by climatic influences.
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Background
Evidence that humans impact their local
environment dates as long ago as 40,000 years
before the present (Drake and others 1989). As
human populations on the planet grow, expand, and
colonize new landscapes, humans are also beginning
to impact the global environment by: 1) increasing
concentrations of carbon dioxide in the atmosphere
and altering global climatic conditions; 2) producing
and releasing persistent organic compounds (e.g.,
chloroflourocarbons); 3) changing land cover; and 4)
encouraging the spread of invasive organisms, socalled ‘biological pollutants’ (Coblentz 1990; Soulé
1990; Jobin and others 1996; Vitousek and others
1996; Olson and Harris 1997; Higgins and others
1999; Palumbi 2001). Potential impacts of human
activities include local and global species
extinctions. Areas where “anthropogenic activities
reduce natural habitat in centers of endemism”
(Dobson and others 1997:550) are considered ‘hot
spots’ of species endangerment. Within the United
States, the Southwest is one of several regions
designated as such a hot spot (Dobson and others
1997; Flather and others 1998; Abbitt and others
2000). The Southwest includes southeastern
California, most of Arizona and New Mexico,
southwestern Colorado, southern Utah, and Texas
west of the Pecos River (Bogan and others 1998).
The region is topographically and climatically
diverse, with elevations ranging from sea level to
4,000 m, and temperatures ranging from mild to
extreme cold or intense heat. Precipitation and water
availability also vary. The diversity of abiotic
conditions, combined with elevational and
latitudinal gradients, create a multitude of
microhabitats, which have contributed to the
evolution and maintenance of biological endemism
and diversity (Hubbard 1977; Szaro 1980; Bogan
and others 1998). Southwestern ecosystems most
threatened by human activities are desert shrubland,
arid grassland, and, particularly , riparian.
Southwestern riparian ecosystems occur along
streams and rivers and are characterized by narrow
bands of mesic vegetation embedded in extensive
areas of xeric upland vegetation (Szaro and Jakle
1985; Knopf and others 1988). Anthropogenic
alteration, degradation, and destruction of native
riparian ecosystems have great potential to
negatively impact the long-term stability of
southwestern wildlife populations. Southwestern
riparian areas are one of the few pla ces where plants
and wildlife can find surface or near-surface water
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and, consequently, support a large number and
variety of southwestern wildlife species (Stamp
1978; Szaro 1980; Knopf and others 1988; Brown
and Johnson 1989). Specifically , southwestern
riparian areas support more breeding birds than
surrounding uplands and attract higher numbers of
migratory birds (Carothers and others 1974; Stamp
1978; Szaro 1980; Szaro and Jakle 1985; Hunter and
others 1988; Knopf and others 1988; Ellis 1995;
Yong and Finch 1997; Patten 1998; Skagen and
others 1998; Yong and others 1998; DeLay and
others 1999; Kelly and Finch 1999; Kelly and others
2000).
Although indigenous peoples have inhabited the
Southwest for at least 10,000 years (e.g., the
Anasazi, Mogollon, and Hohokam peoples), largescale anthropogenic impacts to southwestern riparian
ecosystems intensified in the 1870s when the
Southwest began to be settled by Anglo-Americans,
accompanied by development of irrigation,
agriculture, livestock grazing, and, eventually, urban
and suburban areas (Carothers 1977; Bogan and
others 1998). Threats to native riparian ecosystems
include: 1) removal of native riparian vegetation
(e.g., phreatophyte control); 2) urban and suburban
development; 3) groundwater pumping; and 4) river
damming, diversion, and channelization (Carothers
and others 1974; Carothers 1977; Davis 1977;
Johnson and others 1977; Ohmart and others 1977;
Knopf and others 1988; Johnson 1989; Howe and
Knopf 1991; Marshall and Stoleson 2000). In
addition, but perhaps not as widely appreciated,
native riparian ecosystems are being altered by the
spread and establishment of exotic plants, which can
affect ecosystem function and distributions and
population dynamics of native species (Knopf and
others 1988; Howe and Knopf 1991; Vitousek and
others 1996; Westbrooks 1998; Higgins and others
1999; Fleishman and others 2003).
An invasive exotic plant of management concern
in the Southwest is tamarisk or saltcedar (Tamarix),
a long-lived (50-100 years) deciduous tree native to
arid regions of the Eastern Hemisphere. Plants
within the genus Tamarix are generally characterized
by: 1) deep pink to almost white flowers (fig. 1); 2)
capsule fruit, bearing many tiny seeds; 3) small
scale -like leaves with salt-secreting glands; and 4)
deep, extensive root systems (up to 100 feet) that
extend to the water table. Several species of tamarisk
were first introduced into the United States in the
early 1800s for stabilization of eroding stream banks
and for use as both ornamentals and windbreaks
(DeLoach 1997; Westbrooks 1998). By the 1930s,
USDA Forest Service Proceedings RMRS- P-42CD.

Figure 1. Flowering tamarisk (Tamarix). (Photographs by
H. A. Walker.)

tamarisk had successfully invaded riparian areas
throughout the western United States (Anderson and
others 1977a; Ohmart and others 1977; Brown and
Johnson 1989; DeLoach 1997). Initial spread of
tamarisk along such rivers as the Gila, Salt, Pecos,
Colorado, and Rio Grande was encouraged by the
construction of dams and flood control structures,
which disrupted natural hydrologic cycles and
decreased the competitive ability of native plant
species that depended on flood-created regeneration
sites (Marshall and Stoleson 2000). Subsequently ,
tamarisk has successfully invaded riparian areas and
ephemeral wetlands (e.g., playas, arroyos, and alkali
flats) that are relatively undisturbed by human
activities. Introduced tamarisk is now the dominant
plant species in most southwestern riparian
ecosystems at elevations below 1500 m, where it
often forms large monotypic stands to the exclusion
of native plants.
The success of tamarisk in replacing native
riparian plant species in the Southwest is partially
due to its ability to alter ecosystem function and
create unsuitable growing conditions for other
plants. In particular, tamarisk: 1) increases soil
salinity above the tolerance level of most native
plants by secreting a salty exudate from its foliage;
2) reduces water availability by drawing down
ground water with its deep root systems to depths
below root systems of native pla nts; and 3) increases
fire frequency by shedding its foliage and creating
thick, fire-prone ground cover (Anderson and others
1977a; Cohan and others 1979; Livingston and
Schemnit z 1996; DeLoach 1997). Tamarisk is able
to further limit growth of native pla nt species due to
the fact that it: 1) has a 5-month fruiting period that
allows it to exploit suitable germinating conditions
over a longer period than many native plant species
(Howe and Knopf 1991); 2) produces a large seed
bank that allows it to out-compete many native plant
species for germination sites (Cohan and others
1979; Howe and Knopf 1991; Westbrooks 1998); 3)
in the absence of scouring flows, forms thick stands
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that shade native plant germination sites; and 4)
establishes opportunistically (in both saturated and
dry surface soils) after flood disturbance (Stromberg
1997).
By altering abiotic and vegetative conditions of
native riparian ecosystems, tamarisk also affects
native southwestern animal communities (see
DeLoach 1997). However, information on the
overall use of tamarisk by wildlife is conflicting and
somewhat incomplete. Some authors have reported
preferential use of tamarisk vegetation by certain
animal species, while other authors have reported
that, like many exotic plant species, tamarisk
establishment alters animal species compositions
and reduces biodiversity (see DeLoach 1997; Olson
and Harris 1997). Similar debate exists in the
literature regarding the value of tamarisk specifically
for avifauna. It is generally accepted that initial
spread and establishment of tamarisk in native
southwestern riparian ecosystems, and
corresponding loss of native vegetation, resulted in
population reductions in many riparian bird species
(Carothers 1977; Ohmart and others 1977; Cohan
and others 1979; Hunter and others 1985; Hunter
and others 1987; Hunter and others 1988). However,
there is evidence that birds are adjusting to the
expansion of tamarisk and are utilizing tamariskdominated vegetation for both nesting (e.g., Hunter
and others 1988; Brown and Trosset 1989;
Fleishman and others 2003) and foraging (e.g., Yard
and others 2004).
It is estimated that at the current rate of spread
exotic plants will dominate all southwestern riparian
ecosystems within 50 to 100 years (Howe and Knopf
1991). Therefore, knowledge of the effects of
tamarisk on native organisms will become
substantially more relevant as tamarisk becomes the
predominant vegetation type available and as the
need for habitat management increases (Anderson
and others 1977a; Ohmart and others 1977). In this
paper, I try to resolve debate regarding the value of
tamarisk to avifauna across the Southwest by
gleaning information from the published literature
on: (1) which groups of birds use tamarisk; 2) avian
species richness and abundance patterns in tamarisk;
and (3) which attributes intrinsic and extrinsic to
tamarisk are useful in predicting avian use.
Objectives of the research are to 1) identify broad
predictive patterns in use of tamarisk by birds across
the Southwest, 2) delineate knowledge gaps in order
to direct future scientific research, and 3) provide
information useful for management practices that
USDA Forest Service Proceedings RMRS- P-42CD.

seek to control or eradicate exotic vegetation while
protecting southwestern avifauna.

Which Birds Use
Tamarisk?
Presence of a bird species in a particular
vegetation type depends on the bird’s life history
requirements and the availability of physical and
biological environmental factors necessary for
survival and reproductive success (Szaro 1980;
James and others 1984; Cody 1985; Rosenberg and
others 1991). Interspecific competition also plays a
role in determining species’ occurrences, but it is
difficult to quantify over broad geographic regions
(Carothers and others 1974; James and others 1984).
Several predictive patterns of which birds use
tamarisk can be gleaned from the literature by
grouping birds into guilds according to their shared
life histories, specifically their diet, nesting site
requirements, and residency status.

Tamarisk Use by Diet Guilds
Food acquisition is important for survival during
all phases of a bird’s annual cycle and influences
seasonal patterns in habitat use. Not all birds use
tamarisk to meet food-related requirements and
some forage largely or exclusively in adjacent
vegetation. Nevertheless, many bird species appear
to forage in tamarisk. Few studies investigating the
value of food resources in tamarisk to birds used
direct measures such as observations of foraging
behavior or analyses of stomach and fecal contents.
Instead, correspondence between presence of avian
diet guilds and abundance of food types is used as a
proxy indictor of whether tamarisk vegetation
provides necessary food resources.
Five primary diet guilds are discussed in the
literature: granivores, frugivores, timber drillers and
gleaners (which is often considered to be a foraging,
rather than diet, guild , but will be included here),
nectivores, and insectivores. As a rule, granivorous
bird species prefer or do not avoid tamarisk, while
frugivores, timber drillers and gleaners, and
nectivores appear to avoid tamarisk (Anderson and
others 1977a; Cohan and others 1979; Brush 1983;
Anderson and Ohmart 1984b; Rosenberg and others
1991; Ellis 1995). Consistent use of tamarisk by
granivores is possibly due to the fact that, though
affected by age and water availability, all tamarisk
plants produce copious amounts of seeds (up to 100
million seeds per year) from mid-spring to fall.
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However, some studies postulate that tamarisk seeds
might be too small to provide adequate forage for
many granivores. Its lack of fleshy fruits and dense,
hard wood result in consistent avoidance of tamarisk
by frugivores and timber drillers and gleaners,
respectively. Tamarisk floral morphology apparently
limits the ability of nectivores to utilize the large
numbers of nectar-laden tamarisk flowers available
from mid-spring to fall.
Unlike in the above four diet guilds, use of
tamarisk by insectivorous birds has been found to
vary with location and season; some studies have
found that insectivorous birds showed no selection
against tamarisk (Anderson and others 1977a;
Rosenberg and others 1991; Ellis 1995), while
others have found the reverse (Cohan and others
1979; Anderson and Ohmart 1984b). The variability
in tamarisk use by insectivores is partially explained
by differences in: 1) adjacent vegetation, such as
mesquite, which can be good sources for arthropod
‘tourist’ species that move into tamarisk-dominated
vegetation; 2) the composition and diversity of
major arthropod taxa between tamarisk and native
vegetation and among locations (e.g., Apache
cicadas [Diceroprocta apache] are less abundant and
Orthopterans are more abundant in tamarisk on the
middle Pecos River than on the lower Colorado
River); and 3) timing of emergence of arthropod
prey (e.g., Apache cicadas) (Cohan and others 1979;
Hunter and others 1988; Rosenberg and others 1991;
Andersen 1994; Mund-Meyerson 1998; DeLay and
others 1999; Drost and others 2003). Despite the
above, in general, the large number of 1) pollinator
species (e.g., Cotinus beetles) attracted to flowering
tamarisk, 2) the exotic leafhopper (Opsius
stactogalus) accidentally introduced with tamarisk,
and 3) Apache cicadas are all good sources of
arthropod prey in tamarisk vegetation for
insectivorous birds during spring and summer
(Rosenberg and others 1982; Glinski and Ohmart
1983; Glinski and Ohmart 1984; Andersen 1994;
Drost and others 2003; Yard and others 2004).

Tamarisk Use by Nesting Guilds
In addition to food resources, the availability of
nest sites, which directly affects reproductive
success, is an important determinant in habitat
selection (Hunter and others 1987). The ability to
nest in tamarisk is partly related to nest type (e.g.,
cavity, cup, platform) and the availability of suitable
nesting substrates. Cup nesters (including riparian
obligates) are able to use tamarisk vegetation in
many areas and sometimes nest predominately in
USDA Forest Service Proceedings RMRS- P-42CD.

tamarisk even when native vegetation is available
(Hunter and others 1988; Brown and Trosset 1989;
Rosenberg and others 1991; Brown 1992; Ellis
1995). However, evidence suggests that midsummer
breeders with open cup nests are less likely to use
tamarisk than are birds with insulated nests (e.g.,
sphere nests or cup nests with shade structures) on
the lower Colorado River (Hunter and others 1988).
This pattern cannot be explained by the lack of
suitable nesting substrates for open cup nesters on
the lower Colorado. A number of other species are
also generally unable to meet their nesting
requirements in tamarisk vegetation, including
ground nesting charadriiformes (e.g., Least Tern
[Sterna antillarum], Snowy Plover [Charadrius
alexandrinus]), large raptors, and cavity nesters
(e.g., woodpeckers, nuthatches) (Anderson and
others 1977a; Cohan and others 1979; Brush 1983;
Hunter and others 1987; Rosenberg and others 1991;
Ellis 1995; Koenen and others 1996; Taylor 2003).
Large raptors might be absent from tamarisk due to
the lack of tall, large trees needed for placement of
platform nests (Hunter and others 1985). Cavity
nesters might be absent from tamarisk because (1)
tamarisk wood is too hard to excavate, (2) the body
sizes of North American woodpeckers (and required
cavity sizes) generally exceed the maximum size of
tamarisk trunks and limbs, and (3) the absence of
woodpeckers affects secondary cavity nesters that
require woodpeckers for cavity excavation
(Anderson and others 1977a; Brush 1983). A notable
exception is the Ladder-backed Woodpecker
(Picoides scalaris), which was the first New World
woodpecker to be documented breeding in tamarisk,
most likely due to the fact that it is the smallest and
best excavating woodpecker in the range of
introduced tamarisk (fig. 2; Brush 1983).

Tamarisk Use by Residency Guilds
Avifauna of southwestern riparian ecosystems
can be categorized into four principa l residency
groups: 1) residents (also called permanent
residents), which tend to be present throughout the
year; 2) summer residents (also called summer
visitors or summer breeders), which are only present
during late spring and summer; 3) winter residents
(also called winter visitors), which are only present
for varying lengths of time between September and
April; and 4) transients (also called en route
migrants), which are only present for narrow time
periods during fall and spring migration (Szaro
1980; Hunter and others 1985; Hunter and others
1987; Hunter and others 1988; Finch and others
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Figure 2. Cavity nesting birds generally avoid tamarisk
(Tamarix) and are restricted to native vegetation. A
notable exception is the Ladder-backed Woodpecker
(Picoides scalaris). The Ladder-backed Woodpecker (left
photographs) was the first New World woodpecker to be
documented breeding in tamarisk, which is most likely due
to the fact that it is the smallest and best excavating
woodpecker in the range of tamarisk. Note the stout bill
morphology of the Ladder-backed Woodpecker compared
to that of the Red-shafted Flicker (right photographs:
Colaptes auratus cafer). (Photographs by S. Guallar, S.
Ogle, and J. Puschock.)

1995). Most research on avian use of tamarisk has
focused on residents and summer residents during
the summer breeding season. Little research has
been completed on winter residents and even less on
transients.
Studies on residents and summer residents
during the breeding season indicate that peak timing
of egg laying is a confounding determinant in
breeding bird use of tamarisk (Hunter and others
1985, 1988). Use of tamarisk by early summer
breeders generally increases from east to west
(Hunter and others 1985, 1988). In contrast, most
midsummer breeders are largely restricted to native
vegetation on the lower Colorado River, but they
occur in greater or equal densities in tamarisk as
native vegetation on the middle Pecos River, the Rio
Grande, and higher-elevation stretches of the
Colorado River (Anderson and others 1977a; Cohan
and others 1979; Hunter and others 1985; Hunter
and others 1987; Hunter and others 1988). Research
during the winter season indicates that avian
densities and species richness in tamarisk also
follow geographic patterns; densities and species
richness of wintering birds are generally lower in
tamarisk than in native vegetation types on the lower
Colorado River and Rio Grande, while wintering
birds use tamarisk heavily on the middle Pecos
River (Anderson and others 1977a; Cohan and
others 1979; Anderson and Ohmart 1984b; Hunter
USDA Forest Service Proceedings RMRS- P-42CD.

and others 1988; Rosenberg and others 1991). There
is some evidence to suggest that, as with breeding
and wintering birds, use of tamarisk by transients is
also related to geographic location. However, the
only published studies that specifically addressed
use of tamarisk by transients were from the middle
Rio Grande. I found no published studies on
transient use of tamarisk on the Pecos River and the
few studies that measured avian use in tamarisk
during the spring and/or fall migratory periods along
the lower Colorado River provided little specific
information on migrating birds. The lack of work on
transient use of tamarisk makes conclusions
problematic. Nevertheless, it appears that transients
sometimes use tamarisk in equal numbers to the
native vegetation along the middle Rio Grande (Leal
1994; Ellis 1995; Yong and others 1998; Kelly and
Finch 1999; Kelly and others 2000; Yong and Finch
2002), while both spring and fall birds (of all
residency groups, not just transients) avoid tamarisk
along the lower Colorado River (Anderson and
others 1977a; Cohan and others 1979; Anderson and
Ohmart 1984b).

Species Richness and
Abundance Patterns in
Tamarisk
When attempting to derive broad patterns in
avian species richness and abundance in tamarisk
from the published literature, it became immediately
apparent that most research investigating avian use
of tamarisk is biased towards riparian ecosystems
that were historically dominated by native
cottonwood (Populus), willow (Salix), and/or
mesquite (Prosopis) along the Rio Grande and Pecos
and Colorado Rivers in New Mexico, Texas, and
Arizona. Furthermore, it also became apparent that
geographic location is a strong determinant of avian
community structure and that avian species richness
and abundance differ consistently among the three
southwestern river valleys. A predominant
geographic pattern is that tamarisk-dominated
vegetation along the lower Colorado River supports
a depauperate riparian bird community compared to
similar tamarisk vegetation along the Rio Grande
and Pecos River (Hunter and others 1985; Hunter
and others 1987; Hunter and others 1988) (fig. 3).
Furthermore, tamarisk vegetation along the lower
Colorado River supports lower avian densities and
specie s richness than the native vegetation types. In
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Figure 3. Number of bird species (N = 13), common to the
Rio Grande and the Pecos and lower Colorado Rivers,
with more than fifty percent of their detections in either
cottonwood-willow (Populus-Salix) or tamarisk (Tamarix)
vegetation, when evaluating presence only in those two
vegetation types. Adapted from data published in Hunter
and others (1985, 1988).

contrast, along the middle Pecos River, where a
substantial riparian woodland was absent prior to
establishment of tamarisk, total densities and species
richness in tamarisk surpasses that of the native
Chihuahuan grassland and shrub communities
(Anderson and others 1977a and 1977b; Cohan and
others 1979; Anderson and Ohmart 1984b; Hunter
and others 1985; Hunter and others 1988; Rosenberg
and others 1991; Livingston and Schemnitz 1996).
Tamarisk invasion has even promoted expansions of
several bird species within the Pecos Valley (Hunter
and others 1988; Livingston and Schemnitz 1996).
On the Rio Grande, several published studies report
that avian densities and species richness are lower in
tamarisk relative to native vegetation (Anderson and
Ohmart 1984b; Hunter and others 1988; Kelly and
Finch 1999), while other studies report that avian
densities and species richness are either similar or
higher in tamarisk (Hunter and others 1985; Ellis
1995; Livingston and Schemnitz 1996; Kelly and
Finch 1999).

Which Attributes of
Tamarisk Predict Avian
Use?
Variation in both physical and biological
environmental factors is apparent in tamariskUSDA Forest Service Proceedings RMRS- P-42CD.

dominated sites. Due to its ability to tolerate a wide
range of environmental conditions, tamarisk can
flourish along both permanent and ephemeral water
sources and in a wide variety of soil types (saturated
and dry), elevations, and climates. In addition, both
the structure of tamarisk vegetation and the floristics
of adjacent and associated vegetation are variable
(Brotherson and others 1984). As a result of
differences in environmental features among
tamarisk vegetation types across local and broad
geographic scales, tamarisk provides a variety of
abiotic microclimates, food resources, and foraging
and nesting substrates. Thus, variation in
environmental features must be examined in relation
to avian life history requirements in order to tease
apart the factors that confound region-wide patterns
in avian use of tamarisk (James and others 1984;
Sogge and Marshall 2000).
As discussed in the previous section, availability
of food resources and nesting substrates are two
predictors of avian presence in tamarisk, specifically
of various diet and nesting guilds. However, these
attributes cannot explain the geographic variation in
use of tamarisk by residency groups nor can they
explain the geographic patterns in species richness
and abundance in tamarisk. Geographic variation in
use of tamarisk appears to pose an obstacle to
drawing sweeping region-wide conclusions about
the value of tamarisk to avifauna: few region-wide
generalizations regarding avian community structure
in tamarisk can be derived from information based
on any one river valley. However, several
underlying factors are confounding patterns seen at
the geographic scale. In the following paragraphs, I
will evaluate the extent to which vegetation
structure, plant species composition, and climate
underlie two somewhat consistent patterns in avian
use of tamarisk: 1) Tamarisk vegetation along the
lower Colorado River supports fewer total species
and individuals of midsummer breeding and
wintering birds than tamarisk vegetation along the
Rio Grande and middle Pecos River; and 2) early
summer breeders are more abundant in tamarisk
along the lower Colorado River than in tamarisk
along the Rio Grande and the middle Pecos River.

Confounding Variables: Vegetation
Structure and Plant Species
Composition
The vegetation structure (physiognomy) and
plant species composition (floristics) of tamariskdominated vegetation are variable across the
Southwest (fig. 4). Structure of individual tamarisk
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Figure 4. The vegetation structure (physiognomy) of
tamarisk is variable. Individual tamarisk plants can vary
from thin-stemmed shrubs to multi-trunked trees and from
ground cover seedlings to trees of 10 meters or more in
height. (Photographs by K. Lair and H. A. Walker.)

plants can vary from thin-stemmed shrubs to multitrunked trees and from ground cover seedlings to
trees of 10 meters or more in height (Brotherson and
others 1984). In addition, tamarisk-dominated
vegetation can vary from mixtures of native and
exotic plant species to stands comprised solely of
tamarisk. Furthermore, vegetation adjacent to
tamarisk stands can vary from native woodland to
grassland or agricultural fields. Variation in both
physiognomy and floristics of tamarisk-dominated
vegetation is perhaps more useful in explaining
geographic variation in avian use of tamarisk than
variation in food resources or nest site availability
alone. Physiognomy and floristics influence the
types and availability of food resources and of
foraging and nesting substrates (Szaro 1980;
Fleishman and others 2003), and, therefore, are
proxies for a large number of environmental factors
necessary for birds to fulfill their life history
(MacArthur and MacArthur 1961; Robinson and
Holmes 1984; Szaro and Jakle 1985; Allison and
others 2003; Fleishman and others 2003).
Though there are few consistent structural and
floristic differences among tamarisk vegetation of
the Rio Grande and the Pecos and Colorado Rivers,
two primary differences exist among tamarisk
vegetation examined in the published literature: 1)
tamarisk stands on the lower Colorado River tend to
be lower-statured and sparser than stands along the
Pecos River, the Rio Grande, and upper elevations of
the Colorado River; and 2) a larger number of
USDA Forest Service Proceedings RMRS- P-42CD.

adjacent shrubs and annual plant species are present
along the middle Pecos River. These geographic
differences in physiognomy and floristics alone are
probably insufficient to explain geographic patterns
in avian community structure in tamarisk.
Nevertheless, variation in physiognomy and
floristics is correlated with local patterns in avian
community composition and structure in tamarisk.
Tamarisk vegetation with similar physiognomy as
native vegetation generally supports similar avian
densities and species richness (Brown and Trosset
1989; Livingston and Schemnitz 1996; Fleishman
and others 2003), and tall, dense tamarisk stands that
are structurally diverse are generally most often used
by birds (Carothers and others 1974; Anderson and
others 1977a; Stamp 1978; Szaro and Jakle 1985;
Rosenberg and others 1991; Farley and others 1994;
Livingston and Schemnitz 1996). Thus, in some
situations, riparian communities dominated by
tamarisk can be the structural or ecological analogs
of native communities that are the required habitat of
native riparia n birds. Compared to physiognomy,
avian species composition is generally more similar
when floristics is more similar (Anderson and others
1977a; Fleishman and others 2003). Therefore,
tamarisk stands that contain some attendant native
plant species are more likely to support unique avian
species that are usually closely associated with the
native vegetation (Ellis 1995). In addition, floristics
of adjacent plant species influences avian species
composition and abundance in tamarisk vegetation
by increasing availability of food and nesting
substrates (Carothers and others 1974; Szaro and
Jakle 1985). Due to the effect of floristics on avian
communities, many studies suggest that addition of
native trees and shrubs that provide high quality
nesting and/or foraging substrates enhances the
value of tamarisk vegetation to birds (Beidleman
1971; Anderson and others 1977a; Cohan and others
1979; Glinski and Ohmart 1983; Hunter and others
1987; Hunter and others 1988; Brown 1992;
Livingston and Schemnitz 1996; Kelly and Finch
1999).

and floristics, help to explain patterns in avian use of
tamarisk, the physical environment is also an
important causal factor. In the Southwest, elevation
decreases and temperatures increases from east to
west (e.g., from the Pecos River to the Colorado
River) and from north to south (e.g., from the upper
Colorado River to the lower Colorado River). These
gradients influence abiotic environmental features
extrinsic to tamarisk-dominated sites and help to
explain the conflicting patterns seen in breeding
birds (i.e., why midsummer breeders are absent in
tamarisk on the lower Colorado River while early
summer breeders rarely use tamarisk on the middle
Pecos River).
Along the lower Colorado River, June and July
temperatures frequently exceed 42 o C. Such high
temperatures are detrimental to developing eggs and
young. As tamarisk stands along the lower Colorado
River tend to be lower-statured and sparse, it has
been hypothesized that they might not provide
adequate foliage cover for eggs and young during
midsummer months (Anderson and others 1977a;
Hunter and others 1985; Hunter and others 1987;
Hunter and others 1988; Rosenberg and others 1991;
Marshall and Stoleson 2000; United States Fish and
Wildlife Service 2001). This hypothesis is supported
by the fact that midsummer breeders with insulated
nests are more likely to use tamarisk on the lower
Colorado River than are open cup nesters (Hunter
and others 1988). Opposite to summer temperatures,
winter severity decreases from east to west. Hunter
and others (1985, 1988) hypothesized that the low
numbers of early breeding residents in tamaris k
along the middle Pecos River and Rio Grande are
due to the fact that tamarisk might provide
suboptimal habitat for wintering early breeding
Sonoran or Chihuahuan bird species in western
Texas and eastern New Mexico. Physiological stress
and associated mortality might prevent resident
species from spreading into tamarisk and surviving
to breed the next year.

Confounding Variables: Climate

Synthesis of Current
Patterns

Birds select among available habitats using
information on both physical and biological
environmental attributes to meet energetic and
reproductive needs and to maximize fitness: the
vegetative component alone does not determine
whether a bird will be present in a particular area.
Thus, although availability of food resources and
nesting substrates, which covary with physiognomy

Southwestern riparian bird populations are
affected by a complex set of interacting factors,
including competition, diet preference, nesting
requirements, psychological preferences for habitat
attributes (e.g., vegetation structure, plant species
composition, patch size), and physiological tolerance
to microclimatic factors of the physical environment
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(Szaro 1980; James and others 1984; Sogge and
Marshall 2000). As factors necessary for the survival
and reproductive success of birds fluctuate spatially
and temporally, discussion of avian community
composition and structure in tamarisk must involve
biogeographic considerations. An evaluation of the
variation in avian use of tamarisk across the
Southwest generated several broad predictive
patterns regarding which birds use tamarisk, species
richness and abundance patterns in tamarisk, and
which attributes intrinsic and extrinsic to tamarisk
are useful in predicting avian use.
Use of tamarisk across the Southwest by certain
groups of birds is consistently associated with the
availability of specific food resources or nesting
substrates. For example, frugivores, nectivores,
ground nesting charadriiformes, platform-nesting
raptors, and timber drillers, timber gleaners, and
cavity nesters all tend to avoid tamarisk due to lack
of fruit , tubular flowers, bare ground, large trees, and
pliable wood, respectively, while granivores tend to
prefer or at least do not avoid tamarisk regardless of
locality possibly due to high seed abundances. In
contrast, use of tamarisk by other groups of birds,
such as insectivores, cup nesters, and residency
groups , is more complex and is strongly rela ted to
the tamarisk vegetation and geographic location
being investigated. Nonetheless, two predictive
geographic patterns are evident for residency groups :
1) Tamarisk vegetation along the lower Colorado
River supports fewer total species and individuals of
both midsummer breeding and wintering birds than
similar tamarisk vegetation along the Rio Grande
and middle Pecos River; and 2) early summer
breeders are more abundant in tamarisk along the
lower Colorado River than in tamarisk along the Rio
Grande and the middle Pecos River.
Evidence from literature published on avian
species richness and abundance patterns in tamarisk
suggests that tamarisk vegetation along the lower
Colorado River supports a depauperate riparian bird
community compared to tamarisk vegetation along
the Rio Grande and Pecos River. However, as
breeding birds (especially midsummer-breeding
summer residents) are the most abundant group in
riparian areas (Szaro and Jakle 1985) and are the
most well documented, patterns in breeding bird use
of tamarisk drive the patterns that have been
described for avian species richness and abundance.
Overall, documented patterns in avian use of
tamarisk are best explained by species-specific
nesting and foraging requirements, which in turn
covary with physiognomy and floristics, and are
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mediated by climatic influences. Tamarisk
vegetation most used by birds generally occurs as
tall, dense, structurally and floristically
heterogeneous stands. Such stands tend to have more
nesting and foraging substrates, provide cover from
thermal stress and predation, and support more food
resources.

Future Needs
Despite the numerous studies that have been
published on avian use of tamarisk, large gaps exist
in our knowledge base:
1. Most research has focused on the lower
Colorado River, which is vegetatively and
climatically distinct from tamarisk-dominated sites
elsewhere. As a result, broad conclusions made on
the value of tamarisk to avifauna would be erroneous
if based solely on data from the lower Colorado
River (Brown and Johnson 1989). More studie s are
needed not only from the Rio Grande and the Pecos
River, but from associated tributaries and other
major southwestern river systems (Hunter and others
1985).
2. The majority of research has been completed
during the breeding season. Although some
information exists for wintering birds, there is much
left to discover regarding tamarisk use by migrating
birds.
3. Use of tamarisk by insectivorous birds has
been found to vary with location and season, but
little information is available to explain the observed
variability. Studies are needed comparing insect
biomass and availability of foraging substrates to
foraging behavior and diet requirements.
4. Published literature on avian use of tamarisk
has been largely limited to inventory – that is,
simply recording the presence or absence of bird
species in tamarisk vegetation. However, occupancy
of a habitat alone does not imply optimality, only
that the habitat meets the selection criteria for those
species present (Sogge and Marshall 2000).
Ultimately, the suitability of a habitat must be
measured by reproductive success and survivorship
(Sogge and Marshall 2000). The suitability (in terms
of productivity and survivorship) of tamariskdominated vegetation to avian species in the
Southwest is not well studied and has been mostly
limited to work on one species, the Federally
Endangered Southwestern Willow Flycatcher
(Empidonax traillii extimus) (see Sogge and
Marshall 2000). Notable exceptions are studies by
Yong and others (1998) and Kelly and Finch (1999)
USDA Forest Service Proceedings RMRS- P-42CD.

that looked at energetic condition (e.g., fat scores
and mass) of transients on the middle Rio Grande,
New Mexico. Additional studies quantifying
survivorship and reproductive success should better
determine the value of tamarisk habitats and should
resolve whether tamarisk habitats are sinks for
southwestern bird populations.
5. More studies (particularly experimental
studies) are needed to tease out which factors delimit
avian use of tamarisk at different scales. Hunter and
others (1985, 1987, 1988) and others have put forth
several hypotheses to explain observed patterns in
avian use of tamarisk, but no studies have attempted
to determine their validity. More data are needed to
determine whether, for example, the relative
insulation properties of tamarisk, availability of food
resources, and/or vegetation structure limit bird use
of tamarisk along east-west gradients.
6. Tamarisk vegetation is variable in structure
and floristics. Hunter and others (1985) suggest that,
in order to better quantify avian value of tamarisk,
bird communities should be surveyed in a large
range of tamarisk vegetation types. However, the
diversity of tamarisk vegetation types hampers
discussion of the types of tamarisk most preferred or
avoided by birds. I propose that a classification
system be developed for tamarisk vegetation based
on such attributes as plant species composition,
structure, and hydrology. Similar classification
systems have been developed for streams (see
Rosgen 1985) , riparian forests (see Brown and
others 1979; Szaro 1980) , and tamarisk structural
types (see Anderson and others 1977a). Only by
formulating standardized terminology can the
complexity of tamarisk vegetation types be
addressed by both managers and researchers.

Discussion
Riparian ecosystems in the Southwest provide
mesic sanctuaries from surrounding arid and semiarid landscapes for a host of wildlife species (Patten
1998). Although riparian ecosystems represent only
1 percent of the total area in the southwestern United
States, they support 75-80 percent of southwestern
wildlife species (Knopf and others 1988).
Specifically, riparian ecosystems support more
breeding bird species than surrounding uplands
(Johnson and others 1977; Hunter and others 1988;
Knopf and others 1988; Ellis 1995; DeLay and
others 1999; Kelly and Finch 1999) and, according
to Hunter and others (1988), over 40 percent of all
the bird species found in southwestern river valleys
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depend, either partially or entirely, on riparian
vegetation. In addition, southwestern riparian areas
attract high concentrations of migratory passerines
en route to their wintering or breeding grounds
(Yong and Finch 1997; Skagen and others 1998;
Yong and others 1998; Kelly and others 2000).
Over the last century, an estimated 90 percent of
native riparian ecosystems in Arizona and New
Mexico has been lost or degraded due to
anthropogenic land clearing, fragmentation, river
damming and impoundment, overgrazing, and
addition of fertilizers and agricultural chemicals
(Howe and Knopf 1991). Native cottonwood/willow
(Populus/Salix ) riparian forest is now considered one
of North America’s rarest forest types (Johnson
1989). Resulting from and compounding these
anthropogenic changes is the widespread
establishment of exotic plant species (Westbrooks
1998). It has been estimated that at the current rate
of spread exotic plants will dominate all
southwestern riparian ecosystems within 50 to 100
years (Howe and Knopf 1991).
A particularly successful exotic in the Southwest
is tamarisk or saltcedar (Tamarix), an exotic tree
from the Eastern Hemisphere that was introduced to
the United States in the early 1800s for stabilization
of eroding stream banks and use in wind breaks
(DeLoach 1997). Tamarisk is quickly becoming the
dominant vegetation type in southwestern riparian
ecosystems (Hunter and others 1985; Brown and
Johnson 1989) and it is thought that potential
increases in average global temperatures and aridity
will only further the spread of tamarisk and the
decline of native plant species (see Marshall and
Stoleson 2000). Introduced tamarisk alters the
abiotic environment of southwestern riparian
ecosystems by changing soil salinity, ground water
availability, and fire frequency (Cohan and others
1979; Brotherson and others 1984; DeLoach 1997;
Lovich and DeGouvenain 1998). In addition,
tamarisk introduction, and associated loss of native
riparian vegetation, is affecting faunal communities
and could potentially result in the loss of
approximately half of the avian species that breed in
the Southwest (Knopf and others 1988).
In order to curtail future negative impacts of
tamarisk on native ecosystems, many federal, state,
and tribal agencies are undertaking aggressive
campaigns to reduce or eradicate tamarisk in the
Southwest through mechanical, chemical, and
biological control (Fleishman and others 2003).
However, many such efforts are being undertaken on
a site-specific basis without sufficient quantitative
USDA Forest Service Proceedings RMRS- P-42CD.

data on the value of tamarisk to wildlife, specifically
avifauna. Although development of broad
management guidelines is difficult due to the
variability of tamarisk vegetation and the scale of
infestation (Szaro 1980; Knopf and others 1988),
site-specific data and management policies can lead
to erroneous conclusions regarding the desirability
and efficacy of tamarisk removal programs across
the Southwest (Knopf and others 1988). In this
paper, I recommend that more research be completed
on the local and regional use of tamarisk by avifauna
and that a classification system of tamarisk
vegetation types be developed to aid in defining
which types of tamarisk are most useful and
detrimental to wildlife. However, tamarisk control
actions already underway or planned for the near
future cannot wait for the results of future scientific
projects. For those control programs, results from
this paper suggest that monotypic stands of tamarisk
that are sparse and lower-statured should be a
priority for removal, while stands that are
structurally and floristically diverse can function as
temporary replacements for native vegetation for a
number of riparian bird species. Regardless of which
types of tamarisk are removed, intensive tamarisk
removal projects that eradicate tamarisk and leave
areas bare of woody overstories and/or understories,
without restoring native vegetation in the near term,
might threaten the local persistence of many native
birds. At the very least, tamarisk removal projects
should be accompanied by studies of birds and other
organisms. Such studies are essential to determine
whether tamarisk control projects achieve their
targeted goals.

References
Abbitt, Robbyn J. F.; Scott, J. Michael; Wilcove,
David S. 2000. The geography of vulnerability:
incorporating species geography and human
development patterns into conservation
planning. Biological Conservation 96(2): 169175.
Allison, Linda J.; Paradzick, Charles E.; Rourke,
James W.; McCarthey, Tracy D. 2003. A
characterization of vegetation in nesting and
non-nesting plots for Southwestern Willow
Flycatchers in central Arizona. Studies in Avian
Biology 26: 81-90.
Andersen, Douglas C. 1994. Are cicadas
(Diceroprocta apache) both a "keystone" and a
"critical-link" species in lower Colorado River
riparian communities? Southwestern Naturalist
284

39(1): 26-33.
Anderson, Bertin W.; Engel-Wilson, Ronald W.;
Wells, Douglas; Ohmart, Robert D. 1977b.
Ecological study of southwestern riparian
habitats: techniques and data applicability. In:
Johnson, R. R.; Jones, Dale A., technical
coordinators. Importance, preservation and
management of riparian habitat: a symposium.
General Technical Report RM-43. Fort Collins,
CO: U.S. Department of Agriculture, Forest
Service. 4 p.
Anderson, Bertin W.; Higgins, Alton; Ohmart,
Robert D. 1977a. Avian use of saltcedar
communities in the Lower Colorado River
Valley. In: Johnson, R. R.; Jones, Dale A.,
technical coordinators. Importance, preservation
and management of riparian habitat: a
symposium. General Technical Report RM-43.
Fort Collins, CO: U.S. Department of
Agriculture, Forest Service. 8 p.
Anderson, B. W., and R. D. Ohmart. 1984b. A
vegetation management study for the
enhancement of wildlife along the Lower
Colorado River. Contract No. 7-07-30-V0009.
Tempe, AZ: U.S. Department of Interior, Bureau
of Reclamation, Lower Colorado Region.
Anderson, Bertin W.; Ohmart, Robert D. 1977a.
Vegetation structure and bird use in the lower
Colorado River Valley. In: Johnson, R. R.;
Jones, Dale A., technical coordinators.
Importance, preservation and management of
riparian habitat: a symposium. General
Technical Report RM-43. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service. 11 p.
Beidleman, Richard G. 1971. Cottonwood-tamarisk
river bottom. American Birds 25(3): 646-648.
Bogan, M. A.; Allen, C. D.; Muldavin, E. H.;
Platania, S. P.; Stuart, J. N.; Farley, G. H.;
Mehlop, P.; Belnap, J. 1998. Southwest. In:
Mac, M. J.; Opler, P. A.; Puckett Haecker, C. E.;
Doran, P. D., eds. Status and trends of the
nation’s biological resources, Vol. 2. Reston,
VA: U.S. Department of Interior, Geological
Survey: 543-592.
Brotherson, Jack D.; Carman, John G.; Szyska, Lee
A. 1984. Stem-diameter age relationships of
Tamarix ramosissima in central Utah. Journal of
Range Management 37(4): 362-364.
Brown, Bryan T. 1992. Nesting chronology, density
and habitat use of Black-chinned Hummingbirds
along the Colorado River, Arizona. Journal of
Field Ornithology 63(4): 393-506.
USDA Forest Service Proceedings RMRS- P-42CD.

Brown, Bryan T.; Johnson, R. R. 1989. Ecology and
management of riparian breeding birds in
tamarisk habitats along the Colorado River in
Grand Canyon National Park, Arizona. In:
Kunzmann, Michael R.; Johnson, R. R.; Bennett,
Peter S., eds. and conference coordinators.
Tamarisk control in southwestern United States.
Special Report No. 9. Tucson, AZ: U.S.
Department of Interior, National Park Service:
68-73.
Brown, Bryan T.; Trosset, Michael W. 1989.
Nesting-habitat relationships of riparian birds
along the Colorado River in Grand Canyon,
Arizona. Southwestern Naturalist 34(2): 260270.
Brown, D.E.; Lowe, C.H.; Pase, C.P. 1979. A
digitized classification system for the biotic
communities of North America, with community
(series) and associated examples for the
southwest. Journal of the Arizona-Nevada
Academy of Science 14: 1-16.
Brush, Timothy. 1983. First nesting of a New World
woodpecker in tamarisk (Tamarix chinensis).
Southwestern Naturalist 28(1): 113.
Carothers, Steven W. 1977. Importance,
preservation and management of riparian
habitat: an overview. In: Johnson, R. R.; Jones,
Dale A., technical coordinators. Importance,
preservation and management of riparian
habitat: a symposium. General Technical Report
RM-43. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service. 2 p.
Carothers, S.W.; Johnson, R.R.; Aitchison, S.W.
1974. Population structure and social
organization of southwestern riparian birds.
American Zoologist 14: 97-108.
Coblentz, B. E. 1990. Exotic organisms: a dilemma
for conservation biology. Conservation Biology
4: 61-265.
Cody, M. L. 1985. Habitat selection in birds.
Orlando, FL: Academic Press, Inc.
Cohan, D. R.; Anderson, Bertin W.; Ohmart, Robert
D. 1979. Avian population response to salt cedar
along the lower Colorado River. In: Johnson, R.
R.; McCormick, J. F., technical coordinators.
Strategies for protection and management of
floodplain wetlands and other riparian
ecosystems. General Technical Report WO-12.
Washington, D.C.: U.S. Department of
Agriculture, Forest Service. 12 p.
Davis, Gary A. 1977. Management alternatives for
the riparian habitat in the Southwest. In:
Johnson, R. R.; Jones, Dale A., technical
285

coordinators. Importance, preservation and
management of riparian habitat: a symposium.
General Technical Report RM-43. Fort Collins,
CO: U.S. Department of Agriculture, Forest
Service. 8 p.
DeLay, Linda; Finch, Deborah M.; Brantley, Sandra;
Fagerlund, Richard; Means, Michael D.; Kelly,
Jeffrey F. 1999. Arthropods of native and exotic
vegetation and their association with Willow
Flycatchers and Wilson's Warblers. In: Finch,
Deborah M.; Whitney, Jeffrey C.; Kelly, Jeffrey
K.; Loftin, Samuel R., technical editors. Rio
Grande ecosystems: linking land, water, and
people. Toward a sustainable future for the
Middle Rio Grande Basin. General Technical
Report RMRS-P-7. Ogden, UT: U.S.
Department of Agriculture, Forest Service. 5 p.
DeLoach, C. J. 1997. Effects of biological control of
saltcedar (Tamarix ramosissima) on endangered
species: biological assessment (draft). Temple,
TX: U.S. Department of Agriculture,
Agricultural Research Service.
Dobson, A. P.; Rodriguez, J. P.; Roberts, W. M.;
Wilcove, D. S. 1997. Geographic distribution of
endangered species in the United States. Science
275: 550-553.
Drake, J. A.; Mooney, H. A.; diCastri, F.; Groves, R.
H.; Kruger, F. J.; Rejmánek, M.; Williamson, M.
1989. Biological invasions: a global perspective.
Chichester, Great Britain: John Wiley and Sons.
Drost, Charles A.; Paxton, Eben H.; Sogge, Mark
K.; Whitfield, Mary J. 2003. Food habits of the
endangered Southwestern Willow Flycatcher.
Studies in Avian Biology 26: 96-103.
Ellis, Lisa M. 1995. Bird use of saltcedar and
cottonwood vegetation in the Middle Rio
Grande Valley of New Mexico, U.S.A. Journal
of Arid Environments 30: 339-349.
Farley, Greg H.; Ellis, Lisa M.; Stuart, James N.;
Scott Jr., Norman J. 1994. Avian species
richness in different-aged stands of riparian
forest along the Middle Rio Grande, New
Mexico. Conservation Biology 8(4): 1098-1108.
Finch, Deborah M.; Wolters, Gale L.; Yong, Wang.
1995. Chapter 7: plants, arthropods, and birds of
the Rio Grande. In: Finch, Deborah M.; Tainter,
Joseph A., technical editors. Ecology, diversity,
and sustainability of the Middle Rio Grande
Basin. General Technical Report RM-268. Fort
Collins, CO: U.S. Department of Agriculture,
Forest Service. 27 p.

USDA Forest Service Proceedings RMRS- P-42CD.

Flather, Curtis H.; Knowles, Michael S.; Kendall,
Iris A. 1998. Threatened and endangered species
geography. BioScience 48(5): 365-375.
Fleishman, Erica; McDonal, Neil; MacNally, Ralph ;
Murphy, Dennis D.; Walters, Jack; Floyd, Ted.
2003. Effects of floristics, physiognomy and
non-native vegetation on riparian bird
communities in a Mojave Desert watershed.
Journal of Animal Ecology 72(3): 484-490.
Glinski, Richard L.; Ohmart, Robert D. 1983.
Breeding ecology of the Mississippi Kite in
Arizona. Condor 85(2): 200-207.
Glinski, Richard L.; Ohmart, Robert D. 1984.
Factors of reproduction and population densities
in the Apache Cicada (Diceroprocta apache).
Southwestern Naturalist 29(1): 73-79.
Higgins, S.I.; Richardson, D.M.; Cowling, R.M.;
Trinder-Smith, T.H. 1999. Predicting the
landscape-scale distribution of alien plants and
their threat to plant diversity. Conservation
Biology 13: 303-313.
Howe, William H.; Knopf, Fritz L. 1991. On the
imminent decline of Rio Grande cottonwoods in
central New Mexico. Southwestern Naturalist
36(2): 218-224.
Hubbard, John P. 1977. Importance of riparian
ecosystems: biotic considerations. In: Johnson,
R. R.; Jones, Dale A., technical coordinators.
Importance, preservation and management of
riparian habitat: a symposium. General
Technical Report RM-43. Fort Collins, CO: U.S.
Department of Agriculture, Forest Service. 4 p.
Hunter, William C.; Anderson, Bertin W.; Ohmart,
Robert D. 1985. Summer avian community
composition of Tamarix habitats in three
southwestern desert riparian systems. In:
Johnson, R. R.; Ziebell, C. D.; Patten, D. R.;
Ffolliot, D. R.; Hamre, R. H., technical
coordinators. Riparian ecosystems and their
management: reconciling conflicting uses.
General Technical Report RM-120. Fort Collins,
CO: U.S. Department of Agriculture, Forest
Service. 6 p.
Hunter, William C.; Ohmart, Robert D.; Anderson,
Bertin C. 1988. Use of exotic saltcedar (Tamarix
chinensis) by birds in arid riparian systems.
Condor 90: 113-123.
Hunter, William C.; Ohmart, Robert D.; Anderson,
Bertin W. 1987. Status of breeding riparianobligate birds in southwestern riverine systems.
Western Birds 18: 10-18.
James, F.C.; Johnson, R.F.; Wamer, N.O.; Niemi,
G.J.; Boecklen, W.J. 1984. The Grinnellian
286

niche of the Wood Thrush. American Naturalist
124: 17-47.
Jobin, A.; Schaffner, U.; Nentwig, W. 1996. The
structure of the phytophagous insect fauna on
the introduced weed Solidago altissima in
Switzerland. Entomologia Experimentalis et
Applicata 79: 33-42.
Johnson, Aubrey S. 1989. The thin green line:
riparian corridors and endangered species in
Arizona and New Mexico. In: Mackintosh, G.,
ed. In defense of wildlife: preserving
communities and corridors. Washington, D.C.:
Defenders of Wildlife: 35-46.
Johnson, R. R.; Haight, Lois T.; Simpson, James M.
1977. Endangered species vs. endangered
habitats: a concept. In: Johnson, R. R.; Jones,
Dale A., technical coordinators. Importance,
preservation and management of riparian
habitat: a symposium. General Technical Report
RM-43. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service. 11 p.
Kelly, Jeffrey F.; Finch, Deborah M. 1999. Use of
saltcedar vegetation by landbirds migrating
through the Bosque del Apache National
Wildlife Refuge. In: Finch, Deborah M.;
Whitney, Jeffrey C.; Kelly, Jeffrey F.; Loftin,
Samuel R., technical editors. Rio Grande
ecosystems: linking land, water, and people.
Toward a sustainable future for the Middle Rio
Grande Basin. General Technical Report
RMRS-P-7. Ogden, UT: U.S. Department of
Agriculture, Forest Service. 8 p.
Kelly, Jeffrey F.; Finch, Deborah M.; Yong, Wang.
2000. Vegetation associations of wood warblers
migrating along the Middle Rio Grande Valley,
New Mexico. Southwestern Naturalist 45(2):
159-168.
Knopf, F.L.; Johnson, R.R.; Rich, T.; Samson, F.B.;
Szaro, R.C. 1988. Conservation of riparian
ecosystems in the United States. Wilson Bulletin
100: 272-284.
Koenen, Marcus T.; Leslie, David M.; Gregory,
Mark. 1996. Habitat changes and success of
artificial nests on an alkaline flat. Wilson
Bulletin 108(2): 292-301.
Leal, D. A. 1994. Comparative avian community
composition and habitat importance in the Rio
Grande corridor of New Mexico. Unpublished
M.S. thesis. Las Cruces, NM: New Mexico State
University.

USDA Forest Service Proceedings RMRS- P-42CD.

Livingston, M. F.; Schemnitz, S. D. 1996. Summer
bird/vegetation associations in tamarisk and
native habitat along the Pecos River,
southeastern New Mexico. In: Shaw, Douglas
W.; Finch, Deborah M., technical coordinators.
Desired future conditions for southwestern
riparian ecosystems: bringing interests and
concerns together. General Technical Report
RM-272. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service. 9 p.
Lovich, Jeffrey E.; De Gouvenain, Roland C. 1998.
Saltcedar invasions in desert wetlands of the
southwestern United States: ecological and
political implications. In: Majumdar, S. K.;
Miller, E. W., eds. Ecology of wetlands and
associated systems. Easton, PA: The
Pennsylvania Academy of Science: 448-467.
MacArthur, Robert H.; MacArthur, John W. 1961.
On bird species diversity. Ecology 42(3): 594598.
Marshall, Robert M.; Stoleson, Scott H. 2000.
Chapter 3: threats. Status, ecology, and
conservation of the Southwestern Willow
Flycatcher. General Technical Report RMRS60. Ogden, UT: U.S. Department of Agriculture,
Forest Service. 11 p.
Mund-Meyerson, M. J. 1998. Arthropod abundance
and composition on native vs. exotic vegetation
in the Middle Rio Grande riparian forest as
related to avian foraging. Unpublished M.S.
thesis. Albuquerque, NM: University of New
Mexico.
Ohmart, Robert D.; Deason, Wayne O.; Burke,
Constance. 1977. A riparian case history: the
Colorado River. In: Johnson, R. R.; Jones, Dale
A., technical coordinators. Importance,
preservation and management of riparian
habitat: a symposium. General Technical Report
RM-43. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service. 12 p.
Olson, Craig; Harris, Richard. 1997. Applying a
two-stage system to prioritize riparian
restoration at the San Luis Rey River, San Diego
County, California. Restoration Ecology 5(4S):
43-55.
Palumbi, S.R. 2001. Humans as the World's greatest
evolutionary force. Science 293: 1786-1798.
Patten, Duncan T. 1998. Riparian ecosystems of
semi-arid North America: diversity and human
impacts. Wetlands 18(4): 498-512.
Robinson, Scott K.; Holmes, Richard T. 1984.
Effects of plant species and foliage structure on
the foraging behavior of forest birds. Auk
287

101(4): 672-684.
Rosenberg, Kenneth V.; Ohmart, Robert D.;
Anderson, Bertin W. 1982. Community
organization of riparian breeding birds: response
to an annual resource peak. Auk 99(2): 260-274.
Rosenberg, Kenneth V.; Ohmart, Robert D.; Hunter,
William C.; Anderson, Bertin W. 1991. Birds of
the Lower Colorado River Valley. Tucson, AZ:
The University of Arizona Press.
Rosgen, David L. 1985. A stream classification
system. In: Johnson, R. R.; Ziebell, Charles D.;
Patton, David R.; Ffolliott, Peter F.; 'Hamre, R.
H., technical coordinators. Riparian ecosystem
and their management: reconciling conflicting
uses. General Technical Report RM-120. Fort
Collins, CO: U.S. Department of Agriculture,
Forest Service. 9 p.
Skagen, S. K.; Melcher, C. P.; Howe, W. H.; Knopf,
F. L. 1998. Comparative use of riparian
corridors and oases by migrating birds in
Southeast Arizona. Conservation Biology 12(4):
896-909.
Sogge, Mark K.; Marshall, Robert M. 2000. Chapter
5: a survey of current breeding habitats. In:
Finch, Deborah M.; Stoleson, Scott H., eds.
Status, ecology, and conservation of the
Southwestern Willow Flycatcher. General
Technical Report RMRS-60. Ogden, UT: U.S.
Department of Agriculture, Forest Service. 13 p.
Soule, Michael E. 1990. The onslaught of alien
species, and other challenges in the coming
decades. Conservation Biology 4(3): 233-239.
Stamp, N.E. 1978. Breeding birds of riparian
woodland in south-central Arizona. Condor 80:
64-71.
Stromberg, Juliet C. 1997. Growth and survivorship
of Fremont cottonwood, Goodding willow, and
salt cedar seedlings after large floods in central
Arizona. Great Basin Naturalist 57(3): 198-208.
Szaro, Robert C. 1980. Factors influencing bird
populations in southwestern riparian forests. In:
DeGraff, Richard M., technical coordinator.
Management of western forests and grasslands
for nongame birds. General Technical Report
INT-86. Ogden, UT: U.S. Department of
Agriculture, Forest Service. 15 p.
Szaro, R.C.; Jakle, M.D. 1985. Avian use of a desert
riparian island and its adjacent scrub habitat.
Condor 87: 511-519.

USDA Forest Service Proceedings RMRS- P-42CD.

Taylor, Robert V. 2003. Factors influencing
expansion of the breeding distribution of
Bewick's Wren into riparian forests of the Rio
Grande in central New Mexico. Southwestern
Naturalist 48(3): 373-382.
United States Fish and Wildlife Service. 2002.
Southwestern Willow Flycatcher recovery plan.
Albuquerque, NM: U.S. Department of Interior,
Fish and Wildlife Service.
Vitousek, P. M.; Dantonio, C. M.; Loope, L. L.;
Westbrooks, R. 1996. Biological invasions as
global environmental change. American
Scientist 84(5): 468-478.
Vitousek, Peter M.; Walker, Lawrence R.;
Whiteaker, Louis D.; Mueller-Dombois, Dieter;
Matson, Pamela A. 1987. Biological invasion by
Myrica faya alters ecosystem development in
Hawaii. Science 238: 802-804.
Westbrooks, R. 1998. Invasive plants, changing the
landscape of America: fact book. Washington,

288

D.C.: Federal Interagency Committee for the
Management of Noxious and Exotic Weeds.
Yard, Helen K.; Van Riper III, Charles; Brown,
Bryan T.; Kearsley, Michael J. 2004. Diets of
insectivorous birds along the Colorado River in
Grand Canyon, Arizona. Condor 106(1): 106115.
Yong, Wang; Finch, Deborah M. 1997. Population
trends of migratory landbirds along the Middle
Rio Grande. Southwestern Naturalist 42(2): 137147.
Yong, Wang; Finch, Deborah M. 2002. Stopover
ecology of landbirds migrating along the middle
Rio Grande in spring and fall. General Technical
Report RMRS-99. Ogden, UT: U.S. Department
of Agriculture, Forest Service. 52 p.
Yong, Wang; Finch, Deborah M.; Moore, Frank R.;
Kelly, Jeffrey F. 1998. Stopover ecology and
habitat use of migratory Wilson's Warblers. Auk
115(4): 829-842.

USDA Forest Service Proceedings RMRS- P-42CD.

