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Invasive species have had well-documented impacts to native biodiversity in many 

locations around the world via predation, competition, parasitism, and/or habitat or ecosystem 

process modification (Pimentel, Zuniga & Morrison 2005; McGeoch et al. 2010). However, 

many non-native species integrate into native ecosystems without having quantifiably 

significant negative impacts (Daehler & Carino 2000), or are even intentionally introduced for 

their beneficial effects (Howarth 1991), which can sometimes lead to unforeseen negative 

outcomes (Louda 1997). However, the terminology surrounding non-native species is not 

standardized (Colautti & MacIsaac 2004), and so labels such as “invasive”, “weed”, and 

“noxious” are often attached to non-native species without significant supporting science 

documenting their implied negative impacts to native ecosystems and resources. Because 

invasive species can be extremely difficult to eradicate once established, it is prudent and cost-

effective to accurately identify which species are currently, or are likely to be, causing harm to 

ecosystems (Keller, Lodge & Finnoff 2007).  

In addition to direct and quantifiable harm to native species or ecosystem services, non-

native species introductions are often seen as undesirable in their own right, regardless of 

measurable impact. The presence of non-native species, in the opinion of some people or 

public agencies, significantly detracts from the historic nature or aesthetics of a place simply by 

being there. One such agency is the National Park Service (NPS), which has a mandate to 

manage natural systems in their “unimpaired state” state. The NPS attempts to prevent new 

non-native species from entering Parks, while eradicating or containing existing invasions. 

However, most land owners and managers (other federal agencies, states, private entities, etc.) 

do not have such a clear mandate with regard to naturally functioning ecosystems. For them, 

the decision to expend resources dealing with a non-native species must often be justified in 

terms of mitigating a measurable impact that the non-native is having on a protected species or 

valuable resource.  

Because non-native species management is costly, it is imperative to target control 

efforts and limited resources in an efficient manner. One critical tool for managers is sound 

science that provides an ecological understanding of the target organism and its interaction 

with environmental processes and the native community into which it has established. In 

addition to informing a management or restoration strategy, careful science may be able to 

provide additional justification or impetus for control of a non-native by quantifying its impacts 

on other species or resources.  

In the southwestern United States, many non-native plants have become established 

along large rivers flowing through arid landscapes. One of the most widespread, well-known, 



and highly managed species is Tamarix ramosissima (actually a hybrid species-complex with 

Tamarix chinensis, (Gaskin, Birken & Cooper 2012)), hereafter referred to as Tamarix (but also 

known as tamarisk or salt cedar). Starting in 1934, millions of Tamarix were planted throughout 

Texas, Oklahoma, Kansas, Nebraska, and North and South Dakota as part of the Great Plains 

Shelterbelt project, in an attempt to slow the wind-erosion of topsoil occurring in the disastrous 

Dust Bowl. By 1938 Tamarix had spread and become established along the Colorado River in 

the Grand Canyon (Jotter & Clover 1944) and along the Green River (Birken & Cooper 2006), the 

largest tributary to the Colorado. Tamarix is now widespread across several million acres of 

land in the western US and continues to expand along river corridors in both dam-regulated 

and unregulated reaches (Perkins, Scott & Naumann 2015).  

Tamarix has been the focus of intensive management throughout the western US. In 

2001 an insect called the northern tamarisk beetle (Diorhabda carinulata) was introduced 

intentionally as a biological control agent. The beetle is a leaf herbivore on Tamarix, and co-

occurs with the plant in their native ranges in central Asia. However, this species is not well 

adapted to all of the western US climates that Tamarix has colonized, so three other closely-

related beetle species (D. elongata, D. carinata, and D. sublineata) have also been introduced 

to distinct subregions of the West (Tracy & Robbins 2009). The beetles are thriving and have 

spread through 13 western states and now extend from Mexico to Montana, California to 

Oklahoma (Tamarisk Coalition 2015).  

In addition to the introduction of four non-native taxa as biological controls agents, 

millions of dollars have been spent on physical removal, herbicide treatment, and burning of 

Tamarix. A Federal law called the “Salt Cedar and Russian Olive Control Demonstration Act”, 

passed in 2006, allocated $80 million over a 5-year period for removal and treatment of the two 

eponymous species. Part of the goal of this demonstration was to quantify the impact that 

Tamarix (and Russian olive) have on resources and native ecosystems and how removal efforts 

can reverse those impacts. Early versions of the Act introduced to committees in Congress in 

2003 contained language citing impacts as justification for the proposed effort:  

“[Tamarix] is a nonbeneficial user of 2,000,000 to 4,500,000 acre-feet of water per year; 

the amount of nonbeneficial use of water by tamarisk is greater than the amount that 

valuable native vegetation would have used; and represents enough water for-- (i) use 

by 20,000,000 or more people; or (ii) the irrigation of over 1,000,000 acres land. 

Scientists have established that tamarisk infestations can-- 

  (A) increase soil and water salinity; 

 (B) increase the risk of flooding through increased sedimentation and decreased 

channel conveyance;  

(C) increase wildfire potential;  

(D) diminish human enjoyment of and interaction with the river environment; and  



(E) adversely affect--(i) wildlife habitat for threatened and endangered species; and (ii) 

the abundance and biodiversity of other species.  

As drought conditions and legal requirements relating to water supply accelerate water 

shortages, innovative approaches are needed to address the increasing demand for a 

diminishing water supply.” 

As outlined in a review article (Stromberg et al. 2009), most of these or similar claims 

have little or no scientific basis. The assumed impacts (often misattributed as scientific facts) of 

Tamarix on water supply, soil salinity, and native riparian plant communities, are often 

repeated to this day, as is the assumption that river regulation downstream of dams has caused 

or exacerbated the expansion of Tamarix. However, numerous recent studies have begun to 

address these assumptions using scientific methods, and are now offering a reality-based 

picture of the causes and effects of Tamarix establishment. For example, recent assessments of 

the potential for water savings by removing Tamarix now range between 30,000 acre feet per 

year for the entire Colorado River basin (Bureau of Reclamation 2012), to an acknowledgement 

that the true value is highly uncertain, but not likely to be much greater than zero (Sher & 

Quigley 2013). Therefore, the current scientific consensus is that uncertain, but probably very 

small, increases in water yield can be expected from large-scale Tamarix removal. 

A primary, and often stated, assumption underlying the management of Tamarix is that 

its spread was caused by flow regulation after the construction of large dams on the Colorado 

River and its major tributary, the Green River. Understanding whether or not this is true is 

essential for developing a management and restoration plan, because if Tamarix is only highly 

successful at colonizing regulated rivers, natural-flowing rivers should be highly resistant to 

invasion, and controlled floods should be an effective management technique. However, ample 

scientific evidence has recently been gathered to show that 1) Tamarix initially colonized and 

proliferated on the Green and Colorado Rivers decades before dam construction (Birken & 

Cooper 2006), and 2) the current spread of Tamarix is proceeding up unregulated rivers such as 

the Yampa (Merritt & Poff 2010).  

Although Hoover Dam began regulating flow on the Colorado River in 1935, it affects 

only the last ~350 miles of the river before it enters the ocean. Above Hoover Dam, the other 

~1,100 miles of the Colorado River, and its largest tributary, the 730 mile-long Green River, 

remained unregulated until 1962-3, when the Glen Canyon and Flaming Gorge dams began 

impounding water, effectively regulating flow along almost the entire length of those two 

rivers. Observations in the Grand Canyon (Jotter & Clover 1944) and dendrochronolgic, historic 

photograph and floodplain stratigraphic analyses on the Green River (Birken & Cooper 2006) 

show that Tamarix colonized and expanded dramatically in the unregulated rivers above 

Hoover Dam between 1938 and 1962. This colonization of unregulated rivers continues at 

present, with Tamarix establishing in mixed stands of native riparian woody species such as 

cottonwood (Populus sp.) (Merritt & Poff 2010). 



Because it is clear that Tamarix historically and currently form mixed stands within 

native plant communities, it is important to understand the competitive relationships between 

these species. A set of oft-repeated assumptions claim that Tamarix is a superior competitor 

with native woody riparian plants, and that it also has allelopathic capacity via salination of the 

soil in which it grows. Claims of allelopathy and soil salination have been based on correlative 

studies showing Tamarix tolerance for salty sites, not its alteration of a site towards greater 

salinity (see Stromberg et al. 2009). Recent studies have shown that soil and leaf litter under 

Tamarisk enhanced growth of wheatgrass and showed no signs of allelopathy (Lesica & DeLuca 

2004) and that soil under Tamarix in China had elevated fertility (organic matter and nutrients) 

as well as elevated salinity as compared to adjacent bare ground (Yin et al. 2010). There is no 

conclusive or credible evidence that Tamarix has significant allelopathic effects on vegetation. 

Although some soil salination may occur, especially in sites with already-salty water (several of 

the Chinese study sites have naturally salty groundwater), the extent and magnitude of this 

effect within the Colorado River basin is completely unknown.  

Several direct studies of competition between Tamarix and native woody riparian 

species have shown that native seedlings and adults are equal or superior competitors. An 

investigation into competition for water between adult Tamarix and native cottonwood, ash, 

and mesquite found that Tamarix was no better at competing for water than natives, 

suggesting that mixed native/non-native stands would be persistent and not become 

dominated by Tamarix (McGuire 2015). In a seedling growth experiment Populus outcompeted 

Tamarix across all sediment-type and hydrology treatments, whereas Tamarix only negatively 

impacted Populus at already-low Populus densities (Sher & Marshall 2003). Another seedling 

experiment found that both Tamarix and Populus seedings were killed by simulated-flood 

sediment burial, but that native box elder seedlings were able to push up through overlying 

sand and survive (Kui & Stella 2016). A multi-faceted study looking at shade tolerance of 

Tamarix and box elder seedlings and Tamarix adults demonstrated that box elder seedlings 

have greater shade tolerance and that Tamarix adults are killed after 1-2 seasons of shade, 

simulating canopy coverage by the taller box elder (Dewine & Cooper 2008).  

These studies demonstrate that Tamarix colonized (and is currently still colonizing) 

naturally-flowing rivers, integrating into the native plant community. It is also emerging that 

native woody riparian plants, at both the seedling at adult stages, are equal or superior 

competitors with Tamarix, and that it is unlikely that Tamarix establishment alone causes 

significant displacement of native woody plant communities. However, there is also a large 

body of literature demonstrating that river regulation severely limits native seedling 

establishment. Tamarix has a much broader seed dispersal period than natives. So, although it 

has better establishment success on high flow years (Birken & Cooper 2006), its prolonged seed 

dispersal allows it to take advantage of small opportunities even on low flow years or on 

regulated rivers. This is in contrast to native woody plants, whose seed dispersal is limited to 

spring, in conjunction with the timing of the recession of peak flow. Where high flow events no 

longer occur, the synchronous rain of native seeds is unlikely to fall on the required bare moist 



substrate. Current evidence suggests that the primary limitation on native plant establishment 

is flow regulation, not competition from Tamarix. The appearance of Tamarix domination along 

regulated rivers is more a function of flow-inhibition of native establishment (and Tamarix 

tolerance of low flows) rather than Tamarix directly outcompeting native plants (Merritt & Poff 

2010). By contrast, the mixed stands of Tamarix and native plants along unregulated rivers 

indicate the success of natives and non-native alike in the presence of a natural flow regime. 

It is now thought that Tamarix would have spread and colonized much of its current 

range even if no dams had been built (Merritt & Poff 2010). So, although the dams did not 

cause the spread of Tamarix, flow regulation is clearly suppressing native plant establishment 

by a greater degree than Tamarix (Figure 1). As a result, simply removing Tamarix along 

regulated reaches is unlikely to significantly increase native woody plant establishment on its 

own. Either high spring flow dam releases, and/or active planting of native species will be 

required. Once given an opportunity to establish, native plants are likely to be successful 

competitors even within new or existing Tamarix stands. 

This set of ecosystem studies can be used to formulate new management 

recommendations that focus on assisting native plant establishment (primarily impacted by 

flow regulation). This is in contrast to the previous management strategy that focused on 

removing Tamarix, which has not been shown to have nearly the impacts it was assumed to 

have. However, there are still likely to be areas where direct removal of Tamarix is desirable, 

such as in Grand Canyon National Park. Because part of the Park’s mandate is to remove non-

native species, which are seen as an aesthetic impact in their own right, direct removal of 

Tamarix within the Grand Canyon will still need to occur. Ironically, the introduced tamarisk 

beetle has colonized the Grand Canyon, adding at least one more non-native species to the 

Park. However, it is hoped that the beetle, in conjunction with physical removal might achieve 

complete eradication of Tamarix in the Park. This will be a Herculean task, and recolonization 

will be a constant threat, but the prospect of removing a non-native from a National Park may 

be worth the cost. Outside of National Parks, the lack of such a clear mandate on non-natives 

means that other benefits of removal will probably have to be shown to justify the immense 

cost of eradication, likely to be in the many billions of dollars. Further science may demonstrate 

those benefits, but unsupported assumptions of the past have started to crumble, and should 

no longer be relied on as the foundation of a Tamarix management plan. 

 



 

Figure 1 (from Merritt and Poff 2010). Logistic regression models of Populus and 

Tamarix recruitment as a function of index of flow modification (IFM; shaded area indicates 

upper and lower 95% confidence intervals). Likelihood ratio tests indicated that Populus 

regeneration is indeed a function of flow modification (P = 0.0002), declining rapidly with 

increasingly altered flows. Tamarix recruitment also declined as a function of flow modification, 

but this relationship was not statistically significant (P = 0.08). 
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