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ABSTRACT:

Historical photographic analysis indicates that during the 20th century woody riparian plants invaded and colonized large expanses of former sand bars along the Green River within Canyonlands National Park, resulting in a highly altered river channel, floodplain, and floodplain vegetation.  The primary invader was the exotic shrub tamarisk, which now dominates riparian zones throughout the southwestern U.S.  These changes have led to the degradation of riparian and aquatic ecosystems in Canyonlands National Park, however the principal cause of riparian zone and channel changes is unknown.  We will analyze the effects of the three most likely causes of these changes: (1) natural climate change in the 1930s, which resulted in reduced annual flood peaks and would have led to a natural expansion of the floodplain and narrowing of the Green River channel, (2) construction of Flaming Gorge Dam in 1963 which reduced annual flood peaks and could have allowed floodplain vegetation expansion, and (3) tamarisk invasion which allowed a woody plant with potentially a different niche to occupy the Green River floodplain and alter local and regional geomorphic processes and riparian vegetation patterns.  The proposed research includes extensive field and experimental analyses of this problem to identify the cause of floodplain changes, and to assist the National Park Service in developing appropriate management and restoration approaches for addressing the changes.

PROBLEM STATEMENT: 

E.O. Beaman took the earliest photographs of the Green River in the vicinity of what is now Canyonlands National Park during the John Wesley Powell expedition of 1871.  They show a broad river with large sand bars and a narrow band of riparian vegetation.  Repeat photographs of these sites in 1914, 1968 (Stephens and Shoemaker 1987), and 2001 show that little change occurred between 1871 and 1914, however between 1914 and 1968 a distinctive and fundamental change in the character and abundance of riparian vegetation and sandbars occurred.  The large, barren sand bars disappeared under a massive invasion of the exotic shrub tamarisk (Tamarix ramosissima Ledebour), which by 1968 dominated the riparian zone.  The encroachment of exotic vegetation appeared to cause the stabilization of sandbars, which attached to banks within the active river channel leading to a significant narrowing of the Green River channel.  Unnatural plant communities developed and persist today. 


The formation of extensive riparian thickets dominated almost completely by tamarisk, the loss of sand bars and narrowing of the river channel, as well as the disruption of natural geomorphic and ecological patterns and processes have severely degraded the natural environment of Canyonlands National Park.  While these physical and biological changes have previously been described (Graf 1978, Stephens and Shoemaker 1987), the principal cause of the changes remains unclear due to the confounding effects of multiple recent environmental changes.  Between the 1920s and 1960s (i.e., the time between the 1914 and 1968 photographs) three major environmental changes took place in the Green River system: (1) a natural climate driven reduction in Green River peak flows (Allred and Schmidt 1999), (2) Flaming Gorge Dam and other large dams were completed (Merritt and Cooper 2000), and (3) tamarisk invaded the region (Christensen 1962, Graf 1978, Cooper et al. 2003).  Determining whether the expansion of riparian vegetation, loss of barren sand bars, and narrowing of the Green River channel are due to natural processes (i.e., climate change), or whether they are due to human actions (i.e., dam construction or exotic plant invasion) is essential for understanding the problem and allowing National Park Service managers to determine the restorative potential of natural ecosystems, geomorphic processes, and fluvial landforms. 

If tamarisk opportunistically colonized sand bars that became available due to climate driven reductions in flood peaks, then the process of channel narrowing and floodplain widening may be natural, although the species that benefited most was the exotic tamarisk.  In this case, vegetation management tools such as the planting of native species could be used to alter the floristic composition of riparian communities.  If river regulation was responsible for recent fluvial adjustments, then recommendations for river management such as an increase in controlled floods could be suggested.  If changes are due to tamarisk’s ability to invade and establish in habitats that native woody plants are not able to occupy, then the primary mechanism responsible for recent floodplain development and channel narrowing is the presence of tamarisk and its propensity to alter fluvial dynamics.  Under this scenario, the removal of tamarisk, a management activity that can be implemented by Canyonlands National Park staff, could assist in the restoration of geomorphic and ecological patterns and processes. 


The research proposed here will identify the causes of floodplain and thus channel changes in Labyrinth and Stillwater Canyons to provide the National Park Service with information on which changes could be reversed, and what management activities might be successful.  We will specifically address the following questions:

1. What was the timing of tamarisk invasion and spread in the study area?

2. Does tamarisk occupy a fundamentally different niche than any native woody plant in the hydrologic and geomorphic sites it occupies?

3. Does the architecture of tamarisk’s woody stems produce different rates of sediment accumulation than native woody plants?

4. What was the composition of pre-tamarisk riparian vegetation compared with the modern riparian vegetation?

5. To what extent did changes in the floodplain occur in the 1930’s due to climate driven reductions in peak flows?

6. How much of the change occurred since 1963 due to peak flow reductions created by Flaming Gorge Dam?

7. How much change can be attributed to the invasion and spread of tamarisk?
DESCRIPTION OF PROPOSED PROJECT OR ACTIVITY: 

This research will identify the causes of floodplain and channel change along the Green River in Canyonlands National Park, Utah.  Our analysis would focus on two canyons, Labyrinth and Stillwater, which adjoin each other and have a combined length of ~145 km.  The incised channel patterns of the canyons are entrenched meander bends superimposed on the underlying geologic formations of the Colorado Plateau during periods of vertical uplift (Harden 1990).  Unlike canyons farther upstream on the Green River (e.g., Gray, Desolation, Split Mountain and Lodore), a near absence of debris fan-generating tributary streams in Labyrinth and Stillwater Canyons makes this reach the longest smooth-water stretch of the entire Green River.

Our fieldwork would focus on six reaches within Canyonlands; (1) Fort Bottom, (2) Potato Bottom, (3) Anderson Bottom, (4) Bonita Bend, (5) Turks Head, and (6) the last meander in Stillwater Canyon (~1 km above the confluence of the Colorado River).  There is a considerable body of research, or important comparative photograph locations for several sites in Labyrinth Canyon upstream from Canyonlands National Park, and we would want to incorporate these data into our analyses.  These sites are the abandoned USGS gauge near Crystal Geyser, Bowknot Bend, and Mineral Bottom.  The abandoned gauge as well as Anderson Bottom within Canyonlands has been the site of extensive previous hydrologic and geomorphic analyses.  Bowknot Bend provides the best historical photographs of floodplain changes in the region, and we have previously analyzed tamarisk invasion at Mineral as well as Potato Bottoms (funded by U.S.D.I. Bureau of Reclamation).  Fort Bottom is the site of a large scale surveying effort by the NPS water rights division for purposes of building a 2-D flow model for the Green River.  

SIGNIFICANCE OF WORK:  

The exotic shrub tamarisk dominates riparian zones throughout the southwestern U.S., including the Green River corridor in Canyonlands National Park.  While the patterns of tamarisk invasion and its status as community dominant have been described, there is no clear understanding of the causes of this invasion.  Therefore, specific riparian zone restoration approaches cannot be recommended to address the cause of the problem.  If the invasion is due to natural climate changes the proposed concept for restoration would be very different from the solution if we determine that Flaming Gorge Dam or tamarisk invasion caused these changes.  This research will identify the primary cause of tamarisk invasion, which will lead to specific management guidelines for riparian zone and channel restoration.

The Northern Colorado Plateau Network of the National Park Service, of which Canyonlands is a member, has identified tamarisk as a major resource concern to more parks of the network than any other exotic species.  The 1994 Canyonlands National Park Resources Management Plan states that tamarisk control is a high priority throughout the park and several tamarisk removal projects have been implemented throughout the region.  Non-native plant establishment is identified as a critical issue and perhaps the greatest threat to resources in the national parks.  The Southeastern Utah group (SEUG) of national parks has stated that the creation of monocultures of exotic plants may adversely affect the aesthetics of these landscapes, and affects native plant life as well as native wildlife forage, nesting, and protection.  Thus, determining the causes of tamarisk invasion will determine what management approaches could be successfully used in riparian community restoration.

Biological invasions have the capability to directly and indirectly alter the roles of native species in communities, disrupt evolutionary and ecosystem processes, and cause radical changes in abundance of native species (Mack et al. 2000).  Riparian ecosystems are particularly susceptible to invasion by exotic plants (Stohlgren et al. 1998) due primarily to the regular occurrence of floods (Planty-Tabacchi et al. 1996).  Flood disturbances periodically return portions of the riparian community to early successional stages and create a dynamic mosaic of floodplain landforms (Hood and Naiman 2000).  The resultant floodplain microhabitat diversity sustains high levels of environmental heterogeneity, connectivity, and species richness (Ward and Wiens 2001).  However, these same fluvial processes allow invasion of riparian communities (Pysek and Prach 1994), which can lead to the homogenization of large areas. 

Successful invasion of a floodplain ecosystem necessitates that colonizing species be tolerant of local hydrological and geomorphological conditions.  Consequently, physical processes such as the hydraulic effects of floodwater inundation, sediment erosion and deposition, water-table fluctuations, and soil moisture content greatly influence the structure and function of floodplain vegetation as well as the vulnerability of riparian communities to invasion by exotic species (Hughes 1997, Tickner et al. 2001). 

Riparian vegetation also influences floodplain hydrologic and geomorphologic processes, and this interaction is dependent upon the species present, the density and architecture of plant cover, the hydraulic resistance produced by stems, and the anchorage created by roots (Bush and Smith 1995, Gurnell 1995).  Consequently, any changes in the distribution or composition of riparian plant communities, including those caused by biological invasions, can potentially impact fluvial geomorphic processes.  Although it is well know that hydrogeomorphological processes influence the structure of riparian plant communities (Bendix and Hupp 2000) and these communities have feedbacks on hydrological (Tabacchi et al. 2000) and geomorphic processes (Gurnell 1995, Hupp and Osterkamp 1996), relatively few studies have analyzed the effect of riparian plant invasions on these physical processes.  

The widespread invasion of tamarisk onto floodplains in the southwestern United States has made it critical to analyze the ways in which biological invasion have reshaped floodplain landscapes.  The ability of tamarisk to colonize previously barren fluvial features and form dense monospecific stands has dramatically altered riparian vegetation distribution and structure (Bush and Smith 1995), plant and animal species richness (Ellis 1995, Sher et al. 2002), soil salinity (Taylor et al. 1999) and groundwater hydrology (Sala et al. 1996).  When present in dense stands, tamarisk dramatically increases the hydraulic roughness of fluvial surfaces, traps and stabilizes suspended sediment and debris, and may cause floodplain aggradation (Birkeland 1996).  Aggradation may narrow river channels as sediment and debris are incorporated into floodplains and channel banks (Horton 1962, Robinson 1965, Graf 1976, Blackburn et al. 1982, Tickner et al. 2001).  While there has been considerable research on cottonwoods (Populus spp.) in arid regions of the western United States (Cooper et al. 1999), few investigations have focused on the interactions of tamarisk invasion and physical processes (Birkeland 1996, Cooper et al. 2003). 

Through historical photograph analysis, Graf (1978) determined that tamarisk invaded and spread throughout Canyonlands National Park between 1925 and 1931, producing an ~27 % reduction in channel width.  He also determined that the onset of channel narrowing and tamarisk invasion coincided with a climatic cycle of reduced peak flows prior to 1935, however he could not identify cause and effect, and his work was primarily from the photographic record, which as stated above, has huge gaps.  Allred and Schmidt (1999), utilizing historical discharge and repeat surveys of gauge sites from the U.S. Geological Survey gaging station near Green River, UT, demonstrated that channel narrowing occurred during two discrete time periods (1930-1940 and 1940s through 1950s).  Moreover, they concluded that the first phase of channel narrowing occurred prior to widespread tamarisk establishment along their study reach.  They suggested that the initiation of channel narrowing processes was most likely associated with climatic driven reductions in peak flows.  However, they have relatively little information on the timing of tamarisk invasion in their study area, and if tamarisk has invaded their study area in the 1930’s then alternative interpretations of their data could be proposed.
OBJECTIVES: 


This research seeks to identify the principal cause of the documented riparian, floodplain and channel changes to allow NPS staff to develop specific and effective management approaches for addressing the problem.

PROCEDURE/METHODS:

Our methods focus on addressing the seven questions posed in the introduction.

1. What was the timing of tamarisk invasion and spread in the study area?  We will quantify the timing of tamarisk invasion and spread using dendrogeomorphic methods as detailed in Cooper et al. (2003).  Because tamarisk are shrubs, no stem represents the full age of the plant, and only the original section of taproot, just below the germination point, contains the full set of rings for each plant.  To determine when each plant established, the germination point must be found and rings counted.  This necessitates excavating plants, cutting slabs from the trunk and taproot to locate the germination point, sanding the slabs and counting annual growth rings.  We have previously analyzed nearly 1000 tamarisk from the Green River system in this manner and can reliably determine the year each plant established.  We also plot the location on the floodplain where each plant established using low elevation air photos, and ground surface surveys.  Once we know the position of the germination point within the floodplain sediments, we can determine the elevation of germination above the river at base flow level, and quantify sediment accretion since establishment.  Where plants of several ages established in the site, we can determine accretion rates through time, and changes in the spatial and vertical extent of the floodplain.  During 2002, we excavated and analyzed ~50 tamarisk from Mineral and Potato Bottoms and will expand this analysis to the other study sites.  Within each site we will sample all tamarisk (20 and 50 plants per site) along one to three transects that run perpendicular to the river across the floodplain.  For each transect we will open a nearly continuous trench, either by hand or with backhoe assistance (where possible), conduct a stratigraphic analysis of the floodplain sediments, sketch the location of all the tamarisks positioned adjacent to the trench, and finally collect appropriate tamarisk slab samples for age determination.  All holes and trenches will be carefully backfilled.


We will relate each plant’s establishment to specific flows, using records from the U.S. Geological Survey gaging station near the town of Green River, UT, in order to conduct regression and correlation analyses described in Cooper et al. (2003).  Using stratigraphic analyses we will determine the types of sediment that tamarisk germinated on, which will help us understand whether plants established on higher or lower energy bars.  We will match our finding to those from Kanab Creek (Webb et al. 1991), Little Colorado River (Hereford 1984), Paria River (Hereford 1986), Virgin River (Hereford et al. 1996), Green River (Allred and Schmidt 1999) and smaller streams in southern Utah and Northern Arizona (Graf 1987), as well as our extensive previous work in Gray Canyon, Ouray and Browns Park National Wildlife Refuges, and Dinosaur National Monument (Cooper et al. 2003, and unpublished data).  Using historical photos, tamarisk ages and their position on the floodplain, as well as sediment stratigraphy we will reconstruct the pattern and history of floodplain changes.
2. Does tamarisk occupy a fundamentally different niche than any native woody plant in the hydrologic and geomorphic sites it occupies?  We will address this question by analyzing the modern distribution of tamarisk seedling, saplings, and adults relative to similar age/size classes of the other woody plants occurring in the study areas, including sandbar willow (Salix exigua), Fremont cottonwood (Populus deltoides ssp. wislizenii), Goodings willow (Salix goodingii), New Mexico privet (Foresteria neomexicana), three-leaf sumac (Rhus trilobata), greasewood (Sarcobatus vermiculatus), and seep willow (Baccarhis glutinosa), which are abundant on floodplains in the study area.  Along study transects we will quantify the elevation that plants of each species have germinated and the present day ground surface elevation for each species by surveying with rod and level.  We then will use direct gradient analysis techniques to quantify the hydrologic niche of each plant, represented by the elevation range, flood frequency, and inundation period required for establishment and survival.  We will also analyze the landforms that each species occurs on, including point bars, levees, inter-levee depressions, back levees, and floodplain lake margins and centers. 

3. Does the architecture of tamarisk’s woody stems produce different rates of sediment accumulation than the native sandbar willow or Fremont cottonwood?  We will address this question using field and laboratory experiments.  In the field, we will identify one island or bar that is populated by young tamarisk.  We will clear all tamarisks by hand, and transplant onto the bar 2-3 year old tamarisk, sandbar willow and Fremont cottonwood seedlings/saplings in 3 replicate strips of plants in 10 plant x 20 plant rows with the long axis parallel with the stream channel.  Each strip will be a monoculture of one species.  The planting will be implemented during July of the first study year.  Each strip will be surveyed in detail to create a topographic map using permanent benchmarks established above the floodplain and standard surveying techniques.  During the following spring flood, we will measure stream flow upstream and within each strip to determine whether flow velocity is reduced within any strip at varying flow rates, and whether there are any differences between species.  These measures will be repeated each year of the study at various flow levels each year.  We will also resurvey each strip each summer to determine the amount of sediment accretion or erosion.  We will use standard parametric statistics to compare species effects on flow velocity, sedimentation thickness, and grain size of sediment deposited.

We will use a flume located at Colorado State University’s Fort Collins campus to perform a controlled test of differences in sediment accretion rates between species that will compliment the field experiment.  We would grow ~200 individuals of each species under investigation (e.g., tamarisk, Fremont cottonwood and sandbar willow) from seed and transplant them into successively larger pots during their first year of growth (or transplant seedlings into containers).  During the second year, we will move containerized plants to the flume where the pots of each species will be buried in a fine sand matrix to simulate point bar or medial bar conditions along the Green River.  The gradient of the flume will match the slope of the Green River in the study areas.  We will introduce a water and sediment mix to simulate flow through a colonizing stand of woody plants.  The ground surface of all plants will be marked with paint prior to the initiation of flow and the surface sediment elevation within the flume will be surveyed before and after each flow run.  The grain size used in these experiments will be scaled to the Green River and size of the flume in order to create a realistic scenario, and the density of plantings will reflect field measurements of initial seedling/sapling densities.  This experiment will be run three times with each species.  Differences in sediment retention will be quantified and modeled to determine whether any of the species analyzed produces significantly higher rates of sediment accumulation.  We will analyze these results using standard parametric statistics.  

4. What was the composition of pre-tamarisk invasion riparian vegetation compared with modern riparian vegetation?  Using historical photos we will identify the floodplain area that supported woody riparian vegetation prior to floodplain changes.  These areas will be mapped onto vertical air photos, and three study plots, ~400 m2 in size, will be analyzed for plant species composition and coverage in each study site.  We will quantify plant composition and coverage, by species, in five randomly chosen plots in each study site that have formed since tamarisk invasion.  Tamarisk has invaded many communities that existed prior to its invasion, and we will approximate the pre-tamarisk species composition of these stands by collecting data only on plants that are relicts of the pre-tamarisk period, as identified by root crown or stem ages from our excavations, plant size indicating older ages, and identifying, where possible, individual plants on historical photographs.  We will compare the composition of these communities using standard multivariate statistics, quantify the differences in composition of plots, and determine how the post-tamarisk invasion areas compare floristically with the pre-tamarisk invasion vegetation.

5. To what extent did changes in the floodplain occur in the 1930’s due to climate driven reductions in peak flows?  We will address this question using our analysis of tamarisk ages and distribution on the study floodplains.  Specifically we will try to determine whether the climate change and floodplain change occurred simultaneously or not.  For example, if the climate driven large floods ceased in 1932, but the floodplain changed either prior to this time, or did not change until many years later, we can use this as evidence that the changes were not synchronous with climate change, and likely were not caused by it.  If tamarisk established during periods in which high annual peak floods occurred, than it also suggests that its establishment is triggered by wet rather than drought periods, and its establishment could not be definitively linked to climate change.  We will also use the age and location of tamarisk on the floodplain relative to the position of the former riparian boundary and the Green River channel today.  If tamarisk established throughout the floodplain prior to the time of climate change, than we can use this as evidence that the floodplain was colonized prior to the time when the climate changed.  Because there is ongoing mortality of the oldest tamarisk, we will only find remnants of the original colonizing populations.  Therefore, the presence of several to many tamarisk from the 1920’s or early 1930’s in locations that suggest pre-climate change establishment and survival can be used as evidence that changes were not due to climate change.  However, if most tamarisk establishment, based upon the oldest plant ages and distribution of the oldest plant age classes throughout the floodplain, was during the period immediately following the climate change, then we could suggest that that climate change likely was the trigger. 

6. How much of the change occurred since 1963 due to peak flow reductions created by Flaming Gorge Dam?  We will address this question with our analyses of tamarisk ages, as well as maps illustrating the distribution of plants of different ages on the floodplain prior to and after 1963.  If the floodplain vegetation was established and mature, and the configuration of landforms was set prior to 1963, then we can conclude that dam construction did not cause the majority of floodplain stabilization and tamarisk invasion.  However, if many tamarisk established in the period just prior to dam closure and may have survived due to the reduction in flood peaks, then this also could suggest a dam effect on tamarisk establishment and survival.  We know from field investigations during 2002 that tamarisk has established in the study area during both the pre-dam and post-dam years, and we will use detailed analyses of the locations and abundance of tamarisk to identify dam related effects.  

7. How much of the floodplain change can be attributed to the invasion and spread of tamarisk?  We will address this question using dendrochronology, floodplain mapping, niche analysis, and field and laboratory experiments.  Many of the potential arguments for tamarisk vs. climate change as the primary cause of floodplain change are described in the analysis of question 5 above.  We will use the experiments to identify whether tamarisk was uniquely able to cause floodplain changes compared with the native Fremont cottonwood and sandbar willow, which were the riparian dominants prior to tamarisk invasion in the study area.  If climate change driven channel narrowing occurred prior to tamarisk invasion, it is likely that sandbar willow, cottonwood or another native plant would have colonized the newly available habitat, just as they colonize bars and back channels today. However, these stands are not present.  We will determine whether the primary colonizers of these sites were native plants that were later outcompeted by tamarisk by excavating tamarisk stands and searching for evidence of buried and dead stems of cottonwood and willow.  We can identify these species by analysis of the wood cell structure.

WORK AND REPORTING SCHEDULE: We will begin work on this project as soon as authorization to proceed is received.  We will perform fieldwork on the timing of tamarisk invasion as well as sediment accumulation and stratigraphy during April-June and September-October of each year.  During June-August, we will collect and establish plants for experiments, and perform the experiments.  During November-March we will perform lab work, including the preparation and analysis of wood collected from sampled tamarisk, and analyze sediment.  We will also analyze data, produce maps and plots, and write progress reports as well as articles for journal publications.  The analyses to be conducted will provide the most detailed and accurate attempt to determine why floodplains have changed in Canyonlands National Park.  Our results will be applicable to numerous other national parks in the southwestern U.S.  We will focus our results on management applications in order to provide assistance to NPS staff on what restoration might mean and how to implement restoration solutions.

INVESTIGATORS:
Dr. David J. Cooper and Adam Birken, Rangeland Ecosystem Sciences Department and Graduate Degree Program in Ecology, Colorado State University, Fort Collins, CO 80523.
Principal Investigator: Dr. David J. Cooper, Rangeland Ecosystem Science Department and Graduate Degree Program in Ecology, Colorado State University, Fort Collins, CO 80523.
Park Contact:

Charlie Schelz

Technical Assistance:
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	Salary
	FY2004
	FY2005
	FY2006
	TOTAL

	David J. Cooper, Principal Investigator
	$5,000
	$5,000
	$5,000
	$15,000

	       Faculty Fringe @ 3.6%
	$180
	$180
	$180
	$540

	Adam Birken, Graduate Student, 12 mo/yr
	$15,600
	$16,200
	$16,800
	$48,600

	        Fringe @  3.6%
	$562
	$583
	$605
	$1,750

	Field Technicians
	$7,000
	$3,000
	$0
	$10,000

	        Non student Fringe @ 3.6%
	$252
	$108
	$0
	$360

	Subtotal salary
	$27,600
	$24,200
	$21,800
	$73,600

	Subtotal fringe
	$994
	$871
	$785
	$2,650

	SUBTOTAL PERSONNEL
	$28,594
	$25,071
	$22,585
	$76,250

	
	
	
	
	

	Direct Expenses
	
	
	
	

	Graduate student tuition
	$2,900
	$800
	$800
	$4,500

	River Shuttles
	$1,000
	$1,000
	$0
	$2,000

	Flume Use at CSU
	$0
	$1,200
	$800
	$2,000

	Chain saw maintenance
	$200
	$100
	$0
	$300

	Staff gauge material
	$100
	$0
	$0
	$100

	Shovels and other tools
	$200
	$100
	$0
	$300

	Plot markers
	$150
	$50
	$25
	$225

	Sanding materials
	$125
	$75
	$0
	$200

	Plot tags
	$150
	$0
	$0
	$150

	Travel
	$3,000
	$1,500
	$1,000
	$5,500

	Per Diem
	$500
	$500
	$500
	$1,500

	Housing
	$3,000
	$2,000
	$500
	$5,500

	SUBTOTAL EXPENSES
	$11,325
	$7,325
	$3,625
	$22,275

	
	
	
	
	

	Indirect Costs
	
	
	
	

	15% of total
	$5,988
	$4,729
	$3,814
	$14,530

	
	
	
	
	

	TOTAL COSTS
	$45,906
	$37,125
	$30,024
	$113,055
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