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Title: Using Paleolimnological Techniques to Reconstruct Past Response to Disturbance and Watershed Vegetation Changes in Roosevelt Reservoir and the Salt River Watershed. 

Project Summary: We will collect cores from Roosevelt Reservoir. These cores will be dated using 210Pb and 137Cs. Selected layers (i.e. “time intervals”) will be analyzed for a suite of metals, nutrients, organic carbon, fossilized diatom frustules, chironomid head capsules, pollen, algal pigments, and charcoal. This would be done to determine past responses to disturbance, such as fire, and correlate this information to past anthropogenic and natural changes within the watershed. Several determinations can be made from this data one of them being the direction of trophic state change and possible declines in water quality (if any) in Roosevelt Reservoir, an important water supply for the Phoenix Valley. 
Duration: 08/2006 – 07/2007
Principal Investigators: 

David Walker. Department of Soil, Water and Environmental Science/School of Renewable Natural Resources, Department of Wildlife and Fisheries Science. UA
Paul Gremillion. College of Civil Engineering. NAU.

Owen Davis. Department of Geosciences. UA
TRIF Funds Requested: $32,503. 
Matching Funds: ADEQ: $20,000, NAU: $8950 
Statement of Problem: In waters without historical data, it is often impossible to predict water quality trends or increases in trophic state. Even when some data has been collected, it is usually transient or relatively short-term compared to the age of the system in question. Additionally, it is impossible to quantify detrimental effects of anthropogenic land-use activities or natural disturbances (such as wildfire) in a watershed on receiving water quality unless a substantial amount of data has been collected prior to each disturbance or activity. The subtle accumulation of non-point sources of pollution also makes determination of trends in water quality difficult to detect. Often, subtle declines in water quality go undetected until a problem becomes bad enough to warrant remedial action; actions that are often very expensive and logistically difficult to implement. 
Paleolimnological techniques are often used to assess water quality trends in lakes and reservoirs over time. Incorporated in reservoir sediments is a record of the organisms that lived in and around the lake, as well as proxy data related to processes occurring in the lake, the composition of the lake water, the conditions in its watershed, and past climatological data. The information obtained from paleolimnological studies can greatly aid resource managers in detecting problems that otherwise would have gone unnoticed. 

Statement of Results: The information obtained from this project will cover several aspects of water quality and surrounding land use in the Salt River watershed and Roosevelt reservoir. We will assess the impact of watershed vegetation changes over time on fire frequency and intensity which, in turn, has an effect on water quality in Roosevelt.  The authors are currently assessing water quality in all of the Salt River Reservoirs and the results of this study would greatly enhance our knowledge of what kind of effects past disturbances have had on water quality. We will also assess the impact of anthropogenic land use activities, such as mining, on water quality in Roosevelt Reservoir.  
Nature, Scope, and Objectives: Watershed hydrology and the related transfer of materials from terrestrial to aquatic systems are a function of several factors, including the reservoir/watershed ratio, reservoir morphometry, local climate variables (e.g., rainfall, snowmelt, temperature, evapotranspiration, and atmospheric humidity), and watershed characteristics such as bedrock geology, soil type, topography, and vegetation cover and type. Water quality of receiving water-bodies is directly affected by the type of materials delivered to it over time from the watershed as a result of all the aforementioned variables. It is often difficult to determine long-term trends in water quality, or changes in aquatic ecosystem structure or function, due to either natural or anthropogenic disturbance within the watershed. Historical data is often not available and even when it is, changing methodologies often make interpretation of trends impossible. In the case of natural disturbance such as wildfire, flood, and drought, it becomes necessary to delve even further into the past and many paleolimnological studies examine trends on millennial time scales. 
The use of paleolimnological techniques to ascertain water quality trends in reservoirs is a relatively new technique. Previous studies have examined the accumulation of watershed-derived pollutants in sediment cores of reservoirs with rapidly urbanizing watersheds (Callender & Van Metre 1997, Van Metre et. al. 2000). While these studies are of great merit and have shown definitive trends in pollutant accumulation rates with increasing urbanization, they often fail to address the consequences of these pollutants on aquatic biota or overall ecosystem processes. These studies have broken ground in their use of paleolimnological techniques to determine relatively short-term water quality trends and can be of very high resolution often detecting annual changes in water quality. Examples of paleolimnological studies examining trends in aquatic resources include:

- 
Climate patterns including the changing relationship between evaporation and 
  
    precipitation (Yu et. al. 2002).

-
Changes in surface water temperature and salinity (Bloom et. al. 2003),
-
Increases in trophic state (Shumate et. al. 2003), 
-
Increasing hypolimnetic anoxia associated with increasing primary production (Quinlan & Smol 2002),
-
Estimation of past fire cycle, frequency, and interval (Davis et. al. 2001, Hallett & Walker 2002), 
-
Vegetative changes and their impact on water quality (Davis et. al. 2001).

We propose to use established paleolimnological techniques to obtain and analyze sediment cores from Roosevelt reservoir in Central Arizona. Theodore Roosevelt Lake (“Roosevelt Reservoir”) is a bilaterally shaped impoundment of the Salt River entering from the east and Tonto Creek entering from the north (Figure 1). It was created with the construction of Theodore Roosevelt Dam from 1904 – 1911 and was the first of a series of reservoirs to be created for the Salt River Project with federal funding from the U.S. Bureau of Reclamation. The construction of Roosevelt Dam was the first reclamation project in the United States. The reservoirs initial use was flood control for agriculture but it’s role has expanded in recent years to include power generation and as an important source of potable and irrigation water for the Greater Phoenix Metropolitan area.

The major tributary to the reservoir is the Salt River. The total drainage area of the Salt River above Roosevelt is 1,115,300 ha (Boner et. al. 1992). The watershed above the reservoir is sparsely populated and major land uses consist of timber harvesting, cattle grazing, and mining. The average discharge of the Salt River into Roosevelt reservoir from 1913-1991 was 25 m3/s but typical of streams in Arizona, discharge varied greatly and is often event-driven. The maximum recorded discharge between 1913 and 1991 was in March of 1941 with 3314 m3/s and the minimum discharge was 1.7m3/s in July 1955 (Boner et. al. 1992).
We plan to collect between sediment cores from the Salt River arm of Roosevelt  as well as in the lacustrine zone immediately in front of Roosevelt Dam using a Wright-Livingston square rod piston corer. These cores will then be age dated using Lead-210 (210Pb) and/or Cesium-137 (137Cs) radionuclides. The objectives of this work are many fold but all pertain to quantifying long-term water quality trends in Roosevelt Reservoir and the Salt River watershed, determining how these watershed determinants define water quality within the reservoir, and how aquatic biota respond to these water quality changes. While the focus of our research will be post-impoundment, local geography indicates that a pre-impoundment wetland or playa may have existed. We anticipate the cores being long enough to capture pre-impoundment environmental conditions. The extent of time that will be captured from the cores is currently unknown because this work has never been performed in Roosevelt. Paleolimnological studies in lakes often capture time frames in the thousands and sometimes tens of thousands of years before the present. 

Analytes derived from age-dated cores, and the reason for their analysis, will be:
· Fossilized pollen analysis (palynology): To determine watershed vegetative changes. The amount and/or composition of watershed vegetation will vary as a result of changing climate, wildfire, or human removal. 
· Fossilized diatom frustules (“valves”): Diatoms are the most frequently used organisms in paleolimnological studies. Diatoms often occur in relatively high abundances and diversities, are ubiquitous, and readily identified to low taxonomic levels. Diatoms contain many species with relatively limited ecological tolerances. Siliceous diatom valves are well-preserved in lake sediments and are a direct reflection of environmental conditions at the time of deposition. 
· Fossilized chironomid (midge fly) head capsules: Larval chironomids have long been recognized as excellent indicators of water quality conditions and especially as indicators of hypolimnetic anoxia in lakes and reservoirs. They also make excellent indicators of paleoecological environmental condition (Merlainen et. al. 2000). Chironomid taxa exhibit marked differences in individual responses to water quality degradation leading to anoxia, such as nutrient accumulation or other forms of natural or anthropogenic eutrophication, as a result of physiological adaptations. 
· Charcoal analysis: To determine past fire cycle, frequency, and intensity. The consequences of fire on water chemistry in the Salt River watershed and Roosevelt reservoir is a timely and important issue considering current drought conditions, infestation of pine bark beetles, and the recent devastating effects of the Rodeo-Chedeski fire. Following the fire, large amounts of pollutants were introduced into the reservoir. 
· Nutrients and heavy metals: We will obtain samples at selected locations of the core for nutrients related to eutrophication and metals associated with either anthropogenic activity (e.g., mining) or atmospheric input. Figure 2 is provided as an example of metal trends in Amistad International reservoir on the Texas/Mexico border (courtesy of Peter C. Van Metre). 
Specifically, the objectives of this project are listed below.

1) 
Determination of watershed vegetation changes over time and how this has affected, and has been affected by, fire cycle, frequency and intensity. This information will then be correlated with other water quality variables such as % carbon, metals, nutrients, charcoal, and the biotic response via the chironomid head capsule and diatom data to observe past biotic response to watershed disturbance. 
2) 
Determining the effect of anthropogenic activities within the watershed on water quality delivered to Roosevelt reservoir. The watershed immediately surrounding the reservoir has a long history of mining activity as well as complaints about the effects these mines have had on water quality within Roosevelt. In 1984, a complaint was filed against Inspiration Consolidated Copper Company after an 18 inch in diameter main tailings line ruptured directly into Miami Wash which flows into Pinal Creek before it’s confluence with the Salt River (Ham 1995). In 1991, complaints were filed about a hydrogen sulfide odor at the mouth of Pinal Creek at the Salt River just upstream of the reservoir. Samples collected near the upper most portions of Pinal Creek by ADEQ had a pH of 5.9 and 72 mg/L of manganese, 0.76 mg/L of nickel, and 0.055 mg/L of copper while water from downstream sites had near neutral pH and lower concentrations of metals (Ham 1995). The water from the upstream areas was black due to increased manganese levels. 
3) 
The information obtained from this work could be used by ADEQ as an aid in determining biocriteria for reservoirs within the state. While there has been some biocriteria established for perennial, wadeable streams in Arizona, biocriteria for lacustrine environments is sorely lacking. 
4) 
While we are focusing on the post-impoundment time period (especially in regard to anthropogenic activities), we may be able to assess long-term climatic trends depending on the length of the core obtained. 
Approach, Methods, Procedures, and Facilities: 
Side-scan sonar and seismic profiling are powerful tools for mapping the shape and stratigraphy of ocean and lake sediments. These instruments, linked with spatial analysis software, are capable of providing highly accurate maps of bathymetry, sediment thickness, and sediment deposition characteristics. Figure 3 shows an example of seismic profile data used to produce sediment thickness maps of Lake Mead (Twichell et al., 1999). We propose to produce similar bathymetric and sediment thickness maps for Roosevelt Lake.  

Sediment maps are themselves of interest for such applications as assessing depletion in reservoir capacity and characteristics of sediment redistribution under conditions of changing lake level. This sediment survey, however, has the additional capability to direct our siting of locations for sediment coring. We only have the economic resources to collect and analyze three sediment cores for this lake, so it is essential to select coring locations carefully and to understand the depositional context of each core. We propose to collect one core in each of the tributary river arms of the lake and a third core in the deepest part of the lacustrine basin.  Seismic profiling will permit us to select riverine sites at which sediment has been deposited in undisturbed strata.

An important objective for the lacustrine core is to capture the pre-impoundment playa-like lake that likely existed in the Salt River riparian area. Because organic material bears distinct seismic signatures, we expect to be map with accuracy the extent of riparian organic matter buried beneath Lake Roosevelt sediments. This will enable us to position our coring platform at a suitable location for collecting not only the post-impoundment sediment, but the pre-impoundment playa sediments. The buried playa sediment may contain a well-preserved record of pre-impoundment water quality and watershed conditions.
Based on the acoustic data, we will select three coring sites in Lake Roosevelt.  At each site we will collect a surface core, 50 to 80 cm in length, to characterize recent deposition.  We will sample that core at 0.5 cm intervals in the field (e.g., Figure 4). We will then collect a longer core, at 1-meter intervals using a modified Livingstone piston corer. The 1-meter cores will be extruded intact in the field and packed in polyvinyl chloride (PVC) sleeves for shipping to the laboratory for further analysis. The technique of using these two devices is commonly used in lake sediment studies.  We successfully used this equipment to collect sediment cores representing the entire depositional histories of Lyman and Alamo Lakes in Arizona, resulting in a 4.5 meters of sediment core for Lyman Lake and 5 meters of core in Alamo Lake.

Sediment cores are useful only if the quality of the depositional record can be assessed.  Cores collected from highly disturbed environments, for example, do not yield a systematic, chronological sequence of sediments. Sedimentation in reservoirs can be subject to highly dynamic conditions, particularly in arid lands where hydrologic events may be large in magnitude. We have discovered in these reservoirs that the large-magnitude hydrologic events deliver such massive pulses of sediment that these inputs tend to form distinct sediment strata that protect underlying sediment from disturbance. An example of the distinct stratigraphy we observe in Arizona reservoirs is shown in Figure 5, which is the lithologic description of part of the core we collected from Lyman Lake.

Of the analyses we will perform on the Roosevelt Lake cores, several are dedicated to determining the quality of the depositional record captured and the chronology of the sediment sequences. Other analyses will yield information on past water quality and watershed processes.  These analytes are summarized in Table 1. Visual assessment of lithology, photographic grayscale analysis, and magnetic susceptibility will be used to assess how well the sediments were deposited in an orderly sequence. Lead-210 and Cesium-137 analyses will provide both chronological data and information on depositional quality. In particular, the shape of the plutonium peak, an artifact of above-ground nuclear testing from the mid-1950s to early-1960s, will provide an assessment of the quality of the sediment record. Figure 6, for example, shows a well-defined curve for plutonium, an analog for 137Cs, in Upper Lake Mary, Arizona sediments.
Table 1. Field and Laboratory Activities
	Project Scope

	Activity
	Application

	Seismic Profiling
	· Sediment thickness and distribution patterns

· Location of river thalweg and pre-impoundment playa

· Patterns in loss of reservoir storage



	Sediment Coring

· Lead 210

· Cesium 137

· Magnetic susceptibility

· Photography

· Pollen

· Biogenic Silica

· Paleo-entomology

· Metals


	· Chronology

· Chronology

· Erosion events

· Digital image analysis: Erosion events, summer productivity periods

· Changes in watershed plant assemblages

· Primary productivity

· Chironomid head capsule analysis for paleo-redox analysis

· Atmospheric pollution deposition / records of past anoxia



	Terrestrial Sampling

· Dendrochronology
	· Correlate timing of fire events in sediment core




Cores will initially be analyzed by Paul Gremillion at NAU to determine the quality of the depositional record, chronology, dating, and metals analysis. Pollen and charcoal analysis will be performed by Owen Davis in the UA Geosciences department. Diatoms and chironomid head capsules will be performed by David Walker at the UA Environmental Research Laboratory. Nutrient analyses will be provided as an in-kind contribution by ADEQ and will be performed by Aquatic Consulting and Testing (ACT), a state certified laboratory. 

Related Research: Dr. Gremillion has successfully cored Alamo, Lyman, and Lake Mary in Arizona to determine past trends in metal deposition rates over time. This work greatly aided ADEQ in assessing the need for, and implementation of TMDL’s in these watersheds. Dr. Gremillion’s work has been instrumental in using paleolimnological techniques specific to reservoirs in Arizona and the southwestern US. 
The U.S. Geological Survey Reconstructed Trends Study, as part of the National Water Quality Assessment (NAWQA) Program, collected sediment sediment cores from 56 lakes and reservoirs between 1992 and 2001 in 17 U.S. states (Van Metre et. al. 2003). Arizona was not one of the states chosen for inclusion in this study. While this study was mostly concerned with sources of organic pollution including organochlorine pesticides, polychlorinated biphenyls, and polycyclic aromatic hydrocarbons, pollutants not suspect in Roosevelt reservoir or the Salt River watershed, it was nonetheless instrumental in setting the groundwork for general methodological procedures for obtaining and age dating core samples collected from reservoirs. 

The literature (e.g., the Journal of Paleolimnology) is replete with articles/projects that have focused on certain aspects of what we have proposed, but none in reservoirs within the arid southwest and few as comprehensive as what we have proposed. 
Training Potential: This project will provide research assistantships 1, 0.5 time Masters Student either in Geosciences, Soil, Water, and Environmental Sciences, or the Watershed Department in the School of Natural Resources. We expect to employ 6-7 undergraduate or graduate students as student workers for both the field and laboratory work. This will provide them with an invaluable opportunity to do “hands-on” work regarding reservoir ecology, limnology, paleolimnology, entomology, palynology, phycology, and sedimentology.
Information Transfer: The results of this project will be published in peer-reviewed journal articles and at bi-annual Water Quality Center meetings. The methodology applied to this project may be used in other reservoirs within the state of Arizona and the arid southwestern U.S. in general. As previously stated, the results from this project would greatly aid the determination of selected biocriteria of lacustrine habitats within the state. 
Interaction with Water Centers:  This project exactly matches the mission and goals of the National Science Foundation/University of Arizona Water Quality Center. Roosevelt reservoir is a potable drinking water supply for the Phoenix metropolitan area, the most heavily populated area of the state and this project would examine the physical, chemical, and biological aspects as they pertain to this very important resource. The information gleaned from this project would greatly enhance the knowledge base of government agencies (ADEQ and USGS) and the general public while simultaneously providing excellent research opportunities fro graduate and undergraduate students in several disciplines. 
Partnerships: Arizona Department of Environmental Quality: $25,000 matching funds, Northern Arizona University. 
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Figure 1. Aerial Photo of Roosevelt Reservoir, Tonto Creek and the Salt River
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Figure 2. Trends in Eight Metals in Amistad International Reservoir Cores From Van Metre et. al. 1997. 
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Figure 3.  Typical seismic-profiler images of reservoir sediment, from Lake Mead, Nevada, Arizona  (reproduced from Twichell et al., 1999).
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Figure 6. Enlarged section of a seismic profile showing the different features identified on the profiles. The numbers across the top of the profile represent the shot or trace number (shots here are 1.0
seconds apart). The depth on the left side of the profile is in seconds, and on the right depth has been converted to meters assuming a constant speed of sound of 1500 misec. The lake surface s at the
top of the profile. Acoustic cross-talk, or interference, between the sidescan sonar and subbottom profiler shows in the water column. The lake floor is the first reflector (yellow), and the reflector
represerting the pre-impoundment surface is the deepest reflector (red). Four reflectors within the sediment that has accumulated since impoundment show as fiat-lying horizons that pinch out against the
pre-impoundrment surface
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Figure 4.  A. Describing a gravity corer. B. Gravity core in extrusion stand. C. Slicing a subsample from a gravity core. From . Van Metre et. al. 2003.
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Figure 5.  Laboratory notes describing the lithology of the third drive of the Lyman Lake core.
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Figure 1. Seismic profile collected in Lake Mead,

Nevada/Arizona. Source: USGS, 2005




Figure 6.  Plutonium isotopes are analogous to 137Cs for dating aquatic sediments.  Shown below is a well-defined Pu curve for Upper Lake Mary, Arizona.  This curve not only shows markers for 1954 (start of above-ground atomic testing) and 1963 (peak of atomic testing) events, but indicates that minimal sediment disturbance has occurred in the depositional history of the reservoir.
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