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INTRODUCTION


Most streams in the southwestern United States are intermittent or ephemeral and carry surface water only during periods of snowmelt runoff, or following large rainstorms in their watersheds.  The timing of flow events typically is stochastic, dependent upon whether there is sufficient snow to create a runoff event, and particularly the timing of intense rain events.  Even among ephemeral streams there is considerable variability in the presence or absence of riparian vegetation (defined as plants that depend upon the disturbance and hydrologic regimes created by flowing water and the associated ground water flow system).  Many ephemeral streams support no riparian vegetation, however a subset does support riparian vegetation, which in many areas is dominated by the exotic plant species tamarisk (Tamarix ramosissima).  Few ephemeral streams support native riparian woodlands dominated by Fremont cottonwood (Populus deltoides ssp. wislizenii) and/or sandbar willow (Salix exigua).  

In Petrified Forest National Park (PEFO), Arizona, all streams are ephemeral, and they support the range of riparian vegetation described above, from none, to riparian zones dominated by tamarisk, to well developed cottonwood/willow communities.  However, there is no information on why different stream support different riparian communities.  In addition, the condition of the riparian zone along the larger streams, e.g. Puerco River is thought to be poor, with little cottonwood reproduction, and large areas dominated by tamarisk.  The Puerco River is the largest stream in PEFO and much of NE Arizona, providing the primary aquatic and deciduous forest habitat to support native amphibians, migratory arboreal birds, and other wildlife.  PEFO staff has implemented many “restoration” efforts on the Puerco River over the past two decades to remove tamarisk and plant cottonwoods.  However, the cottonwood plantings have all died, for unknown reasons, and the tamarisk removals are spotty, and may have limited success if reestablishment occurs.

The National Park Service is faced with understanding, interpreting, protecting, and restoring complex landscapes that have been and continue to be affected by anthropogenic activities, including the presence of exotic plants.  A critical need of PEFO resource managers is to obtain data and analyses sufficient to develop a complete understand of the ecological potential of the range of streams in PEFO for supporting riparian ecosystems. 

Critical issues for PEFO and other national parks in the southwestern U.S., Colorado Plateau and Great Basin regions to understand include: (1) what are the natural watershed, hydrologic and geomorphic characteristics of streams that do not support riparian vegetation, (2) what are the natural watershed, hydrologic and geomorphic characteristics of streams that do support riparian vegetation, (3) under what conditions has tamarisk invaded riparian zones, (4) are there streams that currently lack riparian vegetation yet which have hydrologic regimes similar to streams supporting riparian vegetation, suggesting that they may have been highly disturbed in the past?  With this information managers can identify sites at their ecological potential, identify restoration and management needs, and develop contingency plans based upon an understanding of the types of conditions that have in the past and will in the future lead to tamarisk establishment.


The goal of the proposed project is to collect data on a representative set of streams in Petrified Forest National Park (PEFO) and perform the necessary analyses to classify all streams in PEFO based upon their watershed characteristics, hydrologic regime and potential to support several riparian ecosystem types.  Four types of stream/riparian ecosystems were preliminarily identified in a field visit to PEFO; streams supported; (1) no riparian vegetation, (2) grass (Calamovilfa gigantea), (3) tamarisk dominated, and (4) cottonwood, willow and tamarisk.  We would determine what watershed, bedrock geology, geomorphic, hydrologic, geochemical, and ecological factors (including human disturbances) determine the type of riparian ecosystem that can be supported.  We would determine whether these riparian types represent the natural potential for the studied streams, or whether historical disturbances (e.g. heavy livestock grazing) have led to the vegetation patterns that occur today.  These data and analyses would provide PEFO resource management staff with maps of which streams naturally cannot support riparian vegetation, the riparian community potential of each stream based upon its physical environment, and where restoration could result in each site supporting its natural potential community.  In addition, we will identify the years when tamarisk established in PEFO and the types and timing of weather events that triggered this establishment.  This information would provide park resource managers with a functional understanding of the types of weather events and stream flows that could in the future lead to additional tamarisk establishment.  For example, a rain event of a certain size in early August during the period of tamarisk seed rain could create stream flows and support water tables high enough for long enough duration to allow tamarisk seedling establishment.  Tamarisk seedlings are quite easy to kill, while large plants are very difficult to eradicate.  

The tasks outlined in this project would provide a broad and comprehensive understanding of the streams and riparian zones in PEFO, which will allow park staff to develop an overall plan for stream and riparian management and restoration.  Too often, such information is generated only in bits, which can lead to a poor understanding of the factors controlling riparian vegetation.  This can lead national park managers to implement “restoration” projects that ultimately fail for unknown reasons.

STUDY AREAS

All mapped streams in PEFO will be identified and preliminarily classified into one of the following four categories; (1) no riparian vegetation, (2) grass dominated vegetation, (3) tamarisk vegetation, (4) cottonwood and willow present.  Four streams from category 1, the most common stream/riparian type in PEFO, and two streams from the other categories will be randomly selected for detailed field analysis.  All other streams in PEFO will be analyzed in a more limited way, using air photos and topographic maps.  

METHODS and APPROACH


The following attributes of each stream and watershed will be quantified;

1. Watershed area. This metric would provide a calculation of the area contributing to stream flow.  This will be accomplished using available USGS topographic maps, and plotting watershed boundaries in a GIS system. Watershed area may provide an index of the frequency with which stream flow events occur.

2. Percentage of the watershed underlain by shale vs. other bedrock types.  Shale and its fine-grained weathering components are relatively impermeable to water and may provide rapid runoff producing flashy streams.  By contrast other rock types and sediments may provide some infiltration capacity and support a longer residence time for water, allowing the creation of a ground water flow system with the potential to support riparian vegetation.  These data would be derived from bedrock geology maps of the study area.

3. Thickness of alluvium under the stream bed.  Thick alluvial bodies may provide water storage capacity, allowing the development of a ground water flow system that could support riparian vegetation.  Data on alluvial thickness would be collected in at least 3-5 locations along each study stream by auguring into the alluvium to bedrock.  Likely we can auger a maximum of 7 m during moist soil conditions (spring or fall).

4. Maximum water table depth in the alluvium under the stream.  This will be measured in ground water monitoring wells and will identify whether water table depths limit riparian plant establishment and survival.  This will be measured in ground water monitoring wells installed into each study site.

5. Minimum water table depth (and duration) in the alluvium.  The seasonal high water table will provide information on how variable the water table is on an annual basis, and whether it remains high enough to support riparian species seedling establishment.  This will be measured in ground water monitoring wells installed into each study site.  It is also anticipated that some continuous recording ground water monitoring wells can be installed in the study site, perhaps 1 in each study area.

6. Historical weather and stream flow record analysis.  We would collect and analyze all available stream flow records for the Puerco River anywhere in the watershed to determine the historical pattern of flows.  Streamflow data are available for the Puerco River at Lupton Arizona (Gauge #09395650) and Chambers, Arizona (gauge #09396100).  In addition, historical analyses of tree rings from upland trees, arroyo cutting, and climate are available.  We would collect and analyze data on summer precipitation for the period of record.  These data would provide an important framework for understanding the precipitation years that this study was conducted in, relative to other years in the past.  These analyses would also be important for relating to past tamarisk and cottonwood establishment events, and cottonwood growth, as described later in this proposal.  

7. Annual frequency of surface water flow.  The number of times that surface water flowed in streams in the study area will provide important information that can be used to classify streams, and will determine the potential for supporting a water table sufficient for riparian vegetation.  Since many streams may have flows lasting hours or less, we will build gauges that will record the height of surface water, and record its presence.  These gauges will be slotted PVC pipe with a screw on top.  The pipe will be buried vertically in the channel with the screw top pointing up, and approximately 1 meter of the pipe protruding above the streambed.  A steel fence post may be attached to the gauge to make it sturdier.  The PVC will be painted gray so that it is unobtrusive to the visual landscape.  Inside the PVC we will place approximately a handful of course cork shavings.  The cork will float on the water during flood events and stick to the PVC sidewall inside the pipe at the height of the water column surface.  We will check these gauges following all precipitation events and determine the number of times that water has flowed in each monitored channel, and the elevation of the flood stage.

8. Annual duration of surface water flow.  This will be a measure of the number of days per year that surface water flows in each study stream.  This will be determined from the continuous ground water monitoring well sites.  The monitoring wells will be installed so that they will record water levels both below and above the ground surface.  This will help us quantify the duration of high water that could support the establishment of woody plants.

9. Mean monthly water table depth during the growing season, May through October.  These will be cumulative averages for sites that have continuous ground water recording devices, and sites where monitoring wells are read weekly.  This will tell us the duration of time that the water table is shallow enough to support the growth of woody phreatophyte seedlings which can only establish in sites where they can access the water table.

10. Chemical analyses of surface and ground water. Chemical analyses will be used to characterize the chemical content of surface and ground water to identify whether salinity at any time of the year may limit the presence of riparian plants.  Cottonwood in particular is sensitive to even moderate salinity levels in its water supply, while tamarisk is highly salt tolerant.  Thus, water chemistry could explain the presence of tamarisk, instead of cottonwood in some areas.  Water samples will be obtained from streams when they are flowing, as well as from ground water pumped from one or more ground water monitoring wells in each site monthly during the summer of each year.  Water pH will be measured as soon as possible (within 4 hours), and electrical conductance (EC) also measured in a lab at PEFO.  Samples will then be filtered (0.45 u filters) to remove suspended solids and frozen for later transport to the soil and water testing laboratory at Colorado State University where samples will be analyzed for the following ions: Na+, K+, Mg++, Ca++, Cl, SO4, CO3. During year 2 of this study only pH and EC will be measured.

11. Seasonal ground water profiles and gradients for stream and floodplain. Three transects of 5 to 10 ground water monitoring wells each, will be installed across each study stream to measure water table depth and its elevation.  All wells will be installed by hand augering to the maximum anticipated water table in each site, and will be cased with 4 cm diameter slotted PVC pipe.  Water table depth in wells will be measured with an electronic tape.  All wells will be surveyed for position and elevation so that the elevation of the water table can be plotted and maps of the seasonal water table surface can be constructed.  We can also address the question of whether significant ground water is flowing to the stream aquifer from the surrounding uplands, and the relationship of the stream to the water table.

12. An analysis of the riparian vegetation. Along our ground water transects the floristic composition and canopy coverage by plant species will be quantified in a set of circular plots laid on a grid that matches the grid of ground water monitoring wells.  In each plot we will make a list of all plant species present and estimate canopy coverage by species.  These data will be analyzed using multivariate statistical methods combining the vegetation data and environmental data on various hydrologic parameters, water chemistry, and soil texture to develop a model of the vegetation in relation to the physical template of PEFO riverine landscapes.  This model will allow us to identify the niche of each of the major woody plants species occurring and identify the reasons why each stream supports particular riparian plant species, or none at all.

13. An analysis of the population structure of tamarisk and cottonwood.  Tamarisk and cottonwood germinate on bare wet sediment following flood events.  Once established their woody branches may create turbulence in the water column during subsequent floods causing sediment to be deposited and facilitating floodplain accretion.  However, because tamarisk are shrubs and no stem reflects the true age of the plant, and because cottonwood are a favorite food of many herbivores and stems are easily broken in floods, the above ground portions of these species do not reflect the age of the plant.  Thus, to determine the year that a plant established, and to be able to link establishment to particular weather and hydrologic conditions, requires determining the year each plant established.  This can be accomplished only by excavating plants, identifying their root crown (the point where germination occurred) and collecting a slab or core from that section of stem.  These slabs are then sanded, and rings counted.  We will only do this for tamarisk and cottonwoods less than 50 years old, and where cottonwoods are not scarce.  

14. A hydrologic and climate analysis to link tamarisk and cottonwood establishment to precise precipitation events.  We will then analyze the population structure of tamarisk and cottonwood on streams in relation to quantified patterns of precipitation and/or stream flow to determine the types of conditions that have led to each species establishment.

15. An analysis to determine the minimum hydrologic and geomorphic conditions that can support grass, tamarisk, willow and cottonwood riparian vegetation.  We will integrate establishment information and vegetation information to identify the minimum hydrologic regime (e.g. water table depth, timing of stream flows) necessary to support these woody species.  This will provide a functional understanding of the distribution of woody plants in PEFO.

16. An analysis of the water sources utilized by tamarisk, willow and cottonwood.  We will identify whether riparian plants are utilizing groundwater or soil moisture replenished by rainfall, and at which season they utilize these two water sources.  The dependence of riparian plants on ground water would definitively tie riparian plants to areas with ground water within reach of their root systems.  We will accomplish this using stable isotopic analysis.  Stable isotopic ratios of water in plant sap (water molecules with 16O vs. water molecules with 18O) can be compared with the two potential water sources, ground water and soil water.  Soil water typically has been exposed to evaporative processes, during which water with lighter 16O molecules evaporate more readily than water with 18O molecules, and the soil water becomes isotopically heavier (a higher ratio of water with the heavier 18O than ground water). Mixing models can be used to determine the percentage of water obtained from either water source.  To perform these analyses, we will pump ground water from monitoring wells in stands supporting tamarisk, willow and/or cottonwoods.  We will also collect soils from the upper 2 meters of the soil profile and sections of branches from the three woody plant species.  Samples will be frozen until analysis at Colorado State University. 

17. Determining the age of the large cottonwoods along Puerco River.  Most large cottonwoods along the Puerco River are large and may be quite old.  We will collect increment cores from approximately 50 trees to determine their approximate age.  This will help us make predictions regarding the longevity of the existing riparian forests, considering that a Fremont cottonwood in an appropriate environment can live to ~200 years.  If time allows we will measure ring widths on these cores to relate tree growth over the past two centuries to available stream flow or climate data, or climate analyses.

18. Digitize historic and current air photos of the Puerco River.  We will digitize and rectify air photos of the Puerco River and map channel boundaries and quantify the area of riparian vegetation for each year that photos are available. These will be used to determine whether there has been any directional change in channel or floodplain characteristics over time.

19. Development of GIS layers presenting the location of all monitoring points, all data sets, the stream classification, and identifying sites for possible restoration.  All data will be presented as layers in a GIS system at PEFO.  

SCHEDULE


Fieldwork would begin in May of 2003.  With the PEFO natural resources staff assistance we will preliminarily classify streams into the four categories described here.  We will also conduct interviews with former resource management staff in year 1, and do what analyses are possible with historical air photographs.  Then we will randomly select streams and begin the instrumentation of sites.  It is hoped that all ground water monitoring wells, continuous recorders and flood recorders would be installed by late June prior to the beginning of the late summer monsoons.  Ground water monitoring wells would be measured weekly during the period from May through September of each study year.  Water samples for chemical analysis would be collected during three time periods, (1) early summer during plant leaf out (late May), (2) mid summer hot and dry period (early to mid-July), and (3) during the late summer monsoon rain period (mid-August).  Samples for isotopic analysis would be collected three times during the second year at the same times as water samples for chemical analysis are collected.  Vegetation analyses would be conducted during the summer of 2003.  Collection of tamarisk and cottonwood for aging will occur over the entire two-year period, because it is time consuming and grueling work.  We will try to excavate and age 50 plants per year, primarily tamarisk.  We will core the larger cottonwoods in the late summer or fall of year 1.

ANTICIPATED RESULTS


The data and analyses to be performed in PEFO will address the major stream and riparian resource information needs.  All of the studies to be performed can be integrated into an overall understanding of the natural riparian community potential of each watershed and stream, where restoration needs exist, and provide a predictive approach for understanding the types of climate periods and/or weather events that could lead to further tamarisk establishment.  We will also try to use these data to determine whether tamarisk has changed the landscape properties of any stream/floodplain in PEFO.  Properties that tamarisk can control are sediment storage and floodplain accretion so that it is no longer suitable for cottonwood establishment, as cottonwood requires a higher water table than tamarisk to establish and survive. 


Specific products will include a final report including all data and analyses, a masters thesis for the graduate student who works on this project at Colorado State University, at least one manuscript submitted to a refereed journal for publication, all data as GIS files compatible with PEFO computer systems, 

MATCHING FUNDS FROM PETRIFIED FOREST NATIONAL PARK


PEFO will contribute housing for the graduate student during the course of this project.  In addition, the park has monitoring on ground water levels and chemistry from two locations in the park that will aid in developing a longer-term perspective on ground water levels and chemistry.  We will apply for research funds from the PEFO foundation for the purchase of two tipping bucket rain gauges to place in watershed where little precipitation data is available, and to purchase four to six continuous recording gauges.  OTHER THINGS?  Volunteer and field help, computer time, 
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