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Background/Introduction
All organisms from bacteria to blue whales are linked together by complex food webs, which describe feeding relationships and provide a means for understanding how energy, nutrients and contaminants flow through an ecosystem.  Food webs provide the framework for linking species to community structure and ecosystem function because they integrate different levels of ecological organization.    

The overall goal of the proposed research is to test the role of ecosystem size, resource availability (i.e. algal production), and disturbance (flood/drought frequency and intensity) in determining food-chain length in river and stream ecosystems.  To this end we are conducting a large-scale, cross system comparison to evaluate the relative effects of these three variables on food-chain length in more than 40 streams and rivers throughout the US and Puerto Rico. To do this we are assembling a database using previously published studies describing ecosystem size, food-chain length, productivity and disturbance.  However, due to gaps in published data we need to conduct additional research on rivers, particularly ones in arid regions, as our database currently contains very few such rivers.  
Methods
Food chain length—Food-chain length represents the number of links in the food-chain, from the base to the top of a food-chain. We will estimate food-chain length by collecting organisms from the “endpoints” of each stream/river food-chain (algae/invertebrates and fish, the lower and upper endpoints, respectively) and analyzing them using stable isotope techniques.  First, we measure the ratio (parts/million, or ‰) of N15 to N14 for all samples.  This ratio is called “del-N15” (δN15).  δN15 accumulates with each trophic transfer (i.e., consumption by an organism on one level of a prey species on another level) at a rate of  3.4‰.  Thus, herbivores typically have δN15 values ~3.4‰ higher than plants, and primary carnivores in turn, have δN15 values ~3.4‰ higher than herbivores and ~6.8‰ higher than plants.  Second, we then calculate the difference between the presumed top-predator and the lower endpoint of a food chain.   This lower endpoint thus provides a baseline for N15 abundance in each system.  Food chain length can then be estimated as the difference in N15 enrichment between the top predator and the baseline, divided by 3.4.  The strength of this technique is that it is capable of quantifying the degree of omnivory  (i.e., eating on more than one trophic level).  For example, piscivorous top predators that also eat insects will show an N15 enrichment of <3.4‰ above the fish that make up their primary resource base.
Top carnivores (i.e. trout) will be collected during daylight hours by angling with rod and reel (Colorado River) or with dip nets and seines (Paria River).  Individuals selected for stable isotope analyses of muscle tissues will be immediately euthanized in a bucket containing a lethal dose (i.e. 10-100 X anesthetic dose) of the commercial anesthetic “MS222”.  Individuals not selected for isotopic analyses will be immediately released, or held briefly in holding pens until sorting can occur.  Invertebrates and algae will be collected by hand by turning over rocks, scraping emergent aquatic plants, etc. 
Ecosystem Size—We will quantify ecosystem size using two different metrics: the average cross sectional area (CSA) of the study reach at base flow and watershed area (WA) upstream of the study reach. Cross sectional area is useful because it provides an index of the volume of available habitat, which may be particularly important where food-chain length is governed by the presence or absence of intermediate and top predators with different body sizes. Watershed area upstream of a study reach more closely relates to the area contributing to local resource availability due to downstream transport of leaf litter and detritus.  
Cross sectional area will be measured in the Paria River by measuring stream width and depth at several cross sections.  Cross sectional area has already been quantified for the Colorado River by the Grand Canyon Monitoring and Research Center, and other agencies.  Watershed area information will be calculated from the GIS watershed maps made publicly available through the USGS NAWQA (national water quality assessment) and EPA BASINS programs (better assessment science for integrating point and nonpoint sources). 
Disturbance— Variability in stream flow is arguably the most important factor structuring stream communities.  Both floods and droughts appear to have important consequences for the relative strength of biotic interactions and thus, the structure and diversity of stream communities.  To this end, John Sabo has developed a new method for quantifying disturbance using hydrograph data that accounts for seasonal anomalies in flow records and the frequency and intensity of low flow conditions.  This component of the project requires no field work as hydrograph records are available on USGS websites. 
Resource availability—We will quantify resource availability using open system metabolism measurements.  Kennedy already has a permit for conducting these measurements on the Colorado River (Permit Number GLCA-2003-SCI-0019), so this section applies only to the Paria River.  This technique is based on the premise that changes in the concentration of dissolved oxygen over a daily cycle are a function of photosynthesis and community respiration when the effects of gas exchange with the atmosphere and inputs of groundwater are accounted for. The feasibility of this approach has been demonstrated in numerous streams and rivers throughout the world.  Dissolved oxygen concentration and temperature measurements will be made at two stations on the Paria River using data logging dissolved oxygen meters.  Oxygen concentrations will be corrected for atmospheric exchange via addition of a volatile tracer (propane) and for groundwater inputs via addition of a solute tracer (NaCl).  Injections of both propane and NaCl will be small in quantity and duration and will have no impact on aquatic organisms or water quality.  During these injections we will collect water samples from several locations along the study reach, put them on ice, and analyze them for propane and NaCl concentration back in the lab.  
Net ecosystem production (NEP) will be determined by calculating the net flux of oxygen of a given parcel of water as it moves between each sampling station, after correcting for the gas-exchange rate and groundwater inputs within the reach.  Daily R will be calculated by summing oxygen exchange rates during the night, and then extrapolating to a 24-hour period.  Daily GPP will be calculated as the difference between daily NEP and daily R.  

Summary of measurements conducted in the field:
1) Collect top predators and invertebrates/algae (Colorado River and Paria River).

2) Determine Cross Sectional Area by measuring stream width and depth at several locations (Paria River only).
3) Inject small quantities (Paria River only). 

4) Deploy dissolved oxygen/temperature meters at two stations for a period of two days (Paria River only).
5) Collect water samples for later analysis (Paria River only).
Location of Proposed Research

We propose to conduct this research along the Colorado River, from Glen Canyon dam to Lees Ferry, and in the Paria River, from where it meets the Colorado River to roughly 5 miles upstream of this confluence.
Completion Schedule

We will collect samples of top predators, algae, and invertebrates during each of two sampling trips in September 2004 and January 2005.  We will conduct metabolism measurements on the Paria River sporadically from September 2004 to December 31, 2005.    
