Near Shoreline Fish Ecology

Introduction

Following the 1996 Record of Decision from the Environmental Impact Statement on the operation of Glen Canyon Dam (USDOI 1995), the Glen Canyon Dam Adaptive Management Program (GCDAMP) was formed and charged with managing the Colorado River ecosystem (CRE) within Grand Canyon, Arizona.  This adaptive ecosystem assessment and management program consists of a multi-stakeholder federal advisory committee that defines objectives for the CRE and makes recommendations to the U.S. Secretary of Interior regarding the operation of Glen Canyon Dam and other management actions designed to achieve resource goals (e.g., Schreiber and others 2004).  One of the goals of the GCDAMP is the conservation of native Colorado River Basin fishes, particularly those protected by the Endangered Species Act of 1973 (USDOI 1973, 16 USC 1531 et seq.).  
In 2007 the Bureau of Reclamation (BOR) and U.S. Fish and Wildlife Service (FWS) re-initiated formal consultation on the operation of Glen Canyon Dam.  The resulting Biological Opinion (BO; USDOI 2008) identifies conservation measures necessary to conserve and protect the endangered humpback chub Gila cypha.  The conservation measure directing investigation of the use of near shore habitats by juvenile humpback chub is the impetus for this announcement for cooperative agreement proposals.  Specifically, the BO states:

“…. nearshore ecology study that will relate river flow variables to ecological attributes of nearshore habitats (velocity, depth, temperature, productivity, etc.) and the relative importance of such habitat conditions to important life stages of native and nonnative fishes.  This study will incorporate planned science activities for evaluating the high flow test on nearshore habitats as well as the 5-year period of steady flow releases in September and October.  A research plan will be developed with FWS via the AMP for this study by August 1, 2008, and a 5-year review report will be completed by 2013.  The plan will include monitoring of sufficient intensity to ensure significant relationships can be established, as acceptable to the FWS.  This conservation measure is consistent with the Sediment Research conservation measure in the Shortage Guidelines biological opinion.  This study will help clarify the relationship between flows and mainstem habitat characteristics and availability for young-of-year and juvenile humpback chub, other native fish, and competitive or predaceous nonnative fish, and support continued management to sustain mainstem aggregations.  The feasibility and effectiveness of marking small humpback chub (<150 and <100 mm TL [5.91 and 3.93 in]) will also be evaluated as part of the study, and if effective, marking young fish will be utilized in the study.  Marking young humpback chub, if feasible and effective, could greatly aid in developing information on the early life history, growth and survival of young humpback chub.”
Experimental flows have been described in the BO and some of these were recently implemented with the goal of benefiting humpback chub and conservation of sediment resources in Grand Canyon. The experimental flows are: (1) an experimental high flow test of approximately 41,500 cfs for a maximum duration of 60 hours in March 2008 (USDOI 2007), and (2) fall (September and October) steady flows, at yet to be determined levels, each fall over the next five years (2008-2012). 
The long-term goal of the near shoreline fish ecology study is to relate flow operations (refer to Fish community and regulating factors, below; USDOI 2007) to ecological attributes of near shoreline habitats and to determine the relative importance of such habitats to important life stages of native and nonnative fishes (USDOI 2008).  Current knowledge suggests that factors influencing the population dynamics of native fish in the CRE  include: (1) nonnative fishes (Olden and Poff 2005; Coggins 2008; Yard and others in Prep), (2) water temperature (Childs and Clarkson 1996; Robinson and Childs 2001), (3) flow regulation (Osmundson and others 2002), (4) juvenile rearing habitat (Childs and others 1998; Stone and Gorman 2006), and (5) parasites and disease (Choudhury and others 2004; Hoffnagle and others 2006).  Consequently, this announcement for cooperators is intended to identify research proposals aimed at clarifying juvenile native fish habitat requirements, and identifying how habitat selection, preference and availability affect native fish vital rates such as growth and survival.  Findings from this announcement are intended to provide information on native fish habitat requirements and guide future GCDAMP recommendations for the Department of the Interior to consider as management or experimental actions.
Geographical setting and constraints

The Colorado River Ecosystem (CRE) is defined as the Colorado River mainstem corridor, tributary streams, and adjacent terrestrial habitats, that are located between the forebay of Glen Canyon Dam (river mile – 15) and the western boundary of Grand Canyon National Park (river mile 278), a distance of approximately 293 river miles that is punctuated by frequent rapids and over 1700 feet change in elevation.  Within the CRE, Grand Canyon is a deeply incised canyon with physiographic features that act as structural control at geomorphic and local levels (Stevens and others 1997b).  The rock strata (sedimentary, metamorphic, and igneous) have different erosive characteristics that affect the channel morphometry.  Channel widths (40-120 m) and depths (4-15 m) vary, as do the shorelines that change in character from homogeneous bedrock cliffs and alluvial sand bars to complex talus slopes.  Access to the river is limited and consists of vehicle access at the upper and lower end of the CRE (river miles 0 and 226), scattered foot paths that descend several thousand vertical feet into the Grand Canyon, or boat-based river trips that are launched from the upper end of the CRE and travel the entire length.  The remote nature and setting of the CRE within Glen Canyon National Recreation Area and Grand Canyon National Park (GCNRA and GCNP, respectively) makes for a spectacular research site, but it also presents logistical challenges to river researchers.  A considerable amount of study and logistics planning is required to accommodate research within the CRE, including acquisition of necessary permits from the National Park Service, US Fish and Wildlife Service, and the Arizona Game and Fish Department. Large daily fluctuations in discharge, cold water temperatures (10-13°C), and deep and powerful currents limit the areas of the CRE that can be sampled.  Boat trips provide the most effective means of accessing the CRE, but it takes a week or more to complete such a trip.  The time and expense of these boat trips (1-2 weeks, ~$20,000-40,000 per trip) severely limits the spatial and temporal intensity of any sampling regime. Certain rapids constrain upstream travel reducing the extent and times that some areas may be sampled. As noted above, the National Park Service must permit research within the CRE, which the Park Service has identified as proposed potential wilderness.  Under the Park Service's 2006 Colorado River Management Plan (CRMP), motorized trips are not permitted on the river from September 15 to April 1.  The no-motor season may impose difficulties for researchers evaluating the fall steady-flow effects, because it extends over most of the experimental steady-flow period.  The Park Service will consider a request for a variance during the CRMP's no-motor season based upon compelling need; however, the Park Service will grant a requested variance only if it is supported by the Park Service's minimum requirement analysis and is otherwise consistent with the CRMP.
Fish community and regulating factors

The original native fish assemblage consisted of eight species, half of which have been extirpated owing to habitat alterations (e.g., changes in temperature and spatial connectivity) and interactions with nonnative fishes (Carothers and Minckley 1981; Minckley 1991).  The remaining native species consist of humpback chub, flannelmouth sucker Catostomus latipinnis, bluehead sucker Catostomus discobolus, and speckled dace Rhinichthys osculus.  Declining trends (composition, abundance and distribution) have been observed across components of the remaining native fish community and are generally attributed to habitat modifications following the construction (1957-1963) and subsequent operation of Glen Canyon Dam (Minckley and Deacon 1969).  Physical changes to habitat have included abrupt loss in connectivity between upper and lower drainage basins (Ward and others 1999), and seasonal changes in flow (Poff and Ward 1989), temperature (Clarkson and Childs 2000), and turbidity (Johnson and Hines 1999).  The magnitude, frequency, and timing of these physical factors have departed considerably from the natural conditions in which this native fish assemblage evolved (Carothers and Brown 1991).  Although some of these changes were abrupt, others took years to change from one state to another.
The present environmental conditions are a marked contrast to those that existed before the Glen Canyon Dam.  This river is now a regulated system, with legal and operational constraints that limit annual, monthly, and daily discharge (Ingram and others 1991).  The hypolimnetic releases from GCD are cold (10-13°C) and clear.  However, water clarity in downstream portions of the river are seasonally variable (Yard 2003) owing to sediment inputs from unregulated tributaries (Topping and others 2000).  Since 1996, GCD has been operated in accordance with the preferred alternative described in the 1995 Environmental Impact Statement (USDOI 1995) as modified by the Record of Decision (ROD; USDOI 1996). Consequently, normal diel flows, referred to as the Modified Low Fluctuating Flow (MLFF) preferred alternative, fluctuate between 142 and 710 m3/s with a maximum daily change of 227 m3/s.  Variation in daily flow results in vertical changes in stage (i.e., water surface may exceed 2 m of vertical change depending on channel width) that may influence shoreline habitat selection (e.g., backwaters, talus slopes), depths, and velocities (Barrett and Maughan 1995).  Based on results from a summer steady flow experiment in 2000, it is clear that diel flow fluctuation also prevents warming of backwater habitats at least in upper reaches of the canyon, and that steady flows result in thermal bars (vertical thermoclines) that permit persistence of warm shoreline microhabitats (Vernieu and others 2005).  The fall steady flows in 2008-2012 have been prescribed under the assumption that reduced fluctuations may offer some benefit to native fishes, particularly in relation to warm thermal conditions in calm shoreline areas like backwaters.  The steady flows will be released subject to the following constraints: (1) monthly dam release volumes will be maintained in all water years except for the water year 2008 (USDOI 2007); (2) dam releases for September and October are to be steady based on the monthly projected volume (variation in flow is allowed within each hour of ± 35.4 m3/s (±1,200 cfs), as is spinning reserve for emergencies); and (3) to avoid variation between years, monthly dam volumes are to be managed so as to attain similar release volumes in outlying years for September and October.

Also, following construction of GCD and the resulting changes in sediment transport, the aquatic foodbase was significantly altered from an allochthonous based system to one dominated by autochthony in the tailwater section below GCD and grading back to largely allochthonous production in the lower river reaches (Carothers and Brown 1991).  The composition, distribution and mass/abundance of algae-macrophytes, macroinvertebrates, fishes, and waterfowl are correlated with the spatio-temporal differences in light availability as mediated by suspended sediment (Hardwick and others 1992; Shaver and others 1997; Stevens and others 1997a; 1997b) and canyon orientation (Yard and others 2005).  While this correlation indicates that overall ecosystem productivity is dominated by autochthonous primary production, there is considerable evidence that allochthonous organic matter also contributes substantially to secondary production within the CRE, so linkages between the lower trophic levels and factors limiting food availability for native and nonnative fishes are poorly estimated.  An independent panel convened to evaluate monitoring protocols for aquatic resources in the CRE (Anders and others 2001) recommended additional investigation of linkages between foodbase and fishes, and posited that a possible consequence of the recent increase in primary and secondary production may differentially benefit nonnative fish species (competitors or predators) over native species. Currently, a research study, using mass balance analyses, has been initiated to identify trophic pathways important for native and nonnative fishes and methods for accurately measuring food availability for fish in the CRE (refer to Current fish related research activities, below).

At least 24 species of nonnative fishes have been reported in the CRE (Maddux and others 1987; Valdez and Ryel 1995, Stone and others 2007). While some of these species have become established, most have not, though concerns are prevalent regarding impending introductions and their potential effects.  These nonnative fishes consist of a warm-water assemblage of channel catfish Ictalurus punctatus, black bullhead Ameiurus melas and common carp Cyprinus carpio remnants of introductions prior to GCD; a cold-water assemblage of rainbow trout Onchorhynchus mykiss and brown trout Salmo trutta introduced for recreational angling; and small bait-fish that persist in the CRE from earlier introductions or periodic dispersal from tributaries, including fathead minnow Pimephales promelas, and plains killifish Fundulus zebrinus. The spatial distribution and abundance of nonnative fishes varies throughout the system, owing in part to dissimilar tolerances in temperature and sediment loads and tributary locations (Valdez and Ryel 1995).  These biological changes (food resources and nonnative fish introductions) in the Colorado River and have probably affected not only native fish abundance and distribution patterns (Tyus and Saunders 2000), but limited suitable habitat available for juvenile fish rearing.  How these physical and biological factors interrelate with native fishes remains highly uncertain and potentially complex (Walters and others 2000; Korman and others 2004; Melis and others 2005; Melis and others 2006).

Review: Habitat studies and findings

Numerous studies conducted in the CRE have used shoreline and hydraulic characteristics as meso-habitat descriptors (Stone and Gorman 1999; Valdez and Ryel 1995) to predict fish relative abundance, presence/absence, composition, and distribution.  To date, most of the habitat selection studies conducted in the mainstem of the Colorado River and tributaries have used a combination of habitat capacity models (e.g., Converse and others 1998) and micro-habitat models (e.g., Stone and Gorman 1999) for correlating fish habitat associations.  Although these studies have provided useful information on fish habitat relationships, the single-species approach has made assessing habitat selection difficult to interpret at a fish community level.  

Water temperature, among others, is considered a major limiting factor influencing growth and survival of native fish in the CRE.  Findings from experimental studies indicate that temperatures in the mainstem (10-13°C) lead to diminished growth and swimming ability (Ward and others 2002), and increased vulnerability to visual predators (Clarkson and Childs 2000).  There was a dramatic positive response in densities of juvenile native and nonnative fishes in warm shoreline/backwater areas associated with the summer steady flows in 2000; this response demonstrated that juvenile fish can disperse to and use warm microhabitats from spatially restricted spawning areas, despite that dispersal having to occur through cold, predator-rich waters.  These high densities disappeared immediately when fluctuating flows were resumed (Trammell and others 2002).  Much management and research emphasis has been placed on backwater habitats that can exhibit seasonally elevated temperatures relative to mainstem conditions (e.g., Stevens and Hoffnagle 1999).  Backwater habitats frequently exist below channel constrictions in return current channels where lower velocity results in depositional environments forming sandbars.  Backwaters are sometimes associated with such sandbars.  However, owing to the large diurnal flow fluctuations from GCD, many of these backwater habitats are ephemeral and/or cold because of dewatering associated with low flows.  This dynamic situation hinders efforts to characterize the use and availability of such habitats (Kubly 1990).

Previous research studies such as Maddux and others (1987), Arizona Game and Fish Department (1996), and Hoffnagle (2000) have extensively sampled backwater habitats and have inferred that reductions in the persistence and number of backwaters have contributed to the observed declines in native fish populations (Valdez and Ryel 1995).  For this reason, physical assessments have been conducted to ascertain the spatial and temporal variability of backwater area and number using aerial photography (1935 – 2000).  Although findings indicate that there was considerable inter-annual variability in the area and number of backwaters, no progressive loss in backwater area or number was observed through time (Goeking and others 2003).  To date a number of management actions (flow manipulations achieved through dam operations) have been experimentally tested (Collier and others 1997; Webb and others 1999; Valdez and others 2001; Korman and others 2005; Wright and others 2005; Topping and others 2006; Schmidt and others 2007) for the purpose of creating and maintaining habitat types deemed important for juvenile life stages of humpback chub and other native fishes. Despite these recent flow tests, much remains uncertain about how dam operations influence physical and biophysical responses downstream (Melis and others 2006).  Research is currently underway (2008-2009) to assess changes in backwater configuration (area and volume) and their permanence following a beach habitat building flow (see GCMRC 2008 High Flow Experiment Science Plan).  Since 2002, GCMRC has conducted annual fall seining trips to assess species presence/absence, composition, and distribution in backwater habitats (Ackerman 2008).  There is little evidence that backwaters created (or increased in size) through BHBF in the critical Marble Canyon reach (near sources of humpback chub and sucker juvenile recruits) have resulted in increased use by native fish, possibly because these backwaters remain unsuitably cold over the critical summer juvenile nursery period due to diurnal flow fluctuations.
Despite the research studies mentioned above, our understanding of native fish habitat selection and preference within habitat types such as backwaters (e.g., large versus small or shallow versus deep), as well as among habitat types (e.g., talus slopes, vegetated cut banks, backwaters) remains poor.  Moreover, scientists and managers lack insight on how these different types of habitats affect individual growth and survival, and how gross availability of different habitat types might influence native fish population dynamics.  As a result, managers are motivated to pursue greater certainty about options for using dam operations to manipulate downstream physical habitats to benefit native fish, or to disadvantage nonnative species.
One very large uncertainty about habitat use by native fish is that sampling methods for small and juvenile fishes are mainly effective in shallow, shoreline areas.  There is no evidence about whether native fish can and do use deeper waters when suitable shoreline areas are not available.  The September-October steady flow test will offer a key opportunity to examine this issue, by creating attractive shoreline thermal habitats for any juvenile fish that may currently be surviving their first summer of life in deeper habitats where they have not been sampled effectively.
Review: Humpback Chub Distribution  

The federally listed endangered humpback chub is a cyprinid endemic to the Colorado River and is a focal resource of the GCDAMP within Grand Canyon (Meretsky and others 2000; Gloss and Coggins 2005).  Recent analysis of the status and trends of this species indicated a decadal decline in abundance likely owing to decreased recruitment (Coggins and others 2006a; Coggins and others 2006b; Coggins 2007).  The cold stenothermic conditions constrain reproduction and growth of native fishes in the Colorado River (Carothers and Brown 1991); consequently, most successful spawning and rearing currently occurs in thermally suitable tributaries (Kaeding and Zimmermann 1983; Clarkson and Childs 2000).  As a result, significant management emphasis has been placed on off-channel backwater habitats that seasonally exhibit increased temperature compared to the mainstem Colorado River and may provide favorable rearing conditions for juvenile native fishes (Kubly 1990; Lupher and Clarkson 1993).  

The humpback chub population exhibits a patchy distribution of low densities throughout the river corridor, upstream and downstream of the Little Colorado River (LCR; Valdez and Ryel 1995).  However, 95% of the chub population occurs in close proximity to the LCR (Suttkus and Clemmer 1977; Paukert and others 2006; Coggins 2007).  This population demonstrates a potadromous migration to the LCR to spawn in perennial (230 cubic feet per second) and seasonally warm water issuing from a series of springs that are highly carbonated and saline (Cole and Kubly 1976; Johnson and Sanderson 1969).  This tributary is designated as critical habitat for this species (USDOI 1994).  Young fish either develop and mature within the LCR or disperse (passively or actively) into the Colorado River mainstem during flood events (Korman and others 2004) and likely during late spring periods of high fry density shortly after spawning (Valdez and Ryel 1995).  Annual flood events are characteristically bimodal (i.e., winter runoff or late summer monsoon) and variable in frequency and magnitude.  The inter-annual differences in hydrology may result in displacement of some individuals or multiple cohorts across years (Robinson and others 1998) and, dispersed over great distances, their survival is uncertain.  However, there has been no research that has evaluated the relative fitness (i.e., conditions conducive to juvenile native fish growth and survival) of various shoreline habitats, nor consideration of population level effects that would be a function of both differences in relative fitness and the availability of various habitats. A key reason why such research is not available is related to the inability of past sampling programs to provide a measure of abundance or density that is comparable among all habitat types.
Reconstructions of historical recruitment rates for the LCR population, based on size-age composition when detailed monitoring began in 1989, indicate that the natural recruitment rate was at least double, and possibly triple the mean rate estimated through tagging studies since 1990 (Coggins and others 2006a).  Low and relatively stable recruitment since 1990, despite declines in adult abundance, suggests that recruitment is now limited by LCR rearing habitat.  Thus it appears that the population originally had roughly double to triple the current recruitment carrying capacity, presumably in mainstem nursery habitats near the LCR.
Field observations also indicate that reproduction (fry production) occurs to a limited extent in other spring systems and perhaps other tributaries (Valdez and Masslich 1999), and there is evidence of fry survival to at least age-1 for fish spawning upstream of the LCR during relatively warm water conditions in 2004-2006 (Andersen and others In Prep).  Therefore the natal source of young humpback chub captured in the river mainstem, as well as their ultimate survival and recruitment, is often highly uncertain.  Initial attempts have been made using strontium isotope ratios to determine the natal origins of native and nonnative fish.  Though this technique shows some promise to identify natal sources, it has not been widely employed (GCMRC unpublished data).  There is considerable information from tagging about individual movement of older fish within and among local aggregations (e.g., Paukert and others 2006), but this information is insufficient to determine whether or not the overall population functions reproductively as a panmictic population, or as a source-sink metapopulation where local reproduction is insufficient to maintain all aggregations without supplementation from the LCR.
Review: Current Fish Monitoring Program

The current GCMRC fish monitoring program has attempted to maintain continuity with the past studies by incorporating some of the discrete habitat units (macro- and meso-habitat) into the sample classification system.  Overall, the system uses a hierarchal sample stratification scheme that incorporates hydraulic and structural shoreline units.  However, the problems associated with collection and analysis of these data are: (1) inconsistencies in distinguishing habitat units, (2) spatial referencing of sampling location (resolution and accuracy), and (3) inconsistencies in recording all habitat attributes.  Presently, it remains unclear whether there is any utility in continuing habitat data collection associated with monitoring efforts given the problems mentioned above.
With the exception of the mark-recapture based abundance estimators for the LCR population of humpback chub (Coggins 2007), most fish monitoring efforts produce only relative indices of abundance (e.g., catch rates, naïve presence/absence; e.g., Johnstone and Lauretta 2004).  In general, the fish monitoring program in the CRE is effective in sampling and assessing most of the adult fish community.  However, it is considered inadequate for determining densities of small-bodied and juvenile fishes because of the imprecise and highly variable relative abundance measures, along with the uncertainty about habitats used by small fish besides easily-sampled small backwater areas.  The difficulties in monitoring juvenile native fish are a result of the rarity of many species, life history characteristics that contribute to patchy distributions and variable densities in time and space, low and variable capture probability, and the inability to use consistent sampling gear among all occupied habitats.  The lack of a single sampling gear appropriate for all habitat types (e.g., beach seining for backwaters and boat electrofishing for talus slopes) results in relative abundance indices that are not comparable across habitat types.

Consequently, there is a significant need to develop accurate and comparable estimates of abundance of small-bodied and juvenile fish across all habitat types.  Recent developments in analysis of repeat survey data under the assumption of closure may be useful in this effort (MacKenzie and others 2006).  In particular, use of occupancy as a state variable for the low abundance species may be a fruitful approach.  Since a sampling program aimed at characterizing the abundance and habitat use of all members of the fish community would be most insightful, an approach where repeat survey data are analyzed using multiple techniques depending on the species-specific abundance and capture probability may also be practical (Speas and others 2004; Coggins 2008).  As an example, following data collection among repeat sampling visits to a particular site where animals are marked (e.g., dye mark) and released back into the sampling site, the data might be analyzed with both mark-recapture estimators (Williams and others 2002); N-mixture estimators (Royle 2004), or occupancy estimators (MacKenzie and others 2006) depending on the adequacy of the species-specific data for a particular analysis technique.  In theory, the resulting density or occupancy status estimates would be comparable even if sampling was conducted using different sampling gears.  Thus, this kind of approach holds promise to obtain comparable abundance measures among various habitat types.  However, numerous logistical/technical issues such as closure and capture induced changes in behavior must also be considered. For this reason, research to evaluate critical near shoreline habitat requirements of juvenile native fish will require developing effective sampling approaches and analytical methods for determining comparable measures of abundance, density, or occurrence of native and nonnative fishes among different habitat types. As mentioned previously, the logistical challenges of conducting field studies in the CRE make this an even more difficult prospect.  
In recent years, only one field approach (Arizona Game and Fish netting program in lower LCR) has provided high-resolution temporal data (daily catches) over periods longer than a typical sampling trip likely necessary to address questions related to juvenile movement and survival (e.g., Ward and Persons 2006).  This program has involved operating a camp near the LCR mouth over a period of approximately 6 weeks each spring, and may be a useful field logistics model for future juvenile studies that require frequent but temporally extended (several weeks or months) sampling.
Review: Abiotic and Biotic Interactions

Rearing habitat suitable for native fish growth and survival is likely comprised of a set of physical conditions (e.g., suitable temperature, velocity, cover) and biotic conditions (e.g., adequate food resources, low abundance of competitors and shelter from predators).  While some researchers have concluded that backwater habitats are critical to humpback chub early survival and growth in the mainstem (e.g., Hoffnagle 2000), there has been very limited research that evaluates all available habitat types for their importance to the humpback chub life cycle in Grand Canyon (but see Converse and others 1998).  However, understanding the ecological factors limiting humpback chub in this system is probably not achievable without further corollary information on other, more widely distributed and abundant species, both native and nonnative fishes.  Therefore, understanding the complex set of behaviors that fishes exhibit to deal with these constraints and how they partition their time among available habitats is viewed as a key management component.  

Movement within and among different habitat types selected by young fish may reflect an important tradeoff between risks associated with food acquisition, competition and predation (McIvor and Odum 1988; Wellborn and others 1996), that might be mediated by either changes in foraging times (Walters and Juanes 1993) or foraging areas (Walters and Korman 1999), or environmental factors (discharge, temperature, turbidity; Paukert and Petersen 2007; Yard and others 2008 in Prep).  Although ideal, it is rare that fish would select a single habitat type that minimizes all potential risks. Thus, fish must move to forage and thereby increase predation risk.  Researchers in both the Little Colorado River (Stone and Gorman 2006) and the Colorado River (Valdez and Ryel 1995; Gorman and Stone 1999) have documented ontogenetic shifts by humpback chub.  Typically young fish occupy shallow near shoreline habitats and subsequently move to deeper water as they mature.  Similar responses have been observed in the tailwater fishery at Lees Ferry (river mile 0) for young rainbow trout (Korman and others 2005; Korman and others in Prep).  
A number of studies have shown that piscivory is a source of mortality for native fish in the CRE, especially in areas where young fish are dispersed from tributaries (Marsh and Douglas 1997; Yard and others in Prep).  Although some physical factors such as turbidity and temperature are thought to mediate piscivory (Petersen and Paukert 2005), findings under turbid conditions suggest that some fish may change foraging strategies from visual drift-feeding to active foraging which might result in increased piscivory (Yard and others in Prep).  Yard and others (in Prep) found that that nearly 30% of identifiable fish in trout stomachs were humpback chub.  Despite their low abundance, humpback chub appeared to be one of the most likely prey fish (Yard and others in Prep).  The interrelationships between habitat types and predator densities, as well as habitat types selected by native fish and the associated rearing success, remain unknown (Melis and others 2006).  
Integration with existing monitoring and research studies

Current and past research activities of GCMRC and the Bureau of Reclamation’s Glen Canyon Environmental Studies program (1982-1996), the predecessor to GCMRC, have been the subject of four different National Research Council reviews (NRC 1991; NRC 1996; NRC 1997; NRC 1999).  All of these reviews identify the lack of meaningful integration among the GCMRC Physical, Biological, and Cultural Science programs.  The lack of integration, particularly among the Physical and Biological programs, has hindered our ability to understand how dam operations and management actions affect the Colorado River ecosystem and ecological factors that regulate distribution and abundance of native and nonnative fishes.  Obviously, there is a need to integrate this research effort with current monitoring and research activities being conducted in the CRE.  Respondents to this announcement must present a research plan that conceptually identifies how they will attempt to integrate their studies across multiple sources and disciplines.  For a summary of important and potentially fruitful avenues of integration respondents should consult a report by Meretsky and Melis (1997).
In response to this identified need, GCMRC is restructuring the process previously used in designing and implementing independent research studies in the CRE.  The overarching goal is to develop an ecosystem approach that combines both biological and physical programs into one cohesive interdisciplinary research program having assessment and interpretive capabilities.  A Systems Ecologist has recently joined forces to assist GCMRC in this process.  As a result, efforts are being made to identify structural and functional linkages toward integrating independent research projects.  This Systems Ecologist has been tasked with assessing research activities to determine where new studies (e.g., near shoreline ecology project) could be integrated with other ongoing research activities for the purpose of improving the relevance of research findings, timing, and cost effectiveness.  This individual will be specifically tasked to develop an increased understanding of how dam operations may interact with other environmental factors (climate and recreational activities) that affect specific resources of concern, and will also provide the necessary expertise and guidance in the development of appropriate models to use for future research and management planning.  Therefore, the selected respondent(s) should recognize that this integration process is being conducted in parallel with this announced project description and therefore their involvement will require considerable collaboration with this Systems Ecologist and GCMRC.  

This process will be further aided by a Protocol Evaluation Panel (PEP) assessment to be completed in Spring 2009 that will assess the current GCMRC fisheries monitoring program (see Anders and others 2001 for a past example of this process).  Because of the timing of this assessment, the respondent’s involvement will be considered critical and valuable to not only present new perspectives on the monitoring program, but also integrate future work into the core GCMRC monitoring program potentially insightful to the near shoreline ecology program.  The PEP will also include substantial input from the Systems Ecologist with review by the GCDAMP Science Advisors to assure that all opportunities for meaningful integration among and between science programs are being pursued.

Identified below is a list of some of the current science activities underway in support of the GCDAMP.  Respondents to this announcement should consider and describe necessary and meaningful linkages to these projects in their proposed research plan.
Linkages with current research activities

· Monitoring of biological and physical aspects of backwater habitats – (Paul Grams and Matthew Andersen, GCMRC Physical and Biology Program Managers, respectively).  The purpose of this study is to measure backwater habitats and sample for fish in spring and fall to evaluate how (a) backwaters formed by a high flow change over time and (b) how fish, particularly humpback chub, use backwaters (USDOI 2007).  This study will investigate the evolution and persistence of backwater habitats prior to and following an experimental high flow release from Glen Canyon Dam (March 2008). This study will also investigate fish use of these backwater habitats in the spring and fall when fish are most likely to be attracted by backwater warming and when they are most likely to be captured.  This study will conduct measurements of aquatic primary productivity to assess relative productivity of backwater habitats. Temperature measurements and photography of the backwaters will also be conducted in this study. Resultant information will be important for understanding where and when backwaters created by sandbars occur, information which in turn will help increase understanding of where and when such habitats may be available as habitat for native fishes.  The respondents shall coordinate and integrate their proposed research with these additional research activities.
· Integrated Analysis and Modeling: Mapping Shoreline Habitat Changes – (Glenn Bennett, GCMRC Dasa Coordinator; Thomas Gushue, GCMRC Geographer, Acting GIS Coordinator; Timothy Andrews, GIS Engineer; and Michael Breedlove, GIS Geographer GCMRC in cooperation with Utah State University). A habitat classification project was initiated to characterize shoreline habitat including vegetated and non-vegetated GIS layers.  A baseline data set of surficial geomorphic classifications (sand-alluvial bar, talus, debris fan, cliff-bedrock, and cobble bar exist as a linear classification of six shoreline types for the entire river (March 2000 shoreline). The original classification scheme for shoreline was modified to account for backwaters (Goeking and others, 2003).  Statistical summaries have been compiled for habitat classifications in the CRE across a range of stage elevations for selected flow regimes.  In addition to this change detection effort, an automated suite of methods are being developed for generating surface texture and surficial geomorphic classifications and shoreline habitat attributes.  It is suggested that the respondent identify how they will incorporate their sampling design and analysis in the present GIS framework.  Additional system wide digital imagery is scheduled for acquisition in May 2009 under a relatively low steady flow (8,000 cfs), so as to be comparable to prior remote sensing overflights.
· Monitoring Mainstem Fishes – (Scott Rogers, Arizona Game and Fish Department in cooperation with GCMRC staff M.E. Andersen, GCMRC Biology Program Manager; and L.G. Coggins, GCMRC Fishery Biologist).  This monitoring study is a composite of multiple efforts that provide overall annual perspective of the status and trends (presence/absence, abundance and distribution) of native and nonnative fishes in the CRE and include monitoring trips throughout the entire mainstem (2 trips), LCR Inflow reach (2 trips), below Diamond Creek (2 trips), and backwater sampling (1 trip).  Primary gear types used are electrofishing, trammel netting, hoop-netting, angling, and seining.  This study provides large-scale synoptic information on spatial distribution and habitat use by a range of species, and assessments of long term change in distributions associated with factors like warming and progressive invasion of nonnative fish.
· Stock Assessment of Native Fish in Grand Canyon – (Lewis Coggins, GCMRC Fishery Biologist; and in cooperation with the US Fish and Wildlife Service and the Arizona Game and Fish Department).  The LCR humpback chub population is sampled annually during two spring and fall mark/recapture events conducted in the LCR.  Mark/recapture data are used for making both annual closed population abundance estimates (e.g., Van Haverbeke 2007) and updating abundance, recruitment, and mortality estimates from an open population age-structured mark-recapture model (ASMR; Coggins and others 2006b; 2007).  The ASMR-based assessments are the primary monitoring tool for this population.  The results of monitoring and the latest ASMR updates will all be available to the selected cooperator.
· Investigate Factors Affecting the Survival Rate of Juvenile Native Fishes in the Mainstem Colorado River – (Lewis Coggins, GCMRC Fishery Biologist; and Systems Ecologist).  A modeling effort will be initiated to describe the abundance of juvenile native fish in the mainstem Colorado River below the confluence of the Little Colorado River.  The model will be populated with relative abundance data collected during mechanical removal and selected monitoring trips (2003-2006) to relate apparent survival of fishes to changes in dam operations, water temperature, and nonnative fish abundance. Additional modeling efforts are planned using Ecopath with Ecosim (http://www.ecopath.org/) populated with relevant scientific literature and diet information (Yard and others in Prep) so as to provide information on the magnitude of mortality effects from nonnative fishes and to evaluate possible impacts of changes in primary productivity and forage base (aquatic and terrestrial insect) organisms. 

· Native Fishes Habitat Data Analysis – (Matthew Andersen, GCMRC Biology Program Manager).  This project is a multi-year effort in compiling and analyzing available habitat data (1984-Present) on native and nonnative fishes. This project is currently focusing on analysis of humpback chub captures upstream of the Little Colorado River in recent years and associated physical factors. Over the longer term, the process of compiling disparate data sources into a single format and exploring potential correlations (CANOCO, Version 4.5) is intended to provide the GCDAMP and the respondent with greater insight on the ecology of the fish community and to assist in the development of a priori hypotheses to be tested as part of this announcement.  These data and analyses are to be provided to the respondent as they are available. 

· Nonnative Control Planning and Pilot Testing – (K.D. Hilwig, GCMRC Fishery Biologist; and M.E. Andersen, GCMRC Biology Program Manager).  Nonnative fishes may threaten native fishes by direct predation, by competing for available food and other resources, and by habitat modification. There is an immediate need to begin investigating what species pose the greatest threats to natives, and how those species might be controlled, and to test control approaches for efficacy. A short-term plan, focused on those species thought to pose the most immediate threats to natives, is being finalized in 2008. The GCMRC has initiated a long-term nonnative control plan that anticipates incorporation of a bioenergetic model to help critically evaluate which nonnative fishes pose the greatest threat to native fishes in Grand Canyon.
· Status and Trends of Lees Ferry Trout – (Arizona Game and Fish Department (AZGFD) and Josh Korman, Ecometric Research, Inc., in cooperation with GCMRC). The GCDAMP seeks to maintain a naturally reproducing population of rainbow trout above the Paria River, to the extent practicable and consistent with the maintenance of viable populations of native fish.  Understanding the status of the Lees Ferry reach (river miles – 15 to 0) rainbow trout population is critical to estimating and monitoring the risk that this species may pose to native fishes both in the Lees Ferry reach and further downstream.  The monitoring data collected with this project provide the trend data (1990-P) on inferring size and condition of the rainbow trout population in the tailwater fishery.

· Monitoring Rainbow Trout Redds and Larvae – (Josh Korman, Ecometric Research, Inc. and Northern Arizona University in cooperation with GCMRC).  The purpose of this project is to monitor the responses of rainbow trout redds and larvae (growth and survival) in the Lees Ferry reach in response to Glen Canyon Dam flow operations (2003-2008).  Part of this research entails developing and testing different incubation mortality models (biases and precision of model parameters) that are capable of estimating the effects of the 2003/2005 experimental flows and other non-experimental impacts on the abundance and survival of young-of-year rainbow trout.

· Thermal Modeling of Near shore Habitat – (Craig Anderson, GCMRC Hydrologist in collaboration with Scott A. Wright, USGS – California Water Science Center).  The purpose of this project is the development of a 2-dimensional thermal model that estimates water temperatures in shoreline habitats by combining physical, hydrological and meteorological inputs for the Grand Canyon.  Meteorological data (nine climate stations) will be used for estimating surface heat exchange, and to calibrate a solar radiation model (Yard and others 2005) incorporating effects of local canyon geometry and orientation into the heat budget.  This project will collaborate closely with biologists and physical scientists to determine near shore habitat types (i.e. low-angled sandy shorelines, talus slopes, and backwaters) thought to be of important to native and nonnative fish communities and the aquatic food web.  Site selection at specific river locations will be determined by the availability of data necessary to estimate thermal conditions and research recommendations toward integrating this with other current or future studies.

· Aquatic Food base Program – (Bob Hall, University of Wyoming; Emma Rosi-Marshall, Loyola University; Colden Baxter, Idaho State University in cooperation with Ted Kennedy, GCMRC).  The research and development of an organic budget and monitoring program is being conducted in support of determining whether or not the aquatic food base is limiting to fish growth and survival, to determine what organic sources are important, and where food limitations may occur within the Colorado River system. This current project focuses on quantifying the density and production of basal resources (i.e., algae, terrestrial leaf litter, etc.) and invertebrates to determine the amount of energy available to support fish production.  The study objectives include determining the important energy sources and pathways that support fishes (especially native species and trout), and incorporate knowledge into bioenergetics and trophic production calculations.  Linkages within the food web will be determined through a combination of isotope analysis and diet information based on the invertebrate and fish communities.  The method used for trophic production calculations are based on the quantities of different food items eaten by invertebrates and fishes to determine the relative contribution of basal resources, invertebrates, and other food items to fish production.  Results from this research will establish the degree to which native fishes are limited by food resources.
Available data, tools and reference materials

· GCMRC Library – Respondents should become familiar with past research efforts in the CRE and similar riverine systems.  In particular, it is suggested that all literature cited in this document would be informative to respondents.  Unpublished and agency reports are available through the GCMRC library.  Subjects include: biological, physical, and cultural resources.  This library contains both historical and current literature on the scientific research efforts conducted in Glen and Grand Canyons.  A database has been developed to query reports and is available on line at http://www.gcmrc.gov/research/.

Interactions with GCMRC’s Data Acquisition, Storage and Analysis (DASA) Program - 
· GIS: General Support to Science Programs – The purpose of the Geographical Information System is to provide spatial products and analysis capabilities that range from basic data requests for public inquiries to training of GCMRC science staff, cooperators and contractors in technical components of mapping, data entry and spatial analysis.  The geodetic control network for the entire river shoreline serves as the spatial framework for mapping resource attributes (e.g., delineated shoreline typology).  The selected cooperator will have access to spatially referenced data that include: aerial photographic images (1935 – 2005), surficial geomorphic classifications, digital imagery, and hydroacoustic and LiDAR data.  The GIS staff in the DASA program is available to assist the selected cooperator and collaborations will be encouraged with key personnel.

· Automated Monitoring Technologies and Applications – This is a DASA program element focused on remote sensing efforts for developing analysis routines, and automated extraction and classification of information formatted to the monitoring needs of scientists and resource managers. The program purpose is to develop new methods and technologies for acquiring site-specific data to make available to scientists and resource managers for increased accessibility and control of remotely-located data collection instrumentation.  Data consist of hydrological (discharge: daily average and unit values, and stage elevation), water quality (pH, temperature, conductivity), and sediment (concentration, turbidity) data measured at remote monitoring stations associated with tributaries and Colorado River mainstem.

· Models – A number of simulation and conceptual models have been developed for GCMRC and are available for researchers.  The GCM and User’s Guide, and the CRFSS, can be downloaded from the Products→Simulation Models tab of the GCMRC website.  These models include: 

· The Grand Canyon Ecosystem Model (GCM-Korman and Walters 1998; Walters and others 2000) has provided managers and scientists with a means to evaluate the response of system components (i.e., fish populations, algae standing mass, etc.) to various policy options (i.e., change in flow regime, water temperature, etc.).  The User’s Guide to this model highlights data gaps, including gaps in our knowledge of important biotic interactions (food resources and predation) that became evident during the process of model development.  

· The Colorado River Flow Stage and Sediment Model (CRFSS) is a physical component of the GCEM and allows users to estimate hydrographs, river stage, and water travel time and velocity at downstream locations.  This model is extremely useful for estimating site specific discharge using actual or estimated flow data from Glen Canyon Dam prior to and following sampling trips.
Project Description and Study Objectives

The primary goal of the near shoreline fish ecology study is to relate river flow variables and ecological attributes of near shore habitats to better understand the relative importance of such habitats to juvenile (less than 200mm total length) native and nonnative fishes.  The study design should incorporate findings from ongoing studies of the effects of the March 2008 HFE on near shore habitats and address the effects of MLFF, including September – October steady flows, on juvenile humpback chub and other native fishes.  The major research questions to be addressed are: 
1) What sampling and analytical methods are appropriate for determining abundance, density or occurrence of small native and nonnative fishes? 

2) What are the habitat types that juvenile native and nonnative fish select? 

3) How do abiotic and biotic factors influence individual growth and survival in these habitat types?

4) How available are these habitat types? 

5) What is the feasibility of marking small humpback chub (<150 mm)?
6) Are replicated September-October steady flows (2008 through 2012) likely to improve the survival and recruitment of young humpback chub in the Colorado River ecosystem?
In relation to question 6) and to humpback chub in particular, steady flows are likely to immediately (within a few days after flows are steadied) create thermal bars and attractive thermal microhabitats in backwaters and other shoreline areas.  There are two main sources of potential humpback chub juvenile recruits to these habitats: carryover of LCR-spawned juveniles that entered the mainstem in the May-June outmigration period that is apparently driven by fry density and LCR spring freshet flows, and older LCR fry flushed into the mainstem by July-September freshets.  This raises three key questions related to HBC recruitment:
7) Are the warmed areas colonized immediately, i.e. is there significant carryover of potential recruits from the spring fry outmigration period, despite lack of suitable, stable thermal habitat over the summer?

8) What is the survival rate through the steady flow period of these immediate colonists and of larger fry that enter the system during freshets?

9) What happens to juveniles that use the warmed areas when fluctuating flows are resumed?

In some cases, previous studies of Grand Canyon fishes have suffered from difficulties in sampling, largely because the populations of interest (native and nonnative) are uncommon, highly fragmented, and widely distributed throughout a large geographical region.  Therefore, it is likely that the proposed sampling design, methods, and analyses used need to be structured in a spatial context.  In the process of identifying some of the knowledge gaps and structure of this announcement, the GCMRC recognizes that there are likely sampling methodologies and modeling frameworks (e.g., Bestgen and others 2006; Grand and others 2006) other than those identified in this announcement that could be used to address the questions listed above.  Therefore, the GCMRC does not want to impose constraints and encourages novel approaches that may not have been used in this system previously.

As mentioned above, a Protocol Evaluation Panel (PEP) is scheduled for spring 2009 to review the GCMRC Fisheries Monitoring Program (2002-2008). The purpose of this assessment is to evaluate ongoing research activities and newly proposed or planned projects (e.g., Near Shoreline Ecology Study) in order to improve on the relevance of research findings, timing, and cost effectiveness.  It is also a method to identify known and potential linkages (i.e., structural and functional) existing among independent research projects and how modifications to these projects might be incorporated to develop a more integrated science program.  In advance of this PEP process, the respondent(s) to this announcement in collaboration with the Systems Ecologist and GCMRC staff are to review past fishery data, methodologies, analyses, and sampling designs and present their assessment and recommendations to the PEP.  This effort will allow the respondent to become familiar with past fisheries studies and to contribute a meaningful and fresh perspective to the PEP assessment.  Additionally, this review process will afford opportunity for the respondent(s) to collaborate and perhaps suggest modifications that could be incorporated to the future monitoring program.  We suggest that respondents identify a process for assessing prior monitoring data, not only to provide meaningful input to the PEP, but also for developing insights on the behavior of the system as well as a means for proposing a priori hypotheses (Yoccoz and others 2001) in advance of implementing studies (e.g., observational and/or process-oriented).  The USDOI Biological Opinion (2008) will likely also be a good resource for developing research hypotheses.  
The respondent(s) should provide an experimental design and a field sampling plan demonstrating his/her knowledge and ability to determine occurrence, density or abundance of small-bodied and juvenile fishes (rare and common) occupying various types of near shoreline habitat.  Additionally, the research proposal should detail methodology to evaluate how juvenile fish vital rates vary among occupied habitats, and a conceptual framework useful to predict how native fish population dynamics might vary with changes in available habitat type and amount.  Respondents should also consider and describe how their proposed research may help to inform and guide future fish monitoring efforts in the CRE.  Respondents are encouraged to consider an overall research design that uses multiple lines of evidence as obtained through in-situ fieldwork, laboratory studies, in-situ cage studies, reanalysis of past monitoring data, or modeling techniques.  We further encourage respondents to develop a conceptual model to frame and describe their research plan.
Proposals must, at a minimum, address the following:

1. Describe the overall sampling design, and identify and discuss the application of different sampling approaches and analytical methods to use for determining abundance, density, or occurrence of native and nonnative fishes among different near shoreline habitat types.

2. Describe the approaches and methods to use to assess past and current data and integrate data across multiple sources and disciplines to determine small-bodied and juvenile fish near shoreline habitat selection at local, geomorphic, and landscape scales.  In particular, evaluate whether the past habitat classification schemes and associated data collection efforts are useful to evaluate fish/habitat associations and should be continued. This effort should include both habitat information associated with the fisheries database and the DASA GIS habitat classification methods.
3. Identify methods to use for measuring and estimating small-bodied and juvenile fish vital rates (growth and survival) among different near shoreline habitat types and during steady versus fluctuating flow operations, with particular attention to rapid transient responses likely to occur at the start and end of steady flow periods. 

4. Describe the approaches and methods to determine the key factors (abiotic and biotic) influencing near shoreline habitat selection among small-bodied and juvenile fish.
In all of the four elements above, describe how these tasks will be integrated with ongoing biological and physical research and monitoring activities.
5. Design and implement a multi-year (2009-2012) experimental plan (process-oriented) to determine the effect(s) fluctuating and steady flow releases (September-October) have on near shoreline habitat selection, movement, growth, and survival of native and nonnative fishes.
6. Develop a contingency plan for releases above peak-power plant capacity that details how these releases will affect the proposed research, and a research plan for assessing the potential impacts of these releases on near shoreline habitat selection among small-bodied and juvenile fish.
As described above, this announcement ultimately is aimed at providing guidance to managers about how GCD operations and other management actions will influence the downstream fish community.  Therefore, respondents should consider their studies as providing a foundation to support the development of modeling capabilities to predict small-bodied and juvenile fish composition, distribution, and abundance in relationship to changes in management actions (e.g., flows, temperatures, and non-native fish interactions) and near shoreline habitat availability.  The final report(s) associated with this work will include recommendations for development of such a model(s).
GCMRC Involvement in Research

The USGS scientists and technical staff at the GMCRC, under the rules of the Federal Grant and Cooperative Agreement Act of 1977, will have ‘substantial involvement’ in all aspects of this project.  A small, but diverse and experienced biological staff is maintained by the GCMRC.  For this project, the primary contact scientists will be Michael Yard (Fishery Biologist) and Lewis Coggins (Fishery Biologist).  Both have extensive knowledge, experience and expertise and will collaborate with the Project Team on all aspects of this project including planning, field work, data analysis and interpretation, and the publication of research results in peer-reviewed journals.  Specifically, Yard will devote up to 50% of his time to fulfilling the objectives of the Cooperative Agreement.  Although the cooperator will have first option on publishing study results, complete co-authorship with all legitimately contributing GCMRC scientists will be expected.

Other GCMRC scientists also have extensive experience and expertise in fisheries research and monitoring, hydrology, water quality, sediment transport and river morphology, terrestrial ecology, etc., and will be available to provide guidance and advice to the project team during all phases of this project.  The DASA program’s GIS staff consists of T. Gushue (Geographer, Acting GIS Coordinator), along with Utah State University cooperators M. Breedlove (GIS Geographer) and T. Andrews (GIS Engineer) available for providing spatially referenced data and assisting in the spatial analysis. Aquatic biologist T.A. Kennedy (Aquatic Biologist) and terrestrial biologist B.E. Ralston (Terrestrial Ecologist) will also be available to work with the selected cooperator. These biologists, together with the program manager M.E. Andersen (Biology Program Manager), will work closely with the selected cooperator to develop the study program, including field sampling, data analysis, and implementation logistics. The GCMRC maintains a logistics program, led by C.A. Fritzinger (Logistics Operations Specialist), who will coordinate and provide necessary field logistics for the project. 

Because of the necessity for coordination of this work with concurrent physical science studies conducted by GCMRC, the selected cooperator will be also work closely with P.E. Grams (Physical Program Manager), and the physical sciences staff and cooperators.  Finally, the award winning cooperator(s) will be collaborating with the GCMRC to ensure that all data collected during this cooperative research endeavor are entered into the science center’s Oracle database, managed by the Data Acquisition, Storage, and Analysis (DASA) program manager - G.E. Bennett (Dasa Coordinator). All collected data are paid for by the U.S. Government, represented by GCRMC, and so all data remain property of the U.S. Government. Complete, final, and timely project reporting remains the responsibility of the funded cooperator(s). GCMRC will fully cooperate with the funded cooperator(s) to make all project data available to the cooperator(s) for purposes of publication and professional presentation, subject to formal peer review as per U.S. Geological Survey Fundamental Science Practices.  See also Federal Involvement Statements 1 & 2, below, for information on additional areas of GCMRC involvement in the Cooperative Agreement.  

Project Schedule and Deliverables

The project will be funded for federal fiscal year 2009 with the possibility of extension for three additional years (FY 2010-12), contingent on funding and adequate progress towards project objectives. Anticipated funding is approximately $300,000 annually.  Additional funding for logistical support (4-6 river trips per year) will be provided by GCMRC, so these costs will not be the responsibility of the successful respondent.  Respondents might also consider how a portion of these logistics funds might be allocated to non-traditional logistics such as establishment and maintenance of longer term shore-based field camps.  Respondents to this announcement should develop their budget and research plan based on the upper estimate of funding ($300,000 annually, with logistical costs covered by GCMRC), realizing that plans may have to be altered as the annual funding level becomes known.  As stated above, the proposal and the data collection schedule should be developed in such a manner to adequately address the objectives included in this request.  

Annual progress reports on the status of the project must be delivered to the GCMRC. These reports are intended to keep GCMRC program managers informed of project progress, problems, or unforeseen needs associated with project activities.  A draft final report should be submitted three months prior to the end of the Cooperative Agreement period and a final report by termination of the Cooperative Agreement.  The final report shall contain an executive summary suitable for dissemination to management entities.  Collaborative research reporting is anticipated with GCMRC science staff, but does not substitute for annual progress reports or a final project report, as required under administrative rules governing federal assistance awards.
To the extent feasible, data resulting from this project must be compatible with existing data and/or data collected under other projects, as appropriate. Data bases shall be delivered at the close of the Cooperative Agreement or made electronically accessible to the GCMRC in an appropriate format, as determined.  In keeping with its mission of information dissemination to stakeholders and other members of the public, the GCMRC anticipates that lead project researchers will make 2-3 presentations as requested by the GCDAMP.  The GCMRC also anticipates that research partnerships with funded cooperators will naturally lead to joint publication of project results and data in appropriate peer-reviewed journals and volumes, subject to government data protocols and restrictions on sensitive information.  A copy of all data and publications shall be shared by the GCMRC and funded research partners.
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