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Response to ISRP Comments

Preface


This project has produced a considerable amount of data and results that has allowed managers to adjust regulations in an attempt to improve the resident fishery within Moses Lake.  We have also learned that entrainment of fishes from Moses Lake is high which reduces not only the fish abundance within Moses Lake but potentially seeds waters below with non-native deleterious species with respect to salmonid fitness.  Another possible limiting factor that we have detected in recent years is the high abundance of avian predators on Moses Lake.  These birds may impact the Moses Lake fishery as well fisheries within the entire Basin including the Mainstem Columbia River.  The continuation of this project is important not only as an off-site mitigation endeavor for resident fishes but also to investigate the impacts of avian predators on native ESU’s within the Columbia River.  

Below I have developed answers for each of the questions or comments the ISRP stated within their review of the project 199502800.  Some changes were made to the existing proposal but in general I was able to address each of the questions using existing information within the proposal.  It is also important to mention that this project has experienced a substantial amount of natural and anthropogenic circumstances that has caused us to approach our collections and analysis with an adaptive management approach.  We have been willing to modify most of our tasks during the tenure of our project and we are of the understanding this will also need to be done in the future in order to be successful.  

1.  
Because this work will be conducted on Moses Lake and fishery within this is not a new project.  We have indirectly proposed this work within the original scope of work on page 10 in the section titled Uncertainties within the Moses Lake Fishery our 4th uncertainty was:

4.  Interspecific interactions are affecting the survival of Moses Lake fishes.

The fish community within Moses Lake is diverse and not co evolved.  Consequently, interspecific interactions may be amplified. Investigations regarding diet overlap and habitat overlap between species are necessary to determine whether interspecific interactions negatively impact panfish recruitment.

This statement was meant to include interactions between all animals that use Moses Lake, not just fish versus fish interactions; case in point bird / fish interactions.  The specifics of the work to be performed was not mentioned in the first proposal but is still related to the fishery.

2.  
Success of this project will be gauged by the answering the 4 uncertainties we have outlined on page 9 by following the work elements within Phase 1 of this proposal.

3.  
There is an inadequate match to Crab Creek Subbasin Objectives due to the fact the wildlife portion of the Subbasin plan was not completed and the entire plan has not yet been accepted.  However, quantifying bird predation on salmonids is suggested in the Lower Columbia River Subbasin plan as well as other documents.  The Draft Columbia River Basin Research Plan (2005) states, “The cumulative effects of predation must be evaluated including marine mammals, avian species such as terns, cormorants, mergansers, as well as piscivorous fish including northern pikeminnow, walleye and smallmouth bass.”  The regional monitoring framework within the same document has a Predator Status and Trend Monitoring component that poses the Management Question; “What is the impact of predators on juvenile salmonids within the Columbia River Basin?”  Seated within the primary management question are several subordinate questions addressing avian colony sizes, distribution and consumption rates.  Consequently, the NWPCC recognizes the potential impacts avian predators may have on fishes within the Columbia Basin.

The project we are proposing will initially look at the effects of avian predation on Moses Lake and how these predators may travel and utilize the resources of the mainstem Columbia River.  Phase two will consist of the development and implementation of a control plan.     

4.  
Regarding the ISRP’s statement that “the literature review is fairly restricted and does not make a convincing case for avian control”.  Phase 1 of this project is not suggesting avian control.  Phase 2, which will be seeking funds after the 2007-2009 funding years indicates the possibility of avian control if needed (page 9).  This spring the WDFW implemented a cormorant hazing program that involved the continual disturbing of cormorants on Moses Lake during the net pen trout releases in order to minimize predation (Jeff Korth 2006).  Should a control program be warranted we will have the option of using lethal or non-lethal measures.

Unfortunately, I was unable to consult all studies relevant to our proposal.  As suggested by the ISRP I have since read Antolos et al. (2005) and some of the methodologies are analogous to what we have proposed.  We too are taking a ‘bioenergetics approach’ with respect to avian predation.

5.  
The ISRP lists only two ‘important issues’ which include:  ‘(1) are too many fish being consumed, and (2) if so, what could be done that is effective and acceptable to the community.”  Regarding issue 1, we are concerned not with only the number of fish that are being consumed but also what are the origins of the fishes being eaten.  Work elements 1.2 and 1.3 will address both the number and the general origin of the prey eaten.  As for issue number 2 we will address this during the out years during Phase 2 if needed.  

A.  Abstract


The Moses Lake Project, funded by the Bonneville Power Administration (BPA), has already provided invaluable management information to enhance the fishery on one of Washington’s historic premier fisheries.  Data collected and analyzed has clearly demonstrated to managers that predation is one of the major forms of mortality to target fishes and consequently to enact recreational fishing regulation changes.  The only limiting factor that we have not entirely assessed is the impact by avian predators on the fishes of Moses Lake.  Monthly counts suggest substantial numbers of fish eating birds that inhabit Moses Lake during various times of the year.  The same predatory birds may also be affecting ESA listed fishes within the Mainstem Columbia River as some evidence suggests that many of them migrate laterally between the bodies of water within the Columbia Basin.  The fitness of many of the migratory birds may have increased with the increase in waters containing fishes within the basin has negated the need to migrate long distances in search of food.  Consequently, many of the inland lakes and reservoirs, Moses Lake included, may act as a resource refuge for such predators as common mergansers (Mergus serrator) and double crested cormorants (Phalcrocorax auritus).  We plan to use stable isotope signatures to ascertain the relative importance of juvenile salmon and other fishes in the diets of the avian predators utilizing Moses Lake.  In addition, satellite telemetry technology will be used to track their movements.  This will allow us to discover how large their foraging area may be and whether seasonal or localized events significantly affect bird movement patterns. 

B.  Technical and/or scientific background


Moses Lake was one of the premier resident panfish fisheries in the Northwest during the 50’s and 60’s but community structure has recently changed to a walleye (Sander vitreus) fishery.  Although walleye are a heavily sought gamefish, the fishery is more specialized requiring a boat and a variety of expensive gear compared to a panfish fishery, which is relatively simplistic, and numerous angler “types” can participate.  This change in the Moses Lake fishery prompted the pursuit of BPA funds in the mid-1990s as off-site mitigation to investigate the recreational fishery within Moses Lake with the initial objective of restoring the historical panfish fishery.  The change in the Moses Lake fishery has been hypothetically linked to several possible factors such as overfishing, the eruption of Mt. Saint Helens and the subsequent ash deposition, the application of chemicals for mosquito control, carp, predation and entrainment.  Our findings suggest that predation and entrainment are the two factors primarily contributing to the current decline of panfish within Moses Lake 

Recent creel data and abundance estimates have confirmed that the fishery has shifted from a general panfish fishery to a more specialized walleye fishery (Burgess et al 2006).  Top predators, such as walleye, can have a substantial impact on forage fish populations in many systems (Beamesderfer et al 1990; Rieman et al. 1991; Vigg et al. 1991; Zimmerman 1999).  Furthermore, Carline has found an inverse relationship in biomass between percids and centrarchids in 71 Wisconsin lakes (1986), which corroborates our findings within the fish community of Moses Lake. 

The depletion of fish prey is most common for introduced fish assemblages in reservoirs where drawdown increases vulnerability of prey fish (McMillan 1984; McMahon and Bennett 1996) and their entrainment (Winchell et al. 1997).  Within Moses Lake, we have determined that centrarchids are the most entrained group of fishes, which are largely the panfish in decline in  Moses Lake (Burgess et al 2006).  Consequently the combination of entrainment and increased rates of predation associated with the annual drawdown negatively impact the fishery within Moses Lake.

Despite the change in the fish community, Moses Lake is still a premier warmwater mixed species fishery (NWPCC 2004 Crab Creek Subbasin Plan).  However, the increase of avian predators such as double crested cormorants and common mergansers (WDFW unpublished waterfowl count data 1992-2005) and their impacts in basin lakes and the mainstem Columbia River have concerned managers and policy coordinators.  Such concern prompted the Yakima Klickitat Fisheries Project (YKFP) to quantify avian predation on salmonid (Oncorhynchus spp.) smolts in the Yakima River Basin.  In Minnesota’s Leech Lake, the cormorant issue has become such a problem that the state and federal government has approved a depredation measure to remove a large percentage of the birds.  More locally, poor trout harvest in some of the Columbia basin’s smaller lowland lakes where cormorants have been observed for extended periods of time (Jeff Korth, a WDFW District Fish and Wildlife biologist 2005 Personal Communication). 

The Columbia River Basin has a very large population of piscivorous birds (Roby et al. 1998).  A recent study on the Columbia River in the McNary Pool found that Caspian Terns consumed as many as 382,000 to 825,000 smolts annually over a two-year period (Antolos et al. 2005).  Avian predation is not limited to the Mainstem Columbia River.  Within the Yakima Basin common mergansers in 2002 were one of the most abundant avian predators (Stephenson et al. 2003); common mergansers have been found to feed on salmonid fishes (Wood 1985).  Although the YKFP study was informative with respect to avian predator counts and biomass consumption it examined the number of birds present during the spring and summer when smolts are most likely present.  However, during the winter months when salmonid smolts are not present within the mainstem Columbia River large congregations of common mergansers are often spotted on Moses Lake.  For example, in December 2004, 2,280 common mergansers were counted on Moses Lake and only 131 common mergansers were counted on the pools at the combined locations of Wanapum, Rock Island, Rocky Reach and Wells dams on the Columbia River (WDFW unpublished data winter waterfowl counts).  However, In March 2005, 1,067 common mergansers were counted on Moses Lake but by May, June and July, the last month of the survey, no common mergansers were counted on Moses Lake.  During this time between December 2004 and June 2005 the cormorant count went from zero to 222 individuals on Moses.  It is believed that double crested cormorants migrate from the coastal regions in early spring to the inland lakes to breed, raise their fledglings and feed (Jim Tabor, personal communication 2005).  The Moses Lake area is used during the winter by common mergansers and by double crested cormorants during the spring and summer.  The presence of these species impacts the resident fishery within Moses Lake and potentially other listed species within the Columbia Basin waters.

C.  Rationale and significance to regional programs

Originally, the Moses Lake Project was funded as an off site mitigation project as outlined in Section 10.1 of the 1994 NWPPC’s Fish and Wildlife Program Resident Fish Goal which states, “The program goal for resident fish is to recover and preserve the health of native resident fish injured by the hydropower system, where feasible, and, where appropriate, to use resident fish to mitigate for anadromous fish losses in the system.”  In the same document it was also stated in Section 10.2A.1 of the Program provides priorities for Columbia River Basin resident fish, including a high priority to populations that support important fisheries.  This priority applies to introduced as well as native species, including bass, perch and others.  Within the 2000 NWPCC Fish and Wildlife Program Document off-site mitigation opportunities still exist as substitution for anadromous fish losses and it states: “Administer and increase opportunities for consumptive and non-consumptive resident fisheries for native, introduced, wild and hatchery reared stocks that are compatible with the continues persistence of native resident fish species and their restoration to near historic abundance (includes intensive fisheries within closed systems). 

As it appears the new NWPCC document does not make the same references to non-native fish off-site mitigation efforts (2000) as in the previous document (NWPPC 1994).  However, if it is recognized that off-site mitigation projects are directly related to mitigation projects within the hydropower system we believe that a strong justification exists to fund projects referred to as off-site mitigation.  The currently funded off-site mitigation Moses Lake project collected data not only on fish but also with help from WDFW’s Wildlife program, on migrating avian predators.  Consequently, we understand the association between the basin lakes like Moses Lake and migrating waterfowl.  The continuation of the Moses Lake Project will allow us to investigate interactions between avian predators and resident and native fishes throughout the Columbia River and potentially the Northwest region as waterfowl migrate great distances (Hochbaum 1955; Sojda 2002).

The Draft Columbia River Basin Research Plan (2005) states, “The cumulative effects of predation must be evaluated including marine mammals, avian species such as terns, cormorants, mergansers, as well as piscivorous fish including northern pikeminnow, walleye and smallmouth bass.”  The regional monitoring framework within the same document has a Predator Status and Trend Monitoring component that poses the Management Question; “What is the impact of predators on juvenile salmonids within the Columbia River Basin?”  Seated within the primary management question are several subordinate questions addressing avian colony sizes, distribution and consumption rates.  Consequently, the NWPCC recognizes the potential impacts avian predators may have on fishes within the Columbia Basin.

Other documents within the Columbia River Basin also cite avian predation as a concern including the Crab Creek Subbasin Plan (2004 page 47), the Lower Middle Columbia Mainstem Subbasin Plan (2004, page 38) and the Upper Middle Columbia Mainstem Columbia Subbasin Plan (2004, pages 173).  Such concerns are also issued within the FCRPS Biological Opinon Remand where it states; “Avian predators are one the factors currently limiting Salmonid recovery in the Columbia River Basin” (2004, page 22) and further suggests, “actions may be warranted to reduce consumption of juvenile salmon”.   

D.  Relationships to other projects

The Moses Lake Project is directly related to the Lake Roosevelt Fisheries Evaluation Program (199404300) and the Banks Lake Fisheries Evaluation Project (200102800) in regards to their focus on resident fish. Moses Lake receives water and fish through entrainment from Lake Roosevelt and Banks Lake.  
The project is also related to the Joint Stock Assessment above Chief Joseph and Grand Coulee Dams Project (JSAP #199700400).  The relationship between Moses Lake and fisheries above Chief Joeseph Dam is also stated within 29.2.1.4 Banks and Moses Lakes of the Upper Columbia River Subbasin Plan (NPCC 2006) where it states: “Although not part of the Upper Columbia Subbasin, the management of Banks and Moses Lakes are closely linked to the management of water included in the upper Columbia Subbasin, even though they are geographically distinct.  In addition the Banks and Moses Lakes Projects are mitigation for the Upper Columbia Subbasin.” 


Even though the Moses Lake Project has historically been a non-native resident fish project our results suggest possible connectivity with other projects.  For example, our results have shown a large amount of fish entrainment occurs from Moses Lake via the dam outlets and into the Crab Creek channel.  Consequently, species that negatively interact with native salmonids may be moving downstream through the system and ultimately ending up in the mainstem Columbia River and its tributaries.  These fish may constitute a large component of the predator population, as physical habitat conditions in the mainstem are not favorable for recruitment (Dr. D.H. Bennett, 2005 Personal Communication).  Thus, upstream reservoirs may be providing a major source of seeding for several fish predators.  As well as the contribution of fish predators, the Moses Lake area may also be a seasonal refuge for two avian predators that commonly impact native salmonids (Roby et al. 1998, Stephenson et al 2003).  Prior to the USBOR Columbia Basin Irrigation Project, little lacustrine water was located within the Basin.  After the construction of the Potholes Channel in 1955 and the ensuing flooding of desert areas, considerably more watered habitat was created (USBOR 1998).  South of Moses Lake, in the Potholes Reservoir the numbers of breeding cormorants went from 16 pairs in 1978 to 652 breeding pairs in 1997 (Finger and Tabor 1997).  The altered habitat is ideal for migrating waterfowl including avian predators and the increase in abundance is reflected in the WDFW winter waterfowl counts (WDFW, Unpublished data) and in the literature (Carter, et al., 1995; Roby et al. 2003).   


Thus, the best available information strongly implicates Moses Lake avian and piscivorous predators in impacting aquatic communities throughout the Columbia River.  As well as the relationship between the Banks Lake and FDR projects this project will also compliment efforts of Dr. Daniel D. Roby’s project; Avian Predation on Juvenile Salmonids in the Lower Columbia River (Project # 199702400) and the proposed Mid-Columbia Trophic Dynamics Project (200703600).  In general, the continuation of the Moses Lake project will be related to various anadromous fish supplementation and recovery efforts in the Columbia River system and the WDFW lowland trout Program.

E.  Project history


During the funding of the Moses Lake Project much has been learned about the fish community within the lake (Burgess et al 2006).  These findings have guided managers to initiate regulation changes.  Additionally, we have found the following:

What is known about the Moses Lake Fishery

1.  Primary and secondary production is not limiting fish production within Moses Lake;

Community density peaked in both July and September although the peak in September contained nearly twice as many individuals as in July.  The peak in community density during September contained greater than 2,200 /L (Figure 1).  Macrozooplankton densities in October and November were lower than in June.  Historical studies and the abundance of secondary production negated the need to quantify primary production.
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Figure 1.  Zooplankton species composition by number from May-November,2002.

2.  Carp are not impacting gamefish production;


One of the concerns with carp is they can directly impact spawning fishes or suspend solids reducing production.  However, this was not the case as there was no indication of production deficiencies and during fall surveys young of year fishes were abundant indicating spawning was successful (Table 1).


Table 1.  Number of fish collected from the four sections of Moses Lake during fall 2002 (122 seine hauls) and spring 2003 (135 seine hauls) beach seining and popnetting surveys. 

	
	
	Section 1
	Section 2
	Section 3
	Section 4

	Gear Type
	Species
	Fall 2002
	Spring 2003
	Fall 2002
	Spring 2003
	Fall 2002
	Spring 2003
	Fall 2002
	Spring 2003

	Beach Seine
	Black crappie
	921
	52
	125
	29
	43
	215
	114
	0

	Beach Seine
	Bluegill
	501
	8
	417
	4
	143
	0
	365
	0

	Beach Seine
	Largemouth bass
	560
	3
	705
	10
	134
	43
	112
	1

	Beach Seine
	Smallmouth bass
	368
	7
	66
	0
	10
	3
	20
	6

	Beach Seine
	Walleye
	36
	10
	8
	23
	1
	45
	4
	0

	Beach Seine
	Yellow perch
	22,505
	7,109
	18,333
	16,812
	4,225
	42,102
	961
	652

	Popnet
	Black crappie
	0
	0
	0
	0
	0
	0
	0
	0

	Popnet
	Bluegill
	26
	0
	45
	0
	9
	0
	20
	0

	Popnet
	Largemouth bass
	23
	0
	11
	0
	8
	0
	1
	0

	Popnet
	Smallmouth bass
	0
	0
	0
	0
	0
	0
	0
	0

	Popnet
	Walleye
	0
	0
	0
	0
	0
	0
	0
	0

	Popnet
	Yellow perch
	27
	2
	0
	9
	0
	1
	0
	1


3.  Water quality is not limiting gamefish production;


There were areas of sub-optimal water quality conditions such as dissolved oxygen within Moses Lake, However, such conditions did not persist and were localized 

4.  Predation rates by walleye on the prey fishes are high;

According to SIA adult walleye and rainbow trout are top-level predators, both obtaining the most energy from pelagic sources.  Furthermore, the population of walleye >400mm was estimated to be 55,000.  Applying the fish bioenergetics 3.0 model we estimated the population of walleye consumed  ~400,000 kg of prey fish a year.

*5.  Many fish are entrained from Moses Lake throughout the year;


Entrainment sampling was conducted at the Moses Lake Irrigation District Outlet in 2003 and 2004.  Our estimates of fish loss from Moses Lake were generally higher than those estimated by Winchell et al. (1997) for 43 sites around the U.S. Our highest losses in November were with black crappie and those exceeded 41 per million cubic feet. Winchell et al. (1997) identified black crappie as a Moderate-High species with their qualitative rating system. Their mean estimates for black crappie were 0.584 per million cubic feet in the fall and 0.0798 black crappie per million cubic feet in the winter. Our estimates for the winter exceeded 100 black crappie per million cubic feet of water. Yellow perch were also entrained from Moses Lake although in the fall, our estimates were 0.422 and 130 per million cubic feet compared to 2.51 and 0.318 per million cubic feet for fall and winter, respectively by Winchell et al. (1997).  Overall, our estimated loss from Moses Lake was higher which suggests that some management efforts should be directed towards reducing entrainment.


Additional entrainment surveys have and are being conducted on both the Moses Lake Irrigation District Outlet as well as the larger USBOR outlet.  We also anticipate trapping larval fish during the spring 2006 to better estimate walleye production in Moses Lake.  The Banks Lake Fishery Evaluation (200102800).

*6.  During various times of the year avian predators utilize Moses Lake.  

Waterfowl counts have enumerated over 2,000 common mergansers on Moses Lake on a given day during the winter and over 200 cormorants utilizing Moses Lake during the spring and summer months.  Anecdotal we have counted over 1,000 cormorants actively feeding on Moses Lake during the spring months. 

7.  Angler exploitation (<2%) of walleye on Moses Lake is low;


The walleye anglers exhibit a ‘catch and release’ mentality on Moses Lake.  Subsequent harvest is low and preliminary Fisheries Assessment Simmulation Tools (FAST) modeling suggests exploitation could be increased 500% with a negligible impact to the fishery (Burgess et al 2006).

8.  A bottleneck exists in prey survival between the winter to early spring months associated with predation and entrainment;


Data from beach seining suggest winter mortality is high (table 1).  This assumption is corroborated with our bioenergetics modeling results and entrainment results.  

The Remaining Uncertainties

1.  How do avian predators impact the Moses Lake fish community?

2.  Do avian predators laterally migrate between Moses Lake and the Columbia River?

3.  Do avian predators feeding on fishes in Moses Lake also actively feed within the Mainstem of the Columbia River?

4.  Is the fish community within Moses Lake changing as a result of the regulation changes?  

Purpose 

The goal for the continuation of the Moses Lake Project is to assess the impacts of avian predators on the resident fishery within Moses Lake and the possible connectivity to other systems where native ESUs may potentially be impacted.  In a collaborative effort the WDFW will take over many of the previous Work Element Titles that had been conducted by Moses Lake Project staff.  Consequently, there are two components to this proposed project:

1.  Avian predator investigations.  (BPA funded)

· Phase 1.  Inventory and assessment of avian predators.  Funding 2007-2009.

· Phase 2.  Application of collected data and analysis.  This phase will be implemented should avian predators appear to be deleteriously impacting resident and anadromous fishes.  Out year funding if required.

2.  The fish community component.  (WDFW sponsored)


The BPA funded Moses Lake project has provided information to WDFW to initiate necessary regulation changes within the resident fishery of Moses Lake.  To further monitor this fishery and assess the fish community response to the regulation change is now the responsibility of the WDFW.  The Moses Lake staff will offer assistance in the form of technical support as we have the expertise base to do so and the data will be needed to perform Objective 1 with respect to prey selectivity and electivity.  However, the collection, synthesis, analysis and reporting of data will be the responsibility of the WDFW staff.  

F.  Proposal biological objectives, Work Element Titles and methods

Phase 1:  Inventory and assessment of avian predators

Objective 1.  Quantify impacts of avian predators

Hypothesis:  Avian predators are adversely affecting survival of resident and anadromous fishes in the Mainstem Columbia River.  

Work Element Title 1.1.  Enumerate significant avian predators utilizing Moses Lake

Work Element Name:  Collect/Generate/Validate Field and Lab Data (157)  


Monthly, low level (< 500’) aerial waterfowl counts will be conducted on Moses Lake during 2006. Aerial surveys will be performed by one member of the Moses Lake project as well as an experienced WDFW waterfowl biologist to accurately count the total number of birds occupying Moses Lake.  WDFW personnel will conduct counts for the months of October through the end of January and as part of this research project we shall make counts for the remaining 8 months.  Knowing the total number species of avian predators that may inhabit Moses Lake at a given time will allow us to estimate the total potential consumption rates of such predators (Work Element Title 1.2).    

Work Element Title 1.2 Quantify stomach contents and consumption rates of avian predators

Work Element Name:  Collect/Generate/Validate Field and Lab Data (157)  

We currently have a permit to collect 30 double crested cormorants (Permit # MB105866-0) for stomach content and stable isotope analysis (SIA Work Element Title 1.3).  Common mergansers are not included within the permit but can be collected at a rate of seven per day using conventional hunting methods and licenses.  Live birds will also be sampled using a Coda Enterprises Net Gun to increase sample sizes and reduce the possibility of negative public sentiment towards the WDFW and the project.  Upon bird collection, pertinent biological data such as harvest data, location, species, sex, body weight and wing length will be recorded.  Stomach and esophagus contents will then be emptied into a whirl pack and preserved similar to the methods in Roby and Craig (1998.  Samples will be identified to species for fish using Whydoski and Whitney (2003) and remaining items will either be classified as invertebrate, amphibian or other.  Fish parts will be identified using established bone keys (Hansel et al. 1988). These data will provide the proportion of fish consumed by avian predators on Moses Lake.


Similar to Hunt et al. (2003) we will also determine the energy demand and consumption rates (grams) of the avian predators utilizing Moses Lake.  To calculate the energy demand of avian predators utilizing Moses Lake will we use the equation taken from Brit-Friesen et al (1989):

Log Y = 3.24 + 0.727 log M

Where M is the mass in kg of the species in question and Y is the estimated daily energy requirement in kJ.  The Canadian Council of Ministers of the Environment has developed daily food ingestion rates of avian species relative to body weights (CCME 1998).  Using the monthly enumerations of avian predators (Work Element Title 1.1) and the mean species body mass (kg) associated with the estimated daily food ingestion rates, we will estimate their monthly consumption rates.  For example it is stated that a female common merganser has a daily food consumption equaling 27% its body weight a day.  If the average weight of a female merganser is 1.232 kg , its daily food consumption is 0.332 kg/day.  The cumulative monthly impact will be calculated for each species and sex using the following equation.

Mc = Dc * d * N

Where Mc is the estimated monthly cumulative consumption (kg), Dc is the calculated daily consumption (kg), d is the number of days within a given month and N is the number of individuals per sex and species.  We will also calculate the season consumption of avian predators by using the mean number of predators for the three months and total number of days per season and compare to the cumulative monthly estimates.   

 
Using the total kg of food consumed a month and the proportion of prey items we will be able to estimate the total consumption of specific food items for the avian predators utilizing Moses Lake.  The total number of prey items taken will be calculated using weight / length relationships from previously collected resident fish data from Moses Lake and statewide WDFW data for anadromous fishes.  

Work Element Title 1.3.  Conduct stable isotope analysis of avian predators

Work Element Name:  Analyze/Interpret Data (162)

Using traditional methods and a collection permit, common mergansers and cormorants will be collected (Work Element Title 1.1).  Tissue samples will be collected and immediately placed on ice.  Sample preparation may be conducted by a consulting laboratory (e.g. UC-Davis, Univ. of Idaho) or conducted internally. Processing entails drying the sample for 12 hours in a 65 °C oven, and grinding it to a flour consistency with a mortar and pestle. Approximately 1 mg of the dried sample will be packaged in a tin cup and analyzed for 13C and 15N signatures. Analyses are made using a mass spectrometer with a CE Instrument's NC 2500 elemental analyzer.  Output from the mass spectrometer is ( values, per mil (‰) deviations from standards (atmospheric nitrogen or Pee Dee Belemnite carbon), where:

(15N or (13C = [(RSAMPLE ( RSTANDARD)/RSTANDARD] x 1000



RSAMPLE  = the isotopic ratio of the sample and,



RSTANDARD = the isotopic ratio of the standard.


SIA output will allow us to determine the signature of the avian predators and compare those signatures to the established Moses Lake and Banks Lake, and Mid-Columbia food web (proposed Mid-Columbia Trophic Dyamics Project #200703600).  Signature will also permit us to determine the origin of the prey items and the trophic ranking of the avian predators on Moses Lake.  To differentiate among fish we will use stable isotope signatures from previously collected Moses fish and signatures of Columbia River fishes collected during the proposed Mid-Columbia Trophic Dynamics Project (200703600).

Work Element Title 1.4.  Use satellite telemetry to track avian predators

Work Element Name:  Collect/Generate/Validate Field and Lab Data (157)  


There are several problems associated with telemetry studies.  One of the problems with conventional radio and sonic telemetry is locating the specimen of concern as we discovered during our previous works tracking carp (Burgess et al. 2003).  Furthermore, cost, time and often safety issues associated with tracking personnel under unfavorable field conditions.  We feel we can increase our efficiency and more importantly our accuracy using satellite technology.  Habit Research has developed a satellite transmitter, the 503 PTT Certified Argos transmitters that can send a location signal directly to a computer site (Habit Research Web Site www.habitresearch.com).  Using this technology, which has been tested on water fowl (Green et al 2002) we will track 10 double crested cormorants and 10 common mergansers.  Birds will be captured by net from a blind, a moving boat or at points of interception where they regularly fly.  It will be important to minimize the stress and the future survival of the tagged animals.  Consequently, we will utilize skilled WDFW waterfowl biologist when handling live birds.         


Telemetry data will be used to locate daily and seasonal congregations of birds, possible colonies and determine if there is a link between birds utilizing Moses Lake and the Columbia River.  These data will be entered into a GIS package to provide a spatial reference of avian predators movements.   

Work Element Title 1.5.  Compare stable isotope data (predicted) to the stomach contents of avian predators.

Work Element Name:  Analyze/Interpret Data (162)

Diet partitioning will be estimated using the linear mass balancing mixing model ISOCONC 1.01 supplied by Philips and Koch (2002).  Methods similar to those in Clarke et al. (2005) will require us to determine the top three prey items of each of the predators and calculate their mixture carbon and nitrogen signatures.  These data will allow us to compare the validity of diet analysis to the predicted stable isotope levels. 

The ISOCONC model is designed to account for three food sources.  Although avian predators on the Columbia have been shown to be very specialized with respect to prey selection (Roby et al 1998), this may not be the case with the diets of birds utilizing Moses Lake due to the variability in potential prey items.  If this appears to be a problem we will pool prey items if statistical analysis does not indicate a significant difference in isotopic signature (Clarke et al 2005).  

Objective 2.  Reporting and Administration 

Work Element Title 2.1.  Pices reporting

Work Element Name:  Produce Status Report (141)


Complete and enter status reports into BPA’s data base Pisces, regarding project schedules and contractual obligations being met.

Work Element Title 2.2.  Quarterly reporting

Work Element Name:  Produce Status Report (141)


Quarterly reporting to BPA regarding the status of the project.  These reports will also include data and analysis when applicable.

Work Element Title 2.3.  Annual Reports

Work Element Name:  Produce Annual Report (132)


Annual reports will be completed every year at the end of the contract period to present results and inform BPA of project status.  Annual reports will also present data, analysis and recommendations should they be required.  This will also be the appropriate time to request budget modifications or changes within the work plan.

Work Element Title 2.4.  Stakeholder presentations

Work Element Name:  Outreach and Education (99)


As a state agency receiving federal monies it is our obligation to not only inform WDFW and BPA of our results but also the many concerned stakeholders that have personal and professional interests in our project.  Consequently, some time will be spent presenting our information in public forums.  These presentations will include the data and results contained within our annual reports.

Work Element Title 2.5.  Additional administrative duties.

Work Element Name: Manage and Administer Projects (119) 


This task will include the day-to-day operations associated with project personnel, agency policy, purchases, additional inter- and intra-agency exercises and budget monitoring.

Work Element Title 2.6.  Obtain necessary sampling and collection permits.

Work Element Name:  Environmental Compliance/Produce Environmental Compliance Documentation (165)


We currently have a migratory bird permit to collect 30 double crested cormorants.  We will renew this permit and apply for additional permits to conduct the sampling we have proposed.

Objective 3.  Monitor Resident Fishery within Moses Lake

Note:  Work Element Titles 3.1, 3.2, 3.3 will be paid for and conducted by the WDFW’s Region 2 Warmwater Team.  We will use their data to monitor changes in the fishery and the abundance of prey items relative to the selectivity of prey items by avian predators.  Methodologies are outlined within the appendices.  

Work Element Title 3.1.  Fall sampling (WDFW sponsored)

Work Element Title 3.2.  Creel Survey  (WDFW sponsored)

Work Element Title 3.3.  Perform standardized indices analysis including aging (WDFW sponsored)

Work Element Title 3.4.  Model rates of predation 

Phase 2.  Application of collected data and analysis.  This phase will be implemented should avian predators appear to be deleteriously impacting resident and anadromous fishes.

Objective 4.  Management implementation and monitoring and evaluation

Hypothesis:  Impacts of avian predators on resident and anadromous fishes can be reduced. 

Work Element Title 4.1 Conduct feasibility study and implement avian predator exclusion zones.

If double crested cormorants are in fact negatively impacting the anadromous and resident fish community lethal measures cannot be employed.  Although depredation permits are often granted to Midwestern and Southern States, the state of Washington has no such provision.  However, measures can be taken to haze and possibly reduce the fitness of cormorants.  In areas of foraging propane cannons similar to those used in orchards could be deployed to reduce areas for prey consumption, creating more intraspecific competition and possibly decreasing population size.  Such implementation could be used not only on Moses Lake but throughout the Columbia Basin where substantial numbers exist. 
Work Element Title 4.2 Promote the harvest of common mergansers

Work Element Name:


Common mergansers can be harvested during the waterfowl hunting season within Washington State.  However, they are not a sought after species but some sportsmen often shoot mergansers as they are considered a nuisance species.  Should we find that common mergansers appear to be negatively impacting the resident fishery of Moses Lake and potentially the Columbia River we could promote the harvest of common mergansers in areas of concern.  



Work Element Title 4.3 Continue to enumerate significant avian predators utilizing Moses Lake.  Identical protocol to phase 1, objective 1, Work Element Title 1.

Work Element Name:


To determine if exclusion and removal programs are working waterfowl counts will be conducted on a monthly basis on Moses Lake and throughout the Basin (during the months of October – January).  The WDFW will be responsible for the months of October through the end of January and we will be responsible for the remaining 8 months.  Low level (< 500’) aerial surveys will be performed by one member of the Moses Lake project as well as an experienced WDFW waterfowl biologist to accurately count the total number of birds occupying Moses Lake. Knowing the total number species of avian predators that may inhabit Moses Lake at a given time will allow us to estimate the total potential consumption rates of such predators (Work Element Title 1.2).    

Work Element Title 4.4 Expand efforts of tracking and locating areas of importance for avian predators within the Columbia Basin.

Work Element Name:


An expansion in efforts will only be necessary if data from objectives 1 and 2 warrant it.  For example if the satellite telemetry and stable isotope analysis indicate negative interactions are occurring outside the study area.  

G.  Facilities and equipment

We currently have much of the equipment and facilities to perform the Work Element Titles within the proposed project.  Including an 18’ electrofishing boat and a gas pickup truck.  However, due to the inhospitable conditions that can occur on the Columbia River as well as the size of the sample area we will also need to purchase an additional 22’ electrofishing boat to be used concurrently with the smaller 18’ electrofishing boat.  To tow the additional boat and transport personnel we will also require a crew cab pickup truck, preferably diesel.  We have also picked up a 22’ Boston Whaler off of state surplus to be used as a general work boat as well as a pelagic netting boat that will need two 150 HP outboard motors.  We currently have a field office in Ellensburg where we store gear and boats and in the past we have had an agreement with Central Washington University to use lab space and facilities.  
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