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EXECUTIVE SUMMARY

In 2006 US Army Corps of Engineers (USACE) project biologists reported a sharp increase in the number of gulls (Larus spp.) feeding in the John Day Dam tailrace.  Recent survival studies shows this dam fails to meet its Biological Opinion required survival goals for juvenile salmonids listed under the Endangered Species Act (Weiland 2008).  In response the USACE Fisheries Field Unit was tasked with determining the impact of avian predators on fish passing the dam in 2009.  We laid out three objectives: 1) Determine species composition, numbers, and spatial distribution of piscivorous avian predators.  2) Estimate smolt consumption by gulls.  3) Compare consumption by gulls among zones protected and unprotected by avian lines.
To quantify avian consumption observers used binoculars to count gulls and the number of successful attacks (fish in bill) over the May to July smolt outmigration.  We then estimated salmonid consumption using those variables and diet information from weekly gull stomach collections.  Counts were also collected on a much smaller population of other fish eating birds including western grebes (Aechmophorus occidentalis), American white pelicans (Pelecanus erythrorhynchos), double-crested cormorants (Phalacrocorax auritus), and others.

The daily mean count of gulls increased from 71 on 4 May to a high of 314 on 1 June and dropped to a low of 8 gulls by 28 July for a seasonal mean of 99.  The diurnal abundance of gulls was bimodal.  It started with a morning low of 17.2 gulls during the hour beginning at 0500 rising to a morning high of 156.4 during the 0900 hour.  As light levels reach near maximum during the 1300 hour gull numbers dropped to 76.6.  Counts then rose to a daily high of 168.5 gulls during the 1700 hour.  As light levels began to fall gull numbers dropped to an evening low of 10.1 during the 2100 hour prior to gulls leaving the dam.  Variability was high throughout the day and season.

To determine diet, 127 California gulls (Larus californicus) were collected in the dam’s tailrace, of which 49 contained freshly eaten fish, revealing a 97% salmonid diet.  We found 129 salmonids, dominantly Chinook (Oncorhynchus tshawytscha), four macropthalmia (Lampetra tridentata), as well as 14 passive integrated transponder (PIT) tags (five readable and nine broken in the gizzard) and one sonic tag.  Other identified gut contents included aquatic and terrestrial insects, berry seeds, other vegetation, and french fries, with smolt bones and pebbles found in the gizzard (ventriculus). 

Our estimate of smolt consumption, which includes additive and compensatory sources of mortality, is 80,000 ± 30,000 (95% CI) or between 1.3 and 2.9% of the John Day smolt passage index during the three month study (ca. 3.8 million smolt).  Smolt consumption by gulls was spatially uneven.  It was greatest in two zones not covered by avian lines and one partially covered zone, all immediately downstream of the dam’s spillway and less in all other zones.  However, due to its height above the water and limited coverage of the spillway below the dam, the stainless steel cable avian deterrent array installed in 2009 had little impact on gull behavior.  The single line that most impacted gull flight paths was tensioned to minimize sag approximately 7 meters above the water, it failed weeks after installation likely due to over tensioning.
 To increase smolt survival through the John Day Dam tailrace we recommend improved avian lines that are closer to the water and each other along with pyrotechnic hazing from boats in the boat restricted zone near the primary feeding areas.  Investigations into alternative deterrents such as lethal depredation, harassing lasers used at airports, live falconry,  loud speakers such as the Long Range Acoustic Device (LRAD) used at landfills and industrial ponds, and focused energy deterrents  such as the Active Denial System designed to disperse crowds should continue.
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INTRODUCTION

BACKGROUND
Predation by gulls (Larus spp.) and other birds on juvenile salmonids, including federally listed stocks, has been documented at several Columbia River Dams (Ruggerone 1986, Jonas et al. 2008, Wiese et al. 2008), but is highly variable as is the number of gulls in any given year (Collis et al. 2006, Roby et al. 2007).  For example, using visual observations at John Day Dam the estimated numbers of juvenile salmonids taken in 1997-1998 were 22,772 and 94,176 respectively (Jones et al. 1998, 1999).  Several deterrent methods have been employed including structural changes such as avian lines, non-lethal hazing using pyrotechnics, and lethal take of problem birds.  Project biologists at The Dalles and John Day have noted an increase in the number of gulls feeding in the tailrace areas of both dams (Figure 1) as well as grebes in the forebay at John Day (pers. comm. Jim Dillon).  Between the two dams is Miller Island Rocks, a well established gull colony of ~ 4,500 nesting pairs.  It sits 23.2 km (14.4 miles) up stream of The Dalles Dam tailrace and 16.0 km (9.9 miles) downstream of the John Day Dam tailrace.  During an annual PIT tag recovery Collis et al. (2009) found 4,211 PIT tags from juvenile salmonids here, more than any other gull colony surveyed. 

The ability to fly gives birds extremely high mobility allowing them to find forage, shelter, and mates over huge ranges that land animals do not achieve.  For example, ring-billed (Larus delawarensis) and California gulls (Larus californicus) may forage as far as 36 km (22 miles) from nesting colonies to which they return each night (Conover 1983).  This mobility comes at a high metabolic cost however, and the constant need for food and a willingness to exploit a wide variety of food sources commonly brings them in conflict with humans.  It also makes them extremely difficult to manipulate when trying to achieve management objectives such as increasing smolt survival at hydroelectric projects.  Since 1959 there have been reports of birds foraging on out migrating juvenile salmonids below main stem Columbia River dams (Merrell 1959) but only a handful of researchers have addressed the issue since. 
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Figure 1.  Daily mean gull counts from project biologists at John Day Dam (in all areas) from April-September. Counts are done twice a day during fishway inspections. Text in red indicates the type of harassment applied. Pyrotechnics include explosive cracker rounds, screamer rounds, and bottle rockets. 
We used a direct observational approach to estimate smolt consumption at John Day Dam.  Gulls may consume both moribund smolts which were killed during, or would die later from dam passage (compensatory mortality) and healthy smolts (additive mortality).  Similar to bioenergetic models or a PIT tag recovery approach, the direct observation method cannot differentiate between compensatory and additive fish mortality.  While this limitation was recognized in early bird predation work (Ruggerone 1986), to date there is no research to help partition fish mortality between additive and compensatory.  Throughout this manuscript we refer to consumption rather than the more typical predation because we cannot be certain if a fish that is picked up from the tailrace of a hydroelectric project is alive and healthy, or moribund after dam passage.
OBJECTIVES
USACE project biologists raised concerns over the five year trend of increasing numbers of gulls foraging in the tailrace at John Day Dam.  The Portland District’s Fisheries Field Unit (FFU) was tasked with determining the impact of avian predators on juvenile salmonids, some of which are federally listed as endangered, and evaluating the effectiveness of the new avian line array installed at John Day Dam in 2009.
We broke down our goal into three objectives:
1) Determine species composition, number, and spatial distribution of piscivorous birds.  

2) Estimate smolt consumption by gulls.
3) Compare consumption by gulls among zones protected and unprotected by avian lines.
JOHN DAY DAM SITE DESCRIPTION
John Day Dam is located at river km 348 (mile 216) and spans the Columbia in a straight north-south line starting with the navigation lock along the north shore, spillway extending towards the middle, and powerhouse adjoining the south shore.  The powerhouse is equipped with screens that divert most juvenile fish away from the turbines to the smolt monitoring facility on the south shore.  In 2009 twenty four hour spill was regulated to either 30% or 40% with top spillway weirs (TSW’s) affixed to the front of bays 15 and 16 to increase volitional surface passage. 
A new avian line array was installed in 2009 to protect fish in the TSW’s plume from bird predation.  Unfortunately with runs in excess of 900 meters (3,000 feet) these lines proved too long to install with the chosen design and materials and its installation was only partially complete (Figure 2) providing limited coverage for the spillway tailrace for the 2009 season.  On June 4, 2009 the TSW’s were removed due to the large number of gulls feeding in the TSW’s plume.
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Figure 2.  Image of John Day Dam at Columbia River kilometer 348 (mile 216) (Google Images© 2009). Flow is from right to left with the 2009 avian array represented by thin green diagonal lines and the observation zones demarked by thick lines. The spill pattern shown is similar to the north bulk pattern used after the TSW’s were removed on 4 June 2009. 
METHODS

The two major components of this study are direct observation of foraging behavior and collection of stomach content to determine which species of fish were being taken.  We collected numeric, behavioral, and dietary information on California gulls.  Secondarily, we collected numeric data on western grebes which were found only in the forebay, American white pelicans, great blue heron (Ardea herodias), double-crested cormorants, and Caspian terns (Hydroprogne caspia) when they were in the area.

The study area was divided into eight unequal polygons (zones) to allow a comparison between areas protected and unprotected by avian lines (Figure 2).  Initially zones were to be comparatively equal in size, but failure to complete the avian array required adjusting them.  The two forebay zones were separated mid-river where the powerhouse and spillway meet, drawing a line upstream to a floating white can buoy marking the forebay boat restricted zone.  The upstream boundary was created by drawing a line from a triple culvert on the Oregon shore to the Coast Guard navigation marker situated on an island near the Washington shore.  The six downstream zones were also bisected by a line extending from the junction of the powerhouse and spillway, essentially following the middle of the river.  From north to south the zones were separated by two more lines: 1) the most downstream avian line stretched from the upstream edge of the navigation lock island to the downstream black anchor pole recently installed at western edge of gravel parking lot, and 2) a line from the navigation marker fitted to a tower about the mid-way point of the navigation lock to the downstream edge the Oregon shore rip-rap.  The power lines crossing the river delineated the downstream boundary of the study area. 
A typical week would consist of three people observing on Monday, Tuesday, and Wednesday with Thursday for collection of stomach contents.  This allowed enough time between stomach collection and Monday’s observation for birds to return to normal behavior. Because observers could not be present all daylight hours each days observation took place during one of three diurnal periods: first light, mid-day, or last light with each zone visited at least twice a day.  At the start of the week (Monday & Tuesday) we observed either first light or last light followed by a mid-day observation typically on Wednesday so that each diurnal period was observed for two days every two weeks.  To prevent bias each observer was randomly paired with a starting zone.
OBSERVATIONS

One observation sample consists of one observer watching one zone for 30 minutes.  First the observer counts the number of each species in the zone.  Next they scan the entire zone counting the number of attacks (bill hitting the water) occurring within 15 minutes, followed by 15 minutes of using binoculars (Leupold
 10 x 50 magnification with 5° field of view) focusing on any diving individual to evaluate the success of that attack (modified focal individual approach).  There were three possible outcomes of attack evaluation: successful, unsuccessful, or unknown.  An attack is considered successful if a fish is seen in the bill or the bird makes an obvious swallowing motion by lifting its head skyward.  An attack is unsuccessful if a bird comes out of the water with no obvious prey in its bill.  If the observer cannot be certain of the outcome it is classified unknown.  For example if the bird is flying away from the observer, or the observer’s view is obstructed by waves as the bird is emerging.  Finally the observation period ends with another count of each species in the zone and the observer moves to the next zone.

BIRD ABUNDANCE AND SMOLT CONSUMPTION
Bird abundance was determined at the beginning and end of each observation.  If needed binoculars were used to identify birds to species and then a hand held mechanical counter (tally-whacker) was used to quickly count individual birds.  Because some zones had far more birds than others, they were kept separate during analysis.  We estimated daily gull abundance by calculating the daily mean for each observation zone and then summing these means to yield a daily mean gull count for the project.  The hourly abundance was estimated by calculating the means for each zone/hour combination and then summing the zones. 

To quantify smolt consumption requires knowing the number of attacks, the portion of successful attacks, and diet composition for that week.  Consumption was estimated for gulls in eight different zones by slightly modifying Equation 6 from Weiss et al. 2008:
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(1)
Where Sc is smolt consumption for that observation, A is the number of attacks during that 15 minute attack scan, Pa is the proportion of successful attacks (successful attacks / total attacks) for the following 15 minute evaluation scan, and Pd is the proportion of salmonids found in the diet that week.  More robust than the focal individual approach, this method does not depend on a population estimate to calculate smolt consumption.  Rather, it requires that the observer monitors the behavior of all birds in a zone, counting only 
attacks over a 15 minute period (range of 0-10 attacks per minute).  We felt this gave us a reliable value when compared to counting a swarm of 100+ flying birds during instantaneous counts.  Also, the modified focal individual approach is not subject to bias caused by atypical behavior of any given focal individual, instead measuring the entire flock’s behavior.
Because observers were not present at all times consumption values had to be expanded.  For each week/zone combination, all 15 minute estimates were averaged, expanded to one week, and then summed to overall project consumption.  Expansion was accomplished by a factor of 420, derived from expanding the 15 minute attack scan to one hour, 15 active hours in one day, and seven days in one week.
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      (2)

Where Sc project is total smolt consumption for John Day Dam during the May-July outmigration, i is the zone being observed, n is the number of observations in zone i during week j, k is an individual observation, and 420 is the correction factor that expands the estimate for times observers were not present.
Seasonal per capita fish consumption (fish/gull/15 minute observation) was estimated using the following set of calculations for each zone (z):

[image: image7.png]








 (3)
Where Kz is the seasonal mean per capita consumption for zone z, and d is the number of day’s zone z had non-zero gull counts, and kj is the daily mean per capita consumption for zone z on day j.
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Where s is the mean daily consumption for zone z on day j, and g is the daily mean number of gulls in zone z on day j.
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(5)
Where Sc is the consumption for each 15 minute observation in zone z on day j and n is the number of observations in zone z day j.
To determine if the amount of smolt consumption changes during the day a Chi-Square test was performed (α = 0.05):
  Ho1: Proportion of consumption is equal through the day.
The day was divided into five time periods based on changes in light intensity.  First light was 0500-0600, morning was from 0700-1000, mid-day from 1100-1500, evening from 1600-1900, and last light from 2000-2200 all times inclusive.  If a difference in consumption by time period was found, each period’s contribution to the Chi-Square value was used to determine where the largest contributions came from, thus revealing where and when consumption deviated most from expected values.
On June 4, 2009 the two TSW’s were removed and the spill was switched to a bulk north pattern.  To see if this impacted gull behavior, specifically where they were foraging, we tested this hypothesis:

  Ho2: The proportion of smolt consumption in each zone pre TSW removal was the same as the proportion of smolt consumption in each zone post TSW removal.
OTHER FACTORS

Hazing of gulls by United States Department of Agriculture (USDA) Wildlife Services was ongoing during our research at John Day Dam.  Typically it consisted of pyrotechnics (bottle rockets, cracker rounds, and screamer rounds) fired from the face of the powerhouse or the navigation lock towers on an intermittent time schedule.  In June a propane cannon was set up on the rocky outcrop next to the downstream navigation lock wall pointing into zone SW T2.  The impact of the hazing was of limited duration, sometimes scattering the feeding flock for up to one minute with no difference seen after five minutes (Jonas et al. 2008).  Because the impact was so short lived, we did not adjust our counts or estimates of consumption due to normal hazing events. 
Due to the large number of gulls in 2009, three different harassment/abatement techniques were tested on an ad-hoc basis by regional managers and project biologists as they tried to adaptively deal with the problem.  These techniques included: hazing from the land or boats, off site baiting, and use of remote control aircraft to harass gulls. As an additional objective the FFU was asked to evaluate the impact of these techniques on the number of gulls in the area.
EVALUATION OF LAND BASED AND BOAT BASED HAZING
We compared firing pyrotechnics from two places: 1) The face of the dam and downstream navigation lock wall, and 2) A boat operating just downstream of the boat restricted zone (BRZ).  Each test consisted of two treatment periods of one hour each surrounded by three control periods of no pyrotechnics for one hour each.  Counts were taken every five minutes from the shore and pyrotechnics were launched every five minutes if there were birds present.  This is a much more frequent level than is typical of the USDA hazing program.  For example, at John Day Dam in 2009 pyrotechnic hazing occurred about once every 40 minutes when a hazer was present having little impact on gull behavior.
OFF SITE BAITING AND RADIO CONTROLLED AIRCRAFT

In an attempt to reduce predation on juvenile salmonids, project biologists tried baiting gulls away from the near-dam tailrace by feeding them carbohydrate rich foods.  From 20 May through 27 May bread, hash browns, and french fries were placed on a Washington shore beach at sites ranging from 200 to 600 meters downstream of the electrical transmission tower (downstream edge of our study area).  This feeding coincided with the peak in the smolt index accompanied by high gull counts at the project.  Food was placed on the river bank about 10 meters from the water where the gulls could volitionally feed (Table 1).
Table 1. Baiting schedule used by John Day biologist to lure gulls away from the tailrace feeding area. 
	
	
	
	Kg (Lbs.)

	Date
	Time
	Feed type
	Estimated

	5/20/09
	8:00
	Bread
	36 (80)

	5/21/09
	15:00
	Bread
	36 (80)

	5/22/09
	9:30
	Hash browns
	91 (200)

	
	15:30
	Hash browns
	91 (200)

	5/23/09
	8:30
	Hash browns
	91 (200)

	
	15:00
	Hash browns
	91 (200)

	5/24/09
	8:30
	Hash browns
	91 (200)

	
	15:00
	Hash browns
	113 (250)

	5/25/09
	8:00
	Hash browns
	113 (250)

	
	15:30
	Hash browns
	113 (250)

	5/26/09
	8:00
	Hash browns
	113 (250)

	
	15:00
	french fries
	113 (250)

	5/27/09
	8:00
	french fries
	113 (250)

	
	15:00
	french fries
	113(250)


On 1 June, biologists from the Bonneville Power Administration, NOAA Fisheries, and the Oregon Department of Fish and Wildlife gathered at John Day to evaluate the effectiveness of using remote controlled aircraft to reduce avian predation in the dam’s tailrace.  They deployed both fixed and rotary wing aircraft in their feasibility demonstration.  At 1108 hours they launched aircraft from the navigation lock and at 1203 
hours they launched aircraft from the fishermen’s parking lot on the Oregon side of the river.  Our report of this demonstration is purely descriptive. 

DIET ANALYSIS

The USDA Wildlife Services branch was contracted by the USACE to collect birds actively feeding in the tailrace of the dam using shotguns.  Analyzing these stomach contents allows us to determine the species of fish likely being consumed during successful attacks.  We collected 10-13 stomachs each week, all from California gulls, which were processed according to standard protocol (Appendix A).  We recorded species and age based on plumage, whole bird weight, cord length (bend in wing to tip of longest primary feather), scanned for PIT tags, and sexed birds when possible.  Stomach contents were removed and on ice within 2 hours of collection to prevent further digestion of soft tissue.

SOFT TISSUE FROM THE FOREGUT
Gull stomachs consist of two compartments; the first is the foregut (protoventriculus), and the second is the gizzard (ventriculus).  As a smolt is digested most of the fleshy tissue is dissolved in the foregut with harder bones moving down into the gizzard where they may be worked by strong muscles and bits of gravel.  Since fish are digested head first, identification using whole fish morphology is not always possible, at times less than half the fish remained (see Figure 16

 REF _Ref263242616 \h 
 and 17 in Appendix B).  Once removed, whole or partially digested fish were enumerated then all gut contents were stored in a Whirlpack®
 and weighed.  Finally they were then transferred to a freezer.  We assume all soft tissue, primarily whole or partial fish, collected from the foregut were most representative of the diet near John Day Dam.  This may not be valid if a bird recently immigrated to the study area after feeding elsewhere. 

HARD PARTS FROM GIZZARD
In October, stomach contents were driven to the University of Washington’s Parrish bird laboratory for identification of soft tissue (whole and partially digested fish), and hard tissue (cranial bones and otoliths removed from the gizzard).  Contents were identified to fish species or food group (invertebrate, vegetation, and detritus).  Their analysis included   numbers of fish and percent biomass for major prey items.  Fin clips from a subset of the soft prey items were sent to the WDF&W genetics laboratory for stock determination and species verification.
Each bird carcass was scanned for PIT tags with a FS2001 full duplex PIT tag reader (Destron-Fearing
) and then tag codes and fates were uploaded to the Columbia Basin PIT Tag Information System (PTAGIS) database.  To provide added information on the behavior of fish that were consumed by birds we determined the last known detection (PIT) and / or passage route for all collected tags.
RESULTS

OBSERVATIONS

California gulls were by far the most dominant piscivorous bird at John Day Dam from May – July 2009 and therefore were the focus of the study.  Three observers worked for three months completing 946 observation records during which time they made more than 2,000 counts used to estimate the bird numbers, counted 5,714 gull attacks, and evaluated an additional 3,162 gull attacks.  Based on hourly average counts, gulls were active for about 15 hours a day or 1350 hours over the three month study.  Our observations were evenly spaced over the season and day totaling 480 observed hours (about 160 hours per observer) thus capturing 12% of the active gull behavior at the entire dam.  Consumption estimates were expanded to account for the time observers were not present (see methods). 

BIRD ABUNDANCE AND SMOLT CONSUMPTION
While California gulls were the most abundant species, six other species of fish eating birds were commonly seen within the study area (Figure 3).  In order of prevalence they were: western grebes (Aechmophorus occidentalis) found only in the forebay, American white pelicans (Pelecanus erythrorhynchos), Caspian terns (Hydroprogne caspia), great blue heron (Ardea herodias), osprey (Pandion haliaetus), double-crested cormorants (Phalacrocorax auritus), and infrequent sittings of ring-billed gulls (Larus delawarensis). 
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Figure 3.  Piscivorous bird counts taken during each observation at John Day Dam in 2009, raw data. Note that American white pelicans also roosted downstream of the study site (dredge islands) in high numbers and from there made forays into the study area.
Smolt consumption was only estimated for California gulls.  Based on behavior and low numbers of the other species we assume consumption by them was trivial in comparison to California gulls.  Also of note, American white pelicans and California gulls frequently used the dredge islands downstream of the study area as a roost site.  These birds were not included in our analysis (Figure 4).
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Figure 4.  Counts of American white pelicans (AWEP) and California gulls (GAGU) on dredge islands just downstream of the study area.

The hourly gull count was calculated by taking the means of total project counts over the entire season.  It started with a morning low of 17.2 gulls during the hour beginning at 0500 rising to a morning high of 156.4 during the 0900 hour. As light levels reach near maximum during the 1300 hour gull numbers dropped to 76.6 (Figure 5).  Counts then rose to a daily high of 168.5 gulls during the 1700 hour.  As light levels began to fall gull numbers dropped to an evening low of 10.1 during the 2100 hour prior to most gulls leaving the dam.  Variability was high throughout the day.
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Figure 5.  Hourly mean gull count at John Day Dam in 2009 was lowest during the darkest points of the day with peaks at 0900 hrs and 1700 hrs. Light levels typically increased until 1000 hrs and began to decrease at 1400 hrs. 

Smolt consumption rose quickly, leveled out, and then peaked as light intensities began to decrease (Figure 6).
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Figure 6.  Consumption of smolt by gulls. Means of all observations during each hour. Consumption did not track gull counts.

Mean daily project counts are made by summing mean counts from the eight zones.  Mean daily project gull counts ranged from 71 gulls on 5 May to a seasonal high of 314 on 1 June to a seasonal low of eight on 29 July.  The seasonal high corresponded with high Pacific lamprey macropthalmia (Lampetra tridentata) passage in early June.  Mean daily forebay counts ranged from a seasonal low of zero on 3 June to a seasonal high of 43 on 13 July.  Mean daily spillway tailrace gull counts ranged from a seasonal high of 166 on 27 May to a low of one on 28 July.  Mean daily powerhouse tailrace gull counts ranged from seasonal lows of zero on 29 June, 21 July, and 29 July to a seasonal high of 241 on 1 June during the peak of macropthalmia passage.  For descriptive purposes, counts are lumped as forebay, spillway tailrace, and powerhouse tailrace in Figure 7.
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Figure 7.  Seasonal abundance of gulls by area: Forebay (zones SW FB & PH FB), Powerhouse (PH T1 to PH T3), and Spillway (SW T1 to SW T3)
The movement of gulls to the powerhouse tailrace can be seen as spikes in mean daily counts for zones PH T1 to PH T3 (Figure 8).  Also, the powerhouse forebay spike during June was largely due to immature hatch year gulls likely moving from nesting colonies into the John Day Dam forebay (Figure 8).
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Figure 8.  Mean daily gull counts for John Day Dam in eight zones, 2009. See map in Figure 2 for zone locations.

The peaks in mean daily gull counts coincided more closely with the peaks in macropthalmia passage rather than smolt passage (Figure 9). 
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Figure 9.  Daily mean gull counts in relation to the John Day Dam smolt index and lamprey passage from the smolt monitoring facility during 2009.  Lamprey data provided courtesy of Greg Kolvochuck PSMFC.
Seasonal mean gull counts by zone were the highest in SW T2 downstream of the spillway; this zone averaged an abundance of 49.3 gulls throughout the season (Figure 10).  The spillway forebay zone (SW FB) had the lowest abundance with an average of 1.4 gulls throughout the season.
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Figure 10. Seasonal mean gull counts by observation zone with 95% confidence interval for days when all zones were sampled.  SW FB = spillway forebay, PH FB = powerhouse forebay, SW T1 to SW T3 = spillway tailrace zones with 1 being closest to dam, PH T1 to PH T3 = powerhouse zones with 1 being closest to dam.

The mean per capita consumption (Figure 11), as measured by fish consumed per gull for all 15 minute attack scans taken across the season, ranged from a low of 0.02 in the spillway forebay to a high of 0.46 in the SW T1 zone immediately downstream of the spillway.  Other values for the spillway side of the river were 0.19 in the SW T2 and 0.08 in the SW T3.  The pattern of per capita consumption was similar on the powerhouse side of the river with the lowest value in the forebay (0.03), the highest value immediately downstream of the powerhouse (0.19), and values decreasing in the downstream zones, 0.09 for PH T2 and 0.04 for PH T3. 
Our estimate of smolt consumption, which includes additive and compensatory sources of mortality, is 80,000 ± 30,000 (95% CI).  This represents between 1.3 and 2.9% of the John Day smolt passage index during the three month study, ca. 3.8 million smolt (Columbia River DART http://www.cbr.washington.edu/dart/pass_all.html accessed on 2/18/10).
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Figure 11. Seasonal per capita consumption (fish / gull / 15 minute observation) with 95% confidence interval for all zones.  SW FB = spillway forebay, PH FB = powerhouse forebay, SW T1 to SW T3 = spillway tailrace zones with 1 being closest to dam, PH T1 to PH T3 = powerhouse zones with 1 being closest to dam.

Our third objective, Compare consumption by gulls among zones protected and unprotected by avian lines, was difficult to address due to the extremely non-normal nature of the data and its resistance to transform to normality. Parametric statistics and some non-parametric statistics (i.e. Kruskal-Wallis) were inappropriate to apply to this data set (too many zero counts).  Instead the Chi-square goodness of fit test was applied to test hypotheses dealing with gull behavior (consumption timing and location).  Also due to the non-random placement of the avian lines inferential statistics were inappropriate to apply to a comparison between zones covered or not covered by avian lines.  The authors feel that the gulls focused on where the prey was concentrated and this was controlled by dam operations rather than the incomplete avian line deployment.  Several graphics evidence how unevenly the gulls were spatially distributed in the tailrace (Figure 7, Figure 8, and Figure 10) as they focusing on the white water of the TSW’s and spillway.
For Ho1 the day was divided into five time periods based on changes in light intensity.  First light was 0500-0600, morning was from 0700-1000, mid-day from 1100-1500, evening from 1600-1900, and last light from 2000-2200 all times inclusive.  By inspecting the individual contributions of each group to the overall Chi-Square value we can determine which group is driving the differences from the null hypothesis of expected distribution (Table 2).
Table 2.  Contingency table for Ho1:   Proportion of smolt consumption (Sc) is equal through the day. Test was performed on the raw data prior to extrapolation for estimates. Critical value for X20.05,4 = 9.4, test statistic X2 = 141.6,  reject Ho1 at p-value < 0.0001 .

	
	First Light
	Morning
	Mid-Day
	Evening
	Last Light
	Sum

	Number of Observations
	80
	205
	287
	312
	62
	946

	Observed Sc
	104.5
	377.2
	610.8
	426.1
	15.2
	1533.8

	Expected Sc
	129.7
	332.4
	465.3
	505.9
	100.5
	1533.8

	X2Contribution
	4.9
	6.1
	45.5
	12.6
	72.5
	141.6


When inspecting the Chi-Square contribution of each time period we see that first light, morning, and evening were low (close to expected values) but mid-day and last light were high (higher and lower than expected values respectively).  This contrasts the bimodality of the gull counts.  Increased crepuscular activity is commonly found in animals that forage by sight, as they take advantage of the increase contrast between prey and the background. This is reflected in the bi-modal nature of the gull counts (Figure 5), but not by smolt consumption (Figure 6).

To determine if gull behavior changed in response to the June 4, 2009 TSW removal and coinciding switch to a bulk north spill pattern we tested the hypotheses Ho2 (Table 3).

Table 3. Contingency table for Ho2: The proportion of smolt consumption (Sc) was the same in all zones pre and post TSW removal. Test was performed on the raw data prior to extrapolation for season estimate. Critical value for X20.05,7 = 14.1, test statistic X2 = 739.8, reject Ho2 at p-value < 0.0001. 
	
	SWFB
	SWT1
	SWT2
	SWT3
	PHFB
	PHT1
	PHT2
	PHT3
	Sum

	Number of Observations
	92
	66
	66
	68
	85
	86
	91
	89
	643

	Observed Sc
	1.8
	395.9
	346.0
	47.7
	10.2
	15.3
	2.1
	1.0
	820.0

	Expected Sc
	6.2
	123.2
	484.6
	81.8
	19.7
	39.0
	52.7
	12.8
	820.0

	X2Contribution
	3.1
	604.3
	39.6
	14.2
	4.6
	14.5
	48.8
	10.9
	739.8


Again inspecting the contribution of each zone to the Chi-Square value we see that once the TSW’s were removed there was more consumption in the tailrace zone nearest the spillway (SW T1), and less than expected in other zones suggesting a functional response to the operational change.

OTHER FACTORS
EVALUATION OF LAND BASED AND BOAT BASED HAZING

Early in the season managers requested that we perform simple evaluations of pyrotechnic hazing from three locations: the dam face, the tailrace navigation lock island, and from a boat outside the boat restricted zone.  Due to the limited time of the evaluation, the raw data are presented here without formal analysis (Figure 12, Figure 13).  The reader is encouraged not to make a sweeping conclusion based on these results as it is common for animals to disregard many types of hazing given enough time (typically weeks or days not hours).
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Figure 12. Gull reaction to pyrotechnics (bottle rockets, screamer and cracker rounds) launched from a boat cruising the downstream edge of the boat restricted zone.
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Figure 13. Gull reaction to pyrotechnic hazing from the dam and from the navigation lock island just north of the primary feeding zone.

OFF SITE BAITING AND RADIO CONTROLLED AIRCRAFT

Off site baiting was successful at attracting a large number of gulls, however project biologists could not determine if gulls were lured away from predation activity in the tailrace or if they were attracted from the surrounding area.  After the first feeding a large number of gulls would congregate over the feeding site as the delivery truck approached.  Before the second feeding on 21 May, 478 gulls were waiting at the site prior to the truck arrival.  After the last feeding there were 451 gulls at the feeding site after a delivery of 250 pounds of french fries.  We cannot determine with certainty whether the baiting effort lowered predation on juvenile salmonids as this was not a controlled environment and the gulls at the bait site may have immigrated from outside the study area.  However, we noted a dip in the number of gulls foraging in the tailrace the first day of feeding, and a spike five days after the last feed, with more typical counts during the feeding.
Our report on the demonstration of remote controlled aircraft to deter gulls is descriptive.  The aircraft would clear a path through the congregation of gulls working in the near-dam tailrace; however, neither the fixed wing, nor the rotary wing radio controlled aircraft were able to completely drive the gulls from their feeding zones.  From this simple demonstration our anecdotal view would be that remote controlled aircraft are not effective at reducing avian predation.
DIET ANALYSIS

The USDA Wildlife Services downed 130 California gulls in or near the tailrace boat restricted zone using shotguns.  Of these, 127 were successfully retrieved and processed in the lab to determine the species of fish being consumed at the dam.  Maturity, whole bird mass, gut content mass, and wing cord length are reported in Table 4.  As sampling did not start until the breeding season was ending, sexing males and females was difficult.  The presence of identifiable female ovaries was found in only 17 of the 127 gulls.  Because gonads were diminutive and thus difficult to identify, gulls were grouped as either adult or hatch year (HY) based on plumage.  

Table 4.  Descriptive statistics of AHY (after hatch year) and HY (hatch year) California gulls collected at John Day Dam and used in the diet analysis. 
	
	Wing Cord
(cm)
	Whole Bird
(g)
	Whole Bird w/o
gut contents (g)
	Gut Contents
(g)

	 
	Mean
	Range
	Mean
	Range
	Mean
	Range
	Mean
	Range

	AHY
n=102
	40.3
	36.3 - 43.2
	736.3
	562.1 - 933.6
	718.8
	537.4 - 903.9
	17.5
	0.0 - 130.8

	HY

n=25
	38.7
	35.6 - 40.6
	602.6
	416.4 - 880.9
	591.9
	415.3 - 869.3
	10.7
	0.4 - 49.4


SOFT TISSUE FROM THE FOREGUT
Less than half of the processed stomachs contained whole or partial fish, 33% (42/127).  The number of partial fish ranged from 3 to 20 each week with salmonids representing 14 to 99.8% of stomach mass for a seasonal mean of 82.6% (Table 5).  Non-fish items included Mormon crickets, grasshoppers, stink bugs, aquatic insects, crayfish parts, grains, fruit seeds, starchy paste, fries, and scraps from adult fish.  A more descriptive breakdown of stomach contents including photos of select full stomachs with fish in varying states of 
Table 5.  Percent biomass of organic food items in the diet of California gulls at John Day Dam during 2009.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	

	FOOD TYPE
	5/21
	5/28
	6/3
	6/11
	6/18
	6/24
	7/1
	7/9
	7/15
	7/22
	7/29
	mean

	Salmon & steelhead
	97.9
	98.0
	96.0
	58.9
	99.8
	88.9
	14.0
	92.9
	90.2
	79.7
	95.4
	82.9

	  (Salmonidae)
	
	
	
	
	
	
	
	
	
	
	
	

	Lamprey
	0.0
	0.0
	2.5
	1.3
	0.0
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.5

	  (Petromyzontidae)
	
	
	
	
	
	
	
	
	
	
	
	

	Insects
	0.2
	1.5
	0.4
	27.0
	0.0
	11.0
	44.4
	3.9
	8.3
	1.1
	4.7
	9.3

	Anthropogenic waste
	1.0
	0.0
	0.0
	12.8
	0.0
	0.0
	36.3
	3.0
	0.0
	14.2
	0.0
	6.1

	Fruit
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	4.7
	0.0
	0.0
	0.0
	0.0
	0.4

	Plant
	0.9
	0.2
	1.1
	0.1
	0.2
	0.1
	0.5
	0.2
	0.1
	5.0
	0.0
	0.8

	
	
	
	
	
	
	
	
	
	
	
	
	

	Number of Stomachs
	10
	10
	10
	13
	12
	12
	11
	13
	12
	12
	12
	127


Note: does not include inorganic materials such as pebbles
digestion are presented in Appendix B.  In total 118 whole or partial fish were found of which there were 69 Chinook, 5 Coho (Oncorhynchus kisutch), 4 steelhead (Oncorhynchus mykiss), 3 sockeye (Oncorhynchus nerka), and 33 unidentified salmonids.  It is important to note that due to earlier run timing the bulk of the juvenile steelhead had out migrated by the time stomach collection was allowed to begin.  Concomitantly, steelhead represented a smaller portion of the diet than we expected.  Also of note, field identification done the day of collection varies slightly from the Parrish laboratory findings.  Field findings identified 7 additional stomachs with whole or partial fish and an additional 11 fish identified as salmonids.  This may be due to several factors including but not limited to degradation of the sample from freezing and thawing, lack of cranial bones (head), and lack of sufficient soft tissue for identification or genetic analysis.  We present here the description of 118 whole or partial fish found in the California gull diet using genetic, visual, and bone identification results from the Parrish lab (Figure 14).
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Figure 14. Diet composition of soft fish tissue found in the foregut (protoventriculus) of California gulls during laboratory analysis.  These represent recently eaten fish.  Ten to 13 stomachs were collected each week.  The actual number of each fish prey is printed within each bar.  
Samples sent to the University of Washington’s Parrish Lab were divided into soft tissue parts (whole or partial fish) and hard tissue parts (bones and other).  A total of 81 fin clips from whole or partial fish samples had sufficient fin flesh to be sent to the Washington Department of Fish and Wildlife (WDFW) Molecular Genetics Laboratory for species and stock identification.  Of these 69 were genetically assigned as Chinook mostly from the Upper Columbia River Summer/Fall reporting group.  Within this group of Chinook there were seven deemed federally listed under the Endangered Species Act as either threatened or endangered.  Five Coho, three sockeye, and four steelhead made up the rest of the sample.  For complete laboratory report see Kawamura and Parrish 2010.  

HARD PARTS FROM GIZZARD

Of the 127 gut content samples, 59 had organic hard parts that were identified as salmonid.  Right and left cranial bones and otoliths were matched up to identify the number of fish contained in each sample.  The species distribution of hard parts found in the gut samples describes 28% (29) Chinook, 18.8% (19) Sockeye, 13.8% (14) Coho, 8.9% (9) Steelhead and 29.7% (30) unidentified salmonid. 
Five readable PIT tags and nine PIT tags broken in the gizzard were recovered from the samples along with a single acoustic tag.  Two PIT tags were found inside intact fish and the others were found in the gizzard.  Histories of the readable PIT tags describe two fall Chinook from Lyons Ferry Hatchery, one hatchery Chinook tagged at Lower Granite Dam, one sockeye tagged at Sawtooth Hatchery, and one fall Chinook tagged with both a pit and acoustic tag at McNary Dam as part of a USGS survival study.  Fork length at tagging ranged from 81 – 129mm.  Three of these fish were interrogated by one or more full flow bypass detectors at Little Goose, Lower Monumental, and McNary Dam juvenile fish facilities.  Complete histories from PTAGIS are in Appendix C.
During the peak of juvenile lamprey outmigration, gulls were observed foraging at the powerhouse side of the project and were commonly seen with worm like objects in their beaks.  These objects were confirmed to be lamprey macropthalmia when they showed up in that week’s diet collection.

DISCUSSION

At John Day Dam most smolt were consumed by California gulls in spillway tailrace zones not protected and partially protected by avian lines.  Gull numbers were highly variable through the smolt outmigration changing through the day, week, and season.  Despite this variability our estimate of smolt consumption by gulls was similar to earlier work.  It is also strengthened by inclusion of diet analysis which allowed us to confirm salmonid take as well as to identify specific times of lamprey macropthalmia consumption.  As gull numbers continue to increase in Western North America, conflicts between gulls and endangered salmonids are likely to increase as well (Conover 1983).

During the nesting season gulls have a high caloric demand as they prepare for and then care for their young.  They must establish territories, develop and lay eggs, then one parent must guard the eggs and resulting chicks while the other forages.  Gulls respond quickly to new foraging opportunities and this likely causes the large variability in counts at the dam on any given day.  In 2009 foraging opportunities included federally listed salmonid stocks, nearby landfills, a Mormon cricket swarm in agriculture fields, and juvenile lamprey.  When at the dam their foraging was focused in the spillway tailrace around the TSW’s outflow plume.  When managers removed the TSW’s in favor of bulk north spill to increase smolt survival, gulls responded by following the spill north and moved closer to the dam.  Interestingly the peak in gull numbers coincided with the peak in lamprey outmigration, not smolt outmigration.

Gull consumption of macropthalmia had been reported as early as 1959 (Merrell), but this impact has not been quantified.  Since returning adult Pacific lamprey are generally in decline they were listed as an Oregon State sensitive species in 1993 and were given further legal protected status by the state in 1996.  Outmigration of juvenile lamprey is likely impacted by dams similarly to salmonids.  Migration timing is slowed due to lack of forebay currents, finding a route of passage is difficult, and there is potential for injury or death when passing the dam.  Lack of a swim bladder may tend to make passage by surface collectors, spill, or juvenile salmonid by-pass routes difficult and may favor turbine passage.  Indeed when investigating the vertical distribution of fish at a turbine intake using fyke nets, Long (1968) collected juvenile lamprey mostly near the bottom of the intake deeper than current fish screens.  This suggests that project improvements for passage of fish higher in the water column, such as most juvenile salmonids, might not benefit lamprey.  
During the spike in macropthalmia passage, gulls shifted to the fully covered zone just downstream of the powerhouse.  Here they were highly successful at capturing lamprey - the proportion of successful attacks was the highest recorded.  That the peak in gull numbers was highly correlated to the peak of lamprey outmigration rather than smolt outmigration indicates a possible unequal impact on lamprey.  Protecting out migrating lamprey is especially important at John Day Dam as the high density of ammocetes found throughout the John Day river system (Moser and Close 2003) ride spring freshets to John Day Dam  and likely leads to a concentration of prey at the dam. 

Another important aspect of the diet analysis was the discovery of nine broken PIT tags and only five intact ones.  Birds have no teeth to chew with but all have a ventriculus (gizzard) that can perform a similar function which can be enhanced by ingesting some gravel. Typically, most soft food is digested away in the foregut (protoventriculus) and any hard parts like seeds or bones pass down to the gizzard (ventriculus) where strong muscles manipulate gravel and tough tissues together to masticate the seeds and retrieve nutrients.  A similar fate awaits PIT tags, and it seems that most (64% in this study) do not survive the mastication process.  This is relevant for studies that use PIT tags recovered at gull colonies to estimate minimum consumption of salmonids.  If PIT tags are rendered unreadable in the gizzard, then they have no chance to be later detected on the colony.  This would lead to a low bias of consumption estimates based on tags recovered from gull colonies – as much as 64% low.  It is important to note that all birds and recovered fish were scanned for PIT tags during field processing and none of the nine broken tags were detected then, decreasing the likely hood that they were broken during processing.
In general the 2009 stainless steel cable array was ineffective at protecting the spillway and TSW’s plume due to its distance above the water (7 to 20 meters), wide spacing, and incomplete installation.  Although consumption was highest in an unprotected zone (Spillway T2) we believe that is because this was the best location to access fish due to hydraulics below the spillway, not the lack of avian array (Figure 15).  It has also been a hot spot for gull consumption in the past (Jones et al. 1999). 
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Figure 15.  Gull distribution represented by seasonal mean counts. One white dot represents one gull.

Surprisingly, unlike previous years, gulls were rarely seen below the smolt monitoring facility outfall pipe even though it was not well protected by avian lines (too high).  This may have been due to continuous spill in 2009 compared to variable spill in previously observed years (1996-98).

Pyrotechnic hazing from the face of the dam was used throughout 2009, but was of limited effectiveness and short duration.  As has been reported in the past, the initial shot fired by a USDA hazer would scatter the feeding flock, only to have them return minutes after the hazing stops (Figure 12, Jonas et al. 2008).  It was the general feeling of USDA hazers that shooting pyrotechnics from the dam was largely unsuccessful do to the distance from the gull flock.  Working from a boat within the BRZ allows hazers to get closer to the flock and increases hazing effectiveness (Figure 12, Figure 13) and has been used in combination with lethal removal at upriver public utility dams with good success (Turner et al. 2008).
The method of offsite baiting of gulls had the longest lasting impact on gull behavior, but its application needs to be carefully considered.  While this technique was good at attracting gulls and keeping them in one area for hours at a time, it might be more effective if deployed kilometers away and out of sight of the dam, potentially at or near the Miller Island Rocks colony.  In this way it would offer birds an easily acquired alternate food source that may keep them away from the dam during key periods of the outmigration.  Since the intent is not to bolster the gull population by providing easy food, baiting should be of a limited nature (weeks) and amount (hundreds of kg) and coincide with the outmigration of federally listed salmonid stocks and lamprey. 

The impact of gull consumption at John Day Dam during the 2009 outmigration depends on the management perspective.  Our estimate of smolt consumption, 80,000 ± 30,000 (95% CI), is similar to that reported by other researchers studying birds at hydroelectric projects (Table 6) but much less than that reported for mid-Columbia tern colony or piscivorous bird colonies in the Columbia estuary. 
Table 6.  Summary of bird consumption estimates made in the Columbia River Basin.  These include both additive (eating live fish) and compensatory (eating fish killed during dam passage) mortality. CAGU is California gull and RBGU is ring-billed gull.
	 Consumption 
	% of Smolt 
	Dam
	Year
	Primary 
	Author

	Estimate
	Index
	
	
	Predator
	

	50,000 to 110,000
	1.3 to 2.9
	John Day
	2009
	CAGU
	Present study

	94,176
	1.8
	John Day
	1998
	CAGU
	Jones et al. 1999

	22,772
	1.6
	John Day
	1997
	CAGU
	Jones et al. 1998

	860 to 20,550*
	< 1
	Rock Island & Rocky Reach
	2002-04
	CAGU & RBGU
	Wiese et al. 2008

	119,250
	2
	Wanapum
	1982
	RBGU
	Ruggerone 1986

	*Original reach estimated made using bioenergetics modeling then assuming 2-15% of consumption happened near the dams.




Locally this amount of gull impact may not be acceptable. John Day Dam survival studies show the project has failed to meet mandated standards; recently they fell short by 7.7% for the endangered age-0 Chinook (Weiland et al. 2008).  In this context even small gains in smolt survival may help the action agencies reach this mandate.  However, at the Crescent Island Caspian tern colony in the mid-Columbia River, tern take of smolts was estimated using bioenergetics modeling to be 465,000 (95% CI: 382,000–547,000) in 2000 and 679,000 (95% CI: 533,000–825,000) in 2001 (Antolos et al. 2005).  Also using bioenergetics further down river at the East Sand Island Caspian tern colony Roby et al. (2007) estimated 5.5 million smolts (95% CI: 4.8 – 6.2 million) were taken that year and more were lost to other fish eating birds. In the context of the large river system, the impact of gulls at John Day Dam may not be deemed as important.  Depending on the perspective of the manager, gull impacts at John Day Dam may be seen as very important locally to meet performance standards, but less important regionally to overall salmon recovery. 

With piscivorous bird numbers increasing throughout the American west, sometimes dramatically, the conflict between birds and juvenile salmon is not likely to end soon.  The gull breeding colony at Miller Island Rocks in The Dalles pool has increased from 960 in 1977 (Conover 1979) to a mean of 6,016 (SD = 148.35) individuals in 2009 (Peter Loschl pers. comm. 2010)  Conover (1983) reports California gull populations in the western United Sates increasing 2.7 times from 1930 to 1980.  He attributed this to an increase in food availability from landfills and agriculture fields as well as increased nesting habitat safe from mammal predators on islands created by artificial impoundments.  Alarmingly, Ackerman (2009) reports that breeding California gulls in the South San Francisco Bay area increased from 200 in 1980 to 46,800 in 1998.  Using radio telemetry he showed these birds depended heavily on nearby landfills.  So, for now, the trend of increasing gull numbers continues. 
RECOMMENDATIONS

There are three primary improvements that could decrease gull consumption of threatened or endangered fish stocks as they migrate past John Day Dam.  An improved avian line array, pyrotechnic hazing from boats within the boat restricted zone, and alternative deterrent methods.  To prevent habituation to hazing it is important that several deterrent methods are available for use from visual, auditory, chemosensory, and physiological (Mason and Clark 1995).

While avian lines have been used to deter gulls since at least 1981 (Ostergaard 1981, Steuber et al. 1995), our understanding of what constitutes a good avian line array is limited.  There is debate about the best spacing between lines and maximum distance above the water they need to be to alter bird behavior.  Confounding the issue are changes in hydropower operations that change with river level (spill and degree of smolt transport), and avian populations that naturally fluctuate through time regardless of avian line deployment.  Improved avian lines at John Day Dam need to be closer to the water and closer together to disrupt the flight path of feeding gulls.  A new array should provide coverage of the TSW plume specifically and the remainder of the spillway in general.  While never measured, observers estimate that gulls fly in the range of 0 to 10 meters above the water as they circulate through the feeding area mostly in an  up and down wind orientation, hovering, and then diving for prey. 
Currently the John Day project imposed a safety limit on array design which requires that lines are no lower than 6.1 meters (20 feet) above the average tailrace elevation.  This safety limitation makes it challenging to design effective avian arrays that can be low enough to alter gull flight paths to prevent them from feeding in the tailrace.  Plans for the 2010 avian line array include complete coverage of the tailrace from the face of the dam to the BRZ dead line.  A synthetic rope (Plasma®
 rope) will be used to reduce line sag, but will still need to attach to towers more than 30 meters above the water’s surface.  To improve protection of the spillway tailrace gaps under the main lines caused by the need for high attachment points, will be filled with tag or filler lines.  These smaller diameter filler lines will be attached to a second carrier cable at a lower elevation beneath a main line and then attached to the main line over the river sagging below it.
The pacific lamprey is a Federal Species of Concern, a State Species of Concern in Oregon, and are monitored by Washington State.  Since most salmonid passage modifications may not benefit this demersal species, a good avian line array downstream of the powerhouse is important for protecting them.  Gull impact on out migrating juvenile lamprey (macropthalmia) should be investigated further to quantify its extent and determine if other management actions are needed to reduce this loss. 

One key to successfully deterring animal behavior is to prevent habituation by using a variety of tools.  Currently only auditory deterrents (pyrotechnics or propane cannons) and habitat modification (avian lines) are typically used at Corps dams.  Alternate methods are employed at airport runways, landfills, and in agriculture settings including: live falconry, green lasers to frighten birds, and loud speakers with a library of digital sounds for example the Long Range Acoustic Device.  More outside-the-box solutions should also be considered.  One unexplored option is a non-lethal directed energy system such as the Active Denial System that uses microwaves to disperse crowds.  A large number of diverse tools will be required by managers to respond to the dynamic nature of bird numbers and behavior at Corps dams.
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APPENDICES

APPENDIX A.  Diet Sampling Protocol
Two people are required, one data recorder/tissue bagger and one dissector.  Both must be wearing clean plastic gloves.  Dissection should be completed ASAP after death.  All carcasses placed on ice in the field until processing to slow digestion.  Samples are to be placed on ice, and frozen upon completion.  Required equipment: scale, dissecting tray, gloves, scissors, scalpel, tin snips, large bags, measuring tape, permanent marker, and Whirl-paks®.

1. Each bird is assigned a SAMPLE NUMBER on the data sheet.

2. Record the date/time, location collected, activity when collected, bird spp., age of bird (adult, sub-adult).

3. Weigh the bird with appropriate scale.

4. Take straightened WING CORD measurement.

5. Carefully cut through the ribs on either side of the sternum and lift up the
breastplate, revealing the thoracic/abdominal cavity.

6. Check for fish in upper esophagus and mouth and either push into labeled whirl-pak through the mouth or into stomach.

7. Lift STOMACH from abdomen.  Cut the juncture of the stomach and small intestine (pylorus) and cut as far up the esophagus as possible, freeing the anterior GI tract.

8. Carefully cut down the length of the esophagus and open revealing STOMACH CONTENTS.  Make an initial ID of intact fish and get a rough estimate of number of each type.
9. Scrape all contents of stomach into whirl-pak labeled with SAMPLE NUMBER, bird spp., and collection date.

10. Close bag and take WEIGHT of sample on top-loading balance.

11. SEX the bird by looking for male or female gonads dorsal to the stomach. They may be diminished if not breeding season.

12. Bag carcass for appropriate disposal.

APPENDIX B.  Stomach Content Images and Diet Summary Tables
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Figure 16.  Image of sample 618100715 showing a PIT tag and salmonids.
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Figure 17.  Image of sample 618114543 showing a cherry pit and a salmonid.

[image: image27.jpg]



Figure 18.  Image of sample 701155757 showing various insects and french fries.
Table 7.  Total mass (g) of items in the diet of California gulls at John Day Dam during 2009 from Kawamura & Parrish report.

	
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	INGESTED
	5/21
	5/28
	6/3
	6/11
	6/18
	6/24
	7/1
	7/9
	7/15
	7/22
	7/29
	Mean (g)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Salmon, steelhead
	243.8
	153.8
	89.2
	79.0
	208.2
	88.6
	13.9
	107.9
	83.5
	61.1
	123.0
	113.8

	  (Salmonidae)
	
	
	
	
	
	
	
	
	
	
	
	

	Lamprey
	0.0
	0.0
	2.3
	1.7
	0.0
	0.0
	0.0
	0.0
	1.3
	0.0
	0.0
	0.5

	  (Lampetra tridentata)
	
	
	
	
	
	
	
	
	
	
	
	

	Terrestrial Insects 
	0.6
	2.8
	0.3
	36.2
	0.0
	11.0
	44.0
	4.5
	7.7
	0.8
	6.0
	10.4

	Aquatic Insects 
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	<0.1

	Earthworm 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	<0.1

	Potato 
	2.5
	0.0
	0.0
	17.1
	0.0
	0.0
	35.8
	3.5
	0.0
	10.9
	0.0
	6.3

	Other fruit 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	4.6
	0.0
	0.0
	0.0
	0.0
	0.4

	Other plant 
	2.2
	0.3
	1.0
	0.1
	0.5
	0.1
	0.5
	0.2
	0.1
	3.8
	0.0
	0.8

	Anthropogenic Organic
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	<0.1

	Bird (feathers) 
	0.3
	0.2
	0.0
	0.1
	0.4
	0.3
	0.0
	0.1
	0.0
	0.1
	0.1
	0.1

	Gravel
	7.5
	4.5
	5.1
	10.0
	9.9
	3.0
	3.7
	9.2
	2.3
	8.0
	12.5
	6.9

	Shells 
	0.1
	0.1
	0.0
	0.4
	0.5
	0.3
	1.9
	0.2
	0.0
	0.0
	0.1
	0.3

	Anthropogenic Inorganic 
	0.0
	0.1
	0.4
	0.0
	1.0
	0.3
	0.0
	0.1
	0.0
	0.4
	0.7
	0.3

	Number of Stomachs
	10
	10
	10
	13
	12
	12
	11
	13
	12
	12
	12
	127

	
	
	
	
	
	
	
	
	
	
	
	
	


Table 8.  Percent mass of all items in the diet of California gulls at John Day Dam during 2009.
	
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	

	INGESTED (%)
	5/21
	5/28
	6/3
	6/11
	6/18
	6/24
	7/1
	7/9
	7/15
	7/22
	7/29
	Mean %

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Salmon, steelhead
	94.9
	95.1
	90.7
	54.6
	94.4
	85.5
	13.3
	85.8
	88.0
	71.7
	86.4
	78.2

	  (Salmonidae)
	
	
	
	
	
	
	
	
	
	
	
	

	Lamprey
	0.0
	0.0
	2.3
	1.2
	0.0
	0.0
	0.0
	0.0
	1.4
	0.0
	0.0
	0.4

	  (Lampetra tridentata)
	
	
	
	
	
	
	
	
	
	
	
	

	Terrestrial Insects 
	0.2
	1.7
	0.3
	25.0
	0.0
	10.6
	42.1
	3.6
	8.1
	0.9
	4.2
	8.8

	Aquatic Insects 
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	<0.1

	Earthworm 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	<0.1

	Potato 
	1.0
	0.0
	0.0
	11.8
	0.0
	0.0
	34.2
	2.8
	0.0
	12.8
	0.0
	5.7

	Other fruit 
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	4.4
	0.0
	0.0
	0.0
	0.0
	0.4

	Other plant 
	0.9
	0.2
	1.0
	0.1
	0.2
	0.1
	0.5
	0.2
	0.1
	4.5
	0.0
	0.7

	Human Source Organic
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.0
	0.0
	<0.1

	Bird (feathers) 
	0.1
	0.1
	0.0
	0.1
	0.2
	0.3
	0.0
	0.1
	0.0
	0.1
	0.1
	0.1

	Gravel
	2.9
	2.8
	5.2
	6.9
	4.5
	2.9
	3.5
	7.3
	2.4
	9.4
	8.8
	5.1

	Shells 
	<0.1
	0.1
	0.0
	0.3
	0.2
	0.3
	1.8
	0.2
	0.0
	0.0
	0.1
	0.3

	Human Source Inorganic 
	0.0
	0.1
	0.4
	0.0
	0.4
	0.3
	0.0
	0.1
	0.0
	0.5
	0.5
	0.2

	Number of Stomachs
	10
	10
	10
	13
	12
	12
	11
	13
	12
	12
	12
	127

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


APPENDIX C.  Pit Tag Histories

Table 9.  Histories of the five readable PIT tags that were recovered from stomachs of California gulls at John Day Dam in 2009. McN is McNary Dam, LGO is Little Goose Dam, LoMo is Lower Monumental Dam, and JDA is John Day Dam.
	
	3D9.1C2D0DF76B
	3D9.1C2C3D6133
	3D9.1C2D13FB8F
	3D9.1C2D21BC98
	3D9.1BF26BC488

	
	
	
	
	
	

	Run
	Summer Sockeye
	Unknown Chinook
	Fall Chinook
	Fall Chinook
	Fall Chinook

	Hatchery
	Sawtooth
	
	Lyons Ferry
	Lyons Ferry
	

	Release Site
	Sawtooth trap
	LGO tailrace
	Snake River 3
	C.J. Rapids acc. pond
	McN Dam tailrace

	Release Date
	5/7/2009
	5/7/2009
	5/26/2009
	5/26/2009
	7/25/2009

	Total rkm
	1442
	695
	522
	785
	470

	Tagging FL (mm)
	106
	127
	81
	84
	129

	
	
	
	
	
	

	Interrogated
	5/27 McN bypass
	5/19 McN bypass
	
	6/8 LGO bypass
	

	Interrogated
	
	
	
	6/9 LoMo bypass
	

	Mortality
	5/28 JDA gull pred.
	5/29 JDA gull pred.
	6/18 JDA gull pred.
	6/18 JDA gull pred.
	7/29 JDA gull pred.
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