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EXECUTIVE SUMMARY 
 

Since 2002, the Fisheries Field Unit (FFU) has used surface observations to evaluate the seasonal 
presence, abundance, and predation activities of pinnipeds, including California sea lions 
(Zalophus californianus), Steller sea lions (Eumetopias jubatus), and harbor seals (Phoca 
vitulina) in the Bonneville Dam tailrace.  This monitoring program was initiated in response to 
concerns over the potential impact of California sea lion predation on adult salmonids passing 
Bonneville Dam in the spring, including spring Chinook salmon (Oncorhynchus tshawytscha) 
and steelhead (O. mykiss).  This report summarizes observations from 2005 through 2007.   
 
Observers stationed at each of the three major tailrace areas of the dam (Powerhouse One [PH1], 
Powerhouse Two [PH2], and the spillway) recorded pinniped presence, recorded and identified 
fish catches, and identified individual California sea lions when possible.  Individual pinnipeds 
were identified by cataloging unique physical characteristics and (for previously trapped and 
tagged animals) unique brand numbers.  Individual identification was used to generate 
abundance estimates and to track individual predation and movement patterns, both within and 
among years.  Observations generally began when California sea lions were seen at the dam on 
consecutive days, and monitoring ceased when the last sea lions departed each year.  This study 
period included the fish passage season from 1 January to 31 May, with special attention paid to 
the spring Chinook salmon passage season at Bonneville Dam (15 March through 31 May).  Few 
pinniped sightings occurred outside this timeframe.  Observations were generally made from just 
prior to sunrise to just after sunset, 7 days per week.  Observations made from 2002 to 2004 
suggested that pinniped activity was minimal at night.   
 

Total estimated salmonid catch has ranged between 3,000 and 4,000 since 2004.  The relative 
impact on the 1 January to 31 May run has varied with the number of fish passing each spring, 
which has declined from a 6-year high of 284,733 in 2002 to 88,474 in 2007.  An estimated 
2,920 adult salmonids (3.4% of the run) were consumed by pinnipeds in the tailrace of 
Bonneville Dam during the 2005 1 January to 31 May fish passage season.  An estimated 3,023 
adult salmonids (2.8% of the run) were consumed in 2006, and an estimated 3,859 adult 
salmonids (4.2% of the run) were consumed in 2007.   Additional salmonids were caught by 
pinnipeds but escaped and swam away with unknown levels of injuries (0.5%, 3.1%, and 1.3% of 
total salmonid catch in 2005, 2006, and 2007, respectively).  Prior to 2005, PH2 consistently 
showed the highest level of predation on salmonids, but in recent years, predation activity has 
become more diffuse, with PH1 accounting for about half of all salmonid catches in 2006 and 
2007.  Salmonid catch at the spillway increased in 2007, likely in response to hazing activities at 
PH1 and PH2.   

 

Pacific lamprey (Lampetra tridentata), white sturgeon (Acipenser transmontanus), and other fish 
were also consumed by pinnipeds on the surface.  Lamprey comprised 9.4% of the total observed 
catch from 2005 to 2007, although lamprey catch is probably underestimated.  Estimated 
lamprey catch has declined since it peaked in 2004 and 2005 with 816 and 810 estimated 
catches, respectively.  An estimated 143 lamprey were caught by sea lions in 2007.  White 
sturgeon was the most commonly observed prey item for Steller sea lions, which made 97.8% of 
the 625 sturgeon catches observed during our study.  Estimated sturgeon catch increased from a 
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single catch (2005), to 315 (2006), and 467 (2007), so there is growing concern about the 
potential impact of Steller sea lions on sturgeon at Bonneville Dam.            

 

The total number of sea lions observed at Bonneville Dam has been relatively stable since 2005, 
but overall presence has increased as both California and Steller sea lions arrived earlier each 
year.  Eighty-five individual pinnipeds were identified in 2005, 85 in 2006, and 80 in 2007.  
Most pinnipeds seen at Bonneville Dam are California sea lions, but Steller sea lion numbers 
have increased since 2005.  From 2003 to 2005, about 2 to 4 Steller sea lions were observed at 
the dam.  This number grew to 10 in 2006 and 9 in 2007.  Harbor seals are seen only 
occasionally at the dam.  The highest number of individual pinnipeds observed at the project on 
any one day has steadily increased, with a maximum daily count of 43 in 2005, 46 in 2006, and 
54 in 2007.  The mean number of pinnipeds observed per day during our study period was 
18.9(standard deviation [s] = 10.1) in 2005, 20.3(s = 13.3) in 2006, and 15.7(s = 13.0) in 2007.   

 

The Corps and other federal, state, and tribal agencies implemented a variety of sea lion 
deterrents at Bonneville Dam from 2005 to 2007.  Physical barriers called sea lion exclusion 
devices (SLEDs) installed at all primary fishway entrances, and floating orifice gate (FOG) 
barriers have proved effective in preventing all but one sea lion from entering fishways. In 2006, 
we tested the efficacy of a hazing (cracker shells, rubber bullets, etc.) and acoustic deterrent 
combination for reducing total salmonid catch and pinniped presence.  The hazing and acoustic 
combination failed to reduce salmonid catch or pinniped presence significantly for the whole 
project, but pinniped activity was reduced near fishway entrances.  Acoustic deterrent devices 
(ADDs) mounted at fishway entrances have had no obvious effect on sea lion predation activity 
near fishways, but observers could only infer response to ADDs and other deterrents based on 
surface activity.  Intensive hazing, both by boat-based and dam-based personnel from various 
agencies, seems to affect the behavior of both California and Steller sea lions, although Steller 
sea lions seem more responsive to hazing efforts.  Steller sea lion presence declined and 
predation on sturgeon effectively halted in response to full-time hazing activity in 2006 and 
2007.  The spillway became a kind of sea lion sanctuary in 2007, as full-time, intensive hazing 
efforts at PH1 and PH2 encouraged California sea lions to use the spillway tailrace.  The 
spillway was extremely turbulent after April 10, which prevented boat access and limited the 
effectiveness of noise-based deterrents used by dam-based hazers.  Relocation efforts in 2007 
also failed.  Ten of 11 California sea lions that were trapped by Oregon Department of Fish and 
Wildlife (ODFW), Washington Department of Fish and Wildlife (WDFW), and National 
Oceanic and Atmospheric Administration (NOAA) personnel and released on the Oregon coast 
returned to Bonneville Dam before the end of the observation season.            

 

Despite the increasingly protracted and visible sea lion presence at the dam, the total number of 
sea lions present and total salmonid catch may be stabilizing.  This monitoring effort should 
continue, particularly in light of management actions that include the possible lethal removal of 
some California sea lions.  The Corps should work with partnering agencies to evaluate impacts 
of pinniped predation in areas farther downstream of the dam.  The Corps should also continue to 
evaluate potential non-lethal sea lion deterrent technologies as part of a long-term strategy to 
reduce sea lion predation on salmonids, sturgeon, and lamprey in the Bonneville Dam tailrace.  

 iv



TABLE OF CONTENTS 
 

EXECUTIVE SUMMARY ......................................................................................................... iii 
TABLE OF CONTENTS ............................................................................................................. v 
LIST OF TABLES ...................................................................................................................... vii 
LIST OF FIGURES ................................................................................................................... viii 
INTRODUCTION......................................................................................................................... 1 

BACKGROUND ........................................................................................................................ 1 
OBJECTIVES............................................................................................................................. 3 

METHODS .................................................................................................................................... 4 
SITE DESCRIPTION ................................................................................................................. 4 
OBSERVATION AREAS .......................................................................................................... 4 
OBSERVATIONS ...................................................................................................................... 5 
INDIVIDUAL IDENTIFICATION............................................................................................ 5 
DETERRENT EVALUATIONS................................................................................................ 7 

2005......................................................................................................................................... 7 
2006......................................................................................................................................... 8 
2007......................................................................................................................................... 8 

PREDATION ESTIMATES .................................................................................................... 9 
RESULTS .................................................................................................................................... 10 

PREDATION ACTIVITY...................................................................................................... 10 
Predation on Adult Salmonids .............................................................................................. 10 
Predation on Pacific Lamprey............................................................................................... 15 
Predation on White Sturgeon................................................................................................ 17 

PINNIPED ACTIVITY .......................................................................................................... 19 
California Sea Lions ............................................................................................................. 21 
Steller Sea Lions ................................................................................................................... 22 
Harbor Seals.......................................................................................................................... 23 
Haul-Out Sites....................................................................................................................... 23 
Navigation Lock Passage and Forebay Sightings................................................................. 24 
Fishway Incursions ............................................................................................................... 24 

DETERRENT RESULTS .......................................................................................................... 24 
2005........................................................................................................................................... 24 
2006........................................................................................................................................... 25 
2007........................................................................................................................................... 26 

DISCUSSION .............................................................................................................................. 28 
PREDATION AND PINNIPEDS............................................................................................. 28 
DETERRENTS......................................................................................................................... 28 
LETHAL REMOVAL .............................................................................................................. 29 
PREDATION IN THE LOWER COLUMBIA RIVER ........................................................... 30 

RECOMMENDATIONS............................................................................................................ 31 
ACKNOWLEDGMENTS .......................................................................................................... 32 
REFERENCES............................................................................................................................ 33 
APPENDICES ............................................................................................................................. 35 

Appendix A.  Summary of historical documentation of pinniped presence in the Columbia 
River.......................................................................................................................................... 36 

 v



Appendix B.  Number and percent (%) of highly-identifiable California sea lions (HIA) that 
were identified and returned to Bonneville Dam in subsequent years (2002-2007)................. 37 
Appendix C.  Assumptions made to determine the number of individual sea lions present and 
to determine estimates of salmonids and other fish caught by pinnipeds................................. 38 
Appendix D.  Hourly pinniped observation form from 2007 season........................................ 40 
Appendix E.  Photographs of typical scars and brands used to identify individual California 
sea lions..................................................................................................................................... 41 
Appendix F.  Sea lion haul-out locations at Bonneville Dam................................................... 42 
Appendix G.  Photographs of sea lion exclusion devices (SLEDs) installed at 12 main fishway 
entrances at Bonneville Dam. ................................................................................................... 43 
Appendix H.  Photograph of floating orifice gate (FOG) with stab plate barriers, designed to 
prevent pinnipeds from entering the fishway collection channel at PH2. ................................ 44 
Appendix I.  Photographs of Airmar dB Plus II acoustic deterrent device (ADD) deployed at 
all main fishway entrances........................................................................................................ 45 
Appendix J.  Photographs of floating platform sea lion trap operations (2007)....................... 46 
Appendix K.  Total observed (unexpanded) number of fish caught by pinnipeds in the 
Bonneville Dam tailrace (2002-2007). ..................................................................................... 47 
Appendix L.  Diel distribution of observed salmonid catch (2002-2007) ................................ 48 
Appendix M.  Mean (with standard deviation) and maximum number of days individual 
California sea lions were observed at Bonneville Dam (2002-2007). ...................................... 49 
Appendix N.  Summary of California sea lion sightings upstream of Bonneville Dam (2002-
2007). ........................................................................................................................................ 50 
Appendix O.  Summary of results from 2005 hazing evaluation. ............................................ 51 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 vi



LIST OF TABLES 
 

Table 1.  Hours observed, salmonids caught, expanded estimate of salmonids caught, estimated 
catch rate, total salmonids passing Bonneville Dam, and percentage of salmonids taken by 
pinnipeds from 1 January to 31 May (2002-2007). ...................................................................... 10 
 
Table 2.  Percent of salmonids caught at each tailrace area, based on expanded estimates at each 
site (2002-2007). ........................................................................................................................... 12 
 
Table 3.  Hours observed, total observed number of Pacific lamprey caught, and expanded 
estimates of Pacific lamprey catch at Bonneville Dam (2002-2007). .......................................... 15 
 
Table 4.  Frequency of lamprey catches at Bonneville Dam tailrace areas, based on expanded 
estimates at each site (2002-2007)................................................................................................ 15 
 
Table 5.  Hours observed, total observed number of white sturgeon caught, and expanded 
estimates of white sturgeon catch at Bonneville Dam (2002-2007). ............................................ 17 
 
Table 6.  Estimated total number of pinnipeds present at Bonneville Dam (2002-2007). ........... 19 
 
Table 7.  Number of highly identifiable, likely identifiable, and not likely identifiable California 
sea lions observed at Bonneville Dam (2002-2007). .................................................................... 22 
 
Table 8.  Results of the 2006 sea lion hazing and acoustic deterrent evaluation (April 2 to May 
27). ................................................................................................................................................ 26 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vii



LIST OF FIGURES 
 

Figure 1.  Map of Bonneville Lock and Dam, with pinniped observation areas highlighted......... 4
 
Figure 2.  Expanded estimated number of adult salmonids (Oncorhynchus spp.) caught by 
pinnipeds in the Bonneville Dam tailrace (2002-2007)................................................................ 11
 
Figure 3.  Diurnal salmonid catch by pinnipeds, per observation hour, in Bonneville Dam tailrace 
(2002-2007)................................................................................................................................... 13
 
Figure 4.  Mean (with standard deviation) daily number of adult salmonids caught during peak 
predation season (2002-2007), during which 80% of total expanded salmonid catch occurred. . 14
 
Figure 5.  Number of days included in the peak predation season, during which 80% of total 
expanded salmonid catch occurred. .............................................................................................. 14
 
Figure 6.  Total daily observed Pacific lamprey catch by pinnipeds at Bonneville Dam (2002-
2007). ............................................................................................................................................ 16
 
Figure 7.  Diel distribution of Pacific lamprey catch by pinnipeds, per hour of observation (2002-
2007). ............................................................................................................................................ 16
 
Figure 8.  Total daily observed white sturgeon catch by pinnipeds at Bonneville Dam in 2006 
and 2007........................................................................................................................................ 18
 
Figure 9.  Size distribution of white sturgeon caught by sea lions at Bonneville Dam in 2006 and 
2007, from estimated total lengths (ft) recorded by observers (n=537). ...................................... 18
 
Figure 10.  Daily minimum estimated number of pinnipeds (California sea lions, Steller sea 
lions, and harbor seals) present at Bonneville Dam (2002-2007)................................................. 20
 
Figure 11.  Mean (with standard deviation) and maximum daily estimated number of pinnipeds 
(California sea lions, Steller sea lions, and harbor seals) present during the peak predation season 
(80% of total salmonid catch) at Bonneville Dam (2002-2007)................................................... 21
 
Figure 12.  Daily estimated number of Steller sea lions present at Bonneville Dam (2003-2007).
....................................................................................................................................................... 23 
 
 
 

 
 
 

 viii



INTRODUCTION 
 

BACKGROUND 

The increasing seasonal presence of pinnipeds at Bonneville Dam on the Columbia River is a 
growing concern to fisheries managers.  California sea lions (Zalophus californianus) and Steller 
sea lions (Eumetopias jubatus) congregate below the dam in the winter and spring to prey on 
Chinook salmon (Oncorhynchus tshawytscha), steelhead (Oncorhynchus mykiss), white sturgeon 
(Acipenser transmontanus), Pacific lamprey (Lampetra tridentata), and other fish.  The impacts 
of this predation on Endangered Species Act (ESA) listed salmonids and other fish populations 
are poorly understood.   

Historical records of the presence of pinnipeds in the Columbia River are few (Appendix A), but 
pinnipeds were documented as far upriver as Celilo Falls and The Dalles in historic times 
(Thwaites 1969; Oregon State Board of Fish Commissioners 1889).  In the early 1900s, concerns 
about the impact of pinnipeds on Columbia River salmon and other fisheries prompted the states 
of Oregon and Washington to initiate pinniped bounty programs.  These bounty programs, which 
were active through the 1960s, and the construction of Bonneville Dam (1938) and The Dalles 
Dam (1960) reduced the presence of harbor seals (Phoca vitulina) and sea lions in the Columbia 
River.  All marine mammals, including seals and sea lions, received federal protection under the 
Marine Mammal Protection Act of 1972 (MMPA).   

California sea lion numbers have increased dramatically since the 1970s.  A 2003 study 
estimated the population size at about 250,000 animals (NOAA).  California sea lions, mostly 
adult and sub-adult males, can be seen in the lower Columbia River throughout most of the year.  
In the summer (June-August), the sea lions return to breeding rookeries in southern California.  
One or two sea lions in the tailrace of Bonneville Dam were reported during fishway inspections 
almost every year from 1980 to 2000.  However, in 2001, there were reports of up to six sea lions 
observed at one time at Bonneville Dam.  The eastern stock of Steller sea lions, which includes 
the animals found in the Columbia River estuary year-round, is listed as threatened under ESA.  
The current eastern stock population estimate is about 31,000 animals.  Harbor seals (Phoca 
vitulina) are present in the Columbia River estuary year-round, but particularly in the spring and 
fall when large numbers of salmon are present, and in the winter during smelt (Thaleichthys 
pacificus) migration.  Harbor seals are seen throughout the year at Bonneville Dam, but continue 
to have a very minor presence.  About 25,000 animals comprise the Oregon/Washington stock of 
harbor seals. 
 
The 2000 Federal Columbia River Power System Biological Opinion (section 9.6.1.5.3, action 
Item 106) called for an evaluation of marine mammal predation in the tailrace of Bonneville 
Dam.  This document cited high rates of marine mammal tooth and claw abrasions on fish 
examined at the Lower Granite Dam adult trapping facility from 1990-1993 (Harmon et al. 
1993).  In April of 2001, after several pinnipeds had been seen for a month in the Bonneville 
Dam tailrace, the Fisheries Field Unit (FFU) was directed to document the number of pinnipeds 
present and to determine their departure date.  We began observing on 11 April, and saw the last 
pinniped on 13 May.  The highest number of pinnipeds observed at any one time was six.  Since 
2002, we have monitored pinniped activity at Bonneville Dam during the 1 January through 31 
May fish passage season.  Since 2002, we have used thousands of hours of observations to 
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determine the timing and duration of pinniped predation activity, estimate the number of fish 
caught, record the number of pinnipeds present, identify and track individual California sea lions, 
and evaluate various pinniped deterrents used at the dam.  A comprehensive report on the first 
three years of this study can be found in Stansell (2004).   
 
Full-time pinniped observations, prompted by consistent sightings of at least one animal, began 
earlier each year from 2002 to 2004. Although some sightings were reported earlier in the 
season, full-time observations did not begin until 21 March (2002), 3 March (2003), and 24 
February (2004).  Observations concluded by the last week in May or first week of June, when 
the last of the pinnipeds left the area for the season.  As the observation season became more 
protracted, pinniped numbers also increased.  The maximum number of individual pinnipeds 
observed on any single day increased from 14 in 2002 to 37 in 2004, while the mean number of 
pinnipeds observed per day increased from 4 in 2002 to 14 in 2004.  The total number of 
California sea lions seen in the Bonneville Dam tailrace increased dramatically from 2002 to 
2003, rising from at least 30 to at least 101.  The number of individual California sea lions 
returning also increased during the 2002-2004 study period.  We identified at least 14 individual 
California sea lions in 2003 as returns from 2002.  We identified at least 43 individual California 
sea lions in 2004 as returns from 2003, 12 of those having been also seen in 2002 (Appendix B).   
Harbor seals had a minor presence in our study area, with only one or two individuals 
documented each year.  No Steller sea lions were observed in 2002, but their presence in the 
Bonneville Dam tailrace has increased in recent years.  Observers documented at least 3 
individual Steller sea lions in 2003 and 2 in 2004.   
 
The rise in California sea lion presence increased the impact of pinniped predation on returning 
adult salmonids from 2002 to 2004.  An estimated 1,010 adult salmonids (0.4% of the run) were 
consumed by pinnipeds in the tailrace of Bonneville Dam during the 2002 1 January to 31 May 
fish passage season.  An estimated 2,329 adult salmonids (1.1% of the run) were consumed in 
2003, and an estimated 3,533 adult salmonids (1.9% of the run) were consumed in 2004.  
Additional salmonids were caught by pinnipeds but escaped and swam away with unknown 
levels of injuries (11.9%, 9.5%, and 1.8% of total salmonid catch in 2002, 2003, and 2004 
respectively).  Observers also reported pinniped predation on Pacific lamprey, American shad 
(Alosa sapidissima), yearling salmonids, centrarchids, and Northern pikeminnow (Ptychocheilus 
oregonensis).  Although likely underestimated, lamprey comprised at least 4.6% to 13.1% of the 
total catch observed while shad comprised up to 3.3% of the total catch. 
 
Observations continued in the spring of 2005, when pinniped activity at Bonneville Dam became 
a serious and visible issue as first one, and then several sea lions began entering the fishways.  
Non-lethal pyrotechnics were used to haze sea lions out of the fishways and physical barriers 
called sea lion exclusion devices (SLEDs) were installed at fishway entrances on 30 May.  Some 
hazing, which involved the use of non-lethal pyrotechnics and rubber bullets, from boats was 
also conducted.  In 2006 and 2007, we continued observations and evaluated the effectiveness of 
various deterrents and barriers used at the dam.  Physical barriers and deterrents included SLEDs 
at all main fishway entrances and barriers at floating orifice gates (FOGs), acoustic deterrent 
devices (ADDs) at all primary fishway entrances, dam-based hazing by contracted U.S. 
Department of Agriculture (USDA) Wildlife Services personnel, and hazing from boats by state, 
tribal, and other personnel. 
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OBJECTIVES 
 

1. Estimate the number of adult salmonids and other fish consumed by pinnipeds in the 
Bonneville Dam tailrace and estimate the proportion of the adult salmonid run impacted. 

2. Determine the seasonal timing and abundance of pinnipeds present at the Bonneville 
Dam tailrace, documenting individual California sea lion presence and predation activity 
when possible. 

3. Evaluate the effectiveness of pinniped deterrents and barriers used at Bonneville Dam. 
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METHODS 
 
SITE DESCRIPTION 
 
Bonneville Lock and Dam (river mile 146) is the first hydroelectric dam upstream from the 
mouth of the Columbia River.  Construction of Powerhouse One (PH1), the spillway (main 
dam), and navigation lock was completed by 1938.  Powerhouse Two (PH2) was completed in 
1982, and a new navigation lock replaced the original lock system in 1993.  The tailrace of the 
dam is divided into three main channels separated by Robins Island, Bradford Island, and 
Cascades Island (Figure 1).  Tanner Creek, a minor tributary, empties into the Columbia River on 
the Oregon shore, about 2 km downstream of the dam.   
 

Primary Observation Area

Robins Island

Bradford Island

PH1

Spillway

PH2

Columbia River

N

Cascades Island

OREGON

WASHINGTON

Hamilton Island

Tanner Creek

Primary Observation Area
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Columbia River

N

Cascades Island

OREGON

WASHINGTON

Hamilton Island

Tanner Creek

 
Figure 1.  Map of Bonneville Lock and Dam, with pinniped observation areas highlighted. 
   
 
OBSERVATION AREAS 
 
From 2005 to 2007, we observed pinniped activity primarily at the powerhouse and spillway 
tailraces.  Observers were stationed at the powerhouse decks and at an observation point on the 
north shoreline of Bradford Island at the spillway (Figure 1).  Portions of the tailrace of the three 
main channels were not visible from the observer locations.  Bends in the shorelines and 
limitations on the effective distance for detailed observations limited the size of the primary 
observation areas.  Therefore, we defined each tailrace observation area as the area between the 
face of the dam structure (PH1, PH2, and spillway) and a line-of-sight about ¾ of the distance to 
the Washington shore (Figure 1).  We defined our study area as the three tailrace observation 
areas combined. 
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Additional observations were made near the mouth of Tanner Creek, and from the downstream 
ends of Robins, Bradford, and Cascades islands.  Data from these locations were not included in 
most analyses because observed fish catches often overlapped with those from primary 
observation areas, and our previous work suggested that most pinniped activity was concentrated 
in near-dam areas (Stansell 2004). 
 
 
OBSERVATIONS 
 
We used surface observation techniques similar to those described in Stansell (2004).  The study 
period was from 1 January through 31 May, but observations were made intermittently until sea 
lions were seen consistently.  Observations were generally made during all daylight hours (dawn 
until dusk), five to seven days per week, during the regular observation season.  A single 
observer was stationed at each of the PH1, PH2, and spillway tailraces for one of two 5 to 8-hour 
shifts:  morning (dawn to mid-day), or afternoon (mid-day to dusk).  Observations started and 
ended on the hour, but the total number of observation hours, and the start and end times of the 
shifts varied with day length.  Observers rotated between observation locations from day to day.  
Some observations were conducted at night, aided by night-vision binoculars and a 2 million 
candle-power spotlight.  Assumptions made regarding surface observations are included in 
Appendix C.   
 
Observers used 8x30 binoculars to monitor pinniped activity in the tailrace observation areas.  
Observations were recorded on standardized hourly forms (Appendix D).  Information recorded 
by observers included date, observation hour (later converted to PST), tailrace observation area, 
estimated number of individual pinnipeds present per hour, individual pinnipeds identified, the 
prey type and time of each fish catch event.  Observers reported a fish catch as “lost” if the fish 
was caught, and subsequently lost (alive) by the pinniped.  When possible, observers identified 
the individual pinniped responsible for the fish catch.  Descriptions and sketches of special 
physical characteristics or behavior that would help distinguish one pinniped from another were 
noted.  When time and opportunity permitted, video or photos of individuals were taken to 
document distinctive characteristics or to record predation events.  During pinniped deterrent 
evaluations in 2006, observers separately recorded pinniped activity and hazing activities within 
100 feet of fishway entrances.  Pinnipeds moved between observation areas throughout the day.  
Observers used two-way radios to confirm the presence or absence of individual pinnipeds at 
each tailrace, discuss individual characteristics for identification, and to loosely track movements 
of individuals between tailraces.  This communication also ensured that fish catches were not 
double-counted as pinnipeds drifted downstream, between observation areas. 
 
 
INDIVIDUAL IDENTIFICATION 
 
Individual California sea lion identification was used to determine the number of sea lions 
present (daily and seasonally), and to track individual presence and predation activity.  Since 
Steller sea lion and harbor seal presence was relatively minor at the dam, we did not attempt to 
identify and track individuals of these species.  However, our seasonal estimates of Steller sea 
lion and harbor seal abundance, which should be considered minimum abundance estimates, 
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were derived from simultaneous multiple sightings across the study area, and from sightings of 
individual animals that were sufficiently different in appearance (size, coat color, coat pattern) to 
allow at least within-day identification.  We used video and photos from digital video recorders 
equipped with 12X optical zoom lenses, 35mm cameras, field sketches, and observer notes to 
identify unique marks for individual California sea lions, and to confirm identities of individuals 
seen by multiple observers.  We identified individual pinnipeds by noting a combination of 
physical characteristics such as placement of cuts, scars, lumps, color patterns, size, maturity, 
tags (brands), and behavior (Appendix E).   
 
Several behavioral and physical factors aided observers in the identification process.  The longer 
an individual animal was present, the more time it spent above the water surface or hauled-out on 
land, and the more closely it approached observation positions, the easier it was for us to detect 
enough characteristics to identify it.  Hazing activities altered the behavior of some individuals, 
with sometimes negative impacts on the individual identification process.  Hazing activity 
prompted some animals to stay farther away from dam structures and to spend more time below 
the surface of the water.  Individual identification efforts were also hindered when sea lions were 
chased off haul-out locations (Appendix F) before observers had an opportunity to identify the 
animals.  Variation in physical characteristics also made some individuals more difficult to 
identify than others.  Some had obvious markings that were readily visible; others had subtle 
markings or scars that were rarely seen, or that were not visible in subsequent years.   
 
Due to variation in physical appearance and behavior, identified individuals were assigned to 
categories of certainty.  The first category included “highly identifiable” animals, or animals that 
were branded and those with marks or features that made them unique and likely to be identified 
in subsequent years (e.g. circle scars, major deformities, major scars or wounds).  The second 
category included “likely identifiable” animals, which were animals that had unique marks or 
features, but were more difficult to observe.  These animals had characteristics which allowed us 
to identify the individual within a particular year, but the marks or features were probably not 
good enough to identify the individual in subsequent years (e.g. small fresh cuts or wounds, 
subtle color patterns, missing patches of fur).  The third category included “not likely 
identifiable” individuals, which included animals that lacked unique distinguishing marks or 
features, but displayed enough physical or behavioral nuances that within a day or short period of 
time, we could distinguish individuals from the others in our study area.  However, there would 
be no chance of identifying particular animals again in subsequent years or outside of our study 
area, and if an animal left for some time and returned, we could not be certain it was the same 
individual.  Additionally, some animals had virtually no identifying marks or features, never 
came in close enough for identification, did not stay long enough, or did not spend enough time 
above water for observers to note any characteristics that would distinguish them from other 
animals.  These additional animals could be counted in daily tallies to determine how many 
pinnipeds were present, but we could see them the next day and have no idea if they were the 
same animal or a different one, so they could not be used for annual tallies of individual sea 
lions. 
 
Animals in the “highly identifiable” category were used to determine number and percent of 
individuals returning each year.  Animals in the “high” and “likely” categories were added to 
determine the minimum number of individuals seen for each entire season or year.  The “not 
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likely identifiable” category was used for daily tallies to determine the minimum number of 
pinnipeds seen per day. 
 

 
DETERRENT EVALUATIONS 
 
We used and evaluated a variety of pinniped deterrents, from physical barriers to non-lethal 
harassment (hazing) techniques, from 2005 to 2007.  Sea lion exclusion devices (SLEDs, 
Appendix G) are large, barred, grate-like physical barriers that were installed at Bonneville 
Dam’s twelve primary fishway entrances to prevent sea lions from entering the fishways.  The 
SLEDs feature 15.38-in (39.05 cm) gaps that are designed to allow fish passage.  Floating orifice 
gates (FOGs) were equipped with barriers to prevent sea lions from entering the fishway 
collection channel running below deck of PH2 (Appendix H).  Airmar dB Plus II* acoustic 
deterrent devices (ADDs), which emit a 205 decibel sound in the 15 kHz range, were installed at 
fishway entrances (Appendix I).  Hazing involved a combination of acoustic, visual, and tactile 
non-lethal deterrents, including vessel chasing, above-water pyrotechnics (cracker shells, 
screamer shells or rockets), rubber bullets or rubber buckshot, and underwater percussive devices 
known as seal bombs. 
 
 
2005 
 
Deterrents were first used at Bonneville Dam to attempt to keep sea lions from preying on 
salmonids and other fish in 2005.  Hazing of sea lions that entered fishways began on 13 April 
and continued through the season.  Above-water pyrotechnics were used initially, with rubber 
bullets being added to the effort later in the season.  In May, additional hazing was conducted by 
ODFW, WDFW, NOAA, and Corps personnel, from the dam and boats, to see if sea lions could 
be chased away from fishway entrances and out of the tailrace.  Deterrents included above water 
pyrotechnics, rubber bullets, and seal bombs.  On 5 May, at about 1200 h, several personnel 
stationed at the tailrace deck of PH2 used seal bombs simultaneously to attempt to drive sea lions 
away from fishway entrances.  About 3 to 5 minutes later, personnel used a second round of seal 
bombs.  Immediately following this hazing, teams on three boats moved upstream of the sea 
lions and used above-water and underwater pyrotechnics to chase them downstream to the tip of 
Cascades Island, where they created a picket and attempted to keep any animals from entering 
the powerhouse tailrace.  This method was repeated on 6 May at both powerhouse tailrace areas.  
On 17 and 18 May, this process was again repeated, with the addition of more dam-based hazing 
from the tailrace decks and downstream shorelines of the tailrace areas.  Observers recorded the 
number of pinnipeds present and the predation before, during, and after these periods of 
harassment.  In addition, fish counts were examined closely for possible impacts to fish passage 
with use of underwater pyrotechnics. 
 
Four prototype SLEDs were designed and built for deployment at fishway entrances.  The 
SLEDs were installed the week of 30 May, but most sea lions had left the Bonneville Dam area 
by this date (Pinniped Results, Figure 10).  Three acoustic deterrent devices (ADDs), loaned by 
NOAA, were deployed on 21 April in the Washington shore ladder junction pool, near PH2. 
 
* Use of product name does not imply endorsement by the U.S. Army Corps of Engineers 
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2006 
 
In 2006, SLEDs were installed between 12 February and 4 March at all main fishway entrances.  
Acoustic deterrents were in place at or near all fishway entrances before the end of February.  
From 5 March to the end of May, we used a randomized, paired-treatment, 4-day block design to 
test the efficacy of a hazing/acoustic deterrent combination.  During 2-day treatment periods, 
acoustic deterrent devices were activated and hazing was conducted by boat and dam-based 
hazers.  On control days, ADDs were turned off and no hazing occurred.  On the first day of a 2-
day treatment (hazing) period, ADDs were turned on at 0500 h; they were turned off at 2000 h 
on the second day.  On treatment days, USDA agents generally hazed pinnipeds from the decks 
and shorelines of Bonneville Dam from dawn to dusk.  Agents only hazed sea lions active within 
100 ft of fishway entrances and sea lions that were hauled out at the dam. Cracker shells and 
rubber bullets were used for harassment most of the time, but some noisy screamer rockets were 
used to haze animals from greater distances (particularly at the spillway).  On both treatment and 
control days, additional observations were made of the presence of sea lions and salmonid catch 
that occurred within 100 ft of fishway entrances.  To quantify pinniped presence near fishway 
entrances, observers recorded the number of times pinnipeds surfaced within 100 ft of fishway 
entrances.  We used a t-test to compare total estimated salmonid catch and daily pinniped 
abundance during treatment and control blocks.  A t-test was also used to compare total observed 
salmonid catch and pinniped activity within 100 ft of fishway entrances during treatment and 
control blocks.  As we were limited to surface observations, salmonid catch within 100 ft of 
fishway entrances only included instances in which the sea lion initially surfaced with the fish 
within the defined area. 
 
Boat-based ODFW, WDFW, Columbia River Inter-Tribal Fish Commission (CRITFC), and 
other personnel hazed sea lions from 2 April to 27 May.  Boats operated from Bonneville Dam 
(river mile 146) downstream to near Navigation Marker 85 (river mile 139).  These personnel 
used above-water pyrotechnics, rubber bullets, and seal bombs.  Boat-based hazing was 
conducted in an alternating 4-day block schedule (4 days of hazing, 4 days off) that overlapped 
with dam-based hazing efforts.  See Wright et al. (2007) for a complete description of boat-based 
hazing efforts.   
 
 
2007 
 
In 2007, SLEDs were installed between 10 January and 22 January at all main fishway entrances, 
and were removed between 30 May and 7 June, following the departure of the sea lions.  
Acoustic deterrents were installed and running at all fishway entrances by mid-January, and were 
turned off and removed by early June.  Based on 2006 deterrent evaluations, the Corps and 
agency partners agreed to conduct “maximum effort” non-lethal hazing, with some restrictions 
for the use and conduct of hazing relating to fish passage issues and personnel safety concerns.  
USDA agents hazed pinnipeds from the decks and shorelines of Bonneville Dam from dawn to 
dusk, 7 days per week, beginning 1 March and ending 31 May.  Initially, this hazing was to 
include two agents per shift, but USDA was unable to provide enough personnel to meet that 
requirement, so generally one agent was hazing at any given time.  Due to work schedule 
overlaps, sometimes two agents were actively hazing.   
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From 1 February through 27 February, ODFW and WDFW hazed pinnipeds from the boat 
restricted zone (BRZ) downstream to Navigation Marker 85.  This hazing was conducted 3-5 
days per week, during daylight hours.  From 28 February through 24 May, personnel from 
ODFW, WDFW, CRITFC, and other agencies hazed from boats from Bonneville Dam to 
Navigation Marker 85, 7 days per week, during daylight hours.  Occasionally, two or more boats 
were actively hazing, but typically only one boat was present.  Boat-based hazing included the 
use of cracker shells, rubber bullets, and seal bombs.  When salmonid passage reached 1000 per 
day, no seal bombs were allowed within the boat restricted zone (BRZ).  For human safety and to 
limit impacts on migrating fish, boat activity was not allowed within approximately 30 m from 
all dam structures and 50 m from fishway entrances.  The use of seal bombs was prohibited 
within 100 m of fishways, floating orifices, the PH2 corner collector flume, and the downstream 
smolt monitoring facility (SMF) outfall.  See Brown et al. (2007) for a complete description of 
boat-based hazing efforts. 
 
To capture and relocate sea lions, ODFW, WDFW, and NOAA used a portable floating sea lion 
trap moored in the PH2 tailrace, near the PH2 corner collector flume (Appendix J).  The trap was 
generally checked daily for sea lion use.  Trapped animals were moved to transfer cages, then 
transported via these cages or a modified horse trailer to Astoria, Oregon.  In Astoria, unmarked 
animals were tagged and branded, and some were outfitted with a satellite tracking device.  After 
being processed, trapped animals were released at Astoria or at other locations on the Oregon 
coast.  See Brown et al. (2007) for further details.   
 
 
PREDATION ESTIMATES 
 
Salmonid, lamprey, and sturgeon predation estimates for the season were made by taking the 
daily observed adult salmonid (Chinook salmon, steelhead, and unidentified salmonids 
combined), lamprey, and sturgeon predation at each of the tailrace sites and expanding for the 
hours not observed based on seasonal hourly salmonid, lamprey, and sturgeon catch rates.  All 
three tailrace estimates were combined to calculate total daily estimated catch.  For days on 
which no observations were made, we averaged expanded estimates for the day before and the 
day after the missed observation day.  All daily estimated catch totals for the project were added 
to get the total estimated catch for the year.  The estimated impact on salmonids passing during 
the observation period (expressed as percent of run) was calculated by dividing total estimated 
salmonid catch by the sum of the estimated salmonid catch for the year plus the total salmonid 
passage count from Bonneville Dam for the 1 January through 31 May time period. 
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RESULTS 
 

PREDATION ACTIVITY 
 
From 2005 to 2007 (1 January through 31 May), observers completed 9,192 hours of 
observations at the three Bonneville Dam tailrace areas (Table 1).  Observers spent an additional 
248 hours recording activity downstream of our study area.  During this period, observers saw 
pinnipeds catch and consume 11,835 fish (Appendix K).  Adult salmonids (Oncorhynchus spp.) 
were the primary prey item, comprising at least 75.6% (n=8,946) of observed catches.  Pacific 
lamprey and white sturgeon were the second and third most commonly identified prey species, 
comprising 9.4% and 5.3% of total observed catch, respectively.  Observers were unable to 
identify 8.7% (n=1,025) of the fish caught and consumed by pinnipeds during this period, but 
based on other observation data, most “unknown” catches by California sea lions were likely 
salmonids. 
 
 
Predation on Adult Salmonids 
 
Annual expanded estimates of pinniped predation on adult salmonids in the Bonneville Dam 
tailrace increased each year, from 2,920 fish in 2005 to 3,859 fish in 2007 (Table 1, Figure 2).  
An additional 96 salmonids were observed caught at observation areas downstream of the 
primary study area.  The relative impact, expressed as the estimated percentage of the salmonid 
run taken by pinnipeds, varied with run size and the expanded estimate of salmonid catch.  Total 
adult salmonid passage at the dam during the 1 January through 31 May study period ranged 
from 82,006 in 2005 to 105,063 in 2006, continuing a general downward trend in fish passage 
(from a 6-year high of 284,733 in 2002, the first year of our study).  The estimated percentage of 
the salmonid run taken by pinnipeds in the Bonneville Dam tailrace between 2005 and 2007 
averaged 3.5% (standard deviation (s) = 0.7%), with a high of 4.2% in 2007.  
 
Table 1.  Hours observed, salmonids caught, expanded estimate of salmonids caught, 
estimated catch rate, total salmonids passing Bonneville Dam, and percentage of salmonids 
taken by pinnipeds from 1 January to 31 May (2002-2007). 

   Expanded Estimated Total Percent of 
 Total Total Estimate of Salmonids Salmonids Salmonid Run

Study Hours Salmonids Salmonids Caught per Passing Taken by 
Year Observed Caught Caught Hour Observed Bonneville Pinnipeds 
2002 662 448 1,010 1.5 284,733 0.4% 
2003 1,356 1,538 2,329 1.7 217,185 1.1% 
2004 553 1,324 3,533 6.4 186,804 1.9% 
2005 1,108 2,659 2,920 2.6 82,006 3.4% 
2006 3,647 2,718 3,023 0.8 105,063 2.8% 
2007 4,433 3,569 3,859 0.9 88,474 4.2% 
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Chinook salmon were the most commonly identified prey species, comprising about 42% of 
expanded estimated total catch from 2005 to 2007.  Steelhead were the second most commonly 
identified salmonid prey species, comprising about 5% of expanded total catch during the same 
period.  Steelhead, which are present in the Bonneville Dam tailrace throughout the winter and 
spring months, comprised the majority of salmonid catches prior to the onset of the spring 
Chinook salmon run.  Total observed steelhead catch has increased each year since 2002, from 6 
catches during the first year of observations to 311 in 2007.  This corresponds to an expanding 
observation season at Bonneville Dam, as California and Steller sea lions arrive earlier each year.  
Unidentified salmonids comprised about 28% of expanded total catch from 2005 to 2007.  Most 
unidentified salmonids caught during the spring Chinook run (mid-March to 31 May) were 
probably Chinook salmon, and salmonids caught before the spring Chinook run were probably 
steelhead.   
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Figure 2.  Expanded estimated number of adult salmonids (Oncorhynchus spp.) caught by 
pinnipeds in the Bonneville Dam tailrace (2002-2007).  Expanded estimates are derived 
from observations made during daylight hours between January 1 and May 31. 
 
Observers recorded only 13 smolt (juvenile Oncorhynchus spp.) catches by pinnipeds from 2005 
to 2007, but because smolts typically measure less than 200 mm in total length (TL), they can be 
consumed by pinnipeds below the surface.  It can be assumed that predation on smolts was 
higher than our observations indicate, although preliminary results from 2006 and 2007 analyses 
of Bonneville Dam sea lion scat suggested that smolt were a minor part of the diet of the sea 
lions (Wright et al. 2007, Brown et al. 2007). 
 

 11



California sea lions were the primary predator of adult salmonids in the Bonneville Dam tailrace, 
accounting for 99.0% of the 8,946 observed adult salmonid catches, and 99.8% of the 4,957 
observed Chinook salmon catches from 2005 to 2007.  About 91.4% of observed steelhead 
catches were attributed to California sea lions during this period, with Steller sea lions reportedly 
catching 8.5% of the total.  Harbor seal predation activity in the tailrace of Bonneville Dam was 
relatively minor.  An observer saw a harbor seal catch one steelhead in 2006, and no salmonid 
catches were observed in 2005 or 2007. 
 
To assess relative predation at each of the three Bonneville Dam tailrace areas, we used 
expanded estimates of salmonid predation for each area.  These expansions accounted for any 
bias due to differences in the number of hours of observation for each area.  Prior to 2005, PH2 
consistently showed the highest level of predation, accounting for 56.8% (s = 1.3%) of expanded 
salmonid total catch.  Since 2005, predation has become more diffuse, with substantial increases 
in estimated salmonid catch at PH1 and the spillway (Table 2).  From 2005 to 2007, PH1 
accounted for 43.3% (s = 11.5%) of estimated salmonid catch, and PH2 accounted for 35.7% (s 
= 8.9%).  Estimated salmonid take at the spillway jumped from the 2002-2004 average of 6.8% 
(s = 3.8%) to an annual average of 21.0% (s = 11.3%) since 2005.     
 
 
Table 2.  Percent of salmonids caught at each tailrace area, based on expanded estimates at 
each site (2002-2007).   Regular observations were not made at the spillway in 2004.  
 

Study 
Year PH1 PH2 Spillway 
2002 32.9% 56.0% 11.1% 
2003 39.6% 56.0% 4.4% 
2004 - - - 
2005 33.2% 44.9% 21.9% 
2006 55.8% 34.9% 9.3% 
2007 41.0% 27.2% 31.8% 

 
 
Sea lions foraged throughout the daylight hours, with peaks in salmonid catch in the early 
morning and the late afternoon in 2006 and 2007 (Figure 3; Appendix L).  Salmonid catch during 
the mid-day and afternoon hours had generally increased each year since 2002, but in 2006 and 
2007, catch during this period declined, possibly in response to hazing efforts (see Pinniped 
Activity and Deterrent results sections).  The peak predation hour shifted from 1300-1400 h in 
2005 to 0500-0600 h in 2006 and 2007.     
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Figure 3.  Diurnal salmonid catch by pinnipeds, per observation hour, in Bonneville Dam 
tailrace (2002-2007).  Observations for the 0400-0500 and 1900-2000 were made in 2002 
only.   
 
Some adult salmonids, including both steelhead and Chinook salmon, were caught by sea lions 
and brought to the surface, but escaped and swam away before being eaten.  This action was 
difficult to document, as the fish was often only visible for a few seconds.  The unexpanded 
numbers of adult salmonids caught and subsequently lost by sea lions was 13 in 2005, 83 in 
2006, and 47 in 2007.  This resulted in an observed loss rate of 0.5% of total salmonid catch in 
2005, 3.1% in 2006, and 1.3% in 2007, or a 3-year average of 1.6% (s = 1.3%).  This suggests a 
decline in observed catches lost by sea lions, as the 2002-2004 average was 8.4% (s = 6.4%).  
This decline may partially be attributed to observer error, as some observers detected these “lost” 
catches more often than others, and our observation crew changed in composition each year.  
Observers were unable to estimate the degree of injury to lost adult salmonids, since these fish 
were typically only visible at the surface of the water for a few seconds (Harmon et al. 1993). 
 
We defined the peak predation season as the period during which 80% of all predation on adult 
salmonids occurred, which typically lasted from mid-March to mid-May.  Each year, sea lion 
presence and predation activity increased rapidly during this period as the spring Chinook run 
began.  Because observations in 2005 did not begin until 24 March, well after the beginning of 
predation activity, the peak predation season was artificially contracted relative to other years.   
While the average number of calendar days (includes days without observation) included in this 
period has remained relatively stable (48.2 days, s = 5.0, 2005 data excluded), the average daily 
number of adult salmonids caught increased from 19.6 (s = 13.4) in 2002 to 64.8 (s = 42.1) in 
2007 (Figures 4, 5).  The high degree of variance in mean daily salmonid catch reflects the rapid 
rise in fish catch during the spring Chinook run.  

 13



 

0

20

40

60

80

100

120

2002 2003 2004 2005 2006 2007

YEAR

M
EA

N
 D

A
IL

Y 
EX

PA
N

D
ED

SA
LM

O
N

ID
 C

A
TC

H

 
Figure 4.  Mean (with standard deviation) daily number of adult salmonids caught during 
peak predation season (2002-2007), during which 80% of total expanded salmonid catch 
occurred.  Start and end dates for the peak predation season varied with predation levels 
from year to year.  Regular observations did not start until 24 March in 2005, although sea 
lion predation activity at the dam was seen earlier in the year. 
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Figure 5.  Number of days included in the peak predation season, during which 80% of 
total expanded salmonid catch occurred.  The 90% of estimated catch period is included 
for comparison.  Observations did not start until mid-March in 2005, despite sea lion 
predation activity at the dam earlier in the year.   
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Predation on Pacific Lamprey 
 
Pacific lamprey was the second most commonly observed prey item for California sea lions, 
after adult salmonids.  Most predation on lamprey occurred in May, concurrent with increases in 
lamprey passage at Bonneville Dam (Figure 6).  Total observed lamprey catch peaked in 2005, 
with 613 observed catches (Table 3).  Observed lamprey catch declined to 374 in 2006 and 119 
in 2007.  Predation on lamprey was strongest in the early morning hours (0500-0900 h), and 
typically declined throughout the day (Figure 7).  An exception to this pattern was seen in 2006, 
when lamprey catch increased in the afternoon.    
 
We used expanded estimates of lamprey predation to assess relative predation at each of the 
three Bonneville Dam tailrace areas.  These expansions accounted for any bias due to differences 
in the number of hours of observation for each area.  From 2002 to 2005, PH2 consistently 
showed the highest level of predation, accounting for 68.1% (s = 10.4%) of expanded lamprey 
total catch.  In 2006 and 2007, PH1 replaced PH2 as the tailrace with the most catches, 
accounting for 60.4% and 58.0% of estimated lamprey catches, respectively (Table 4).  
Estimated lamprey catch at the spillway jumped from the 2002-2006 average of 4.7% (s = 1.4%) 
to 19.6% in 2007, coinciding with an overall increase in sea lion activity in that tailrace.     
 
Table 3.  Hours observed, total observed number of Pacific lamprey caught, and expanded 
estimates of Pacific lamprey catch at Bonneville Dam (2002-2007).   
 

   Expanded Estimated 
 Total Total Estimate of Lamprey 

Study Hours Lamprey Lamprey Caught per 
Year Observed Caught Caught Hour Observed 
2002 662 34 47 0.07 
2003 1,356 283 317 0.23 
2004 553 120 816 1.48 
2005 1,108 613 810 0.73 
2006 3,647 374 424 0.12 
2007 4,433 119 143 0.03 

 
Table 4.  Frequency of lamprey catches at Bonneville Dam tailrace areas, based on 
expanded estimates at each site (2002-2007).   Regular observations were not made at the 
spillway in 2004. 
 

Study 
Year PH1 PH2 Spillway
2002 12.8% 83.0% 4.3% 
2003 33.8% 61.5% 4.7% 
2004 - - - 
2005 25.4% 67.7% 6.9% 
2006 60.4% 36.6% 3.1% 
2007 58.0% 22.4% 19.6% 
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Figure 6.  Total daily observed Pacific lamprey catch by pinnipeds at Bonneville Dam 
(2002-2007).   
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Figure 7.  Diel distribution of Pacific lamprey catch by pinnipeds, per hour of observation 
(2002-2007). 
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Predation on White Sturgeon 
 
White sturgeon was the most commonly observed prey item for Steller sea lions, which made 
97.8% of the 626 observed sturgeon catches since 2002 (Table 5).  Observers did not see any 
predation on sturgeon until 2005, when a single catch was recorded.  Since then, Steller sea lion 
predation on sturgeon has increased, with at least 265 observed catches in 2006 and 360 in 2007.  
Most observed predation on sturgeon occurred from January through March, prior to the onset of 
the spring Chinook salmon run and heavy sea lion harassment activity (Figure 8).  Steller sea 
lions were known to be catching sturgeon in the vicinity of Bonneville Dam as early as 
December in both 2006 and 2007, so observed and expanded catches represent minimum catch.  
A total of 8 additional sturgeon catches were observed at areas downstream of our study area 
during the observation seasons of 2006 and 2007.   
 
We used expanded estimates of sturgeon predation to assess relative predation at each of the 
three Bonneville Dam tailrace areas.  These expansions accounted for any bias due to differences 
in the number of hours of observation for each area.  Most predation on sturgeon occurred at the 
spillway, which accounted for 79.3% of total expanded sturgeon catch in 2006 and 64.6% in 
2007.  Predation on sturgeon increased at PH2, which accounted for 13.4% of total expanded 
sturgeon catch in 2006 and 29.5% in 2007.   
 
When possible, observers estimated the total length of all but 87 sturgeons caught.  The 
estimated total lengths of sturgeon caught in 2006 and 2007 ranged from less than 2 ft (0.6 m) to 
9 ft (2.7 m), with 69% of sturgeon (n=537) falling between 2 and 5 feet in length (Figure 9).     
 
 
Table 5.  Hours observed, total observed number of white sturgeon caught, and expanded 
estimates of white sturgeon catch at Bonneville Dam (2002-2007).   
 

      Expanded Estimated 
 Total Total Estimate of Sturgeon 

Study Hours Sturgeon Sturgeon Caught per 
Year Observed Caught Caught Hour Observed 
2002 662 0 N/A 0 
2003 1,356 0 N/A 0 
2004 553 0 N/A 0 
2005 1,108 1 N/A 0.00 
2006 3,647 265 315 0.09 
2007 4,433 360 467 0.11 
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Figure 8.  Total daily observed white sturgeon catch by pinnipeds at Bonneville Dam in 
2006 and 2007.  Hazing in the Bonneville Dam boat restricted zone (BRZ) started on 2 
April 2006 and 28 February 2007.     
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Figure 9.  Size distribution of white sturgeon caught by sea lions at Bonneville Dam in 2006 
and 2007, from estimated total lengths (ft) recorded by observers (n=537).  Observers were 
unable to estimate the sizes of an additional 87 sturgeon.   
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PINNIPED ACTIVITY 
 
The estimated number of individual pinnipeds observed at Bonneville Dam for any one year 
from 2005 to 2007 has remained relatively constant, ranging from 80 to 85 (Table 6).  There was 
a slight decrease in the number of individually identified California sea lions each year, but the 
number of Steller sea lions rose in 2006 and 2007 compared to previous years.  Hazing activities 
in 2006 and 2007 made individual California sea lion identification (and therefore, abundance 
estimation) more challenging when compared to previous years, so estimated totals should be 
considered minimum estimates.   
 
 
Table 6.  Estimated total number of pinnipeds present at Bonneville Dam (2002-2007).   
 

 2002 2003 2004 2005* 2006 2007 
California Sea Lions 30 106 101 80+ 72 69 

Steller Sea Lions 0 3 2 4+ 10 9 
Harbor Seals 1 2 2 1+ 3 2 

TOTAL  31 111 105 85+ 85 80 
 * Regular observations did not begin until 24 March in 2005
 
The highest number of pinnipeds identified on any one day was 54 in 2007, followed by 46 in 
2006 and 43 in 2005 (Figure 10).  This continues the trend of the peak number of pinnipeds seen 
on any one day increasing each year.  However, the mean number of pinnipeds seen per day 
during the study period decreased in 2007 (15.7, s = 13.0) from a high of 20.3 (s = 13.3) in 2006 
and 18.9 (s = 10.1) in 2005.  The mean number of pinnipeds seen per day during the peak 
predation season (defined as the period during which 80% of salmonid catch occurred) also 
declined slightly from 2006 (32.1, s = 6.7) to 2007 (27.1, s = 12.0).  Each year, the number of sea 
lions present increased from mid-March to mid-May, resulting in a high degree of variation in 
mean daily number of pinnipeds present during both the peak predation season and the 1 January 
through 31 May study period (Figure 11).  
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Figure 10.  Daily minimum estimated number of pinnipeds (California sea lions, Steller sea 
lions, and harbor seals) present at Bonneville Dam (2002-2007). 
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Figure 11.  Mean (with standard deviation) and maximum daily estimated number of 
pinnipeds (California sea lions, Steller sea lions, and harbor seals) present during the peak 
predation season (80% of total salmonid catch) at Bonneville Dam (2002-2007).  Peak 
predation dates varied with predation levels from year to year. 
 
 
California Sea Lions 
 
In all years between 2005 and 2007, fewer California sea lions were identified than in 2003 and 
2004.  In 2005, California sea lions were observed consistently from 20 February (there was a 
single sighting on 21 January) through 3 June (with a single sighting on 10 June).  In 2006, the 
first California sea lion was observed on 9 February and the last on 2 June (with a single sighting 
on 5 June), while in 2007, 8 January was the first day a California sea lion was seen and they 
were last seen on 26 May (with a single sighting on 7 November).  This continues the trend of 
some California sea lions arriving earlier every year.  Each year, we determined how many 
identifiable individuals returned from previous years.  In 2006 and 2007, 50% of the identified 
California sea lions were seen at Bonneville Dam the previous year, while 60% of the sea lions 
seen in 2005 had been seen in 2004 (Appendix B).  Of the 16 individuals identified in 2002, at 
least four (25%) were seen in all five subsequent study years. 
 
We were able to track some individual California sea lions within each season.  The most 
number of days any individual spent at Bonneville Dam increased from 2005 (39 days) to 2007 
(70 days) (Appendix M).  The mean number of days identified individuals were observed at 
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Bonneville Dam also increased each year, jumping from 7.5 (s = 7.5) in 2005 to19.9 (s = 21.0) 
and 20.3 (s = 17.7) in 2006 and 2007, respectively.  The high degree of variation for daily 
presence of known individuals can likely be attributed to the difficulty of sighting and 
identifying each animal on a daily basis, although some animals arrived at the dam much earlier 
in the season than others.  Individual predation behaviors, movement patterns, and haul-out 
patterns make some animals more likely to be identified than others.     
 
California sea lions were identified to the individual level, when possible.  Identified animals fell 
into three general categories, as described in Table 7.  The majority of animals fell into the 
“highly identifiable” category every year, and fewer than 10 animals were placed in the “not 
likely identifiable” category each year.  Our ability to identify new individuals has probably 
increased since 2002, as the estimated number of individuals that were not likely identifiable has 
decreased each year since 2004, and the number of likely identifiable individuals has dropped 
from a high of 32 in 2003 to 6 in 2007.  A fourth category included those animals we never got a 
good look at or those that were simply bereft of marks, making them impossible to distinguish 
from other similarly unidentifiable animals.  These indistinguishable individuals were noted in 
daily observations, and numbered about four (median) per day since 2002, although some days 
and years were higher and these estimates are highly subjective.  The highest number for this 
category was in 2005, when we contracted personnel from other agencies late in the season and 
did not have time to adequately train or supervise observers to the level of identifying individuals 
by their unique markings.  In total, it is possible that an additional 15 to 35 California sea lions 
visited the study area each year but escaped our efforts to uniquely identify them.   
 
 
Table 7.  Number of highly identifiable, likely identifiable, and not likely identifiable 
California sea lions observed at Bonneville Dam (2002-2007).     
 

Number of California Sea Lions Identification 
Category 2002 2003 2004 2005 2006 2007 

Highly Identifiable 16 74 84 68 65 63 
Likely Identifiable 14 32 17 12 7 6 

Not Likely Identifiable 6 10 10 8 7 0 
 
 
Steller Sea Lions 
 
The number of Steller sea lions observed at Bonneville Dam increased from 4 in 2005 to 10 in 
2006 and 9 in 2007 (Figure 12).  This coincides with the substantial increase in sturgeon 
predation seen in those years.  As we do not identify individual Steller sea lions, these figures 
also represent the highest numbers seen on any one day for each year.  The increasing presence 
of Steller sea lions and their predation on sturgeon may cause us to focus more attention on them 
in the future. 
 
Steller sea lions were occasionally seen at Bonneville Dam in November and December.  As we 
are not regularly observing, we only have anecdotal information on sightings and fish catch 
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during these months.  In 2006 and 2007 they were seen regularly in the tailrace area from 
January to early March, when hazing activities began.  After hazing began, fewer Steller sea 
lions were observed through May. 
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Figure 12.  Daily estimated number of Steller sea lions present at Bonneville Dam (2003-
2007).  No Steller sea lions were seen at the dam in 2002.   
 
 
Harbor Seals 
 
Harbor seals continued to have a minor presence from 2005 to 2007.  In 2005, observers 
recorded at least one individual harbor seal during the 1 January through 31 May study period, 
and at least 3 were seen in 2006, and 2 in 2007 (Table 5). 
 
 
Haul-Out Sites 
 
We have observed pinnipeds hauling-out at specific locations at Bonneville Dam in increasing 
numbers over the years.  In 2002, although we never saw any pinnipeds hauled-out at the dam or 
at any locations up to 5 mi (8 km) downstream from the dam, sea lions were occasionally seen 
resting in the calm water areas of the PH1 tailrace.  In 2003, a few California sea lions began 
hauling-out on the southernmost spill bay ogees.  In 2004, this haul-out activity began to include 
several spill bays across the entire spillway dam.  By 2005, one California sea lion was seen to 
haul-out on the downstream navigation lock boat dock several times, and a few California sea 
lions were seen hauled-out along the PH2 side of the corner collector, where there is a concrete 
apron.  By 2006 and 2007, the concrete apron along the corner collector became the preferred 
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haul-out site, on both sides (PH2 and spillway) depending on tailwater elevation.  Some sea lions 
hauled-out inside the downstream (outfall) end of the corner collector when it was not in 
operation.  Sea lions continued to use the spill bay ogees at the southern end of the spillway as 
haul-outs, prior to the beginning of the spill season in April, and were occasionally seen hauled-
out on Bradford Island, near the WG65 entrance to PH1.  No harbor seals have been seen hauled-
out at or near the dam, but Steller sea lions can be seen hauled-out at the corner collector from 
December through May of each year now, with California sea lions typically seen hauled-out 
from February to the end of May.    
 
 
Navigation Lock Passage and Forebay Sightings 
 
California sea lions were occasionally observed upstream of Bonneville Dam, passing by means 
of the navigation lock, even prior to our study.  Since 2002, we have documented one or more 
sea lions upstream of Bonneville Dam every year except 2007 (Appendix N).  On 10 March 
2006, California sea lion C309 rode a barge downstream through the navigation lock; he 
promptly jumped into the water as soon as the barge exited the lock.  Our study area was the 
Bonneville Dam tailrace, and we did not have personnel to spare to observe predation upstream, 
but we did receive periodic reports (many unconfirmed) of predation in the Bonneville Dam 
forebay, near The Dalles Dam, and at points in between.  
 
 
Fishway Incursions 
 
We first documented a California sea lion entering a fishway at Bonneville Dam on 18 March 
2004.  Most fishway incursions can be attributed to just one animal, C404, who was seen in the 
ladders on at least seven separate days in 2004, 20 days in 2005, 33 days in 2006, and 10 days in 
2007.  On 14 April 2004, an observer noted that C404 caught a fish in the PH2 tailrace and 
dragged it into the fishway to eat it.  Since 2004, C404 has caught at least 14 adult salmonids in 
Bonneville Dam fishways, but this is likely an underestimate.  SLEDs have not prevented C404 
from entering fishways.  Early in the season, he was to be able to squeeze through the SLED 
bars, and he was observed multiple times jumping over the FOGs. 
 
At least nine other California sea lions entered the lower portion of the Washington shore (PH2) 
or Cascades Island fishways prior to the installation of the SLEDs on 30 May 2005.  C147, 
C258, C259, and C265 were documented in a fishway at least once prior to this date, but since 
the SLEDs were installed, only C404 has been seen in the fishways. 
 
 

DETERRENT RESULTS 
 
2005 
 
Norberg et al. (2005) described results of 2005 hazing efforts at Bonneville Dam.  Pinnipeds 
could readily be chased downstream with the use of seal bombs, and many were seen moving 
quickly downstream immediately after their use.  On 5 May, after the initial hazing from the PH2 
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deck at 1200 h, the hazers kept the pinnipeds out of the tailrace for four hours.  After boat-based 
crews quit hazing at 1600 h, first three, then five California sea lions returned and ate four 
salmon between 1600 and 1700 h at PH2.  On 6 May, after the initial hazing, it was 1 hour and 
48 minutes before an animal returned at PH2 and 42 minutes at PH1.  Although the boat-based 
and dam-based hazers chased these animals downstream, other sea lions continued to return in 
larger numbers and had to be chased downstream throughout the day.  After repeated hazing, 
some individuals did not leave the tailrace.  This possible habituation in response to hazing was 
also seen on 17 and 18 May.  On these dates, hazing was initially effective, but later the 
California sea lions returned within minutes and were not always successfully chased out of the 
tailrace.  In general, the number of sea lions was reduced at PH1 and PH2 tailraces, but the 
numbers seen in the spillway tailrace increased as did predation at this location. 
 
The average hourly number of sea lions present and the total number of salmonids caught 
between 0600 and 1700 h on the day before, during, and after a hazing day are shown in 
Appendix O.  On days that hazing occurred, the hourly average number of sea lions present was 
less (10.9) than on the hours before and after hazing (18.3 and 14.5 respectively), with after 
hazing still showing less than before hazing began.  Observed salmonid predation was also lower 
during hazing hours.  Although predation was not eliminated entirely and animals returned after 
hazing, this indicated to us that active, large scale hazing from land and boats might be an 
effective means to displace most sea lions present, and reduce predation in that area.  
 
 
2006 
 
California sea lion C404 was first seen in a fishway on February 26, having passed through the 
bars of the SLEDs.  He was only seen in the Washington shore ladder of PH2 after March 3 
where he was likely entering through the floating orifice gates (FOGs).  Temporary bars were 
installed on all the FOGs, and C404 was at the project but not seen in any fishways between 12 
April and 8 May, when he left the project.  No other sea lions were seen in the fishways.  C404 
was observed to swim into and through a junction pool that was equipped with an ADD, and did 
not show any signs of being deterred or hindered by the presence of the device. 
 
Results of the hazing and acoustic deterrent evaluation can be seen in Table 8.  Hazing and 
acoustic deterrent efforts failed to reduce the number of salmon taken or the total number of 
pinnipeds present at the project.  Total observed salmonid catch was actually significantly higher 
on days with hazing and acoustics (p-value = 0.02), but fewer pinnipeds were present within 100 
ft of fishway entrances on those days (p-value = 0.002).  There were no significant differences in 
salmonid catch or pinniped presence between days with or without boat-based hazing.  Slightly 
fewer salmon were taken on days when boat hazing occurred, but more pinnipeds were present 
near the entrances.  This may be because the boats had limited access and could not get too close 
to the dam, having the occasional effect of chasing some pinnipeds closer to the dam.  Steller sea 
lions were responsive to hazing activities, and sturgeon predation in the study area was 
effectively halted when boat-based hazing began (Predation Results, Figure 8).  See Wright et al. 
(2007) for a detailed summary of boat-based hazing efforts and summary of sea lion scat 
analysis. 
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Table 8.  Results of the 2006 sea lion hazing and acoustic deterrent evaluation (April 2 to 
May 27).  A paired-treatment, randomized 4-day block design (2 days on or off) was used 
to test the efficacy of a dam-based hazing/acoustic deterrent combination for reducing 
salmonid catch and pinniped presence.  Boat-based hazers operated on a 4-days on, 4-days 
off schedule that overlapped with the dam-based deterrent evaluation. 

Dam-Based Hazing and Acoustic Deterrents 
Active 
(On)   

Inactive 
(Off)   

p-value 
(α = 0.05) 

Total project salmonid catch 1,488  1,177  0.02 
Average daily project pinniped presence 26.8  27.1  0.4 
Salmonid catch within 100 ft of fishway entrances 202  232  0.22 
Total pinniped activity within 100 ft of fishway entrances1 9,098   12,819   0.002 
       

Boat-Based Hazing 
Active 
(On)   

Inactive 
(Off)   

p-value 
(α = 0.05) 

Total project salmonid catch 1,147  1,241  0.33 
Average daily project pinniped presence 29.3  27.3  0.24 
Salmonid catch within 100 ft of entrances 183  186  0.47 
Total pinniped activity within 100 ft of fishway entrances1    8,870   7,623   0.17 

1 Pinniped activity was defined as the number of times pinnipeds surfaced within 100 ft of a fishway entrance.  
 
 
2007  
 
With the exception of one California sea lion, SLEDs and FOG barriers successfully prevented 
pinnipeds from entering the Bonneville Dam fishways in 2007.  California sea lion C404 was 
first seen in the Washington shore fishway on March 28, and was subsequently seen in the 
fishway on 10 of the next 18 days (to April 16).  He was also seen in the Cascades Island 
fishway on April 3.  On multiple occasions, observers reported witnessing C404 attempting to 
jump over the floating orifices and into the collection channel at the north end of PH2.  On April 
2, C404 jumped over the a floating orifice after at least 6 failed attempts, and on April 16, he 
exited the PH2 collection channel by jumping over a floating orifice after being hazed in the 
Washington shore fishway.  Acoustic deterrent devices continued to have no visible effect on the 
behavior of sea lions near fishway entrances, and no experimental evaluations were conducted in 
2007. 
 
In 2007, a combined total of about 35,000 deterrent devices (cracker shells, rubber bullets, seal 
bombs, etc.) were used by dam-based and boat-based hazers, essentially doubling hazing effort 
(Brown et al. 2007, Wright et al. 2007, USDA Wildlife Services unpublished data).  The 
increased hazing effort of 2007 did appear to alter the behavior of both California and Steller sea 
lions.  Observers reported that California sea lions became more secretive in response to hazing, 
spending more time below the surface than usual; making individual identification more 
difficult.  This may be reflected in the lower number of individuals counted in 2007 when 
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compared to 2005 and 2006 (Table 6), but the continuing decrease in “likely” and “not likely 
identifiable” California sea lions may suggest otherwise (Table 7).   
 
Sea lion presence, adult salmonid catch, and the percentage of lamprey catch increased at the 
spillway in 2007.  These increases can probably be attributed to increased hazing efforts at the 
PH1 and PH2 tailraces.  As in previous years, the Corps began releasing water at 95-100 kcfs 
through the Bonneville Dam spillway gates in early April (10 April in 2007) to aid downstream 
passage of juvenile salmonids.  This spill created an extremely turbulent environment in the 
spillway tailrace. Boats were not allowed in the spillway tailrace, and USDA agents reported that 
dam-based hazing effectiveness was greatly reduced at the spillway as a result of the turbulence 
and distances involved (John Vickrey, USDA, personal comm.).  This effectively created a 
refuge for sea lions, resulting in a relative increase in predation activity in the spillway tailrace 
(Predation Results, Tables 2, 4).          
 
Steller sea lions were more responsive than California sea lions to hazing efforts.  From 1 
February to 26 February, ODFW, WDFW, and CRITFC personnel hazed from boats below the 
BRZ to Navigation Marker 85, with little impact on Steller sea lion predation within our study 
area (inside the BRZ).  From 28 February to 24 May, hazing was conducted daily by boats and 
USDA agents within the BRZ of the Bonneville Dam tailrace.  Steller sea lion presence and 
sturgeon catch declined almost immediately in response to the intensive hazing efforts (Predation 
Results, Figure 8).  See Brown et al. (2007) for a detailed summary of boat-based hazing efforts 
and sea lion scat analysis.      
 
ODFW, WDFW, and NOAA captured a total of 11 California sea lions and 3 Steller sea lions 
between 4 April and 17 May (Brown et al. 2007).  The 7 California sea lions that had not been 
previously captured and branded were tagged and branded before being released on the Oregon 
coast.  Of the California sea lions captured and relocated, 10 were seen again at Bonneville Dam 
before the end of the observation season (about 31 May).  The individual that did not return, 
C699, was captured and released on 17 May, when sea lion activity at Bonneville Dam was 
declining for the season.  Trapped animals that returned took an average of 9.8 days (range = 6 to 
16) to return to Bonneville Dam from the Oregon coast.  The individual released south of 
Seaside, at Del Ray Beach, returned in 9 days; the rest were released at Astoria.  In previous 
years, we have seen returns from Astoria in as little as 2 days.  Steller sea lions were not 
individually marked, so it is unknown whether any returned to Bonneville Dam following 
relocation. 
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DISCUSSION 
 
PREDATION AND PINNIPEDS 
 
The estimated number of adult salmonids caught by pinnipeds in the Bonneville Dam tailrace has 
increased from 1,010 (0.4% of 1 January to 31 May run) in 2002 to 3,859 (4.2% of run) in 2007.  
The total number of fish passing the dam during the this period has declined steadily since 2002, 
raising concerns about the impact of sea lion predation in years with smaller spring Chinook 
salmon runs.  Of particular concern is the impact of predation on particular ESA-listed stocks 
that comprise the spring Chinook run.  Keefer et al. (2007) determined that sea lion predation at 
Bonneville Dam is almost certainly having differential impacts on the various spring Chinook 
salmon stocks, and that the largest relative predation risks were for early migrant stocks.  These 
included fish from the Salmon (Little Salmon), Clearwater (South Fork, Lolo Creek, Lochsa), 
and Icicle River watersheds.  The 382% increase in total estimated salmonid catch from 2002 to 
2007 is alarming, but sea lion predation levels at Bonneville Dam may be stabilizing.  Since 
2004, total estimated adult salmonid catch has consistently ranged between about 3,000 and 
4,000 fish, regardless of the number of fish passing during the study period. 
 
The sea lion season at Bonneville Dam has grown more protracted in recent years, as a few 
California sea lions and most Steller sea lions have arrived earlier each year.  This increased 
predation activity prior to the mid-March through mid-June spring Chinook salmon run has 
resulted in increased impacts on steelhead and white sturgeon.  Increases in the mean daily 
number of pinnipeds observed slowed, and actually decreased in 2007, probably because of the 
presence of a few sea lions early in the season.  This slight decline is evident even if we look 
only at the peak predation season (defined as the period during which 80% of salmonid predation 
occurs), which has expanded by only 8 days since 2002.  Despite consistently earlier sightings, 
overall increases in the number of days California sea lions have spent in the Bonneville Dam 
tailrace, and the increase in Steller sea lion activity in 2006 and 2007, the total estimated number 
of individual pinnipeds at the dam has remained relatively constant since 2005, ranging 
somewhere between 80 and 85 animals.  This may explain the relative consistency of total 
salmonid catch, as sea lions have finite nutritional requirements.  The estimated number of 
pinnipeds observed represents a minimum estimate, as it does not include all California sea lions 
that are unidentifiable.  It is possible that an additional 15 to 35 California sea lions visited the 
study area each year but escaped inclusion in our estimates.        
 
 
DETERRENTS 
 
Non-lethal deterrents have been used with mixed success at Bonneville Dam.  Physical barriers, 
including the SLEDs and FOG barriers, have successfully prevented all but one sea lion from 
entering the fishways, but preventing predation in the tailrace areas and near fishway entrances 
has proved difficult.  Acoustic deterrent devices appear to be ineffective in deterring sea lion 
predation activity near fishway entrances at Bonneville Dam, based on the 2006 deterrent 
evaluation and surface observations of sea lions in close proximity to the ADDs.  These devices 
are known to work less effectively in turbulent waters, where entrained air disrupts the sound 
waves produced by emitters.  Observers are limited in their ability to assess the effects of ADDs, 
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SLEDs, or other deterrents on sea lions or prey fish, as we are limited to monitoring surface 
activity.  A DIDSON* (Dual frequency Identification Sonar) or similar high-definition acoustic 
imaging device could provide valuable insight on the behavior of sea lions and salmonids, 
sturgeon, and even lamprey in close proximity to fishway entrances and ADDs.     
 
Although hazing activity has noticeably altered the behavior of both California and Steller sea 
lions, total salmonid catch has not declined in response to hazing efforts.  California sea lions 
often dove underwater during hazing events, but some were effectively chased out of tailrace 
areas by boats or dam-based hazers.  However, hazing did not appear to have a lasting effect on 
many individual sea lions, and some individual sea lions seem completely unresponsive to 
hazing efforts.  For example, California sea lion C309 was hazed at least 21 times in 2006, yet he 
was present at the dam throughout the season and was also seen (and hazed) in 2007.  Observers 
consistently reported the resumption of predation activity within minutes of the departure of 
boat-based or dam-based hazers.  The transitory efficacy of hazing efforts suggests that more 
sustained and intensive hazing might actually reduce predation activity, but due to the size of the 
Bonneville Lock and Dam project, it is unreasonable to expect that boat-based and dam-based 
hazers could execute intensive hazing at each of the three tailrace areas simultaneously, during 
all daylight hours, seven days per week.  In 2006, dam-based and boat-based hazers logged 
hundreds of hours and used a combined estimated total of about 17,000 deterrent devices 
(cracker shells, screamer shells, rubber bullets and buckshot, seal bombs, etc.), and 35,000 were 
used in 2007.  While these efforts effectively halted Steller sea lion predation on sturgeon in the 
Bonneville Dam tailrace in both 2006 and 2007, no other tangible results were realized.  More 
intensive hazing would be even more costly, and it would carry unknown risks to fish residing in 
or passing through the Bonneville Dam tailrace.  In addition, the apparent shift in predation on 
salmonids toward early morning and evening hours in 2006 and 2007 (Figure 3, Appendix L) 
suggests that intensive hazing may encourage crepuscular and even nocturnal predation.  Hazing 
at night is not possible for many reasons, including safety concerns. 
 
Relocation of trapped sea lions proved ineffective in 2007, as 10 of 11 California sea lions 
trapped at Bonneville Dam and released on the Oregon coast returned to the dam before the end 
of the observation season. 
 
 
LETHAL REMOVAL 
 
Since non-lethal deterrents have not been shown to reduce the numbers of Pinnipeds present at 
Bonneville Dam or reduce predation on salmonids, the states of Oregon, Washington, and Idaho 
applied for a permit from NOAA to lethally remove California sea lions at the dam under Section 
120 of the MMPA on 5 December 2006.  NOAA determined that the states’ application provided 
enough supporting evidence to justify the establishment of a pinniped-fishery task force.  This 
task force met three times in October of 2007 to review the application and public comments and 
to evaluate additional information regarding sea lion predation on Chinook salmon and steelhead 
at Bonneville Dam. A final report, which included recommendations to NOAA, was completed 
on 5 November 2007.  NOAA then reviewed this report, included input from the Marine 
Mammal Commission (MMC), and developed an Environmental Assessment (EA), as required 
by NEPA, for four alternative actions (NOAA Draft Environmental Assessment of the Take of 
* Use of product name does not imply endorsement by the U.S. Army Corps of Engineers 
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California Sea Lions at Bonneville Dam Pursuant to Section 120 of the Marine Mammal 
Protection Act).   
 
In March 2008, following a period of public and internal review, NOAA granted permission to 
remove up to 85 California sea lions as outlined in the recommended alternative.  NOAA 
estimated that 30 could be taken the first year.  These animals would be removed by lethal 
injection and/or shooting, or they would be transferred to facilities expressing a desire to keep 
them.  The decision by NOAA is currently under litigation, but the states are making 
preparations, should the decision be upheld in federal courts.  The states are working with the 
Corps, enforcement agencies, an animal care and use committee, and various other groups to 
create a plan to address safety issues and removal coordination.  Three additional traps will be 
built, with a tagging barge to follow by early May 2008.  Logistics for a holding facility and 
potential sites that want some of these animals (zoos and aquariums have expressed interest in 
taking numerous animals) are also being explored.  
 
NOAA also recommended that agencies “…monitor impacts elsewhere in the lower Columbia 
River to assess the level of impact from predation relative to observed levels at Bonneville Dam 
and to other sources of mortality that are being managed under the various salmon recovery 
plans.  Monitoring would assist NOAA and the task force in evaluating the effectiveness of lethal 
removal, as required by the MMPA.”  It should be noted that this would be a multi-year removal 
program, with required annual review of results by the pinniped-fisheries task force for at least 
the next 3 to 4 years to evaluate the effectiveness of the program. 
 
 
PREDATION IN THE LOWER COLUMBIA RIVER 
 
Predation estimates detailed in this report can only be used to describe pinniped predation 
activity in the Bonneville Dam tailrace areas, from approximately January through May.  The 
majority of California sea lions that are seen regularly in Astoria do not come to Bonneville Dam 
in the spring.  Based on branded individual re-sights, California sea lions observed at Bonneville 
Dam probably represent only about 10% of the California sea lions that regularly haul out in 
Astoria (Matthew Tennis, Pacific States Marine Fisheries Commission, personal comm.).  Little 
information is available on pinniped predation activities in the lower Columbia and tributaries 
between Bonneville Dam and Astoria, and there is increasing interest in the total impact of 
California sea lions and other pinnipeds on adult salmon in the lower Columbia River basin.  
ODFW monitored California sea lion predation at the Willamette Falls Locks from 1996 to 2002 
and noted at least five sea lions at the locks and estimated them to have taken up to 300 
salmonids (NMFS and ODFW 1997).  Between 0.3% to 2.7% of the winter steelhead population, 
0.3% to 1.3% of the summer steelhead population, and 0.5% to 0.7% of the spring Chinook 
population passing the project was taken by California sea lions during this study (Bryan Wright, 
ODFW, personal comm.). 
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RECOMMENDATIONS 
 

1. In light of overall increases in estimated adult salmonid and white sturgeon catch, the 
earlier and more protracted presence (if not total seasonal abundance) of California and 
Steller sea lions from January through May in the Bonneville Dam tailrace, and potential 
management actions by wildlife management agencies, we strongly suggest a 
continuation of this important monitoring program.            

2. The Corps should coordinate with partnering agencies performing observations in the 
area immediately downstream of our study area.  In 2008, students from Portland State 
University will be monitoring sea lion predation activity from Hamilton Island, covering 
the area from Tanner Creek to just downstream of Moffett Creek.  Personnel from 
ODFW and WDFW will make limited observations in other areas.  

3. SLEDs and FOG barriers should continue to be used to prevent sea lions from entering 
the fishways of Bonneville Dam. 

4. The Corps could use DIDSON or similar technology to assess the reaction of sea lions 
and fish to acoustic deterrents, and to assess general sea lion and fish interactions near 
fishway entrances.  

5. The Corps should continue to assist in the pursuit and evaluation of potential non-lethal 
deterrent technologies as part of a long-term strategy to reduce pinniped predation on 
adult salmonids, sturgeon, and lamprey in the Bonneville Dam tailrace. 
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Appendix A.  Summary of historical documentation of pinniped presence in the Columbia 
River.  
 
Historically, harbor seals were present in the Columbia River as far east as Celilo Falls. Lewis 
and Clark reported in their journals (Thwaites, 1969) seeing “Great numbers of sea otters in the 
river below the falls” (Celilo Falls). Additional reports of “sea otters”, later correctly identified 
as harbor seals, were observed around the Cascade Rapids, Beacon Rock, and off the mouth of 
the Washougal River in the fall of 1805. In fact, the Washougal River was once called Seal River 
(Thwaites, 1969), which implies the presence of seals in the area. Also, Phoca Rock, named for 
harbor seals, is situated between Multnomah Falls and Rooster Rock. According to the 1888 
Report to the Oregon State Board of Commissioners (1889) “Hundreds of seals can be seen in 
the month of July at The Dalles, 200 miles distant from the mouth of the river…” Once 
Bonneville Dam was built, pinnipeds were blocked from swimming up to Celilo Falls to feed on 
the salmon concentrated there. The 1959 Corps of Engineers (COE) Annual Fish Passage Report 
(AFPR) stated that seals and sea lions were observed more frequently in previous years, some 
being caught in the McCord and Corbett Point fishwheels and mentions a large bull sea lion 
about five miles below Bonneville Dam seen in 1959. Doug Arndt, Corps of Engineers Fish 
Biologist (retired), reported seeing California sea lions hauled out at Bonneville Dam’s Bradford 
Island (lower end of Bonneville Dam tailrace) in the early 1970’s (pers. comm.). Lyman et al. 
(2002) conducted a thorough review of reports documenting archeological phocid remains at 
several sites in the Lower Columbia River up to Celilo Falls, but not above it. Steller sea lions 
(Eumetopias jubatus) were taken by hunters 70 km upstream of the mouth in the early 1800’s. 
However, California sea lions specifically were not documented.  
 
California sea lions typically breed in southern California in June to August. Some of the male 
California sea lions then migrate up the coast and begin arriving around Astoria in late August 
and September. These animals do not appear to migrate very far up the Columbia River during 
the fall Chinook run, as there are no recent sightings of pinnipeds at Bonneville during this time. 
Much of their winter food is smelt (pers. comm., Matthew Tennis), but the sea lion diet is diverse 
during this season. In January through March, some of the sea lions (possibly 10% of the Astoria 
California sea lion population) begin migrating up the Columbia River; this is when some 
California sea lions appear at Bonneville Dam. By late May to June the males begin their 
migration to the southern California rookeries. Virtually all males participate in the annual 
migration, although only the large breeding age males will claim a territory for mating. 
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Appendix B.  Number of highly-identifiable California sea lions (HIA) that were identified 
and returned to Bonneville Dam in subsequent years (2002-2007).   
 
 

Appendix Table B1.  Number of highly-identifiable California sea lions (HIA) that 
were observed at Bonneville Dam in subsequent years (2002-2007).   

 
Number of Individuals Observed in Subsequent Years 

and (Percent [%] of Total HIA for Each Year) 

Year 
Total 
HIA* 

New 
HIA* 

Observed 
1 Year 
Only†

Present 
2 Years 

Present 
3 Years 

Present 
4 Years 

Present 
5 Years 

Present 
6 Years 

2002 16 16 2 
(13%) 

2 
(13%) 

1 
(6%) 

5 
(31%) 

2 
(13%) 

4 
(25%) 

2003 74 60 27 
(37%) 

8 
(11%) 

14 
(19%) 

5 
(7%) 

6 
(8%)  

2004 84 42 22 
(26%) 

9 
(11%) 

5 
(6%) 

6 
(7%)   

2005 68 16 6 
(9%) 

3 
(4%) 

7 
(10%)    

2006 65 26 16 
(25%) 

10 
(15%)     

2007 63 24       

 
 

Appendix Table B2.  Total number of highly-identifiable California sea lions (HIA) 
that returned to Bonneville Dam, as it relates to each annual total HIA.  For 
example, 30 (or 37%) of the 85 highly-identifiable animals seen in 2004 were also 
seen in 2006. 

 
Year 2002 2003 2004 2005 2006 2007 
Total HIA* 16 74 85 68 65 63 
New HIA 16 60 42 16 26 24 

From Year 

Total Number of Individuals that Returned from Previous Years 
and  

(Percent [%] of Previous Years’ Total HIA) 

2002  14 
(88%) 

12 
(75%) 

9 
(56%) 

6 
(38%) 

6 
(38%) 

2003   43 
(58%) 

32 
(43%) 

19 
(26%) 

15 
(20%) 

2004    50 
(62%) 

30 
(37%) 

22 
(27%) 

2005     39 
(57%) 

29 
(43%) 

2006      39 
(57%) 
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* Highly-identifiable animals (HIA) were California sea lions that were branded and those with 
marks or features that made them unique and likely to be identified in subsequent years. 
† Highly-identifiable animals that were not seen in subsequent years may have actually been 
present, but escaped identification in subsequent years do to changes in coat color, scars, or other 
markings. 



Appendix C.  Assumptions made to determine the number of individual sea lions present 
and to determine estimates of salmonids and other fish caught by pinnipeds. 
 
 

• Catch rates and the hourly distribution of catches for hours and days not observed were 
assumed to be similar to the mean temporal catch distribution for each particular season.  
Expansion estimates for very early (0400 h to 0500 h) hours or other hours with no 
observations were based on observations made in previous years. 

 
• All adult salmonids caught by pinnipeds were assumed brought to the surface to be torn 

up and consumed.  Some pinnipeds were observed apparently eating large chunks 
underwater and others dragged fish downstream, both at the surface and underwater great 
distances before beginning to eat the fish.  This behavior may have contributed to an 
underestimate of the number of salmonids caught, but we feel this occurred less than 1% 
of the time.  Overestimates may have occurred when several pinnipeds were present.  A 
pinniped would catch a fish and take a long time before eating it.  Near the end of the 
season, this behavior could sometimes make it appear as if another pinniped had caught a 
fish, particularly if the individual that caught the fish was not identified.  Pinnipeds 
stealing a fish from one another were usually identifiable.  However, stealing behavior 
may have been counted as a new fish being taken if the amount of fish originally 
consumed was not carefully monitored.  Overall, these conditions were rare and likely 
did not significantly affect the expanded estimates.   

 
• Lamprey were eaten quickly and sea lions would not always shake or throw lamprey but 

rather swallow them whole, head first, after a few quick bites to kill them.  We likely 
underestimated the number of lamprey caught as the action was quick and distances 
involved made seeing a lamprey being eaten difficult.  All smaller prey (e.g. lamprey, 
shad, or smolts) could have been consumed underwater and therefore not recorded by our 
observers.  The figures presented for smaller prey are likely underestimates. 

 

• Harbor seals were present on a few occasions, and they rarely were seen catching salmon.  
Seals may have targeted lamprey, which could have been consumed underwater.  Roffe 
and Mate (1984) found that lamprey were the primary prey consumed by harbor seals on 
the Rogue River after analyzing stomach contents. 

 
• Observations were assumed equally successful at all locations, each observer had equal 

ability to detect the presence of pinnipeds and when fish were caught, and weather and 
lighting did not significantly affect these observations.  However, when spill occurred 
(early April through May), it was often difficult to see pinnipeds in the spillway, even 
when they caught a fish, so our detection and catch rate there may be underestimated.  
Heavy rain or snow reduced visibility at all tailrace areas at times and distant events may 
have gone unnoticed. 

 
• The chance of underestimating the numbers of pinniped present was assumed equal to the 

chance of overestimating the numbers when large groups were present.  The behavior of 
hunting California sea lions was to stay submerged for several minutes and only briefly 

 38



surface to breathe.  This made it difficult to know if a head or nose seen five minutes 
apart was from the same individual or a different individual.  Some individuals hunted in 
predictable patterns while others would appear to randomly forage and surface.  When 
more than five or six pinnipeds were in a tailrace, it became increasingly challenging to 
keep track of the number present, identify individuals, record all fish caught, and detect 
new arrivals and departures.  We prioritized our effort as follows:  1) Ensure all fish 
caught are seen and recorded; 2) Record and document individuals; 3) Determine the 
number of pinnipeds present. 

 
• The presence of observers on the tailrace deck was assumed to not affect the presence of 

pinnipeds in the area or their ability to catch prey. 
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Appendix D.  Hourly pinniped observation form from 2007 season.      
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Appendix E.  Photographs of typical scars and brands used to identify individual 
California sea lions.  Photograph (A) shows the posterior dorsal region of C265, including 
his brand, a temporary satellite transmitter tag (2007 only), and two visible circular scars 
just above his tail.  Photograph (B) shows the posterior dorsal region of C404, with brand 
clearly visible.  Photograph (C) shows BZC130 (highly-identifiable, non-branded) with 
prominent circular scar on right shoulder area.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (A) (B) (C) 
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Appendix F.  Sea lion haul-out locations at Bonneville Dam.  Darker shades of orange 
indicate more frequent haul-out activity.  Sea lions were most frequently seen hauling-out 
at the downstream end of the north shoreline of Cascades Island and on the concrete apron 
of the PH2 Corner Collector outfall.    
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Appendix G.  Photographs of sea lion exclusion devices (SLEDs) installed at 12 main 
fishway entrances at Bonneville Dam.  SLEDs feature bar spacing of 15 3/8” (39.05 cm) to 
prevent sea lion entry and allow fish passage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 © 2006 by Transco Industries, Inc. 
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Appendix H.  Photograph of floating orifice gate (FOG) with stab plate barriers, designed 
to prevent pinnipeds from entering the fishway collection channel at PH2. 
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Appendix I.  Photographs of Airmar dB Plus II acoustic deterrent device (ADD) deployed 
at all main fishway entrances.  ADDs were only operated below the water surface. 
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Appendix J.  Photographs of floating platform sea lion trap operations (2007).  California 
and Steller sea lions were allowed to haul-out on the trap.  After the door to the trap was 
closed, captured sea lions were crated, lifted by crane, and transported to Astoria, Oregon 
for processing and release.     
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Appendix K.  Total observed (unexpanded) number of fish caught by pinnipeds in the 
Bonneville Dam tailrace (2002-2007).   

 
 

PREY TYPE 2002 2003 2004 2005 2006 2007 
Chinook Salmon (adult) 

O. tshawytscha 77 1470 474 944 1707 2268 

Chinook Salmon (jack) 
O. tshawytscha 2 5 9 29 1 6 

Steelhead (adult) 
O. mykiss 7 10 25 31 297 311 

Unknown Salmonid (adult) 
Oncorhynchus sp. 344 53 330 649 714 984 

Salmonid (smolt) 
Oncorhynchus sp. 3 3 2 10 0 3 

Pacific Lamprey 
Lampetra tridentata 26 205 127 613 374 119 

White Sturgeon 
Acipenser transmontanus 0 0 0 1 264 360 

American Shad 
Alosa sapidissima 0 63 20 69 32 9 

Northern Pikeminnow 
Ptychocheilus oregonensis 0 0 1 2 7 0 

Unknown Sucker 
Catostomus sp. 0 0 0 1 0 0 

Unknown Sunfish or Bass 
Centrarchidae 0 1 1 0 1 0 

Unidentified or  
Other 4 0 0 95 396 534 

TOTAL 463 1810 989 2444 3793 4594 
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Appendix L.  Diel distribution of observed salmonid catch (2002-2007), expressed as salmonid catch per hour of observation. 
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Appendix M.  Mean (with standard deviation) and maximum number of days individual 
California sea lions were observed at Bonneville Dam (2002-2007).     
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Appendix N.  Summary of California sea lion sightings upstream of Bonneville Dam (2002-
2007). 
 

Date Location Identified 
Sea Lion 

5/16/2002 Bonneville Dam forebay C257 
5/18/2002 Wind River mouth (near Home Valley, WA) C257 
5/20/2002 Boat ramp at Stevenson, WA C257 
5/21/2002 Bonneville Dam forebay C257 
5/22/2002 Bonneville Dam forebay C257 
5/23/2002 Bonneville Dam forebay C257 
5/24/2002 Bonneville Dam forebay C257 
5/26/2002 Bonneville Dam forebay C257 
7/16/2002 Near Stevenson, WA Unknown 
4/9/2003 Bonneville Dam navigation lock (upstream) Unknown 
4/27/2004 Drano Lake (near Cook, WA) Unknown 
5/4/2004 Eagle Creek (near Cascade Locks, OR) Unknown 
5/17/2004 Drano Lake (near Cook, WA) Unknown 
5/26/2004 Bonneville Dam forebay Unknown 
3/2/2005 The Dalles Dam tailrace (The Dalles, OR) Unknown 
3/6/2005 Bonneville Dam forebay Unknown 
3/9/2005 Bonneville Dam forebay Unknown 
3/15/2005 Bonneville Dam forebay Unknown 
3/18/2005 Bonneville Dam forebay Unknown 
3/19/2005 Bonneville Dam forebay Unknown 
3/7/2006 Bonneville Dam forebay C309 
3/9/2006 Bonneville Dam forebay C309 
3/10/2006 Bonneville Dam forebay; navigation lock C309 
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Appendix O.  Summary of results from 2005 hazing evaluation.  The mean number of 
pinnipeds present and mean salmonid catch for hours before, during, and after hazing 
events were compared.   
 

Date 
Hazing 
Event 

Mean Hourly 
Number of 
Pinnipeds 
Present 

Mean Hourly 
Salmonid 

Catch 

Estimated 
Daily Salmonid 

Catch 
5/4/2005  - 16.0 5.9 95.5 

  BEFORE 19.2 9.0   
5/5/2005 DURING 17.3 4.5 92.6 

  AFTER 19.5 6.0   
  BEFORE 25.3 5.5   

5/6/2005 DURING 5.7 4.0 68.1 
  AFTER 14.0 7.2   

5/7/2005 - 22.8 6.6 90.2 
5/16/2005 - 17.3 5.8 78.7 

  BEFORE 18.3 5.8   
5/17/2005 DURING 14.3 3.6 57.3 

  AFTER 15.0 4.0   
  BEFORE 18.3 3.3   

5/18/2005 DURING 6.3 1.0 31.9 
  AFTER 9.3 3.0   

5/19/2005  - 14.6 3.3 42.4 
     
Summary         
ALL BEFORE'S - 18.3 5.7  
ALL DURING'S - 10.9 3.3  
ALL AFTER'S - 14.5 5.1   
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