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Wednesday, December 10, 2014
2014 AFEP Introduction

ADULT SALMON and STEELHEAD STUDIES

Session Introduction

Conversion of radio-tagged adult Chinook salmon and steelhead
through the Federal Columbia River Power System (FCRPS), 2013-
2014

Evaluation of adult salmon and steelhead passage behavior and
success in relation to fishway modifications at Bonneville Dam.
Evaluation of adult salmon and steelhead passage behavior in
relation to fishway modifications at The Dalles and John Day dams,
2013-2014

Steelhead kelt passage distributions and FCRPS survival and return
rates for fish tagged above and at Lower Granite Dam. (Year 3)
Overwintering distribution and behavior of adult steelhead in the
FCRPS,2013-2014

McNary Dam Adult Steelhead Direct Survival Study

Break (15 minutes)

Adult Steelhead and Chinook salmon passage, survival, and
conversion through the lower Snake River. New adult PIT detection
efficiencies.

Passage and Survival of Adult Snake River Sockeye Salmon within
and Upstream from the Federal Columbia River Power System
Migration Timing and Survival of PIT-tagged Adult Salmonids from
the Columbia River Estuary to Bonneville Dam, 2014

BYPASS SYSTEM STUDIES

Session Introduction

Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice Biological Evaluation, 2014.

USACE

USACE

Matt Keefer
(un
Chris Caudill
(urn

Kinsey Frick
(NOAA)

Ryan Harnish
(PNNL)

Matt Keefer
(U
Joanne Phipps
(Norm. Assoc.)

Steve Anglea
(BioMark)

Lisa Crozier
(NWFSC)

Dick Ledgerwood
(NWFSC)

USACE

Rod O'Conner
(Blue Leaf Env.)





11:50

12:10

12:30

13:30

13:35

13:55

14:15

14:35

14:55

15:05

15:10

15:30

15:50

16:10

Wednesday, December 10, 2014

Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice: An Evaluation of Fish Injury and
Subsequent Survival

Juvenile Bypass System Selectivity at FCRPS Dams
Lunch

AVIAN PREDATION STUDIES

Session Introduction

Status of Caspian tern breeding colonies at both managed and un-
managed sites in the Columbia Basin and at Corps-constructed
islands

Connectivity of managed and un-managed Caspian tern breeding
colonies as revealed by resightings of banded individuals

Caspian tern response to management at Goose Island, Potholes
Reservoir, as indicated using satellite telemetry

Caspian tern predation on juvenile salmonids in the Columbia River
Basin: a synopsis of PIT tag recovery methods, analyses, and results
from 2014

Break (10 minutes)

PASSAGE AND SURVIVAL STUDIES

Session Introduction

Methods and Overview for Compliance Study Assessment of
Juvenile Salmonids at McNary and John Day Dam’s, 2014

Results of 2014 Survival Compliance Studies at McNary and John
Day Dams

2013 Little Goose Summer Juvenile Salmon Dam Passage
Performance Standard Route Survival Diagnostics

JSATS Tag development for juvenile salmon, sturgeon, eel, and
lamprey

Allen Evans
(RTR)

Tiffani Marsh
(NWFSC)

USACE

Dan Roby
(OSV)

Yasuko Suzuki
(0SV)

Don Lyons
(0OSV)

Allen Evans
(RTR)

USACE

Mark Weiland
(PNNL)
John Skalski
(Uw)
Ryan Harnish
(PNNL)

Daniel Deng
(PNNL)





9:00

9:10

9:30

9:50

10:10

10:15

10:35

10:55

11:15

11:25

11:30

11:50

12:50

12:55

13:15

13:35

13:55

Thursday, December 11, 2014

Session Introduction
Pit-Tag reach survival estimates, 2014

Growth of Smolts Between Lower Granite and Bonneville Dams

Detection of PIT-Tagged Juvenile Salmonids Using a Surface Pair-
Trawl in the Columbia River Estuary, 2014

TRANSPORTATION STUDIES

Session Introduction

Determine the Seasonal Effects of Transporting fish from the Snake
River to optimize a Transportation Strategy.

Fall Chinook Transportation Evaluation

Analysis of straying rates and behaviors of Snake and Columbia River
salmon and steelhead

Break (10 minutes)

TURBINE SURVIVAL STUDIES

Session Introduction

Depth Distribution of Migrating Yearling and Subyearling Chinook
Salmon and Juvenile Steelhead In the Snake River

Lunch (1 hour)

LAMPREY STUDIES

Session Introduction

The 2014 adult Pacific lamprey migration: HD-PIT and radiotelemetry
summaries

Using the Juvenile Salmon Acoustic Telemetry (JSATS) system to
evaluate adult Pacific lamprey movements and fate in Columbia River
reservoirs, 2011-2014.

Pacific Lamprey swimming behavior and performance in relation to
passage barrier velocity, distance and turbulence in an experimental
flume, 2014

Development and use of lamprey passage structures at the
Bonneville Dam Lamprey Flume System and John Day Dam North
Fishway Entrance, 2013-2014.
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Modification and evaluation of lamprey passage structures (LPSs) at
Bonneville Dam and the John Day south fishway collection trap, 2014.

Break (10 minutes)

If you build it they will come: an experimental vertical climbing wall

Use of Network Theory to Evaluate Fish Passage Behavior at
Bonneville Dam

Evaluation of Adult Lamprey Passage Behavior in Relation to
Prototype McNary Dam South Shore Entrance Structure and
Estimating Total Ladder Escapement Through McNary and Ice Harbor
Dams.

Evaluation of Adult Pacific Lamprey Migration Behavior and Passage
Success in Lower Snake River

Assessment of Fluctuating Reservoir Elevations Using Hydraulic
Models and Impacts on Larval Pacific Lamprey Rearing Habitat in the
Bonneville Pool

Evaluation of Larval Pacific Lamprey Rearing in Mainstem Areas of the
Columbia and Snake Rivers Impacted by Dams

Adjourn
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Caspian Tern Predation on Juvenile Salmonids in the
Columbia River Basin: A Synopsis of PIT Tag Methods,
Analyses, and Results from 2014
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Background

» Recoveries of PIT tags on bird colonies can be used to determine
predation rates (number consumed/number available)

@ Estimates can be specific to salmonid ESU/DPS

@ Provides a metric to evaluate which colonies pose the greatest risk to
smolt survival

@ Provides a metric to evaluate the efficacy of management efforts to
reduce predation on ESA-listed salmonid populations

 Terns nesting on East Sand Island (estuary) and Goose Island (Potholes
Reservoir) were dissuaded in 2014 as part of management plans

 Several other high-risk colony sites in CRB; sites were terns dissuaded
from managed sites might relocate to





Presentation Goals

1) Over-view of PIT tag based predation rate methods

2) ESU/DPS-specific predation rates at managed and un-managed tern
colonies in 2014

3) Changes in predation rates at managed and un-managed colonies
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Methods: Tern Colony PIT Tag Recovery

.u'-t'l

Electronic Detection Physical Recovery

° Hand-held antennas used at sites with uneven . Physica| removal increases inter- and intra-
terrain (rock, wood, etc.) annual detections were collision is a problem

* Flat-plate antennas used at sites with even « Physical recovery is also the only means to
terrain (bare-sand) recover other tag types (AT, CWT)

* 4-12 complete passes (depending on colony « Hand-operated sweeper magnets & ATV-towed
size and tag density) magnets

« > 150K tags, 36,725 unique (previously « ~ 20,000 functional tags removed in 2014

undetected) tags

o 22,475 MY 2014 tags detected





Methods: Predation Probabilities

Predation Deposition Detection
Availability Deposition probabilities Detection probabilities

By ESU/DPS (colony-specific) ~ Annual 0.51 0.89 (all tern colonies) Weekly 0.16-0.98 (colony-specific)

Based on interrogations at Based previous studies (3 years, 2  Based on in-season sown tags (2-4

upstream dams (RIS, LMN, colonies, 456 consumed PIT-tagged releases, 50 - 400 tags per-release)
MCN, BON) fish)
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Methods: Per Capita (per bird) Predation Rates

Estimated number of

- Observed number
predated fish ‘G242,

avallable

Observed maximum
number of breeding pairs





Results: Predation by Goose Island Terns (managed)

UCR Spring Chinook ~ 2.5% (1.7-3.6) 0.3(0.1-0.7) -2.2(1.6-2.9)
UCR Steelhead 15.7% (14.1-18.9)  2.9% (1.9-5.1)  -12.7% (12.2-13.8)






Results: Predation by Twinning Island, Crescent Island,
and Anvil Island Terns (un-managed)

Twinning Is. UCR Steelhead 0.1%(<0.1-0.3) 1.1(0.4-2.7) +1.0(0.4-2.4)
Crescent Is. 2.3% (2.0-2.7) 3.4%(2.5-4.9) +1.1(0.5-2.2)
Blalocks Is. 0.6%(0.4-0.8) 0.6%(0.3-1.2) 0(-0.1-0.4)
Twinning Is. SR Steelhead <0.1% <0.1% -

Crescent Is. 3.8%(3.4-4.6) 4.7%(3.7-6.9) +0.9(0.3-2.3)
Blalocks Is. 0.6% (0.5-0.7) 0.4%(0.2-0.7) -0.2(0.3-0)
Twinning Is. SR Sockeye <0.1% <0.1% -
Crescent Is. 1.1%(0.7-1.2) 0.7%(0.4-1.3) -0.4(0.2-0.1)
Blalocks Is. 0.3%(0.1-0.4) 0.4(0.1-1.1) +0.1(0-0.7)

*Preliminary estimate
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Results: Predicted Per Capita Predation Rates on
Upper Columbia River Steelhead by Goose Island
Terns (managed)

159 pairs in 2014
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Results: Predicted (per capita) versus Actual
Predation Rates on Upper Columbia River Steelhead
by Goose Island Terns (managed)
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Results: Predation by East Sand Island Terns
WEIED[E)






Summary of Findings

Methods
A variety of techniques used to recover tags from tern colonies

Physical recovery critical at colonies with high tag densities
Detection & deposition probabilities highly influential

Bayesian framework flexible and adaptive

Predation Results

Predation by terns nesting on Goose Is. was significantly reduced in
2014 (post-management); results from East Sand Is. not available

Increased predation on steelhead by un-managed tern colonies near
Goose Is.

Predicted per capita predation rates differed from actual (observed)
predation rates





www.birdresearchnw.org

BIRD RESEARCH

MORTHWEST

- - * A B Columibia Basen |
Wisarm Waskingnon

Imterice Dregon
HE Calfornia

e San Franoisco Bay
© 2013 FINAL ANNUAL REPORT »

PHOTO CALFNDWR
Axlan Predation on Salmonid Smolts in the Lower and Mid-Columbia River

Read More =

Watch the Live Video
Cams »

FCTR REAL TIME SESEARCH, INC | Une btap | Comtars | Disclasmer Formerty Columbia Bird Research





Questions ?




http://www.pbase.com/jpkln/calgull



T @ A
Cumulative Predation Rates on Upper Columbia River Steelhead

(n=7,757) Released into the Tailrace of Rock Island Dam 3
)/ N ~ )
Location Colony Predation Rate*
( Twinning Is. 1.1% (0.4-2.7) L Twining Is.
Goose Is. 2.9% (1.9-5.1)
\ { Crescent Is. CATE 3.4% (2.5-4.9)
Blalock s. 0.8% (0.5-1.3)
A} East Sand Is. 6.6% (5.0-9.7)
Island 20 1.6% (0.8-3.0) —
Crescent s, 6.8% (4.6-10.4) e 0cks)
Anvil Is. Gulls 1.6% (0.9-2.8) €
Straight Six Is. 0.4% (0.1-1.0)
Miller Rocks 4.6% (3.0-7.2)
Foundation Is. DCCO 0.2% (<0.1-0.8) Island 2
East Sand Is. 4.6% (3.2-7.1)
East Sand Is. BRAC 0.2% (0.1-0.4) Foundation Is\Badger Is.
Badger Is. AWPE** <0.1% Crescent Is.
Total

36.0% (31.0-42.1), Straight Six Is.
ﬂls,
M\ —

Miller Rocks

* Preliminary estimate, ** no measure of deposition available
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Results: Predicted (per capita) versus Actual
Predation Rates on Upper Columbia River Steelhead
by Crescent Island Terns (un-managed)
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Searcher efficiency

Results: Detection Efficiency at the Crescent Island
Tern Colony in 2014
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Predicted Per Capita Versus Actual Predation Rates
at Un-managed Tern Colonies in 2014

Predation by Crescent Island Caspian Terns (n=474) in McNary Reservoir

ESU/DPS 2014 Predicted 2014 Actual* Difference
UCR Steelhead 2.8% (1.2-4.7) 3.4% (2.5-4.9) +0.6%
SR Steelhead 5.1% (2.6-8.8) 4.7% (3.7-6.9) -0.4%
Spring Chinook 0.6% (0-2.0) 0.7% (0.2-2.1) -0.1%
SR Spr/Sum Chinook 1.0% (0.4-2.4) 0.5% (0.3-0.7) -0.6%
SR Fall Chinook 1.2% (0.5-2.4) 0.5% (0.3-0.8) -0.7%
SR Sockeye 1.4% (0.4-3.6) 0.7% (0.4-1.3) -0.7%

Predation by Anvil Island Caspian Terns (n=45) in John Day Reservoir

ESU/DPS 2014 Predicted 2014 Actual* Difference
UCR Steelhead 0.4% (0.1-1.4) 0.6% (0.3-1.2) +0.2%
SR Steelhead 0.4% (0.1-1.2) 0.4% (0.2-0.7) -
Spring Chinook 0.1% (0-0.3) 0.2% (0.1-0.4) +0.1%
SR Spr/Sum Chinook 0.1% (0-0.2) 0.1% (0-0.2) -
SR Fall Chinook 0.1% (0-0.3) 0.3% (0.2-0.5) +0.2%
SR Sockeye 0.3% (0-1.4) 0.4% (0.1-1.1) +0.1%

*Preliminary estimate
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Caspian Tern Predation on Steelhead at Goose Island
Relative to Run-timing, 2014
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Background P e

 Caspian terns nesting on Goose Island in Potholes Reservoir annually consume
an average of 15.7% of ESA-listed steelhead smolts and 2.5% of ESA-listed
Chinook salmon smolts out-migrating from the mid-Columbia River

» Action Agencies attempted to dissuade all Caspian terns from nesting on Goose
Island-Potholes in 2014; ca. 160 pairs of terns nested on rocky islet adjacent to
Goose Island

 Dissuasion included passive (stakes, ropes, & flagging) and active (human
hazing) measures

» We evaluated the response of Caspian terns to management actions on Goose
Island by satellite tagging terns captured prior to the breeding season





Tern Tagging Study: Methods
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 Satellite tags deployed on 28 Caspian terns caught on former colony
site at Goose Island, Potholes Reservoir during April 2-11

« Terns captured were among earliest arrivers; potentially very
committed to site

» Location data available on 28 hour cycle (6 hours on, 22 hours off)
 All tags collected data through the end of May
» 24 tags still functional and collecting data though November 17th





Tern Tagging Study: Types of Results

» Hotspots of activity on
Columbia River Plateau

e Quantify proportion of
activity in areas of
concern

 |dentify nesting
locations of interest






Columbia River Plateau Hotspots
April 20 - 27

April 20 - April 27 2014

 Most birds have
remained on Goose Is.

 Some birds active
around Crescent and
Blalock islands colonies

 River foraging
hotspots:

Crescent Bar
Vantage Bridge
Cabin Island
Hanford Reach
Lower Snake






Columbia River Plateau Hotspots
May 4 -11

May 4 - May 11 2014

 Most birds have
remained on Goose Is.

e Less activity around
Crescent and Blalock
islands colonies

 River foraging
hotspots:
« Vantage Bridge
« Cabin Island
« Hanford Reach






Columbia River Plateau Hotspots
May 25— June 1

1"';=1'|

May 25 - June 1 2014

e Many birds have
remained on Goose Is.

« Significant activity at
Banks and Sprague
Lakes; less around
Crescent and Blalock
Islands

» Foraging hotspots at:

e CabinlIsland
 Below Blalocks






Columbia River Plateau Hotspots
June 15 - 22

June 15 - june 22 2014

» Some birds returning
to Goose Is.

» Reduced activity at all
alternative colonies

 River foraging
hotspots:

« Vantage Bridge
« Cabin Island






Tagged Tern Use of Upper Basin

Documented areas used by terns nesting at Goose
Island in a previous year

Upper basin region defined by the Federal Columbia
River Power System

Entire Columbia Plateau






Traditional Foraging Areas

of Goose Island Caspian Terns
2013 GPS Tagging Study

» Foraging distribution of
Caspian terns nesting
at Goose Is. in 2013

* 95% contour interval
based on Kernal
Density Estimate






2014 Use of
Traditional
Foraging Areas
of Goose Island
Caspian Terns






2014 Use of
Traditional
Foraging Areas
of Goose Island
Caspian Terns

Terns spent 58% of
time in 2013 foraging
area, on average,
during smolt
outmigration period
(April — May)

Kilometers Copyright 114 Egn Delorma HERE Es
Ciperi S ea s p contrButins. and B






2014 Use
of FCRPS






2014 Use
of FCRPS

e Terns spent 21% of
time in area defined by
FCRPS, on average,
during smolt
outmigration period
(April — May)

0 20 40

Kilometers






2014 Use of
Columbia River
Plateau
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2014 Use of
Columbia River
Plateau

e Terns spent 90% of
time within Plateau, on
average, during smolt
outmigration period
(April — May)

14 terns spent 100% of
time within Plateau

24 terns spend >75% of
time within Plateau






Number of Tagged Caspian Terns

Colony Associations of Tagged Terns

Based on Nighttime Attendance at Active or Historical Colony Sites
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Colony Associations of Tagged Terns

» Tagged birds displayed three general categories of response to
displacement and habitat reduction:

» Stay and compete for reduced habitat
* Move and associate with another colony; return if colony fails

» Nomadic wandering without sustained colony association





Caspian Tern Tagging Conclusions

Use of traditional Goose Island terns foraging areas (i.e. Priest Rapids and
Wanapum Projects, Potholes Reservoir) was reduced by almost half

Foraging hotspots on the Columbia River were dynamic across the smolt
outmigration period

Displaced terns mostly remained on Plateau, associating with Goose Is. or
other nearby colonies

About half of terns had no sustained association with any colony, but
visited many

Tagging is an effective technique to observe tern response to management

S





Questions?

e More information
available at;
www.birdresearchnw.org






Tagged Caspian
Tern Locations

11/16/2014

23 of 28 tags still reporting data






Caspian Tern Capture on Goose Island,
Potholes Reservoir April 11,2014
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Status of Caspian Tern Breeding Colonies at
Both Managed and Un-managed Sites in the
Columbia Basin and at Corps-constructed Islands

2014 Research Results

Oregon State University
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a2 USGS
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Caspian Tern Colony on East Sand Island
The “Push”

Limiting Caspian Terns to 1.55 acres of suitable nesting habitat in the Columbia Estuary





Colony Area (acres)

East Sand Island Caspian Terns
Colony Area Provided and Used

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

m Used

m Provided





East Sand Island Caspian Terns
Colony Size
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Nesting Density (nests/m?)
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Goose Island Tern Colony, Potholes Reservoir * "'
More “Push” -

ke Rock Island
Dam

Wanapum
= Dam

e |sland created by reservoir
* Much larger gull colony shares the island
b Ericst Rbpies  Management to reduce tern colony size initiated this year

Dam





Goose Island Passive and Active Dissuasion

Dissuasion materials delivered to Goose Island via helicopter (25 February)

Passive dissuasion constructed with pier blocks, rebar, PVC tubing,
polypropylene rope, and caution tape

2.38 acres of tern nesting habitat covered with passive dissuasion

Active hazing of gulls and terns initiated in late March





Goose Island Passive and Active Dissuasion

« Successful in preventing
Caspian terns from nesting
on Goose Island proper

3 pairs of Caspian terns
attempted to nest

« 3 Caspian tern eggs were
removed from nests by
researchers soon after laying






Caspian Tern Nesting
on “Northwest Rocks”

L <

 Caspian tern nesting initiated on 23 April at
Northwest Rocks

 No prior history of Caspian terns nesting at
Northwest Rocks

« Action agencies decided not to haze terns
at Northwest Rocks

» 159 Caspian tern pairs nested on NW Rocks

46 fledgling Caspian terns raised





Crescent Island Caspian Tern Colony
McNary Pool, Mid-Columbia River
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Columbia Plateau Caspian Tern Colony Size
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Columbia Plateau Region
2014 Caspian Tern Colony Sizes
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Caspian Tern Breeding Population Size on the
Columbia Plateau
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The “Pull”
Corps-constructed Tern Islands as Alternative Colony Sites

Malheur Lake New Tern Island, Malheur National Wildlife Refuge, OR
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Corps-constructed Tern Islands
2014 Caspian Tern Colony Sizes
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Corps-constructed Tern Islands
2014 Caspian Tern Colony Productivity
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Corps-constructed Tern Islands
Caspian Tern Nesting
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Summary of Key Findings in 2014

 Caspian tern colony at East Sand Island in Columbia River estuary
was slightly smaller and nesting density lower than in 2013

» Despite management that prevented all nesting by Caspian terns
on Goose Island — Potholes Reservoir, the Columbia Plateau
population declined only slightly

 Severe drought in the basins where Corps-constructed tern islands
are located led to reduced colony size and lower nesting success at
most islands; combined breeding pairs declined 33% from 2013

 Total number of breeding Caspian terns at all colonies in the Pacific
Northwest was somewhat lower in 2014 compared to 2013





Prospects for Caspian Terns in 2015

Washington Goose Island

/ (UEYETE)
@

Crescent Island
(managed)

East Sand Island
(managed) ®

Corps-constructed
Islands (drought)

California





Breeding Pairs

16,000
14,000
12,000
10,000
8,000
6,000
4,000

2,000

East Sand Island Double-crested Cormorant
Colony Size

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

—Average (2004-2013)





Thanks! Questions?
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Goose Island Archipelago
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Corps-constructed Islands

2014 Results

Location Size Colo_ny Sizg Produ_ce_)d fledglings

(acres) (breeding pairs) (limiting factor)
Malheur NWR, OR 1 134 Yes
Lower Klamath NWR, CA (Sheepy Lake) 0.8 520 Yes
Crump Lake, OR 1 1 No (no water)
Tule Lake NWR, CA 2 109 Yes
Summer Lake, OR (East Link) 0.5 22 Yes
Summer Lake, OR (Gold Dike) 0.5 0 No (mink, raccoon)
Lower Klamath NWR, CA (Orems Unit) 1 0 No (no water)
Fern Ridge, OR 1 0 No (unknown)

TOTAL 7.8 786 pairs
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Columbia Plateau Region
2014 Caspian Tern Productivity
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~ Background

Management in 2014 of Caspian tern colonies in the
Columbia River basin to reduce predation on juvenile
salmonids

East Sand Island — Columbia River estuary  Goose Island — Potholes Reservoir
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Background

Marking Caspian terns with field-readable plastic leg bands
and subsequent resighting of banded individuals to assess
movements between breeding colonies and colony
connectivity

. ﬂ-:r{-:_r ¥






Benefits of band resighting

Cost effective method to keep track of movements
- Large sample size
- Long term tracking

Complements other methods (e.g. satellite tagging, GPS tagging)
to evaluate movements of terns

Provides additional line of information to distribution and abundance
data for evaluation of management effectiveness
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“Methods

Data collection

« Banding with field readable leg bands
- 905 adults during 2005-2013

« Resighting during 2006-2014

- At 8 colonies in 2014
- 2-7 days/week during breeding season

Inter-colony movement rates

« Multi-state model in Program MARK
- Survival and resighting probabilities accounted for
- Model selection by AIC

« “Movement” does not always indicate emigration
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Inter-colony movement estimates

Inter-annual movement probability estimated in Program MARK

X

Number of Caspian terns at the breeding colony the previous year

Example

Inter-annual movement probability from colony A to colony B between year 1 and year 2 = 0.02

Number of terns at colony A in year 1 = 1,000

!

Estimated number of terns moved from colony A to colony B between year 1 and year 2 = 20
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Nesting habitat restricted to 1.55 acres





Estimated numbers of
Caspian terns moved
from East Sand Island
(2013-2014)
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Movements away from East Sand Island

0.10 f
To Crescent Island
0.08 -
0.06 A

0.04 -

- O |

0.10 ~

To Goose Island
0.08 -1

0.06 A

0.04 +

=]

0.10 ~

Movement probability

To Corps-constructed islands

0.08 4

0.06 ~ }

0.04 + }
0.02 l

=]

2006 2007 2008 2009 2010 2011 2012 2013 2014






Movements away from East Sand-Island
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Goose Island — Potholes Reservoir

First year of management - passive dissuasion and active hazing
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Caspian terns moved
from Goose Island
(2013-2014)

Washington

Goose Island

/ l' 122

East Sand

Island

California *

. Crescent Island






Movements away from Gooseisland
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Movements away from Gooseisland
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Movements away from Gooseisland
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Emigration from Goose
Island during first year of el |k
management ; Y Goose Island

Washington

26
33 of 198 banded terns East Sand
seen at Goose Island in Island
2013 were confirmed

breeding elsewhere in 2014
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Colony site fidelity at Goose Island

27% of banded terns seen at Goose Island in 2013 were confirmed
breeding at adjacent rocky islet in 2014

Northwest Rocks — Goose Island





Malheur Lake tern island

Caspian terns nested at 5 Corps-constructed islands in 2014





Estimated numbers of
Caspian terns that
moved from Corps-
constructed islands
(2013-2014)

East Sand

Island

California *

Washington

Goose Island

. Crescent Island






Movement probability

Movements from COI’pS-Consﬁ‘ucted SENGE

to managed colonies

0.3 ~

0.2

0.1 ~

0.3 7

0.2 A

0.1 -

0.0

7/

To East Sand Island

< L 2 L 2 2
To Goose Island
. : ¢
2009 2010 2011 2012 2013 2014





Estimated numbers of
Caspian terns that
moved between breeding

colonies (2013-2014) % =
| 15 16'N:

East Sand '
<2 4 :‘>. Crescent Island
Island 20

Washington

Goose Island

California *






Net numbers of
Caspian terns that
moved between

colonies (2013-2014) y’/‘ | s

East Sand
Island

Washington

Goose Island

. Crescent Island

'T\

California *






Conclusions
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« Caspian terns in the Pacific Northwest exhibited a high
degree of connectivity among breeding colonies

« Despite high vagility of Caspian terns, many individuals
displayed strong colony site fidelity, even at managed
colonies where the availability of nesting habitat was
restricted

e Severe weather condition resulted in greater movements
of Caspian terns away from Corps-constructed islands to
managed and un-managed colonies
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Questions?
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Inter-colony movements

Movement probability
between 2013 and 2014

# of CATEs at colony of origin
(colony size x 2) in 2013

# of individuals moved between 2013
and 2014 (or in 2014)

East Sand to Crescent 0.0047 14774 70
East Sand to Goose 0.0044 14774 65
East Sand to alternative sites 0.0312 14774 461
Crescent to East Sand 0.0386 786 30
Crescent to Goose 0.0206 786 16
Crescent to alternative sites 0.0296 786 23
Goose to East Sand 0.0226 680 15
Goose to Crescent 0.1796 680 122
Goose to alternative sites 0.0251 680 17
Alternative sites to East Sand 0.1403 2338 328
Alternative sites to Crescent 0.0637 2338 149
Alternative sites to Goose 0.0251 2338 59
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