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Availability of suitable nesting habitat that i®é& of nest predators and
provides access to adequate prey resources withimeiting distance is a major
factor limiting seabird populations. Caspian tefdgdroprogne caspia) in western
North America have shifted their breeding habitatrf naturally occurring habitats in
interior wetlands, lakes, and rivers to primarilynan-created habitats in coastal bays
and estuaries. This shift has brought Caspian tatasonflict with fisheries of
conservation concern, in particular anadromous cailds. Prior to the 2010 breeding
season, three artificial islands were built in ki@math Basin National Wildlife
Refuge (NWR) Complex as alternative nesting haliitaCaspian terns currently
nesting at the world’s largest colony for the spechnear the mouth of the Columbia

River, Oregon.



| investigated the efficacy of habitat creatiodai&l building) and social
attraction (decoys and recorded vocalizationsg&tablishing new breeding colonies
in the Upper Klamath Basin, California. In 2010pegximately 258 pairs of Caspian
terns attempted to nest on the new islands anedais average of 0.65
fledglings/breeding pair; in 2011, 222 pairs attéedo nest and raised an average of
0.11 fledglings/breeding pair. Competition with i@ahia and ring-billed gullsl{arus
californicus andL. delawarensis) for nesting space, gull predation on Caspian tern
eggs and chicks, low water levels, and depredétyogreat horned owld8(bo
virginianus) were the primary factors limiting colony develogmh and productivity,
especially in 2011. The immediate response by @ageirns to habitat creation and
social attraction in the Upper Klamath Basin demi@ss that these can be effective
restoration techniques to establish new breedifan@s where nesting habitat is a
major limiting factor; however, continued managet@rother limiting factors (e.qg.,
control of on-colony predators and competitors) lkely be necessary to promote
the development of established, self-sustainingdirgy colonies on these artificial

islands.

Efforts to conserve and restore seabird coloniasheacompromised by low
prey availability within foraging distance of thesleding colony. | used GPS telemetry
to study the fine-scale foraging behavior of Caspéans nesting at two newly
established colonies and cluster analysis to digodte behavioral states based on
movement characteristics. Terns breeding at the@Bhkeake colony spent less time at

the colony (52% of the day) than terns breedinf@flTule Lake colony (74%).



Caspian terns breeding at Sheepy Lake foraged exbeasively than terns breeding
at Tule Lake; the foraging trips of Sheepy Lak@sdasted longer (median = 186
min) and were longer-distance (27 km) comparethdse of Tule Lake terns (55 min
and 6 km, respectively). Between-colony difference®raging behavior
corresponded to 5% lower average body mass of inmgedults and significantly
lower size-adjusted body mass of chicks at the 3hkake colony compared to the
Tule Lake colony. Proximity to high-quality foragirareas influenced the foraging
behavior and parental care of breeding Caspias,tarnich in turn had effects on
nesting success. The successful use of GPS teletoettudy the fine-scale foraging
behavior of Caspian terns represents a signifiadwaince in our ability to investigate

the foraging ecology of this species and other maidesized seabirds.
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Breeding and Foraging Ecology of Caspian TernsiNgsin Artificial Islands in the
Upper Klamath Basin, California

CHAPTER 1: GENERAL INTRODUCTION

Allison Patterson



Caspian ternsHydroprogne caspia) in western North America have, over the
last century, shifted their breeding habitat frastely interior wetlands, lakes, and
rivers to primarily coastal bays and estuaries| @itl Mewaldt 1983, Wires and
Cuthbert 2000, Suryan et al. 2004). By 2000, ngdimthe Western North America
population of Caspian terns had become more coratedt and most of the adults in
the population nested at a single colony, on Easti$sland in the Columbia River
estuary (Suryan et al. 2004). Concurrent with tii# §om the interior to the coast,
there has been a shift from nesting in naturalth&bto nesting at anthropogenic sites,
such as dredge spoil islands and salt pond le¥&#sagd Mewaldt 1983, Suryan et
al. 2004); this shift has brought Caspian terns intreasing conflict with fisheries, in
particular where Caspian tern colonies co-occuhn wihs of anadromous salmon and
steelhead (salmonid®ncorhynchus spp.) that are of conservation concern (Roby et

al. 2002, Roby et al. 2003).

East Sand Island, located near the mouth of thar@lolh River, supported
what was likely the largest Caspian tern breedwoigroy in the world during the first
decade of the 21st Century (Wires and Cuthbert 2800y et al. 2002). Caspian terns
nesting at this colony are estimated to consumealhnbetween 4 million and 7
million juvenile salmonids out-migrating to the HacOcean from throughout the
Columbia River basin (USFWS 2005). A federal managa plan entitled “Caspian
Tern Management to Reduce Predation of Juvenilm@atls in the Columbia River
Estuary” (hereafter the Caspian Tern Managememt; RISFWS 2005) was

developed by the U.S. Fish and Wildlife Service RWSS) and the U.S. Army Corps



of Engineers (USACE), in consultation with otheilldeal, state, and tribal natural
resource management agencies.

As patrt of this plan, the USACE seeks to providetta (8 acres) of new
alternative nesting habitat for Caspian terns iagon and California, while reducing
the amount of Caspian tern nesting habitat on &astl Island from 2.0 ha (5 acres) to
0.4 ha (1 acre; USFWS 2005). This reduction iningdtabitat is expected to reduce
the number of Caspian terns nesting at East S#mtifrom approximately 9,000 -
10,000 pairs to approximately 2,500 — 3,200 p&ISKWS 2005), thereby
substantially reducing predation rates on juvesdlnonids. Redistributing breeding
Caspian terns from one large colony in the Colunibieer estuary to several smaller
colonies over a broad geographic area could algorbduce the risk to the Western
North America Caspian tern population from catgstro local events (Cuthbert and
Wires 1999, Roby et al. 2002).

By the start of the 2010 breeding season the USA&Eprepared a total of
2.95 ha (7.3 acres) of new nesting habitat on egigmds constructed in interior
Oregon and California. Due to drought conditiondyd..54 ha (3.8 acres) of
alternative nesting habitat, on five new islandas\available to breeding Caspian
terns in 2010 (Roby et al. 2011). By 2011, a tofé?.75 ha (6.8 acres) of alternative
nesting habitat, on seven new islands, was avail@xby et al. 2012). This allowed
the USACE to reduce the amount of nesting habuailable for Caspian terns on East
Sand Island to 1.25 ha (3.1 acres) in 2010 and@a82.0 acres) in 2011.

Consequently, the lowest number of breeding Cagpians (ca. 7,000 breeding pairs)



were recorded at East Sand Island since 1999 @0 breeding pairs; Roby et al.
2011, Roby et al. 2012). Further habitat reductwihlikely be necessary to further
reduce the size of the East Sand Island tern caodybring it down to the proposed
colony size. Therefore, the USACE will probablyldunore islands as alternative
nesting habitat to compensate for further redustiarthe area of Caspian tern nesting
habitat on East Sand Island (USFWS 2005).

As part of the Caspian Tern Management Plan, th&QESconstructed three
artificial islands in the Klamath Basin National Mlife Refuge Complex prior to the
2010 breeding season, one in Tule Lake NationatiMé&lRefuge (NWR) and two in
Lower Klamath NWR (USFWS 2009). These sites weseh because the Upper
Klamath Basin historically supported large numbrsreeding colonial waterbirds,
including Caspian terns (Finley 1907, Finley andhBtan 1907, Finley 1915). Small
numbers of Caspian terns still breed in some yata@ear Lake NWR (Gill and
Mewaldt 1983, Shuford and Craig 2002), and hundoéa®n-breeding Caspian terns
use the Upper Klamath Basin during the breedingseéShuford et al. 2004).
Because of this history of nesting and continuigg, wuesource managers believed that
the number of Caspian terns breeding in the Uppemiith Basin was limited by the
availability of suitable nesting habitat. Most bétnatural wetland habitat in Tule
Lake and Lower Klamath Lake was lost due to agtical development during the
early 20" Century (NRC 2004), and the wetlands that remaihinvthe Klamath
Basin NWRs do not provide suitable nesting substi@t Caspian terns (USFWS

2009). In low-water years, most or all of the islamn Clear Lake that serve as nesting



habitat for Caspian terns become land-bridged,ssiole to mammalian predators,
and therefore unsuitable for breeding colonial watds (Moreno-Matiella and
Anderson 2005). Constructing artificial nestingugls for Caspian terns in the
Klamath Basin NWRs could help to meet the requirashef the Caspian Tern
Management Plan while restoring the breeding pajmaf Caspian terns to the
Upper Klamath Basin (USFWS 2009).

Caspian terns nest in habitats that are naturphgmeral and will readily
colonize new breeding sites when conditions becfavearable (Collis et al. 2002,
Suryan et al. 2004). Social attraction techniquesqys and recorded vocalizations)
have been used to attract ter8®i(na spp. andHydroprogne) to nest at restored and
artificial nesting locations since the early 198Qse2ss 1983, Roby et al. 2002). If
availability of nesting habitat is limiting the nl@rs of Caspian terns nesting in the
Upper Klamath Basin, then with the aid of sociédaation techniques the breeding
population of Caspian terns should increase quittklgwing the creation of suitable
artificial nesting habitat.

Availability of nesting habitat may not be the offdgtor limiting breeding by
Caspian terns in the Upper Klamath Basin and otti@nd basins. Nest predation by
mammalian or avian predators (Hatch 1970, Stiehah 2001, Donehower et al.
2007), competition for nesting habitat with gultiénen and Brenninkmeijer 1999,
Garcia et al. 2010), or low availability of forafygh within commuting distance of
potential colony sites (Becker et al. 1997, Davared Montevecchi 2003) could also

limit the size, number, and reproductive successaspian tern colonies in the Upper



Klamath Basin. Colonial breeding birds are knowmige social information and
personal experience about reproductive performandespersal decisions (Danchin et
al. 1998, Doligez et al. 2003, Tims et al. 2004andgement actions to maximize tern
nesting success on artificial islands while inaipiereeding colonies become
established could be important for attracting atdining prospecting terns, and
ultimately establishing self-sustaining coloniestioase islands (Schmidt 2004).
Caspian terns are central-place foragers duringribeding season; their
foraging behavior is constrained by the need torreto the nest to incubate eggs and
provision young (Orians and Pearson 1979). Forrakptace foraging species, habitat
availability is inversely related to distance frdine central location (Matthiopoulos
2003, Wakefield et al. 2009). As the distance ftbmnest site to suitable foraging
habitat increases, breeding birds face greatee{odig between allocating resources to
themselves for survival and maintenance vs. thfé&pong, and between spending
time foraging vs. spending time at the nest to tarand guard offspring. Colonial-
nesting terns can be further constrained becautdbkinesting habitat may not be

available in proximity to readily available preysoairces.

Advances in satellite- and GPS-telemetry have eteaéw opportunities to
study individual behavior and movements, as wel@s animals interact with
features of their environment (Schick et al. 20D8gnacci et al. 2010). Investigations
of the foraging behavior of Caspian terns have begted to studies using radio-
telemetry because of the relatively small averamylsize of Caspian terns (ca. 650

g) and the difficulty of recapturing individual tex on the breeding colony. In this



study | use micro-GPS transmitters weighing leas th g with remote download
capabilities to collect fine-scale movement datdmreding Caspian terns over
multiple days without having to retrieve the datgder. This represents a significant
advancement in our ability to study the basic forgdpehavior of moderate-sized
seabirds and species that cannot be reliably recaptl use cluster analysis to infer
behavioral state from movement data (Van Moorted.€2010); this allows me to
guantify foraging behavior and examine how dailinaty rates, foraging effort, and

foraging distribution are affected by colony looatiand breeding status.

Chapter 2 of this thesis addresses the questiamether nesting habitat
availability was the primary factor limiting the miers of Caspian terns breeding in
the Upper Klamath Basin. Based on data collecteshguhe first two years following
island construction, | evaluate the response opf@aagerns to the creation of artificial
nesting habitat and social attraction at three iséamds designed to restore the
breeding population of Caspian terns in the Uppant&ath Basin. | monitored the
development of tern colonies on the three artifisiands, the number of breeding
pairs, their reproductive success, and the faditaisng colony size and reproductive
success at each site. | compare the total numbdmeetling pairs at all colonies within
the Upper Klamath Basin to data from the previdiidden years and compare
reproductive success at the new colonies to cuanrethiong-term productivity at other
established Caspian tern colonies in the Pacif@s€region. Additionally, | collected

data on predation from and competition with othprcses at the three artificial islands



in order to identify any other factors that coutdit the size, productivity, and

persistence of Caspian tern colonies that deveahdhese islands.

In Chapter 3 | investigate whether prey availapitibuld affect the success of
Caspian terns nesting at artificial islands inlthgper Klamath Basin. | used GPS-
transmitters to measure foraging behavior of Casf@ens breeding at Sheepy Lake
and Tule Lake during late-incubation and early khraring. My study represents the
first time that GPS telemetry has been used tamomasly track breeding Caspian
terns and provide a complete profile of individtahging trips and daily movements.
This approach allowed me to quantify and comparagiog effort by Caspian terns
nesting at two newly established colonies that vad@ut 30 km from each other. |
also measured adult body mass and chick body d¢ondgize-adjusted body mass) to
determine whether differences in foraging behaligiween tern colonies were

associated with differences in the physical coodiof terns.

Key objectives of my study were to (1) determineatting habitat availability
was the primary factor limiting the numbers of asgerns breeding in the Upper
Klamath Basin, (2) assess the initial reproducsivecess of Caspian terns that
attempted to nest at the new islands, (3) idefdicyors that could limit the size and
nesting success of Caspian tern colonies that éortihe new islands, and (4) assess
foraging conditions for Caspian terns breedindnasé three artificial islands. The
results of this study will provide information tesast in the restoration of Caspian tern

breeding colonies in the Upper Klamath Basin, whdatributing to the development



of effective restoration and conservation approadbecolonial waterbirds in general.
My use of GPS telemetry to study the fine-scaladorg behavior of Caspian terns
will provide new insight into the foraging ecologithis species, such as time spent
commuting, actively foraging, and resting durinfpeaging trip. This technology will
also provide a much clearer picture of foragingitaalselection and use by Caspian
terns. Finally, my research will help expand thpleation of this recently developed

technology to the study of smaller, more moderaeesseabirds.
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ABSTRACT

We investigated the efficacy of using decoys amdnmded vocalizations to
attract Caspian terns to nest on three artifisiands in the Upper Klamath Basin,
California.Caspian terns attempted to breed at all threecatifslands in the first
year social attraction was installed. There wagj@ifscant increase in the total
number of Caspian terns breeding in the Upper KtarBasin following creation of
new nesting islands. In 2010, approximately 258spaii Caspian terns attempted to
nest on the islands and estimated productivity Ov8S fledglings/breeding pair. In
2011, approximately 222 pairs attempted to neghenslands and estimated
productivity was 0.11 fledglings/breeding pair. Guetition with California and ring-
billed gulls Carus californicus andL. delawarensis) for nesting space and gull
predation on Caspian tern eggs and chicks werprthmary factors affecting colony
size and productivity on one island, whereas lovewkevels and depredation by great
horned owls Bubo virginianus) were factors affecting colony development and
productivity at the other two islands. The immegliatcupancy of artificial islands, as
well as the increase in the number of breedingsid colonies indicates that
availability of nesting habitat was limiting breadiby Caspian terns in the Upper
Klamath Basin. However, continued management aérgplotential limiting factors
(e.g., control of on-colony predators and comped)tavill likely be necessary to
promote the development of established, self-suisigibreeding colonies on these

artificial islands.
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INTRODUCTION

Caspian ternsHydroprogne caspia) in western North America have, over the
last century, shifted their breeding habitat frastely interior wetlands, lakes, and
rivers to primarily coastal bays and estuaries| @itl Mewaldt 1983, Wires and
Cuthbert 2000, Suryan et al. 2004). By 2000, ngdijnthe Western North America
population had also become concentrated at a stofpp@y site: East Sand Island in
the Columbia River estuary, Oregon, which as ofeiéudy 2000s accounted for
approximately two-thirds of all breeding pairs listCaspian tern population (Suryan
et al. 2004). Concurrent with the shift from the&enior to the coast, there has been a
shift from nesting in natural habitats to nestih@mthropogenic sites, such as dredge
spoil islands and salt pond levees (Gill and Mewafi83, Suryan et al. 2004); this
shift has brought Caspian terns into increasindlicbmvith fisheries, in particular
where Caspian tern colonies co-occur with runsnaidaomous salmon and steelhead
(salmonidsOncorhynchus spp.) that are of conservation concern (Roby.e2G02,

Roby et al. 2003).

Caspian terns nesting at East Sand Island, a 28dmal near the mouth of the
Columbia River, are estimated to consume annuaitywéen 4 million and 7 million
juvenile salmonids out-migrating to the Pacific @adrom throughout the Columbia
River basin (Roby et al 2002, USFWS 2005). A federanagement plan entitled
“Caspian Tern Management to Reduce Predation anllevSalmonids in the

Columbia River Estuary” (hereafter the Caspian Tdamagement Plan; USFWS
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2005) was developed by the U.S. Fish and Wildlgevi®e (USFWS) and the U.S.
Army Corps of Engineers (USACE), in consultatiorthnother federal, state, and
tribal agencies. The goal of the Caspian Tern Mamamnt Plan was to reduce the
impact of tern predation in the estuary on survofglvenile salmonids listed as
threatened or endangered under the U.S. Endan§eeaties Act, while maintaining
the viability of the Western North America poputatiof Caspian terns.

As patrt of this plan, the USACE seeks to providetta (8 acres) of new
alternative nesting habitat for Caspian terns iagon and California, while reducing
the amount of Caspian tern nesting habitat on &astl Island from 2.0 ha (5 acres) to
0.4 ha (1 acre; USFWS 2005). This reduction iningdtabitat is expected to reduce
the number of Caspian terns nesting at East Séamtisrom approximately 9,000 —
10,000 pairs to approximately 2,500 — 3,200 p&ISKWS 2005), thereby
substantially reducing predation rates on juvesglenonids in the Columbia River
estuary. Redistributing breeding Caspian terns foomn large colony in the Columbia
River estuary to several smaller colonies overoathigeographic area could also help
reduce the risk to the Western North America Casfgen population from
catastrophic local events (Cuthbert and Wires 18y et al. 2002).

Prior to the 2010 breeding season, the USACE cactstll three artificial
islands in the Klamath Basin National Wildlife RgluComplex, one in Tule Lake
National Wildlife Refuge (NWR) and two in Lower Kieath NWR. This area was
chosen for construction of artificial tern islartcause the Upper Klamath Basin

historically supported large numbers of breedinigmal waterbirds, including
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Caspian terns (Bailey 1902, Finley and Bohlman }98ihall numbers of Caspian
terns still breed in some years at Clear Lake NWEé Upper Klamath Basin
(Shuford and Craig 2002), and hundreds of non-lmgedaspian terns use the Upper
Klamath Basin during the breeding season (Shufoail 004). Because of this
history of nesting and continuing use, resourceagars believe that the number of
Caspian terns breeding in the Upper Klamath Basprimarily limited by the
availability of suitable nesting habitat (USFWS 9(Most of the natural wetland
habitat at Tule Lake and Lower Klamath Lake was dg to agricultural
development during the early 20th Century (NRC 208dd the wetlands that remain
within the Klamath Basin NWR Complex do not provgletable nesting substrate for
Caspian terns (USFWS 2009). Constructing artifiogdting islands for Caspian terns
in the Klamath Basin NWRs could help to meet tliumements of the Caspian Tern
Management Plan, while restoring a breeding pojuuatf Caspian terns to the Upper

Klamath Basin (USFWS 2009).

Caspian terns nest in habitats that are naturpthgmmeral and will readily
colonize new breeding sites when conditions becaoroee favorable (Collis et al.
2002, Suryan et al. 2004). Social attraction teghes (decoys and recorded
vocalizations) have been used to attract tedresr{a spp. andHydroprogne spp.) to
nest at restored and artificial nesting locatidteés 1983, Roby et al. 2002). If
availability of nesting habitat is limiting the nib@rs of Caspian terns nesting in the

Upper Klamath Basin, then the breeding populatio@aspian terns should increase
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quickly following the creation of suitable artifadinesting habitat and with the aid of

social attraction techniques.

Avalilability of nesting habitat may not be the offdgtor limiting breeding
Caspian terns in the Upper Klamath Basin and athand basins. Nest predation by
mammalian or avian predators (Hatch 1970, Stiehah 2001, Donehower et al.
2007), competition for nesting habitat with gullsus spp.; Stienen and
Brenninkmeijer 1999, Garica et al. 2010), or lovaibility of forage fish within
commuting distance of potential colony sites (Beakeal. 1997, Davoren and
Montevecchi 2003) could also limit the size, numlaerd reproductive success of
Caspian tern colonies in the Upper Klamath Bagiather factors affect the
productivity of Caspian tern colonies that formraw, artificial islands in the Upper
Klamath Basin, then using social attraction to emage nesting at these sites could
create an ecological trap for Caspian terns, anegtses a population sink (Battin
2004, Ahlering et al. 2010). Demographic studigsrege that fecundity of
approximately 0.65 fledglings/breeding pair (0.3@.74 fledglings/breeding pair) is
required to maintain a stable population of Caspeans within the Pacific Coast

region (Suryan et al. 2004).

Recognizing and addressing the initial causes loingodecline and
abandonment is an important precursor to any rasbor effort for colonial waterbirds
(Kress 1983, Anderson and Devlin 1999, Jones aed¥2012). While creating

artificial nesting habitat and providing socialrattion should overcome the primary
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barriers to the restoration of Caspian tern bregdolonies in the Upper Klamath
Basin, there is no way to know in advance of redton the effects of other potential

limiting factors.

The purpose of this study was to test the hyposhtesit the numbers of
Caspian terns breeding in the Upper Klamath Basprimarily limited by the
availability of suitable nesting habitat. Key oljjees of this work were to (1)
document tern colony development at restoratias g#rtificial islands), (2) compare
initial reproductive success of terns at restorasibes to other established Caspian
tern colonies within the Pacific Coast region, 8%ess the impact of gulls on the
success of tern colony development, and (4) ideatiflitional factors affecting tern
colony growth and reproductive success that coaldddressed through on-going
management at restoration sites. If nesting haisitaniting the number, size, and
productivity of Caspian tern colonies in the Upgé&math Basin, we expected that:
(1) the number of Caspian tern breeding coloniesthe total number of breeding
pairs in the Upper Klamath Basin would increasaréficial nesting habitat becomes
available and (2) the reproductive success of @agjeirns breeding at artificial
islands would be comparable to or greater thana@eenesting success at established

colonies in western North America.

METHODS

Sudy Area
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All three artificial tern islands built in the Uppklamath Basin are located in
Siskiyou County, California, along the border w@hegon, and are within Lower
Klamath NWR and Tule Lake NWR, parts of the KlamB#sin NWR Complex.
Lower Klamath NWR covers 206 Kmand includes 43 separate permanent and
seasonal wetland units and 24.3%ofleased farmland (Mayer 2005). The refuge
receives water from Tule Lake NWR and from the Kd#mRiver (NRC 2004). Tule
Lake NWR includes two sumps (1A and 1B) totaling l&7, which are managed as
permanent and seasonal wetlands. Both refugesaragad by the U.S. Fish and

Wildlife Service as part of the National WildlifeeRige System.

One artificial tern island was built in Sheepy La#e8.9 ki permanently
flooded unit in Lower Klamath NWR, near its westboundary. The Sheepy Lake
tern island is a 0.3-ha (0.8-acre; Figure 2.1) ansth floating island constructed from
modules of recycled plastic injected with foam awdrlain with gravel suitable as
nesting substrate for Caspian terns. A secondcatitern island was built in the
center of Orems Unit, a seasonally flooded wetlaathagement unit on the eastern
edge of Lower Klamath NWR. It is a 0.4-ha (1-aaié}core island, surrounded by
rocky revetment and topped with gravel substrate. third artificial tern island was
built in the southwestern portion of Tule Lake Subfy a 13.6 krhpermanently
flooded wetland unit in Tule Lake NWR. It is a h8-(2-acre) rock-core island,

topped with gravel substrate.
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Four established Caspian tern colonies in the RaCdast region (Figure 2.2),
where multiple years of monitoring data have bedlected, were used as reference
sites for reproductive success (productivity) aotl kjeptoparasitism rates. The
colony on East Sand Island, Oregon, the largesivkr@aspian tern colony in the
world, has been continuously active since 1999, iatmtated in the Columbia River
estuary near the mouth of the river (Roby et adl2)0Brooks Island in central San
Francisco Bay, California, is the site of a modessired Caspian tern colony; Caspian
terns have nested at Brooks Island since at |€&8&, and it has been the site of the
largest Caspian tern colony in the Bay Area sir@@®71(Strong et al. 2004, Collis et al.
2012). The Caspian tern colony on Potholes Reseirveiastern Washington was the
third reference site used for comparison purpdSaspian terns have nested on
islands in Potholes Reservoir since the 1950s érenl982). The fourth and final
reference colony, a moderate-sized Caspian teongan Crescent Island in the mid-
Columbia River in south-central Washington, hasteeive since at least 1991 (Blus
et al. 1998). All four reference colonies are lechat sites that are either
anthropogenic or have been significantly alteredhiaypan activities. Data collected at
these four Caspian tern colonies between 2000 @b? gRoby et al. 2012) were used
as reference for comparison with new tern colomebe Upper Klamath Basin;
between 4 and 13 years of data were availableafcin eeference colony. Details of
colony size and years when data on nesting sueesrescollected at the four

reference colonies are provided in Table 2.1.

Colony Sze and Productivity
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Social attraction techniques (tern decoys and apldigback systems) were
used to attract Caspian terns to breed at the $hedqe tern island during 2010 and
at all three atrtificial tern islands in the Uppda#ath Basin during 2011. Social
attraction was not used at the tern islands in Talkee Sump 1B or in Orems Unit
during 2010 because these two islands were lamididxli due to a drought-related
water shortage in the Upper Klamath Basin (NRC3203ocial attraction consisted
of 220 to 250 Caspian tern decoys arranged ovaremof approximately 250°m
coupled with four outdoor speakers broadcastingaligecordings of vocalizations
from an active Caspian tern colony on a contindoap. Installation dates for social

attraction at each site are reported in Table 2.2.

The number of Caspian tern breeding colonies wittenUpper Klamath Basin
during 2010 and 2011 was determined using grounat, land aerial surveys of all
known and potential nesting sites. The three neificaal islands were monitored at
least four times per week throughout the breedeagan. Historical Caspian tern
nesting sites in the Upper Klamath Basin, suchlaar@.ake and Meiss Lake, were
visited by boat or from land every two weeks duriing early breeding season to
determine if Caspian terns were nesting. Aerialsys using fixed-wing aircraft were
conducted in May and June to search for Caspianct@onies on other lakes,

marshes, and wetlands throughout the Upper KlaBagm.

During monitoring visits to the new artificial islds, researchers recorded

breeding chronology (pre-laying, incubation, chrelering), adult colony attendance
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(number of adult Caspian terns present), and thabeu of nesting pairs (number of
active Caspian tern nests containing eggs andioksh For breeding chronology,
researchers recorded the first appearance of Gaspias on the island, as well as the
first occurrence of courtship behaviors (mate-fegdcopulation, or nest-scraping),
egg-laying, chick-hatching, and chick-fledging. Adattendance on the colony was
estimated as the average of two counts of all @asigrns on the island at the
beginning and end of each monitoring session. Timeler of Caspian tern nesting
pairs was estimated during each colony visit asitireber of adults in an
incubating/brooding posture, based on counts cdedwat least once, but usually an
average of two or more counts taken during a mangesession. Counts at tern
colonies on the three artificial tern islands wesaducted from observation blinds
located on or adjacent to each island. Countshatr éérn colonies were conducted
from boats or from land at the closest availablgeobation site to the colony, without

causing nesting terns to flush from their nests.

The number of breeding pairs at each active Cadprancolony was estimated
from the peak count within a breeding season ohtimaber of active nests. Nesting
success at each active Caspian tern colony wasuneebas the average number of
fledglings raised per breeding pair. The numbdeof fledglings at colonies with
more than 50 pairs was estimated from counts ofitimeber of chicks present on the
colony approximately 10 days after the first fladglwas observed. At colonies with
less than 50 breeding pairs, the number of fledglimas estimated as the number of

chicks that survived to at least 35 days post-haggtbased on monitoring of each
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active nest on the colony. Caspian tern nestingesscat colonies in the Upper
Klamath Basin in 2010 and 2011 was compared toageeproductivity at the four
reference Caspian tern colonies (East Sand IsBnaks Island, Crescent Island, and
Potholes Reservoir) between 2000 and 2011 (Martrab 2010, Roby et al. 2012).
Suryan et al. (2004) estimated that average reptivdusuccess between 0.32 — 0.74
fledglings/breeding pair is necessary to maintastedle population of Caspian terns

within the Pacific Coast region.

Competition with Gulls

Ring-billed (arus delawarensis) and California gullsl(. californicus)
commonly nest in the Upper Klamath Basin. Use efrtw artificial tern islands by
breeding gulls was estimated from regular countlaidult gulls present on each
island. Counts of adult gulls were conducted atleace per week during the
breeding period. Researchers recorded breedingalogy of gulls in the same
fashion as for Caspian terns. The number of geeding pairs was estimated from
the average of counts of each gull species attgnuksts during the week of peak

incubation (when the first gull chicks were seeraarisland).

Caspian terns returning to a colony with a fisthiair bill (bill load) were
observed to determine the proportion of bill lo&t= were kleptoparasitized by gulls.
Observations to estimate kleptoparasitism rateg wenducted during 3-hour periods
at least four times per week. The timing of klept@sitism observation periods varied

to control for potential variation in kleptoparasih rates with time of day;
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observation periods were evenly distributed ambegaollowing 5-hr periods: 05:30-
10:30, 10:30-15:30, and 15:30-20:30 PDT. Adultsesith bill loads were selected
for observation while they were in the air and witBO m of the blind to prevent bias
towards bill loads consisting of large or smalhfi&ach bill load was followed until a
fate for the fish was observed, five minutes hasspd with no fate, or the observer
lost sight of the focal bird. Fish fates were di#sd as self-feed, mate-feed, chick-
feed, pirated by another tern, kleptoparasitized lgyll, or unknown final fate.
Kleptoparasitism rates were calculated as the ptigmoof fish of known fate that
were kleptoparasitized. Data from Upper KlamathiBaslonies were compared to
data collected following the same protocol at ther freference Caspian tern colonies

between 2008 and 2011.

Predation

Throughout the breeding season, researchers recamjeinstance of gull
predation on Caspian tern eggs or chicks that wasreed during monitoring
sessions. The total numbers of gull predation evebserved during all hours of
colony monitoring were recorded from the initiatiofnthe first tern nest to the median
date of tern fledging during each year of the stddys was used to measure any
change in the intensity of gull predation at the&dy Lake tern colony from 2010 to

2011.

A federal depredation permit (MB209988-0) was isstzethe USACE to

lethally remove California and ring-billed gullsathwere habitual predators on the
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nest contents of Caspian terns at the new arlifiera islands in the Klamath Basin
NWRs. This action was considered necessary by 8#QE and Refuge managers to
ensure successful development of Caspian tern imgeedlonies on these islands.
Individual gulls were identified as habitual temshpredators at any of the new
artificial islands if they were seen depredating teggs or chicks, attempting to attack
tern nest contents from the air or ground, or rigchnd diving over a Caspian tern
colony for at least five minutes. Predatory gullrgvshot from the observation blind
by a sub-permittee under the depredation perntiteddJSACE using a .22 caliber

rifle. This method caused minimal disturbance tsting Caspian terns and only
briefly flushed gulls nesting nearby (A.P., perdaizservation). Records were kept

on the numbers and species of gulls removed frath Baw island.

During each visit to monitor Caspian tern coloniresearchers looked for
signs that predators had visited the tern islands ¢arcasses of birds, scat or pellets,
or sudden disappearance of multiple nesting adthisks, or eggs). In particular,
researchers looked for signs of predation by dreated owls Bubo virginianus, owl
pellets and remains of birds that had been decdagijtaAlso, researchers looked for
signs of mammalian predators (including scat amdpiants). If terns were nesting on
an island, the search for predator sign was coedugsing binoculars and a spotting
scope, and a description and the location of aagigior sign were recorded to avoid
double-counting. If nesting birds were not presemthe island, researchers would

examine, record, and remove any predator sign.
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When there were indications that a nocturnal gaedaas visiting an artificial
tern island while Caspian terns were nesting, welaoted overnight observations to
identify the predator and quantify the level oftdibance. During overnight
observations, 2-3 researchers scanned the colomyghout the night using a night-
vision monocular and recorded whether any predaters seen on the colony,
whether any predation on nesting terns or theit o@stents was detected, and
whether adult Caspian terns abandoned their nastsgdhe night. The impact of
nocturnal predators on each tern colony was assésstne pattern of nest failure

associated with predator visits.

Satistical Analysis

A Welch’st-test was used to compare the average number edlingepairs of
Caspian terns in the Upper Klamath Basin beforeadt®t creation of artificial nesting
islands. We used logistic regression to comparngt&fearasitism rates between the
Upper Klamath Basin colonies and the four referaamdenies. Colony, year, and a
colony-year interaction term were considered asaggtory variables and the model
best supported by the data was selected usingpaithdeviance test. Wald's tests
were used to determine if there were differencéwden the Upper Klamath Basin
colonies and the four reference colonies, afteoacting for other factors in the
model. Fisher's exact tests were used to determiether the probability of
kleptoparasitism or gull predation at the Sheepyeltern island changed between

2010 and 2011.
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RESULTS
Caspian Tern Response to Habitat Creation and Social Attraction

In 2010, the first Caspian tern was seen foragiey Sheepy Lake on 9 April
and the first Caspian tern was seen resting ostieepy Lake tern island on 11 April
(Table 2.2). The numbers of Caspian terns obseesihg on the island ranged from
0 to 21 during April. Courtship behaviors (matedieg, copulation, and nest-
scraping) were first observed during the week oAp6l. In May, Caspian terns were
observed on the island during every visit; an aye@ 18 Caspian terns were counted
on the island (range = 3 to 67 terns, Figure Z:B first Caspian tern nest was
initiated (eggs laid) on 19 May; however, the Caggern colony did not reach 50%
of its peak size until 20 June. Maximum colony 92258 nests was attained on 12
July. During June - August, when most tern nest®wetive, the average number of
Caspian terns on the island ranged from 183 toirddi2iduals, followed by a sharp
decline in tern numbers during September. The maximumber of Caspian terns
observed on the island was 502 on 27 June. Thertéwial tern islands in Tule
Lake Sump 1B and Orems Unit were not suitable fspgian tern nesting in 2010

because the islands were land-bridged due to losrwa

In 2011, the first Caspian terns were seen flyingr the island in Sheepy Lake
on 2 April and the first Caspian terns were sesting on the island on 6 April (Table
2.2). Caspian tern attendance on the island inl &Apd May was highly variable
(average of 23 and 67 individuals, respectivelguke 2.3). The first Caspian tern nest

was initiated on 14 May. Similar to 2010, howe\hkeg tern colony did not reach 50%
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of its peak size until 22 June. Peak colony sias ®88 nests, which was reached on
27 June. During June — August, when most ternmgesitcurred, average tern
attendance on the Sheepy Lake island was relatoogigtant (average = 126 — 177
individuals). The maximum number of Caspian ternseoved on the island at one

time in 2011 was 397 on 24 June.

In 2011, the first two Caspian terns were seetngsn the new Tule Lake
tern island on 11 April, eight days after sociafation was first installed on the
island and five days after the first Caspian tdrthe year was seen on the Sheepy
Lake tern island. Between 0 and 32 Caspian terme wleserved resting on the island
during April. In May the average number of Caspiemms resting on the island rose to
39 (range = 1 to 128 terns; Figure 2.3), and temr® present during every visit to the
island. Courtship behaviors were first observednduthe week of 1 May and the first
nest was initiated (eggs laid) on 18 May. The Tudke tern colony did not reach 50%
of its peak size until 26 June. Maximum colony sizs 34 nests, which was first
attained on 12 July. Attendance on the island wkively consistent through June,
July, and August; monthly averages were betweeardids8 adults on the island. The

maximum number of Caspian terns observed on thadsivas 151 on 31 August.

The first Caspian terns were observed on the Otémitstern island on 4 May
2011, one day after social attraction was instabed courtship behaviors (nest-
scraping, mate feeding, and copulation) were satdmnnathe first week (Table 2.2).

During May the average number of Caspian terns sedhe island was 40, but
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attendance on the island was highly variable (ran@e¢o 174 adults; Figure 2.3).
Caspian terns initiated three nests on the islataddren 29 May and 26 June; the most
long-lived tern nest was attended for 11 daysulmeXhe average number of Caspian
terns seen on the island dropped to 11 (rangeo=106 terns). No Caspian terns were
seen using the island between 26 June and 9 Juolyitoning of the island was
discontinued after 9 July. The maximum number cffan terns observed on the

island was 174 on 11 May.

Colony Sze and Productivity

The Sheepy Lake tern island was the only sitbendpper Klamath Basin
where Caspian terns nested during 2010. Natugaidsl at Clear Lake and Meiss Lake
were land-bridged because of low water levels. &mtugh water was available in the
refuges to fill the wetland units containing thdd uake and Orems Unit artificial
islands because of water shortages. Approximateygairs of Caspian terns
attempted to nest on the newly created Sheepy temkasland and approximately 167
chicks were raised to fledging. Estimated produigtifor this colony in 2010 was 0.65

fledglings/breeding pair.

In 2011, Caspian terns attempted to nest at foes 81 the Upper Klamath
Basin, the three artificial tern islands at Shekealke, Tule Lake, and Orems Unit, plus
one island in Clear Lake NWR. The Sheepy Lake ¢etany peaked at 188 breeding
pairs in 2011, and 21 chicks were raised to fleglgige; estimated productivity for the

Sheepy Lake tern colony was 0.11 fledglings/breggair in 2011. The colony on the
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Tule Lake tern island peaked at 34 breeding pBoar pairs successfully raised a
chick to fledging age, and estimated average copwagluctivity was 0.12
fledglings/breeding pair. Three nesting attempt€£hgpian terns were recorded at
Orems Unit; only one nest was active at a time.dé\airthe tern nests on the island in
Orems Unit survived to hatching. A maximum of 1&daling pairs of Caspian terns
were recorded at Clear Lake. None of the Caspianntests at the colony at Clear

Lake survived to hatching.

The Caspian tern colony on Sheepy Lake in 2010tlhasnly colony/year on
an artificial island during the study period wheproductive success was within the
estimated range required to support a stable popalaf Caspian terns in the Pacific
Coast region (0.32 — 0.74 fledglings/pair; Suryaale2004). In 2010, the Caspian
tern colony on Sheepy Lake had higher productithign any of the three reference
colonies from which data were available. In 20h&, €aspian tern colonies on two of
the three artificial island in the Upper KlamathsBawere more productive than the
East Sand Island colony, which failed to raise ymyng, but less productive than the
Crescent Island and Potholes Reservoir coloniesr @ two-year study period,
average productivity at Sheepy Lake was comparaldEng-term productivity at two
of the four reference colonies (Brooks Island anthBles Reservoir), but lower than
average productivity at the other two (East Satahtsand Crescent Island; Table

2.3).
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There was a significant difference in the numbeCas$pian terns known to be
breeding in the Upper Klamath Basin before and aéistoration was implemented in
2010 (Welch's = -6.0, df = 9.3P < 0.001; Figure 2.4). Between 1997 and 2009, an
average of 91 (x 23 SE) breeding pairs of Caspmamstwas recorded in the Upper
Klamath Basin (J. Beckstrand, USFWS, unpublished;&huford et al. 2002). In
2010 and 2011 the average number of breeding pruosded in the Basin was 246 (+
13 SE). The numbers of pairs of Caspian terns lorgeat Clear Lake NWR in 2000
and 2001 (242 and 201 breeding pairs, respectivedyg similar to the number of
pairs nesting at artificial islands in 2010 and PCEstimates of the total number of
Caspian tern breeding pairs in the Basin befor®2B06wever, were based on a single
survey conducted in late June or early July, winety not be during the peak of

Caspian tern nesting in all years.

Competition with Gulls

Ring-billed and California gulls were the most nuows species breeding on
the Sheepy Lake tern island. In 2010, gulls arriwedhe island and initiated egg-
laying within five days of Caspian tern arrival andiation (Tables 2.2 and 2.4);
approximately 750 pairs of ring-billed gulls and)l&nd California gulls, nested on

the island.

In 2011, gulls were already present on the Sheegg ttern island at the end
of March when monitoring began, 11 days prior ®@filst observation of Caspian

terns for the year. Gulls initiated breeding 16slagfore Caspian terns. The first
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observation of a gull egg on the Sheepy Lake isiar&D11 was 18 days earlier than
in 2010. Approximately 1,750 pairs of ring-billedlly and 550 pairs of California
gulls nested on the island, 2.3 times and 3.7 timexe, respectively, than in the
previous year. During April, May, and June thereeven average 1,038 more gulls on

the island in 2011 than in 2010 (Figure 2.5).

The numbers of ring-billed and California gullsngsthe Tule Lake tern island
were quite low throughout the 2011 breeding se@samthly averages: 4 — 41
individuals; Figure 2.5), compared to gull numbar§heepy Lake tern island. Gulls
began roosting on the Tule Lake tern island in A and initiated courtship
behavior a week later (Table 2.4). After May, hoegthe number of gulls using the
Tule Lake island declined substantially and thedsgilat were seen on the island
mostly roosted on the opposite side of the islaathfthe Caspian tern colony. No
active gull nests were detected on the Tule Lakeigtand throughout the 2011

nesting season.

Ring-billed and California gulls began using the@s Unit tern island
immediately after the installation of social attran for Caspian terns (Table 2.4). The
average number of gulls on the island doubled fi&® gulls during May to 330 gulls
during June (Figure 2.5). Gull nests with eggs wiesé seen on 16 May, and gull
chicks began to hatch on 6 June. A maximum of #@illed gull nests and 10

California gull nests were counted on the islandigall nests on the Orems Unit
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island had failed by 5 July, apparently becaus#isitirbance and predation by great

horned owls.

Rates of tern kleptoparasitism by gulls differetieen colonies)f = 581.2,
df = 4,P < 0.0001) and there was a significant interactietween colony and yeag’(
=22.4,df = 6P = 0.001; Figure 2.6). After accounting for difaces between years,
the probability that a tern bill-load fish would kkeptoparasitzed at the Sheepy Lake
tern colony was 0.02 (95% CI = 0.01-0.03). Guligtegarasitism rates were much
higher at the four reference colonies; the odds lofl load fish being
kleptoparasitized ranged from 5.6 times greatéheEast Sand Island tern colony in
2011 to 46.1 times greater at the Crescent Iskamddolony in 2010. Between 2010
and 2011, however, the odds that a bill load fisth@ Sheepy Lake tern colony would
be kleptoparasitized increased 4.9 times (Fistetégt test: 95% Cl = 1.7 - 19.6 odds,
P =0.001). There were no observed incidents of kjaftoparasitism of tern bill
loads at either the Tule Lake tern island or then@ Unit tern island; consequently,

these two sites were excluded from the analysis.
Water Availability

In 2010, there was not sufficient water on the Kd#mBasin NWR Complex
to fill Tule Lake Sump 1B and Orems Unit, so thefiaral islands in both these
impoundments were unsuitable as nesting habita@éspian terns. By 1 April,

cumulative precipitation for 2010 was 69% of thedderm average, the snowpack
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was 69% of average, and storage at three largevoasein the region (Upper

Klamath Lake, Gerber Reservoir, and Clear Lake) 58 of average (NRCS 2010).

In 2011, water was not available to fill the Oreldrst impoundment until
May, one month after Caspian terns had arrivetderrégion. By 1 April, cumulative
precipitation for 2011 was 111% of average, snowkpeas 136% of average, and
storage at the three reservoirs was 88% of avéNIBES 2011). By August, the
Orems Unit impoundment no longer contained sufficigater to deter mammalian
predators from accessing the island, if Caspiamstbad still been nesting on the

island.

Predation

Between 2010 and 2011, we witnessed an increagpdlipredation on tern
nests at the Sheepy Lake island, from four guldlatien events during 215 hours of
colony observation in 2010 to 25 gull predationrdgseluring 458 hours of colony
observation in 2011. The odds of witnessing a grdtlation event were 2.93 times
greater in 2011 than in 2010 (Fisher’'s exact @&s¥% Cl = 1.0 to 11.7 oddB,= 0.04).
In 2010, two California gulls that repeatedly defated Caspian tern nests were shot
on the Sheepy Lake tern island. In 2011, 45 depireglgulls (42 California gulls and
3 ring-billed gulls) were shot on the Sheepy Ladm island. No observations of gull
predation on Caspian tern nests were recordec &@tbms Unit tern island, and gulls

were rarely observed in or near the Caspian teiongat the Tule Lake island.
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We conducted 13 overnight observations of the Tale tern colony between
19 July and 22 August, following indications that@cturnal predator was active on
the tern colony. Great horned owls were seen dddagdifferent overnight
observations between 19 and 30 July; partial orpteta abandonment of the colony
by adult Caspian terns occurred during 11 of thev&night observation periods. In
total, 68% of active Caspian tern nests on the Tale island failed within three days
of known nocturnal visits by great horned owls;tét nests with eggs were
abandoned and 11 nests containing chicks failedusecchicks were depredated or
died in the nest, apparently due to exposure. @Ottems Unit island there was
evidence that a great horned owl depredated atdeasn adult ring-billed gulls
between 20 June and 5 July. This coincided witbragtete collapse of the gull
colony on this island; by 5 July all gull nests Haied and no Caspian terns had been

observed on the island for over a week.

DISCUSSION

Caspian terns responded quickly to habitat creatiahsocial attraction,
attempting to breed at all three atrtificial islar@ohgl at each island in the first year
when suitable nesting habitat was available. The®an increase in the number of
Caspian tern colonies and a significant increagkamumber of Caspian terns
breeding in the Upper Klamath Basin following immplentation of nesting habitat
restoration. In both years following restoratidme hew artificial tern nesting islands

supported the only Caspian tern colonies in theddppamath Basin that successfully
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hatched and fledged chicks. The creation of m@ti@sting sites has increased the
potential for Caspian terns to breed successfalthé Upper Klamath Basin; it is
more likely that at least one nesting island wdldvailable in low water years and
there is less risk that a single factor (e.g.,eptor) can limit nesting success for all

sites.

The addition of two new nesting islands in 2011h& one that was available
in 2010, however, did not result in an increastheoverall number of Caspian terns
breeding within the Basin. This suggests that thgufation of Caspian terns that
could rapidly recruit to these new islands wastkahi The similarity between the
number of breeding pairs recorded during this samty the number of pairs recorded
in the Basin during 2000 and 2001 could indicata these early recruits were
dominated by Caspian terns with some history oédireg at Clear Lake in the Upper
Klamath Basin. Future population growth in the Basould be driven by intrinsic
recruitment of terns that fledged from these qikasss 1983, Parker et al. 2007) or
increased numbers of terns seeking new breedieg a# suitable nesting habitat is
lost elsewhere (Kress 1983), such as at East Startllin the Columbia River

estuary.

Average nest success at the Sheepy Lake and Tkiéetéemn islands during the
first two years following construction of theseaistls was lower than the estimated
level of productivity required to maintain a staptepulation (Gill and Mewaldt 1983,

Suryan et al. 2004). The Sheepy Lake tern coloagired this threshold for
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productivity in one of the two study years, howewedicating that terns nesting at
this site were able to attain adequate productiatyeplacement in some years.
Long-term productivity at Brooks Island and PotlsaReservoir (0.40 and 0.34
fledglings/breeding pair, respectively), two mediaiped Caspian tern colonies in the
Western North American population that have pezdishas been as low as the
average of the first two years at the Sheepy Lakeny (0.36 fledglings/breeding
pair). These two reference colonies indicate thHaaspian tern colony can persist with
average reproductive success as low as was obsatrtteel Sheepy Lake island in the
first two years. Caspian terns may continue to aesitese sites following the removal
of social attraction even if these colonies repnepepulation sinks in most years.
Continuing social attraction and active manageméttiese new islands for several
years in order to establish breeding site fidedityl an experienced breeding
population may be necessary to balance years with igproductive success early on.
Even if reproductive success at these restoredhgdibes is lower than average, they
may still benefit the Western North American popiola by providing more breeding
colony sites to help offset the negative populagtiacts of low reproductive success
and stochastic events at large colonies in somes yE€aithbert and Wires 1999,

Suryan et al. 2004).

In both years of this study, peak nest initiatigndaspian terns was delayed
until June, and occurred well after courtship bébravegan and the first eggs were
laid. Timing of breeding has been shown to affeotpctivity in many bird species.

Seasonal declines in reproductive success haverbperted for many species of tern
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(Nisbet and Welton 1984, Burger et al. 1996, Arretlél. 2004). New breeding sites
are often colonized by younger birds (Tims et @D4). Inexperienced breeders have
been found to initiate nesting later, both withimddetween colonies (Burger et al.
1996, Tims et al. 2004), and tend to experiencetaeproductive success (Nisbet et
al. 1984, Burger et al. 1996). Nest initiation edso be limited by availability of food
early in the nesting season, or intense predatioganly nests (Burger et al. 1996).
Whatever the proximate cause of the apparent Egeinitiation at the Upper Klamath
Basin colonies, amelioration of those conditions. (irecruitment of more experienced
breeders, better early season climatic conditions)creased prey availability) could

contribute to higher productivity in future years.

Gulls have been reported to out-compete tern spéaienesting habitat in
many areas (Kress et al. 1983, Blokpoel et al. 188derson and Devlin 1999,
O’Connell and Beck 2003). Populations of Califorarad ring-billed gulls have been
increasing in the Pacific Northwest (Conover 198B8ong et al. 2004, Ackerman et al.
2006); greater numbers of potential breeders arigteaest initiation enable gulls to
outcompete terns for nesting space (Courtney aokipdkel 1983, Maxson et al. 1996).
Between the first and second breeding seasonseddhtbepy Lake island, the number
of breeding gulls increased substantially and ithéty of gull nesting was at least two
weeks earlier in the second year. At the same tineenumber of Caspian terns
breeding on the island decreased slightly. Withergurlls nesting on the island and
initiating nesting earlier in the second year & gtudy, it appears that gulls out-

competed terns for nesting space on the islan201®, Caspian terns nesting on the
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Sheepy Lake island nested in one cohesive grotheiogenter of the area where
decoys and audio playback systems had been deplioy2d11, Caspian terns nested
in two groups one on the outer edge of the sotiiecion area and the other along
the edge of the island. This provides further supfoo the hypothesis that Caspian
terns were precluded from nesting on much of tlamdby large number of nesting

gulls that had initiated earlier in the season.

The incidence of gulls exhibiting predatory behavaward Caspian tern eggs
and chicks increased at the Sheepy Lake islartteiseécond year of the study, as
indicated by the substantial increase in the nurobgulls that had to be removed.
Despite more intensive gull control, there wag atdharp decline in Caspian tern
productivity in 2011 compared to 2010, indicatihgttgull predation on tern eggs and
chicks may not have been by just a small numbspetialist gulls, as described by
Guillemette and Brousseau (2001). Control of pregagulls on Sheepy Lake island
likely helped some Caspian tern chicks surviveldietiiging, but this measure was

not sufficient to prevent a decline in productiVvitgtween the two years.

Competition with gulls for nesting habitat wouldntobute to the increased
risk of gull predation on Caspian tern nests. Olet@yns of adult gulls preying on
chicks of other gulls were common in both yeardgckhatching for gulls and terns
that nested on the Sheepy Lake island in 2010 wadynsynchronous; chicks of all
three species were of similar size and equallyenalble to gull predation early in the

chick-rearing period (Shealer and Burger 1992, Be@®95, Whittam and Leonard
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2000). In 2010, Caspian tern chicks may have betkfiom predator swamping
because of the greater abundance of gull chickdi(@al938, Ims 1990, Becker
1995). In 2011, however, gulls initiated nestindlwefore Caspian terns, and gull
chicks were too large to be easy prey for adulisguhen tern chicks began hatching.
As a result, tern chicks were the most readilylatée prey on the colony at the time
when the food requirements of gull chicks were bgghand at least some gulls had
become accustomed to preying on chicks at the gokinally, the Sheepy Lake tern
colony was more fragmented in 2011 compared to 20H&ing more tern nests
susceptible to predation at the edge of the testingeareas (Spear 1993, Becker

1995, Donehower et al. 2007).

Despite apparent competition with gulls for nestipgce and reduction in
nesting success due to nest predation by gullptdparasitism of Caspian terns by
gulls at the Sheepy Lake island was substantialyel than at all four reference
colonies. This indicates that gulls nesting at3heepy Lake island are not limiting
Caspian tern provisioning rates to their mateshicks. If bill load kleptoparasitism is
a learned behavior for gulls, it may take more ttvem years of sympatric nesting for
gulls to develop a strong tendency towards kleptgtism. This would explain why
kleptoparasitism rates were lower at this new t&lony compared to colonies that
have persisted for over 10 years. Also, if pregngebrought back to the Sheepy Lake
tern colony are relatively small or have low enecgptent, it may not be sufficiently

profitable for gulls to steal bill loads from teri&nally, if there are ample alternative
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food sources available to gulls, then there maybea strong incentive for gulls to

develop kleptoparasitic behavior.

On-going management of gulls has been a requirefoesticcess in many
tern restoration projects (Kress 1983, Blokpoelle1997). Within-season control of
predatory gulls likely provides some enhancememepfoductive success
(Guillemette and Brousseau 2001, Donehower et087 by limiting and preventing
predation. Measures to limit the number of gullsdaling on Sheepy Lake island and
delay nest initiation by gulls could have greatendfits in helping terns compete with
gulls for nesting territory and increasing nestiygchrony between terns and gulls

(Courtney and Blokpoel 1983).

There was no evidence that gulls were limiting CGaspern colony size or
nesting success at either the Tule Lake or the ©kénit islands. The numbers of
gulls nesting and resting on these two islands wneetively small compared to the
Sheepy Lake island. Given the marked increaseamtimber of gulls nesting at
Sheepy Lake island in the second year, it is ptestilat gull nesting on the other two

new islands will increase as more gulls becomelfanwith these islands.

Water shortages made both the Tule Lake and Oremtsslands unavailable
as nesting habitat in 2010, and led to delayedaivaty of the Orems Unit island in
2011, as well as subsequent land-bridging lataemesting season. Chronic water
shortages in the Upper Klamath Basin limit the liienef artificial nesting islands to

colonial waterbirds if the wetland units containthgm cannot be flooded. Creating
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additional nesting habitat has served to alle\satae of the impacts of water
shortages; with three new atrtificial islands thame multiple potential colony sites and
increased potential that one or more islands weilatailable for colonial waterbird
nesting during low water years. This was eviderzQa0 when Sheepy Lake island
was the only available nesting site for Caspiang¢nroughout the Upper Klamath
Basin. Without the Sheepy Lake island, it is neadstain that there would have been

no breeding by Caspian terns in the Upper KlamatiBthat year.

Water management considerations make Sheepy Lakedkt likely wetland
unit of the three restoration sites to have wateimng low-water years, followed by
Tule Lake Sump 1B and Orems Unit. Intermittent Eility of the latter two
artificial islands as suitable nesting habitatdolonial waterbirds could further limit
colony development on those islands, as breedmg teill have less opportunity to
develop fidelity to those islands as nesting skWéater shortages could further limit
colony size and reproductive success at all thrifecel tern islands by limiting

forage fish availability within the Upper Klamatragin.

Predation and disturbance by great horned owlstieamost significant cause
of Caspian tern nest failure at the Tule Lake id)as well as gull nest failure at the
Orems Unit island. For the Orems Unit island, thertg of owl activity (during nest
initiation) and the type of predation (on adultigumay have resulted in a greater
impact on colony development. Predation on adults po nest initiation would

clearly indicate to potential breeders that agutses a risk to survival (Montgomerie
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and Weatherhead 1988, Spaans et al. 1998, Limg.2DB%urbances by owls during
early chick-rearing at the Tule Lake colony resiiiie nocturnal abandonment by
adult terns over an extended period of five daylsviong confirmed owl visits, a
pattern that has been observed at other tern eddWendeln and Becker 1999,
Arnold et al. 2006). Nocturnal abandonment neghtiaéfects tern nest success
because young chicks die of exposure and eggwofhdtch (i.e., Shealer and Kress
1991). At large tern colonies, the effects of notih disturbances can be localized
because only the immediate area around predataffeded (Wendeln and Becker
1999, Arnold et al. 2006); therefore, a larger, enestablished colony may be more

resilient to disturbance from nocturnal predatarshsas great horned owls.

Great horned owl activity could have long-term aamgences for the
development of tern colonies on artificial islanBeduced reproductive success, signs
of predation (carcasses of adults or chicks), aoanters with nocturnal predators
could provide negative social information to Casgirns prospecting at these sites
late in the breeding season (Danchin et al. 199gEz et al. 2003, Lima 2009).
Management action to remove or deter nocturnalgtoesl would be most effective
early in the chick-rearing period, when chicks m@st vulnerable (Nisbet 1975,
Catlin et al. 2011). Reducing the frequency andton of post-disturbance colony
abandonment by breeding adults would also redues od unsuccessful hatching,
chick death due to exposure, and predation by qiestators (Nisbet and Welton
1984, Shealer and Kress 1991). An enhanced unddmstpof how the risk of

predation at tern colonies is influenced by thesitgrof great horned owls and their
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territories, distance to active owl nests or prefg@hunting habitat, and availability of
alternative owl prey (Sergio et al. 2007) wouldormh management actions to reduce
the impact of owl activity on waterbird restoratiprojects and help site future

restoration efforts so as to minimize conflictshwatwls.

A prior history of nesting in the Upper Klamath Baand continuing use of
the Basin by Caspian terns suggested that avaijabilnesting habitat might limit the
breeding population in the region. We demonstratea artificial nesting islands and
social attraction could be used to establish nesp(@a tern breeding colonies in the
Upper Klamath Basin. On-going management will ikeé necessary to reduce the
impacts of competition and nest predation by gutld predation by nocturnal
predators (e.g., great horned owls, terrestrial mahan predators) if these sites are to
remain productive in the long-term. Over the next fyears, management actions that
increase reproductive success should help to tdmmegding adults and establish
breeding-site fidelity, thereby increasing the @bility of creating a larger, persistent
breeding population within the Upper Klamath Basitore established colonies, with
higher numbers of breeding pairs and more breegkpgrience, may be capable of
resisting the detrimental effects of some predaarscompetitors without intensive
management. Ultimately, the success of this restoraffort will depend on the
number of breeding pairs and long-term reproducivecess of Caspian terns that
continue to nest at the artificial islands afteriabattraction is no longer deployed.

Even if average productivity remains too low todedf-sustaining while colonies
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become more established, having more breedingfsit€3aspian terns in western

North America contributes to a more resilient regiopopulation.

LITERATURE CITED

Ackerman, J. T., J. Y. Takekawa, C. Strong, N. Atheand A. Rex. 2006. California
gull distribution, abundance, and predation on vimité eggs and chicks in
South San Francisco Bay. Final Report, U.S. Geo&@urvey, Western
Ecological Research Center, Davis and Vallejo,fGadia. 61 pp.

Ahlering, M. A., D. Arlt, M. G. Betts, R. J. Fleteh J. J. Nocera, and M. P. Ward.
2010. Research needs and recommendations foreéhaf aenspecific-
attraction methods in the conservation of migragoggbirds. Condor 112:
252-264.

Anderson, J. G. T., and C. M. Devlin. 1999. Regtoreof a multi-species seabird
colony. Biological Conservation 90: 175-181.

Arnold, J. M., J. J. Hatch, and I. C. T. Nisbet020Seasonal declines in reproductive
success of the common te&@rna hirundo: timing or parental quality? Journal
of Avian Biology 35: 33-45.

Arnold, J. M., D. Sabom, I. C. T. Nisbet, and Jadtch. 2006. Use of temperature
sensors to monitor patterns of nocturnal deselipmcubating common terns.
Journal of Field Ornithology 77: 384-391.

Bailey, V. 1902. Unprotected breeding grounds. CTbhador 4: 62-64.

Battin, J. 2004. When good animals love bad habitatological traps and the
conservation of animal populations. Conservatianidgjy 18: 1482-1491.

Becker, P. H. 1995. Effects of coloniality on gotedation on common tertérna
hirundo) chicks. Colonial Waterbirds 18: 11-22.

Becker, P. H., D. Frank, and M. Wagener. 1997. leyxu freshwater and stress at
sea? The foraging of the common t&erna hirundo. Ibis 139: 264-2609.

Blokpoel, H., G. D. Tessier, and R. A. Andress. L9uccessful restoration of the Ice
Island common tern colony requires on-going corafaing-billed gulls.
Colonial Waterbirds 20: 98-101.

Blus, L. J., M. J. Melancon, D. J. Hoffman, andJCHenny. 1998. Contaminants in
eggs of colonial waterbirds and hepatic cytochré&B0 enzyme levels in



a7

pipped tern embryos, Washington State. Archivesmfironmental
Contamination and Toxicology 35: 492-497.

Burger, J., I. C. T. Nisbet, C. Safina, and M. Getdh 1996. Temporal patterns in
reproductive success of the endangered Roseatétemma dougallii) nesting
on Long Island, New York, and Bird Island, Massasgtts. Auk 113: 131-142.

Catlin, D. H., J. H. Felio, and J. D. Fraser. 2(&ffect of great-horned owl trapping
on chick survival in piping plovers. Journal of life Management 75: 458-
462.

Collis, K., D. D. Roby, K. W. Larson, et al. 20I&ends in Caspian tern nesting and
diet in San Francisco Bay: Conservation implicaitor terns and salmonids.
Waterbirds 35: 25-34.

Collis, K., D. D. Roby, C. W. Thompson, D. E. Lygr&d M. Tirhi. 2002. Barges as
temporary breeding sites for Caspian terns: Assggsotential sites for colony
restoration. Wildlife Society Bulletin 30: 1140-19.4

Conover, M. R. 1983. Recent changes in ring-bilad California gull populations in
the western United States. Wilson Bulletin 95: 383-

Courtney, P. A., and H. Blokpoel. 1983. Distributiand number of common terns on
the lower Great Lakes during 1900 — 1980: A revi€wlonial Waterbirds 6:
107-120.

Cuthbert, F. J., and L. R. Wires. 1999. Caspiam ¢gydroprogne caspia). The Birds
of North America Online (A. Poole, Ed.). Ithaca:r@ell Lab of Ornithology;
Retrieved from the Birds of North America Online:
http://bna.birds.cornell.edu/bna/species/403

Danchin, E., T. Boulinier, and M. Massot. 1998. §uecific reproductive success and
breeding habitat selection: Implications for thedst of coloniality. Ecology
79: 2415-2428.

Darling, F. F. 1938. Bird flocks and the breedipgle. Cambridge University Press,
Cambridge, U.K. 124 pp.

Doligez, D., C. Cadet, E. Danchin, and T. Boulin303. When to use public
information for breeding habitat selection? Theral environmental
predictability and density dependence. Animal Bétav66: 973-988.

Donehower, C. E., D. M. Bird, C. S. Hall, and S. Kvess. 2007. Effects of gull
predation and predator control on tern nestingesgat Eastern Egg Rock,
Maine. Waterbirds 30: 29-39.



48

Davoren, G. K., and W. A. Montevecchi. 2003. Consegges of foraging trip
duration on provisioning behavior and fledging ctind of common murres
Uria aalge. Journal of Avian Biology 34: 44-53.

Finley, W. L. 1907. Among the gulls on Klamath Lak®mndor 9: 12-16.
Finley, W. L. 1915. Cruising the Klamath. Bird Ldt@&: 485-491.

Finley, W. L., and H. T. Bohlman. 1907. The grebésouthern Oregon. Condor 9:
97-101.

Garcia, G. O., M. Favero, and A. |. Vassallo. 2(A#&ctors affecting kleptoparasitism
by gulls in a multi-species seabird colony. Contib2: 521-529.

Gill, R. E., and L. R. Mewaldt. 1983. Pacific co@stspian terns: Dynamics of an
expanding population. Auk 100: 369-381.

Guillemette, M., and P. Brousseau. 2001. Doesrgylbredatory gulls enhance the
productivity of breeding common terns? Journal pphed Ecology 38: 1-8.

Hatch, J. J. 1970. Gull predation on terns. AukB#-254.

Ims, R. A. 1990. On the adaptive value of reprogrectynchrony as a predator-
swamping strategy. American Naturalist 4: 485-498.

Jones, H. P., and S. W. Kress. 2012. A review ®fwbrld's active seabird restoration
projects. Journal of Wildlife Management 76: 2-9.

Kress, S. W. 1983. The use of decoys, sound reugsdand gull control for re-
establishing a tern colony in Maine. Colonial Whiets 6: 185-196.

Lima, S. L. 2009. Predators and the breeding Ihiethavioral and reproductive
flexibility under the risk of predation. Biologic&®eviews 84: 485-513.

Mayer, T. 2005. Water-quality impacts of wetlandnagement in the Lower Klamath
National Wildlife Refuge, Oregon and California, AlSNetlands 25: 697-712.

Maranto, C. J., T. P. Good, F. K. Wiese, and P#&rish. 2010. Impact of the
Potholes Reservoir Caspian tern breeding colongutfmigrating juvenile
salmonids in the mid-Columbia River. Transactiohthe American Fisheries
Society 139: 362-381.

Maxson, S. J., S. A. Mortensen, D. L. Goodermate,@. S. Lapp. 1996. Success and
failure of ring-billed gull deterrents at commomrtend piping plover colonies
in Minnesota. Colonial Waterbirds 2: 242-247.



49

Montgomerie, R. D., and P. J. Weatherhead. 19&%sRand rewards of nest defense
by parent birds. Quarterly Review of Biology 6371837.

Nisbet, I. C. T. 1975. Effects of predation onmteolony. Condor 88: 221-226.

Nisbet, I. C. T., and M. J. Welton. 1984. Seas®oaaktions in breeding success of
common terns: Consequences of predation. Condd&360.

NRC (National Research Council). 2004. Endangeneltlareatened fishes in the
Klamath River Basin—Causes of decline and strasefgierecovery. National
Academies Press, Washington, D.C., USA. 398 pp.

NRCS (Natural Resources Conservation Service). .20i€gon basin outlook report:
April 1, 2010. USDA Natural Resources ConservaBenvice, Portland,
Oregon. 42 pp.

NRCS. 2011. Oregon basin outlook report: April@12. USDA Natural Resources
Conservation Service, Portland, Oregon. 44 pp.

O’Connell, T. J., and R. A. Beck. 2003. Gull predatlimits nesting success of terns
and skimmers on the Virginia barrier islands. Jalof Field Ornithology 74:
66-73.

Parker, M. W., S. W. Kress, R. T. Golightly, H. Barter, E. B. Parsons, S. E.
Schubel, J. A. Boyce, G. J. McChesney, and S. MeWi 2007. Assessment
of social attraction techniques used to restorenangon murre colony in
central California. Waterbirds 30: 17-28.

Penland, S. 1982. Distribution and status of thgp@e tern in Washington State.
Murrelet 63: 73-79.

Roby, D. D., D. E. Lyons, D. P. Craig, K. Colli$ydaG. H. Visser. 2003. Quantifying
the effect of predators on endangered species asingenergetics approach:
Caspian terns and juvenile salmonids in the ColarRiver estuary. Canadian
Journal of Zoology 81: 250-265.

Roby, D. D., K. Collis, D. E. Lyons, D. P. Craig,Xd Adkins, A. M. Myers, and R.
M. Suryan. 2002. Effects of colony relocation oatdind productivity of
Caspian terns. Journal of Wildlife Management 62-673.

Roby, D. D., K. Collis, D. E. Lyons, et al. 2012e$®arch, monitoring, and evaluation
of avian predation on salmonid smolts in the loamd mid-Columbia River:
Draft 2011 annual report. Prepared for Bonnevitev®r Administration and
U.S. Army Corps of Engineers. Oregon State Uniwgrsiorvallis, Oregon.
169 pp.



50

Sergio, F., L. Marchesi, P. Pedrini, and V. Peatari2007. Coexistence of a
generalist owl with its intraguild predator: distersensitive or habitat-
mediated avoidance? Animal Behaviour 74: 1607-1616.

Shealer, D. A., and J. Burger. 1992. Differentesponses of tropical roseate terns to
aerial intruders throughout the nesting cycle. @oradl: 712-719.

Shealer, D. A., and S. W. Kress. 1991. Nocturnahdbnment response to black-
crowned night-heron disturbance in a common tetongo Colonial
Waterbirds 14: 51-56.

Shuford, W. D., and D. P. Craig. 2002. Status @&ssest and conservation
recommendations for the Caspian teéf@a caspia) in North America. U.S.
Department of the Interior, Fish and Wildlife Seei Portland, Oregon. 84 pp.

Shuford, W. D., D. L. Thompson, D. M. Mauser, an8dckstrand. 2004. Abundance,
distribution, and phenology of nongame waterbirdthe Klamath Basin of
Oregon and California in 2003. U. S. Fish and WgdService, Klamath Basin
National Wildlife Refuge Complex, Tulelake, Califoa. 60 pp.

Spaans, B., H. J. Blijleven, I. U. Popov, M. E. Rikova, and B. S. Ebbinge. 1998.
Dark-bellied Brent geed@ranta bernicla bernicla forego breeding when arctic
foxesAlopex lagopus are present during nest initiation. Ardea 86: 01-2

Spear, L. B. 1993. Dynamics and effect of westedtsdeeding in a colony of
guillemots and Brandt's cormorants. Journal of Aaliicology 62: 399-414.

Stienen, E. W. M., and A. Brenninkmeijer. 1999. g¢lee chicks moving: How
sandwich terns can minimize kleptoparasitism bgklaeaded gulls. Animal
Behaviour 57: 1135-1144.

Stienen, E. W. M., A. Brenninkmeijer, and C. E. Gasre. 2001. Living with gulls:
The consequences for sandwich terns of breediagsaciation with black-
headed gulls. Waterbirds 24: 68-82.

Strong, C. M., L. B. Spear, T. P. Ryan, and R. BkiD. 2004. Forster's tern, Caspian
tern, and California gull colonies in San FranciBay: Habitat use, numbers
and trends, 1982-2003. Waterbirds 27: 411-423.

Suryan, R. M., D. P. Craig, D. D. Roby, N. D. Chelg K. Collis, W. D. Shuford,
and D. E. Lyons. 2004. Redistribution and growthhaf Caspian tern
population in the Pacific Coast region of North Aroa, 1981-2000. Condor
106: 777-790.



51

Tims, J., I. C. T. Nisbet, M. S. Friar, C. Mostelémd J. J. Hatch. 2004.
Characteristics and performance of common terimddmnd newly-established
colonies. Waterbirds 27: 321-332.

USFWS (U.S. Fish and Wildlife Service). 2005. Gasfern management to reduce
predation of juvenile salmonids in the Columbiadiestuary, Final
Environmental Impact Statement. U.S. Fish and Wédervice, Portland,
Oregon. 98 pp.

USFWS. 2009. Formal Section 7 Consultation foratestruction of Caspian tern
nesting islands on Lower Klamath and Tule Lake dtatl Wildlife Refuges,
Siskiyou County, California. U.S. Fish and Wildl&ervice, Klamath Falls,
Oregon. 46 pp.

Wendeln, H., and P. H. Becker 1999. Does disturbdrycnocturnal predators affect
body mass of adult common terns? Waterbirds 22:44@1

Whittam, R. M., and M. L. Leonard. 2000. Charastites of predators and offspring
influence nest defense by Arctic and common teCasidor 102: 301-306.

Wires, L. R., and F. J. Cuthbert. 2000. Trendsaspian tern numbers and
distribution in North America: A review. Waterbir@8: 388-404.



52

Table 2.1. Average number of breeding pairs of @asierns at selected reference
colonies in the Pacific Coast region of North Areti

Breeding Pairs

Long-term
2010 2011 average Range Years

East Sand Island 8,283 6,969 9,034 6,969- 10,668 00-2011

2003-2005,

Brooks Island -- -- 841 681- 1,040 2008-2009
Crescent Island 375 419 469 349-657 2000-2011

Potholes 2000-2001,

Reservoir 416 422 310 202- 422 2003-2011

@Data on number of breeding pairs are from Roby. 04 2.
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Table 2.2. Chronology of Caspian tern responsecta@kattraction and colony
development at three new artificial islands in thmper Klamath Basin of California
and Oregon.

SOC"’?‘I First tern First First First First
attraction onisland courtshi e chick fledglin
installed P 99 giing

Sheepy Lake

2010 March 24 April11  April26 May 19 June 15 July 28

2011 April 2 April6  April21 May 14 June 26 Aug 12
Tule Lake

2011 April3  April 11 May1l May 18 July13 Aug 31
Orems Unit

2011  May 3 May 4 May5 May29  -- --
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Table 2.3. Nesting success of selected Caspiarctdonies in the Pacific Coast
region of North America

Productivity (fledglings/breeding pair)

2010 2011 Average Range Years

Sheepy Lake 0.65 0.11 0.38 0.11-0.65 2010-2011
Tule Lake -- 0.12 0.12 -- 2011

East Sand Island  0.05 0.00 0.66 0.00 -1.39 2000-2011
Brooks Island ~ 040 014-062 2003-2005 2008-

2009

Crescent Island 0.52 0.32 0.55 0.28 - 1.00 2000-2011
Potholes 2001, 2003, 2005-

0.01 0.27 0.37 0.01-0.88

Reservoir 2007b, 2010-2011

#Nesting success data for East Sand Island, Bratdsd, Crescent Island, and
Potholes Reservoir (2001, 2007, 2010, and 201 lirame Roby et al. 2012.

P Nesting success data for Potholes Reservoir (2003, and 2006) are from
Maranto et al. 2010.
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Table 2.4. Nesting chronology and number of bregg@iars of gulls nesting at three
new artificial islands in the Upper Klamath BasfrGalifornia and Oregon.

Breeding pairs

On colony  Courtship Eggs Chicks Fledglings
RBGU CAGL

Sheepy Lake

2010  April 11 April 20 May 14 June 12 July 18 750 501

2011 <March 28 April 4 April 30 May 26 July 5 1750 550
Tule Lake

2011  April 18 April 18 - - - 0 0
Orems Unit

2011 May 5 May 5 May 17 June 6 -- 240 10

#Ring-billed gulls Larus delawarensis)

P California gulls L. californicus)
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Figure 2.1. Map of the study area in the Upper KdldmBasin of California and
Oregon, showing the locations of three new artfi€aspian tern nesting islands.
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Figure 2.2. Map of the Pacific Coast region of ¢baterminous U.S., showing the
locations of the three new Upper Klamath Basin @asfern artificial nesting islands
and four other established Caspian tern colonied as references.
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Figure 2.4. Number of Caspian tern breeding paitbeé Upper Klamath Basin of
California and Oregon from 1997 to 2011. Dashedicadrline indicates
implementation of nesting habitat restoration andla attraction at Sheepy Lake and
Tule Lake; before then Caspian terns nested orBlesir Lake. Horizontal lines
indicate average number of breeding pairs befodeafter the creation of artificial
nesting islands.
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Figure 2.5. Number of adult California and ringldxl gulls on each Caspian tern
nesting island in the Upper Klamath Basin of Caiifa and Oregon bars indicate
average of all counts per month (x SE). Note défifieiscales on y-axis between plots
for Sheepy Lake (top row) and the other two islaftadétom row).
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CHAPTER 3: FORAGING BEHAVIOR OF CASPIAN TERNS NENG AT TWO
NEIGHBORING COLONIES

Allison Patterson, Donald E. Lyons, and Daniel DbR
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ABSTRACT

Efforts to conserve and restore waterbird colongsbe compromised by low
prey availability within foraging distance of thesleding colony. We investigated the
importance of local foraging conditions for Caspiems Hydroprogne caspia)
breeding at two newly established colony siteh@Wpper Klamath Basin, California
(Sheepy Lake and Tule Lake), whose maximum foragnegs largely overlap. We
measured adult foraging behavior, adult body mass size-adjusted body mass of
chicks at these two colonies to determine if pneailability could potentially affect
colony development. We used GPS-telemetry to tiiaeknovements of breeding
Caspian terns; cluster analysis was used to irdleatoral states from movement
characteristics. Terns breeding at Sheepy Laket $pentime at the colony (52% of
the day) than terns breeding at Tule Lake (74%3%p@a terns breeding at Sheepy
Lake foraged more extensively than terns breedifigiee Lake; Sheepy Lake
foraging trips lasted longer (median = 186 min) amoht farther from the colony (27
km) compared to Tule Lake foraging trips (55 mimnl &km, respectively). Between-
colony differences in foraging behavior correspahtie4% lower average body mass
of breeding adults and significantly lower sizetestigd body mass of chicks at Sheepy
Lake compared to Tule Lake. Even though these eedaare separated by only 30
km, local conditions apparently resulted in markaetifferent foraging behavior;
together foraging behavior and body condition iatkd that foraging conditions were
better for terns breeding at Tule Lake than at Bhéake. Comparisons between

these newly established colonies and four oldesrges within the Pacific Coast
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region of North America indicated that foraging ddions around both colonies were
adequate to support persistent colonies that agal in the future. Assessment of
foraging conditions at colony restoration sites iaaimately following colonization can

help predict long-term site potential and infornuie management decisions.

INTRODUCTION

As part of a plan to reduce the impact of Caspean (Hydroprogne caspia)
predation on survival of threatened juvenile salidsOncorhynchus spp.) in the
Columbia River estuary (USFWS 2005), the U.S. A@uyps of Engineers
constructed three artificial islands in the Uppéarath Basin to provide alternative
nesting habitat for Caspian terns nesting in thiei@bia River estuary, Oregon
(USFWS 2009). The Upper Klamath Basin was choseause the region historically
supported large numbers of breeding colonial watdsbincluding Caspian terns
(Finley 1907, Finley and Bohlman 1907, Finley 19X&nall numbers of Caspian
terns still breed in some years at Clear Lake MatidVildlife Refuge (NWR) at the
eastern edge of the Upper Klamath Basin (ShufoddGraig 2002), and hundreds of
non-breeding Caspian terns use the Basin duringatiog, as well as during the

breeding season (Shuford et al. 2004).

Because of the prior history of nesting and contiguse, resource managers
believed that the number of Caspian terns breaditige Upper Klamath Basin was
limited by the availability of suitable nesting lialb. Most of the natural wetland

nesting habitat in Tule Lake and Lower Klamath Lakses lost during agricultural
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development in the early 20th Century (NRC 2004y the wetlands that remain
within the Klamath Basin NWR Complex do not provgletable nesting substrate for
Caspian terns (USFWS 2009). Constructing artificedting islands for Caspian terns
in the Klamath basin NWRs could help to meet tlgpimements of the Caspian Tern
Management Plan, while restoring the breeding @i of Caspian terns to the

Upper Klamath Basin (USFWS 2009).

While availability of nesting habitat is presumakbly important factor limiting
the numbers of breeding Caspian terns in the Ui§fanath Basin and other inland
basins in the American west, it may not be the ¢inliting factor. Prey availability is
an important factor limiting the number, size, aedroductive success of colonial
nesting birds (Suryan et al. 2000, Suryan et @22@inley et al. 2003, Burke and
Montevecchi 2009). When prey availability is lowebding birds must spend more
time foraging and travel further from the colonyfitad prey, which reduces
provisioning rates, growth rates, and survivalsatechicks (Davoren and

Montevecchi 2003, Boersma and Rebstock 2009, BamkleMontevecchi 2009).

During the breeding season Caspian terns are t@he foragers; their
foraging behavior is constrained by the need tarreto the nest (Orians and Pearson
1979). For birds acting as-central place foradeabjtat availability is inversely
related to distance from the central location (Kiatpoulos 2003, Wakefield et al.
2009). As the distance to suitable foraging halterteases, breeding birds face trade-

offs between allocating energy to themselves \ar tffspring and between spending
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time foraging vs. spending time at the nest. Calomésting waterbirds can be further
constrained because suitable nesting habitat mialyenavailable close to readily

available prey resources.

Caspian terns are piscivorous colonial waterbinds$ mest at sparsely-
vegetated sites on coastal and inland islands é3dIMewaldt 1983, Wires and
Cuthbert 2000, Suryan et al. 2004). Breeding Casj@ans may be especially
susceptible to the negative effects of low preyilaldity because of their foraging
mode; as plunge-divers they can only access fisheriop meter or so of the water
column and as single-prey loaders they can onhsprart one prey item to the nest
site per foraging trip. Foraging success of tearsloe affected by a variety of
environmental factors, including wind, sea surfegeditions, tides, and water clarity
(Dunn 1975, Baptist and Leopold 2010). Foraging imafurther constrained at
inland colonies because the absolute amount ohpatdéoraging habitat available
within foraging range (ca. 80 km from the nest; éair 2011) is likely to be small

compared to coastal colonies.

It is difficult to accurately measure availabiliy forage fish prey, especially
for a plunge-diving bird, because measures of pleyndance may not be
representative of the prey that are available treasurface (Cairns 1989, Suryan et
al. 2002, Ainley et al. 2003). Adult colony attende, foraging effort, foraging

distance, and chick body condition can be usefiicators of foraging conditions
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when direct measurement of prey availability is featsible (Cairns 1987, Davoren

and Montevecchi 2003).

Radio telemetry studies of Caspian tern foragingaler in the Columbia
River estuary, Oregon, and in San Francisco Balfo@@ia, showed that lower forage
fish availability was associated with greater agertoraging distance off-colony,
longer foraging trips, and lower colony attendarvekeich were all associated with
lower reproductive success (Anderson et al. 209@nk et al. 2007, Adrean 2011).
The foraging activity of Caspian terns nestingha Columbia River estuary during
1998 and 1999 was concentrated near the colony;@0d&taging and commuting
terns were located within 8 km of the colony, ahttast 95% were located within 27
km (Lyons et al. 2007). During 1999 and 2001, Casperns nesting in the Columbia
River estuary were detected on average 11.2 kniarddkm from the colony,
respectively, and productivity in those two yeaesw.20 and 1.40 fledglings per
breeding pair, respectively (Roby et al. 2002, Lyyehal. 2005, Anderson et al. 2007).
When off-colony detections averaged farther fromdblony (20.2 km in 2000 and
19.6 km), productivity was significantly lower, G.and 0.55 fledglings/pair,
respectively (Roby et al. 2002, Lyons et al. 208&derson et al. 2007). The location
of suitable nesting sites relative to profitableafying areas will have important
consequences for foraging behavior and chick badygition of terns breeding at

those sites.
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Investigations of the foraging behavior of breed@agpian terns have so far
been limited to studies using radio-telemetry beeanf the relatively small average
body size of Caspian terns (ca. 650 g) and thecdifyy of recapturing individual terns
on the breeding colony. Radio-telemetry studieeh@oevided valuable information
about colony attendance and foraging trip duratonl limited data on off-colony
foraging distribution (Sirdevan and Quinn 1997, hget al. 2005, Anderson et al.
2007, Adrean 2011). Without continuous trackingnaividual movements, radio-
telemetry cannot be used to study the fine-scabegfog behavior of Caspian terns.
The recent development of micro-GPS data loggefid(g) with remote data retrieval
are creating new opportunities to research thegfngastrategies and habitat use of

smaller waterbird species (McLeay et al. 2010).

The goal of this study was to determine whethey prailability could be a
factor limiting the success of restored Caspian tefonies in the Upper Klamath
Basin. We investigated the foraging behavior oedneg adults and the physical
condition of adults and chicks as indicators ofypaeailability. Here we report on the
first use of GPS telemetry to study the fine-s¢ataging behavior of Caspian terns.
We compared foraging behavior of Caspian ternsdimgeat two newly established
colonies during late incubation and early chickrirega We predicted that, if Caspian
tern nesting at colonies in the Upper Klamath Bagne food-limited, their foraging
behavior would be consistent with colonies expeiigg food limitation and the
physical condition of chicks would be lower at Uppdéamath Basin sites relative to

other established colonies.
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METHODS
Sudy Area

A 0.3-ha (0.8-acre) artificial tern nesting islamds built in Sheepy Lake, a
3.9-knf permanently flooded unit in Lower Klamath NWR  tjpsior to the 2010
nesting season. This island was first colonizeddsting Caspian terns in 2010, soon
after island construction was completed. In 20BB fairs of Caspian terns nested on
the Sheepy Lake island. A second 0.8-ha (2-actéicel tern nesting island was
built in nearby Tule Lake NWR, in Sump 1B, a 13r&%kpermanently flooded
wetland unit. Caspian terns bred at the Tule Lakand for the first time in 2011,
when 34 pairs nested on the island. These twacatitern islands are 30 km apart,

separated by a patchwork of seasonal wetlandsgmmhbural land (Figure 3.1).
GPSTracking

Caspian terns were captured during late incubatsamg walk-in dome traps
and noose mats placed around nest scrapes. Elmvenviere captured at each colony
and a GPS data logger (Telemetry Solutions, Conéatifornia) was attached to ten
terns from each colony. Loggers included a UHFdmaitter for remote transmission
of GPS location data; this allowed us to retrieaeking data without recapturing
tagged birds. Average unit weight was 13.4 g, wisdcipproximately 2% of average
body mass for adult Caspian terns (Cuthbert an@$\i£99). Unit dimensions were
53 mm x 13 mm x 22 mm, with a 160-mm flexible ami@nTransmitters were

attached to the base of the central four rectiisgsy two 10-cm cable ties and
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superglue gel. Each tern was also banded witHdieadable alphanumeric, colored
leg band on one leg to allow for individual idemt#tion, and two colored leg bands
and a numbered metal USGS leg band on the otheWlegollected 5-7 breast
feathers from each bird for DNA-sexing; analysiswanducted by Avian Biotech
International (Tallahassee, FL). Locations of nesisnging to tagged terns were
identified during the first day of tracking and éding status was monitored until tag
failure or nest failure. Breeding status for eautividual was classified as incubating
eggs, attending chicks, or failed, depending orsthtus of its nest at the end of each

day.

GPS units were programmed to acquire fixes at 4imt@rvals during daylight
hours, 05:00 to 21:00 PDT, and to begin collectiatp two days after initial capture.
Data loggers were programmed to attempt to obtéimfar 1 min; if a location was
not acquired within this interval, the unit turneidl until the next scheduled attempt.
Based on prior testing of the data loggers we ebegeto collect approximately four

days of foraging data from each GPS units undsrgiogramming.

Before deployment, we tested the accuracy of th8 Gd&a loggers. Seventeen
GPS data loggers were deployed at fixed locatioaeuthe programming described
above for three days. A Garmin etrex handheld AP8l&neously recorded fixes at
5-sec intervals over the same period. The trudilmtavas determined from the
average location of all positions from the GarmiaS5 We calculated error for each

location as the distance between fixes recordetid{sPS data loggers and the true
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location. Using the programming described abové @b all fixes were within 39 m

of the true location.

Behavioral Classification

GPS data were filtered to remove missed fixessfikat require velocities
greater than 80 km/hr, and fixes that were less &tasec apart. We chose 80 km/hr
as a threshold for excluding points based on viemamination of a histogram of all
velocities, and mapping locations with velocitiesajer than 70 km/hr. There were
few fixes with velocities greater than 80 km/hr. ®hmapped these locations
appeared to represent an anomalous change inidirectspeed relative to the
previous and subsequent locations. In total, 1.88%8l location fixes were filtered

out using this filtering criterion.

Locations were classified as “active” if there eénree or more consecutive
fixes at least 39 m apart. Locations were classifig “resting” if there were two or
more consecutive fixes less than 39 m apart. Rekitations were classified as “on-
colony” if they occurred within 500 m of the breegicolony, or “off-colony” if they
occurred more than 500 m from the colony. Thisgshoéd was chosen to incorporate

frequently used loafing sites that were visiblerfreach colony.

For all “active” locations we used k-means clustealysis to identify patterns
of movement that represent distinguishable behalvsaiates, following the technique
proposed by Van Moorter et al. (2010). Cluster gsialuses multivariate data (e.g.,

velocity and turning angle) to identify clustersalifservations with similar
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characteristics (Steinley 2006). We performed eluahalysis 10 times for all possible
numbers of clusters between 1 and 10, and we bhgegilp statistic (Tibshirani et al.
2001) to identify the optimum number of clustershia data set (Van Moorter et al.
2010). The gap statistic approach estimates thébauof groups within a data set by
comparing the change in within-cluster dispersimmneiach number of clusters to the
dispersion expected from simulated reference nsiltidutions (Tibshirani et al.

2001). This technique allowed us to objectivelysslfy locations into behavioral
states using multivariate measurements of moventeracteristics, without making
anyapriori assumptions about the number of discernible behavstates in the data

or the characteristics of movements (Van Moorteal.€2010).

Velocity and turning angle at each “active” locatwere used as measures of
movement characteristics (Calenge et al. 2009)csl@lated velocity as the distance
between the current location and the next locationigded by the time between
locations. Turning angle was calculated as the gdamdirection, in degrees, between
the previous location and the subsequent locatiafues of velocity ranged from 0 to
80 km/hr, and values of turning angle ranged frértroA.8C. We performed range
standardization on both variables before analysihat differences in range between
variables would not affect the contribution of eaehiable to the clustering (Steinley
2006). Turning angle could not be calculated ferfirst and last locations in a series
of active locations; therefore, the start and emidts of any movement bout were not
classified to behavioral state. The gap statistis walculated from 50 simulated data

sets and the tolerance level was set to 2, higtheraince values increase the evidence
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necessary to include additional clusters (Van Marcegt al. 2010). K-means analysis
was repeated 100 times with different random stgrtalues to ensure that the

number of states chosen and state assignment wesemsitive to starting values.

Foraging Behavior

We calculated daily activity rates as the propaortd all locations recorded for
an individual during a day in each of the behacategory: (1) time spent on colony,
(2) time spent foraging, (3) time spent commutiaggl (4) time spent resting off-
colony. Only days when at least 50% of locatioeratits were successful were
included in the analysis of daily activity ratdsistwas done to exclude data that did
not represent a significant portion of a day. Wedusiixed-effects models to examine
how colony (Sheepy Lake or Tule Lake), breedintustéeggs, chicks, or failed), sex
(male or female), and the interaction of colonyedaling status influenced daily
activity rates. Individual bird identity was incled as a random effect, to account for
multiple days of data collected from the same imtlial. Residual variance was larger
for failed breeders than for terns with eggs ocksi therefore, we included a variance
structure to allow for different residual variaram@ong the categories of breeding
status (Zuur et al. 2009). Behavioral activity sateere logit-transformed to
approximate a Gaussian distribution (Warton and2@1i0); a nominal value (0.001)
was added to zero values in any category priaratastormation. Significance of
model terms was determined using extra-sums ofregEeests; non-significan(>

0.05) terms were sequentially dropped from thel fimadel.
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We examined the off-colony distribution of breed@gspian terns (tending
either eggs or chicks) in two stages. First, wesssd factors influencing the
probability that a Caspian tern was active or ngstrhile away from the colony.

Then, for all locations where terns were considaed/e, we assessed factors
influencing the probability that a location wassddied as foraging versus
commuting. Because behavioral state for both mazteitd be categorized as a 1 or O,
we fit generalized linear mixed models (GLMMs) wétbinomial distribution and a
logit link function. Main effects for full modelsave colony (Sheepy Lake or Tule
Lake), breeding status (eggs or chicks), sex (miafemale), and distance from
colony (km). The full model also included two-wangaractions for colony x distance
and colony x breeding status. Models included dwaneffect of day nested within
individual bird identity, and assumed a continubrst-order autoregressive
correlation structure to account for temporal datren between consecutive locations
(Zuur et al. 2009). We used Wald*ests to sequentially remove non-significant
terms from the full model and identify the simplesidel that adequately described
behavioral patterns. GLMMs were fit using penaligeasi-likelihood with the
glmmPQL function in the MASS package in R (Venalaed Ripley 2002; R version

2.13.2, <http://www.r-project.org/>).

Central-place foraging trips were defined as aipywhich began and ended at
the colony and included at least 5 off-colony lowas. Three foraging trips where the
tern was moving away from the colony when the tagad collecting data or moving

towards the colony when the tag stopped collealsitg were also included in this
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analysis. Missing start and end times for theseettwips were not extrapolated. For
each foraging trip we calculated total trip durat{oin), time spent foraging (min),
time spent commuting (min), and the maximum dis¢éangm the colony to any
location during the foraging trip (km). We used puxeffects models to examine how
colony, breeding status, and sex influenced trgratteristics. Individual bird identity
was included as a random effect, to account fotiplelforaging trips taken by the
same individual. All measures of foraging trip cueristics were log transformed
prior to analysis. Significance of model terms wagermined using extra-sums of
squares$--tests; non-significant terms were sequentiallypgex from the final model.

Foraging Areas

We delineated the foraging area(s) used by eadhid@dl GPS-tagged tern
based on the biased random bridge approach fanlatifny utilization distributions
(Benhamou and Cornelis 2010, Benhamou 2011). Utidditional kernel density
estimators, which treat each location as indepentiem biased random bridge
approach calculates the utilization distributiolsdzhon pairs of serially correlated
locations, thus incorporating the movement progassthe estimate of space use
(Horne et al. 2007). Utilization distributions weralculated for each tagged breeding
individual using all locations classified as foragi Only pairs of locations less than
12 min apart were included in these calculatioims;2-min threshold was chosen to
avoid using foraging locations separated by misdetig@, or pairs of locations that
were not part of a sustained foraging bout, imesting utilization distributions. The

minimum smoothing parameter was set to 40 m, aadiififusion coefficient for each
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individual was estimated using a maximum likelih@pgproach (Calenge 2006). We
arbitrarily chose the 50% contour interval to reyere the foraging area(s) of each
GPS-tagged tern (Hyrenbach et al. 2002). We ewediuie cumulative distribution of
foraging areas for terns from each colony as atfonof distance from the colony,
based on the mean proportion of all foraging aleested within each 10-km interval

from the colony.

Body Mass of Adults and Chicks

All 22 adult Caspian terns captured during GPSitaggere measured prior
to release. Caspian tern adults were weighed taeesiel0 g using a 1,000-g capacity
Pesola spring scale. Wing length measurementstakea to the nearest 1 mm on the
flattened and straightened wing from the wristjamthe tip of the longest primary.
The difference in body mass of adult terns wa®teasing ANOVA, with colony,
sex, and breeding status as predictors. Signifeahenodel terms was determined
using extra-sums of squaregests; non-significant terms were sequentiallypgex

from the final model.

We examined differences in chick body conditiontfa two Caspian tern
colonies in the Upper Klamath Basin and for fourspgtent colonies within the range
of the Pacific Coast population of Caspian terres{ESand Island, OR; Crescent
Island, WA, Brooks Island, CA; and Potholes ResigrwwA). Chicks were captured
at each colony during the late chick-rearing peraggproximately 10 days after the

first fledgling was observed, by herding flightletscks into a cloth corral. A
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subsample of all chicks captured was chosen te@sept a range of wing lengths. If
fewer than 30 chicks were captured at a colonynmyear, then all chicks captured
were measured. Caspian tern chicks were measutbhd same fashion as adults.
Caspian tern chicks whose mass was less than é@degweighed to the nearest 5 g
using a 600-g capacity Pesola spring scale; adirathicks were weighed to the

nearest 10 g.

We used mixed effects models to examine differentekick body mass as a
function of wing length (Lyons and Roby 2011) awtbay. The full model included
wing length (mm), colony, and the interaction bedweving length and colony. A
random slope and intercept terms for year wereialdoded. Only chicks with wing
length between 175 mm and 350 mm were includeddrahalysis. This represented
the range of wing lengths measured at both the®hleske and Tule Lake colonies,
and ensured that the model did not estimate chagsroutside the range of chick ages
sampled at the two colonies of interest. Akaikafeimation criterion (AIC) was used
to identify the most parsimonious random modelcttme (Zuur et al. 2009). After
determining the appropriate random structure, idpaifscance of fixed model terms
was determined using extra-sums of squkressts; non-significant terms were

sequentially dropped from the final model.

RESULTS

GPSTracking
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We retrieved GPS tracking data from 16 of the 2Adltadhat were fitted with
GPS tags. Data were recovered from eight ternsethggeach colony, three females
and five males from the Sheepy Lake colony (Fiduga) and four females and four
males from the Tule Lake colony (Figure 3.2b). Dadald not be retrieved from two
GPS units on terns that continued to attend acigts on their colony; two GPS-
tagged terns were not relocated after release eMias considerable variation in the
length of time individual birds were tracked, ramgyfrom six hours to six days.
Median tracking time was two days. Ages of chiclteraled by GPS-tagged adults
ranged from one day to four days, for those tdmaswere tracked while provisioning
chicks (n = 7). Failures of nests attended by GRfge¢d adults at the Sheepy Lake
colony were attributable to nest predation by @atifa and ring-billed gullsL@rus
californicus andL. delawarensis), and at the Tule Lake colony to predation by grea
horned owls Bubo virginianus). Data from one GPS-tagged individual at the Sheep
Lake colony were censored after the first day, wiverconfirmed that the bird’s mate

had abandoned the breeding attempt.

Behavioral Classification

The gap statistic identified three movement statethe optimal clustering of
the behavioral data. The three movement statesrédfin both velocityR> 2506=
2520,P < 0.001) and turning angl&42s06= 6940,P < 0.001). Based on the
characteristics of the three movement states, assified them as “commuting,”

“extensive search,” and “intensive search” (FigBu®. Commuting movements were
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characterized by high velocities (median = 43 ki, hange = 27 — 79 km fiy and

low turning angles (median = 4 ¥ange = 0 — 9%, these fast, directed movements
occur when a tern is commuting between areas. Extesearch movements were
characterized by low velocities (median = 17 ki, mange = 0 — 38 km Hy and
moderate turning angles (median <£,32nge = 0 — 92, these slow, directed
movements occur when a tern is searching an avedyshwithout doubling back on
itself. Intensive search movements were charae@ even lower velocities
(median = 11 km Hf, range = 0 — 43 km Hy and high turning angles (median = 151
range = 80 — 18Y; these tortuous movements occur when a tern kingalow, tight
turns over a small area. For all subsequent arsalygensive search and extensive

search were considered collectively as foragingiaein.
Foraging Behavior

The proportion of time that adults spent on-col@roiony attendance) was
significantly different between colonieB;(;3= 9.14,P = 0.01) and different between
adults whose breeding status differéd = 12.14,P < 0.001), but not between the
sexes 1 1,=0.18,P = 0.68). Colony attendance was higher at the Tale colony
than at the Sheepy Lake colony. For terns incubagys, time spent on colony
averaged 64% of the day at the Sheepy Lake colsi6(Cl = 48% — 80%) and 82%
of the day at the Tule Lake colony (95% CI = 70®0%). For terns raising chicks,
colony attendance was 52% at the Sheepy Lake c¢@5%p Cl = 40% — 64%) and

74% at the Tule Lake colony (95% CI = 65% — 81%glo@y attendance was much
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lower for terns whose nest had failed (Sheepy lcaiteny: 4%, 95% Cl = 1% — 17%;

Tule Lake colony: 10%, 95% CI = 2% — 34%)).

The proportion of time terns spent foraging per wag independent of colony
location €1,13=1.53,P = 0.24) or sexK1,12= 1.51,P = 0.24). There was weak
evidence that the proportion of time spent foraguag related to breeding stat#s £o
= 2.86,P = 0.08), with a lower proportion of time spentéging during incubation
(9%, 95% CI = 5% — 17%) than during chick-rearih§%, 95% CI = 16% — 23%) or

after nest failure (18%, 95% CI = 14% — 23%).

The proportion of time spent commuting was sigaifity different between
colonies F113=6.71,P = 0.023), but was not associated with differerndseeding
status F220= 1.91,P = 0.17) or sexH; 1= 1.27,P = 0.28). Terns from the Sheepy
Lake colony spent 8% of the day commuting (95% GP&— 14%) while terns from

the Tule Lake colony spent only 3% of the day coringu(95% CI = 2% — 6%).

There were significant differences in the propartad time spent resting off-
colony related to breeding stats (s = 27.62,P < 0.001), and a significant
interaction between breeding status and coléaydg= 9.44,P = 0.002). During
incubation, the proportion of time spent restinfjaaflony was similar for terns from
the Sheepy Lake colony (5%, 95% CI = 0% — 43%)tanas from the Tule Lake
colony (1%, 95% CI = 0% — 4%). For terns raisingcks, however, those from the
Sheepy Lake colony spent more time resting off4epl 1%, 95% CI = 2% — 38%)

than terns from the Tule Lake colony (0%, 95% @I — 1%). Failed breeders,
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regardless of colony, spent much more time regffigolony (Sheepy Lake colony:

31%, 95% CI = 13% — 56%; Tule Lake colony: 53%, 9696 19% — 85%).

There was a significant negative relationship betwdistance from colony
and the probability of being active, and a sigaifitinteraction between breeding
colony and distance from colony (Table 3.1). GRfiy¢al terns breeding at the Sheepy
Lake colony were estimated to have a greater tB&h |@robability of being active
within 13 km of the colony; at distances furtheartrd0 km Sheepy Lake terns were
more likely to be resting than active (Figure 3.48)r GPS-tagged terns breeding at
the Tule Lake colony there was an estimated > 968tgbility of being active within
13 km of the colony; at distances further than @bfiom the colony Tule Lake terns

were more likely to be resting than active (Figrb).

For terns breeding at the Sheepy Lake colony, thegbility of foraging as
opposed to commuting increased with distance ftoeacblony (Table 3.2). Terns
breeding at the Sheepy Lake colony were less liteele foraging close to the colony;
the probability of foraging continued to increaséwincreasing distance from the
colony (Figure 3.5a). For all distances from thiog, terns from the Tule Lake
colony had between a 65% — 80% probability of forgdFigure 3.5b). Terns
breeding at the Tule Lake colony had a higher gudibaof foraging within 15 km of

their colony than terns breeding at the Sheepy lcakany.

Colony was the only factor that was significantbgaciated with

characteristics of foraging trips (Table 3.3); thaeras no evidence that breeding status
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or sex had an effect on foraging trip charactesst-oraging trips by terns from the
Sheepy Lake colony were longer than trips by ténore the Tule Lake colonyH 10=
18.59,P = 0.002; Table 3.3). During foraging trips fronet8heepy Lake colony,
terns spent more time commuting than terns froniTtile Lake colonyK; 10= 18.24,
P =0.002). There was weak evidence that terns frmmEheepy Lake colony spent
more time foraging per foraging trip than terngirthe Tule Lake colonyH 10=
4.16,P = 0.069). Maximum distance from the colony wasidigantly greater for
terns from the Sheepy Lake colony than for teramfthe Tule Lake colony~{ 10=

25.05,P < 0.001).

Foraging Areas

Foraging areas for the five GPS-tagged terns bmgeatithe Sheepy Lake
colony were dispersed among five different areaguflé 3.6a): Sheepy Lake (n=3
terns), Tule Lake Sump 1A (n = 3), Klamath River(8), Copco and Iron Gate
reservoirs (n = 1), and agricultural canals arotin# Lake and Lower Klamath
NWRs (n = 1). Foraging areas for the seven GPSetaggyns breeding at the Tule
Lake colony were largely concentrated within Tuké NWR (Figure 3.6b): Tule
Lake Sump 1A (n = 6 terns), Tule Lake Sump 1B (f),/agricultural canals around
Tule Lake NWR (n = 2), and Clear Lake (n = 1). &llerlap in foraging areas
between terns from the two colonies occurred a¢ Take Sump 1A. Eighty-nine
percent of the foraging areas of GPS-tagged tezang at the Tule Lake colony

occurred within 10 km of the colony, while only 1 ®fthe foraging areas of GPS-
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tagged terns nesting at the Sheepy Lake colonyretwithin 10 km of the colony.
All foraging areas for Tule Lake terns were witli® km of the colony; all foraging

areas for Sheepy Lake terns were within 54 km efctblony.

Body Mass of Adults and Chicks

We were unable to confirm the breeding status i&etiierns captured at the
Sheepy Lake colony and GPS-tagged that did notrréduthe colony after capture,
these individuals were excluded from this analyBigere was a significant difference
between colonies 16 = 7.12,P = 0.017) and sexe&{1s = 7.75,P = 0.013) in the
average total body mass of captured adult Caspras.tThere was no relationship
between breeding status (egg stage vs. chick stagleadult mass=( sz = 0.26,P =
0.616). On average, body mass of adult terns ceghtatrthe Sheepy Lake colony
(mean = 586 g) was 29 g less (95% CI = 8 — 50 @) the body mass of adult terns
captured at the Tule Lake colony (mean = 611 g)eNtrns were on average 30 g
(95% CI =9 — 51 g) heavier than female terns. Restere similar when the three

adult terns whose breeding status was unknown ivekeded in the final model.

Size-adjusted chick body mass differed among ngsttonies Es 1569=
107.48,P < 0.001; Figure 3.7). Average size-adjusted méssro chicks from the
Sheepy Lake colony was 36 g greater than thatrofdieicks from the Crescent Island
colony in south-central WashingtoR € 0.001), but 41 g to 89 g less than chicks from
the Tule Lake colony and the other three compartsdonies P < 0.001). Size-

adjusted body mass of chicks from the Tule Lakermphlas the highest of all 6
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colonies and averaged 125 g greater than thatickshom the Crescent Island
colony P < 0.001) and 89 g greater than that of chicks ftbenSheepy Lake colony

(P = 0.001).

DISCUSSION

Our results indicated that the foraging behavio€Ca$pian terns breeding at
two neighboring colonies in the Upper Klamath Basgare surprisingly divergent.
The distance between the two colonies in our s(@8@ykm) was far less than the
maximum foraging range for breeding Caspian teBskM; Adrean 2011). Despite
the proximity of the two colonies, terns nestingaeepy Lake had markedly longer
foraging trips, lower colony attendance, and greedenmuting distances to foraging
areas compared to terns nesting at Tule Lake. Tihe=recolony differences in
foraging behavior were associated with lower bo@dgsnof adults and lower size-
adjusted body mass of pre-fledged chicks at the@hkake colony. Our results
highlight the importance of foraging conditionsciose proximity to the colony for

central place foraging waterbirds during the bregdieason.

Colony attendance by Caspian terns nesting at tte JTake colony was
consistently much higher than that of terns nestintipe Sheepy Lake colony, with
Tule Lake terns spending considerably less timengsotimg or resting off-colony.
Average colony attendance by Sheepy Lake ternsyaiting chicks (52%) is just
enough for one adult to be present at the nestigivaut the day. Caspian terns exhibit

lower colony attendance as the breeding seasomga®ses (Anderson et al. 2005,
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Lyons et al. 2005). If parents need to increase theaging effort as the energy
requirements of their growing chicks increase,ddmreeding at the Sheepy Lake
colony may only be able to increase foraging efiigrteaving chicks unattended and
exposed to the risks of predation by gulls and$sreent by other adult terns. All
tracking data for this study were collected whitécks were less than five days old,
when the energy requirements of small chicks degively low; this probably
explains why we did not detect a clear increadenaging effort between terns with

eggs and those with chicks.

We found strong relationships between distance fteacolony and foraging
behavior and this relationship was different fa ttvo colonies (Figure 3.5). Terns
nesting at the Tule Lake colony generally foragathediately upon leaving the
colony. Conversely, Sheepy Lake breeders had gtobability of foraging within 10
km of the colony, and the probability of foragimgieased with distance from the
colony. The Upper Klamath Basin consists of a fragtad patchwork of wetlands,
lakes, rivers, and agricultural canals. Even thaihgise two colonies share broadly
overlapping potential foraging habitat, the dis@atw foraging areas from the Sheepy
Lake colony made them less accessible to ternslingat this colony. Sheepy Lake
breeders had to adopt a more extensive foragingvimh which consequently

increased foraging effort and decreased physigadition and time spent at the nest.

Foraging trips from the Sheepy Lake colony lastedaverage, more than

three times longer (186 min) than foraging trigsrirthe Tule Lake colony (55 min).
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Average duration of foraging trips by Sheepy Lakeelkders was longer than that of
terns nesting in the Columbia River estuary (136 mi2000 and 97.5 min in 2001;
Anderson et al. 2007) or in San Francisco Bay (b Adrean 2011). Conversely,
average foraging trip duration of Tule Lake bresdeas as low or lower than that
observed in the Columbia River estuary and in Sandisco Bay. Longer foraging
trips by Sheepy Lake breeders were characterizeddrg time spent commuting, a
higher proportion of foraging trips that includedesting bout, and greater maximum
distance from the colony. Long foraging trips reeltize time spent at the nest and
limit the number of fish deliveries to chicks, whican have a negative impact on both
the growth rate and survival of chicks (Suryanle@02, Davoren and Montevecchi

2003, Boersma and Rebstock 2009).

The difference in distribution of foraging areas lioeeding terns from the two
colonies reflects the between-colony differencef®iaging behavior described above.
Tule Lake terns concentrated their foraging withite Lake NWR. Sheepy Lake
terns used foraging areas that were dispersecatodtih, east, and west of the colony;
the majority of foraging areas were more than 10ftom the colony, with four of the
five terns using foraging areas closer to the Talke colony than the Sheepy Lake
colony. Terns from both colonies foraged in Tul&ké&ump 1A; this was clearly a
foraging hot spot for Caspian terns in the Uppearkath Basin. Given the small size
of both the Sheepy Lake and Tule Lake colonies 88 and 34 pairs, respectively),
it seems unlikely that there was competition faafpng areas during this study. As

these colonies become more established, partigufalle Tule Lake colony increases
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in size, this could provide an opportunity to exaenhow foragers from different

colonies compete for shared foraging areas (Gretatlal. 2004).

The body mass of adult terns breeding at Sheepg s, on average, 4%
lower than that of adults breeding at Tule Lakewkoadult body mass during
breeding was associated with lower reproductiveesgin Arctic ternserna
paradisaea; Monaghan et al. 1989) and common tef$ifundo; Wendeln and
Becker 1999). We cannot determine whether the tvweelony difference in adult
body mass of Caspian terns was biologically sigaiit, or whether this difference
was a physiological response to stress or an adamsponse to reduce flight costs
and enhance foraging efficiency (Jones 1994). Rigss, the between-colony
difference in adult body mass suggests that difiegs in prey availability close to the
two colonies were significant enough to affectphgsical condition of adults. There
was no affect of breeding status on adult massgkiew so it is unlikely that the
observed between-colony differences were a re$tiieoGPS-tagged terns from the

two colonies being at different stages of the ngstiycle.

Size-adjusted body mass of Sheepy Lake chicks p@a®aimately 25% less
than that of Tule Lake chicks. Tule Lake chicks hadigh or higher average size-
adjusted body mass as did any colony in the PaCib@ast population; however, this
estimate is based on a very small sample size tndgna single breeding season.
Nevertheless, chicks from the Sheepy Lake colonyitvaer average size-adjusted

body mass than either chicks from the Tule Lakempbr chicks from three of the
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four comparison colonies. Lower chick conditioriteg Sheepy Lake colony could
have immediate consequences for reproductive ssitioesugh reduced chick
survival; there could also be secondary effectpast-fledgling survival, recruitment
to the breeding population, and future reprodugbietential if under-nutrition during
the chick stage has persistent negative effectgrass (Lindstrém 1999, Metcalfe

and Monaghan 2001, Kitaysky et al. 2006, Morrisbale2009).

Accurately describing behavior based on tracking tka major objective of
animal movement studies. In some studies this bas bccomplished by arbitrarily
defining a threshold in speed to distinguish fonggrom commuting (Gremillet et al.
2004, Kotzerka et al. 2010, McLeay et al. 2010)résophisticated approaches to
distinguishing foraging from commuting behavior é&&®n movement tracks include
first passage time (Fauchald and Tveraa 2003, Swaial. 2006), fractal dimension
(Tremblay et al. 2007), and state-space modelingrélés et al. 2004, Jonsen et al.
2005, Breed et al. 2009). Of these techniques, stal-space modeling assigns
locations to behavioral states; however, stateespamdels are complex to implement
and require assumptions about the movement prbe#sg estimated. In the present
study, we have successfully applied a cluster aisbpproach to objectively infer
three types of movement behavior. This approasimsle to implement, does not
make any assumptions about the number of moveryjges br characteristics of those
behaviors, and can be adapted to incorporate rfeuttipasures of movement behavior
(Van Moorter et al. 2010). This methodology allowexito identify different

movement states, quantify time spent foraging,tastihypotheses about foraging
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effort, the spatial distribution of off-colony behar, and the locations of foraging

areas.

Caspian terns demonstrated flexible foraging beiramiresponse to local prey
availability; breeding behavior and parental effgupear to be strongly influenced by
foraging conditions close to the colony. Foragiegdwvior of Caspian terns from the
Sheepy Lake colony was consistent with that ofs¢érom other colonies experiencing
food limitation (Lyons et al. 2005, Anderson et2007, Adrean 2011). Greater
foraging effort came at the expense of colony athexe, self-maintenance, and chick
condition, which are all likely to have impacts @verall productivity. There was no

evidence that prey availability limited productydt the Tule Lake colony.

This study was conducted during the first year thatTule Lake island was
available to breeding Caspian terns and the colaas/quite small (34 breeding pairs).
The Sheepy Lake colony was substantially large8 @dr@eding pairs), but it was in its
second year of development; the Sheepy Lake isladdeen used by 258 breeding
pairs of Caspian terns the year before. This gnistory of nesting likely explains the
difference in colony size between the two islanasrd) our study. Given the apparent
higher forage fish availability close to the Tulake island, it seems likely that this
colony will attract more breeding Caspian ternfuire nesting seasons unless other
factors, such as predation, strongly limit reprdaoécsuccess. Some Caspian terns
breeding at Sheepy Lake used foraging areas thatel@ser to the Tule Lake island,

if other factors do not limit recruitment to Tulake we would expect some terns that
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nested on Sheepy Lake to switch to the Tule Ldk@dsbecause it is closer to
preferred foraging areas (Cairns 1979). Despitaquaced differences between the
two colonies in the foraging behavior of breediems, productivity was similar at the
two colonies. At least in 2011, predation playedae significant role than foraging
conditions in limiting the reproductive success@aspian terns nesting at these two

new colonies in the Upper Klamath Basin (see Chid)te
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Table 3.1. Estimated coefficients, standard eriamd, significance tests from a
binomial generalized linear mixed model estimatimg probability that a Caspian tern
was active while off-colony, as a function of breggdcolony and distance from
colony. Coefficients and standard errors are @myd cale. Degrees of freedotn,
values, andP-values are for Wald'stests of the significance of each covariate.

Coefficient Standard Error df t-value  P-value
Intercept 3.22 0.83 1226 3.86 <0.001
Colony: Tule 1.11 1.09 10 1.02 0.330
Distance -0.08 0.03 1226 -2.90 0.004

Colony x Distance -0.09 0.04 1226 -2.19 0.029
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Table 3.2. Estimated coefficients, standard eriamd, significance tests from a
binomial generalized linear mixed model estimatimg probability that an active
Caspian tern was foraging vs. commuting, as a fomaf breeding colony, breeding
status, and distance from colony. Coefficients staddard errors are on a logit scale.

Degrees of freedontsvalues, andP-values are for Wald'stests of the significance of
each covariate.

Coefficient Standard Error df t-value P-value

Intercept -0.53 0.38 914 -1.38 0.1681
Colony: Tule 1.89 0.43 10 4.37 0.001
Distance 0.06 0.02 914 2.84 0.005

Colony x Distance -0.08 0.03 914 -2.80 0.005
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Table 3.3. Summary of central-place foraging top€aspian terns breeding at
Sheepy Lake and Tule Lake in the Upper KlamathBa&3alifornia. Values for
duration, foraging, commuting, and maximum distainoen colony are medians (+
95% confidence intervals) as estimated by mixedetff models.

Sheepy Lake Tule Lake
Number of trips 8 35
Proportion of trips with commuting 1.00 0.69
Proportion of trips with resting 0.63 0.09
Duration of trip (min) 186 (105 — 329) 55 (42 -72)
Commuting time (min) 48 (18 — 122) 53 -10)
Foraging time (min) 72 (39 — 134) 39 (29 - 52)

Maximum distance (km) 27 (15— 47) 6 (4 —-8)
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Figure 3.1. Map of the study area in the Upper KldmBasin of California and
Oregon, showing the locations of the new artifiGalspian tern nesting islands in

Sheepy Lake and Tule Lake.
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Figure 3.2. Maps showing all movements by GPS-tdd@igspian terns breeding at (a)
the Sheepy Lake colony and (b) the Tule Lake colartiie Upper Klamath Basin of
Oregon and California, USA. Open circles indicainy locations. Grey areas
indicate lakes, rivers, and canals.
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Figure 3.3. Values of velocity and turning angletfte three movement states as
defined by cluster analysis. Data on movement chariatics are for Caspian terns
equipped with GPS-loggers and nesting at eitheBtieepy Lake colony or the Tule
Lake colony in the Upper Klamath Basin of Oregod @alifornia, USA.
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Figure 3.4. Estimated probability that a Caspian teeeding at (a) Sheepy Lake or
(b) Tule Lake in the Upper Klamath Basin, Calif@anivas active vs. resting while off-
colony as a function of colony and distance fromc¢hlony. Solid lines indicate
estimated mean probabilities and dotted lines atdi®5% confidence intervals.
Dashed horizontal lines depict the 0.5 probability.
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Figure 3.5. Estimated probability that a Caspian breeding at (a) Sheepy Lake or
(b) Tule Lake in the Upper Klamath Basin, Calif@anivas foraging vs. commuting as
a function of colony and distance from the coldBglid lines indicate estimated mean
probabilities and dotted lines indicate 95% confickeintervals. Dashed horizontal
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Figure 3.6. Foraging areas of Caspian terns brgeticolonies on (a) Sheepy Lake
and (b) Tule Lake in the Upper Klamath Basin of gare and California. Foraging
areas are based on the 50% utilization distribstmfrall foraging locations for each
individual tern, estimated using the biased-randoialge approach. Legend indicates
tern identity, and the number of foraging locatiosed to estimate foraging area is in
parentheses.



105

=== Tule (5) °
-—e—- East Sand (710)
---+-- Potholes (265)
—*— Brooks (155)

é —+&— Sheepy (49) ¥ x x
— == - Crescent (403)
o
o
S
— Te}
\= * re
+ % O Xo _—
g R X, =
= P S R N
o L—=— + 40 5= -
O [ X ++ X 30 X_E'f’xxo o X
N ’?{%j%—f%’{’(& X s
L --7 N « ¥ X X o x
0’| X>< X X+ . ©
X o X g
o X o a]
o X X
(e0] * % %* XX % X
+
X
o
180 200 220 240 260 280 300

Wing Length (mm)

Figure 3.7. Body mass of Caspian tern chicks ametion of wing length from six
colonies in the western North America populationlddy names in the legend appear
in the same order as regression lines on the ghyribers in parentheses next to
colony names indicate the number of chicks measatredch colony.



106

CHAPTER 4: SYNOPSIS AND CONCLUSIONS

Allison Patterson



107

The primary objectives of this study were to (1alerate the initial success of
constructing artificial nesting habitat (new islahdnd providing social attraction
(decoys and audio playback systems) in order tomre€£aspian terngidroprogne
caspia) as a breeding species in the Upper Klamath Basih(2) identify those
factors that could limit the future growth and puotivity of Caspian tern breeding
colonies that might form on these islands. Hepdate my results in the context of the
broader Caspian Tern Management Plan (USFWS 2685)mmend an approach for
moving forward with effective monitoring and managt of alternative Caspian
tern nesting habitat created as part of the Plash dascribe how lessons learned from
this study can inform future restoration and manage of waterbird colonies.
Habitat enhancement and social attraction haverbeamportant tools for the
conservation and management of waterbird colonid¢isa last 40 years, and will
continue to play an important role, especially asarcolonies face challenges from
human development and the negative effects of aptigenic climate change (Jones

and Kress 2012).

Caspian terns responded rapidly to the constructi@tificial nesting islands
and deployment of social attraction in the Uppeardath Basin, attempting to breed
at all three newly-constructed islands in the fyesir and establishing successful
breeding colonies at two of the three sites. Degibught and exceptionally cool
conditions during the breeding season (NOAA 201R{CS 2010, NOAA 2011), these
restoration activities increased the number of @asterns breeding in the Upper

Klamath Basin in 2010 and 2011 relative to the gdany fifteen years. In both years
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of my study, new islands built as part of the restion effort were the only sites in the
Basin where Caspian terns experienced some repreelgciccess and produced
fledglings. The addition of two artificial Caspigern nesting islands in 2011 did
increase the number of breeding colonies in thenBasit did not increase the total
number of breeding pairs compared to 2010. Thé notaber of breeding pairs that
attempted to nest at all three sites declined #igftom 2010 to 2011, suggesting that
there were limitations on the number of Caspianddinat could be attracted to breed
in the Upper Klamath Basin. The failure of addiabacreage of available nesting
habitat at multiple islands to attract more temthe Basin suggests in 2011 that the
availability of nesting habitat was no longer thaimfactor limiting the size of the

Caspian tern breeding population in the Basin.

Productivity at the restored Caspian tern colomias variable in the first two
years following island construction. At Sheepy Lak&010, reproductive success
was 0.65 fledglings/breeding pair, while in 201thteolonies on Sheepy Lake and
Tule Lake both experienced relatively low reproduesuccess, 0.11 and 0.12
fledglings/breeding pair, respectively. Over bo#ars of my study, average
productivity at these colonies was low relativéeteels suggested as necessary to
maintain a stable Pacific Coast population of Casperns (Suryan et al. 2004).
Other moderate-sized colonies within the Pacifia€aegion have persisted despite
occasional years of low reproductive success, b8l@ fledglings/breeding pair.

Chronically low productivity, however, would lowsite fidelity of birds that have
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nested at these sites, negatively affect recruitroeprospecting birds from other

areas, and reduce the potential for future recertnto the natal site.

A two-year study is too short to draw strong cosidas about the longer-term
potential for reproductive success at these newi@agern colony sites. However,
the first two years have shown that terns nestirghaepy Lake can achieve
reasonable rates of reproductive success in soars,yaut fledging rates and total
number of fledglings produced may be variable ddp®non factors such as water
availability, interspecific competition for nestes, and nest predation. Favorable
foraging conditions at the Tule Lake colony indecttat this could be an attractive
site for a breeding colony of Caspian terns, it peedation and nocturnal disturbance

can be managed.

| identified three main factors potentially limigrcolony size, development,
and reproductive success of Caspian terns on Hrafeial islands; the importance of
each limiting factor varied among sites and ye@fater shortages made the Tule
Lake and Orems Unit islands unavailable as nesiatgtat in 2010, and resulted in
land-bridging of the Orems Unit island in the midsthe 2011 nesting season, which
would have caused colony failure had a Caspiandeliony formed there.
Competition with gullsl(arus spp.) for nest sites and gull predation on teigseand
chicks contributed to smaller colony size and lovegroductive success of the
Sheepy Lake tern colony in 2011. Predation andunoat disturbance by great horned

owls (Bubo virginianus) resulted in abandonment of the Orems Unit islan@aspian
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terns during the nest-building stage, and causest ofdhe nest failures at the tern
colony on the Tule Lake island. Management acttormainimize the negative impacts
of these factors would aid the development of tlieseent Caspian tern colonies.
Long-term management actions, including persiatsatof social attraction
techniques and predator management measures, éanedcommended to maintain
successful seabird colonies at restoration sited @mnd Kress 2004, Parker et al.

2007, Jones and Kress 2012).

Terns respond quickly to social attraction compdeeother species with
higher breeding site fidelity (Kress and Nettlesh§88, Parker et al. 2007, Jones and
Kress 1012). Given this vagility, however, longriemanagement to create a history
of successful breeding may be required to promtedidelity among terns that
recruit to these colonies. Individual breeding ®sscand local breeding success have
been associated with higher breeding site fidélityolonial seabirds (Naves et al.
2006, Boulinier et al. 2008). Tims et al. (20040rid that common tern&térna
hirundo) from an established colony did not relocate teverecolonies in large
numbers even though productivity was higher aingnely established sites; they
concluded that breeding site selection is conseevaind common terns prefer to stay
at a known site with lower breeding success thke ta the risk and costs of
establishing a territory at a new site. Suryan laois (2004) proposed that long-term
colony growth by black-legged kittiwakeRi¢sa tridactyla) within Prince William
Sound, Alaska, was driven by natal recruitment ntloa® movements among colonies

by breeding adults.
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The regular banding of Caspian tern adults andlpdgred chicks at colony
restoration sites would generate valuable inforamaéibout the retention of breeders
and natal site recruitment to these colonies. Waisld provide insight into the
dynamics of new colony development, such as whetbleny growth is intrinsic or
driven by recruitment from other colonies, and Hoeal productivity influences
dispersal rates. From a management perspectige;dhid provide valuable
information to guide decisions about the need fegoing management of these
colonies. High breeding and natal site philopatould be strong indicators that new

Caspian tern colonies had become self-sustaining.

In both years of my study, Caspian tern nest imitrawas delayed; the peak in
egg-laying did not occur until almost two monthteathe initiation of courtship
behavior and at least one month after the first éggs were laid. The delay in nest
initiation may have resulted from the newness efdblonies; new colony sites tend to
recruit less experienced breeders, and ternsehatiit to new sites may take longer to
establish pair bonds and nesting territories.iff Were the case, then we would expect
the peak in egg-laying to occur earlier and ndgaiion to be more synchronized as
new colonies become more established. An alteraa&typlanation is the unusually
cold weather during the early stages of both tH2ihd 2011 nesting seasons.
Average May temperatures recorded at Klamath Falisgon were & lower than
the 30-year average in both 2010 and 2011 (NOAAD2BIDAA 2011). If the
delayed onset of nesting by Caspian terns wasmbyeclimatic conditions, then

nesting should be initiated earlier in years witkrage spring temperatures. Earlier,
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more synchronized breeding should benefit thespi@asern colonies in several

ways: (1) by attracting breeders that had not piesty recruited to these sites because
of poor conditions early in the season; (2) by pstng higher reproductive success,
which is generally associated with earlier nest{@y;by allowing terns to better
compete with gulls for nesting territories at sidgere nesting gulls are abundant; and
(4) by providing better defenses against avian pestators, either through predator

swamping or enhanced cooperative nest defense.

The three artificial islands in the Upper Klamathsi are only part of a larger
scale Caspian tern management program (USFWS 200®i)fillment of this plan,
the U.S. Army Corps of Engineers has constructgficaal islands in four other areas
of interior Oregon: Fern Ridge Reservoir, Warnelld&a Summer Lake basin, and
Malheur NWR. By the 2012 breeding season, the atnafsuitable habitat available
for nesting Caspian terns at East Sand IslandeilCitilumbia River estuary had been
reduced from 2 ha (5 acres) to 0.6 ha (1.6 acaes) further reductions are being
considered to achieve the desired colony size&fi®to 3,125 breeding pairs, down
from 9,000 to 10,000 breeding pairs. Preliminariadadicate that there is high
connectivity among the colonies developing on iaréif islands in interior Oregon and
California, specifically those in the Upper Klamdhsin, Warner Valley, and
Summer Lake basin (Suzuki 2012). Monitoring the eroents of individual terns
amongst these colony sites will be necessary #sasshether growth of any one
colony is driven by (1) recruitment of terns disy@d from the East Sand Island

colony, (2) movements of breeding adults amongattigcial islands, or (3)
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recruitment to the natal site. My study focusedegessing the initial success of
habitat creation in the Upper Klamath Basin and/jliag information that would be
useful to inform management of those sites. Indhg-term, the increase in size and
productivity of Caspian tern colonies in the Upgé&math Basin should be evaluated
within the context of all colonies in interior O@gand California at least, but
preferably within the context of the entire metgplation of Caspian terns in western

North America.

Caspian terns breeding at Sheepy Lake expendetégfeeaging effort than
terns breeding at Tule Lake. Sheepy Lake ternstdpesitime at the colony, took
longer foraging trips, commuted farther to foragargas, and spent more time resting
away from the colony than Tule Lake terns. The oleskdifferences in foraging
behavior between terns breeding at the Sheepy t@kay and the Tule Lake colony
highlighted the benefits of access to high-qudbhaging habitat in close proximity to
the colony. Breeding Caspian terns can adapt theiging behavior to exploit prey
patches that are far from the colony; in my stuugé terns breeding at Sheepy Lake
had foraging areas that included habitat more &takm from the colony. In San
Francisco Bay, breeding Caspian terns were detastéalr as 80 km from their nest
site (Adrean 2011). But foraging at long distanites the breeding colony comes at
the expense of nest attendance, nest defense,mioicisioning rates, and resource
allocation for self-maintenance. Only high-qualidividuals are likely to

successfully raise chicks under these conditions.
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The Caspian tern colony at the Tule Lake islanceerpced favorable
foraging conditions in 2011, comparable to the gorg conditions experienced by
Caspian terns nesting in the Columbia River estdaring years of higher than
average nesting success (Lyons et al. 2005, Andetsal. 2007). These favorable
nesting conditions were apparently due to the pnayiof high-quality foraging areas,
particularly in Tule Lake Sump 1A. Eighty-nine pent of the foraging areas of GPS-
tagged Caspian terns breeding at the Tule Lakengalocurred within 10 km of the
colony. In 2011, there was twice as much potefia@ging habitat (areas covered by
water) within 10 km of the Tule Lake colony (38 ®rthan within 10 km of the

Sheepy Lake colony (19 KA. Patterson, unpublished data).

Increasing the amount of high-quality foraging atbin proximity to a
breeding colony should, in theory, increase the lmemof breeding pairs a colony can
support and increase average reproductive sucBesswould be especially true for
inland colonies, where the amount of potential gorg habitat is generally much
lower than at coastal sites. Becker et al. (198@)v&d that common terns nesting at a
freshwater site experienced more favorable foragorglitions compared to terns
nesting at a coastal site because of more consatey availability at the limnetic
site. This benefit of consistency, however, carobez a disadvantage for inland
colonies when there is a shortage of potentialgiogahabitat in close proximity to the
colony; a shortage of proximal foraging habitatequs to be a constraint for the

Sheepy Lake Caspian tern colony.
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The area covered by water within 30 km of an exgstir potential colony site
could be used as an index of the availability e&épng habitat when considering
where to implement restoration efforts for piscmas colonial waterbirds on a
regional scale. The value of such an index couldris&nced by including only
permanently-watered areas and the available infooman local distributions and
abundances of forage fish populations. An indethéoavailability of foraging habitat
within 10 km of a prospective colony site couldused to prioritize island placement

within an intended restoration area, such as theetUdlamath Basin.

My study was the first to use GPS transmittersaok movements of Caspian
terns. | obtained, for the first time, a compleieyre of the movements of breeding
adult Caspian terns during foraging trips and thhmut the day. Foraging effort was
strongly related to the distance between the bngechlony and preferred foraging
areas; the position of each colony within the fragted wetland landscape of the
Upper Klamath Basin resulted in significant inteteny differences in foraging
behavior. Breeding Caspian terns displayed coraidenariation in foraging
behavior, in part to accommodate variation in coringudistance to foraging areas as
central-place foragers during the nesting seasontHss variation in foraging effort
was strongly associated with variation in pareosae. As GPS transmitters become
smaller, longer-lasting, and more reliable, thergreater potential to answer
guestions about the foraging behavior of Caspiarstand other smaller seabirds. The
greatest opportunities are in combining movemetsd déth individual-level data,

such as prey selection, body condition, reprodeatifort, and chick growth rate.
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The justification for creating additional nestinghiitat for Caspian terns in the
Upper Klamath Basin, namely the prior history o$tirgg in the Basin and the
continued use by non-breeding terns during thedimgeseason (USFWS 2009), was
correct in assuming that breeding numbers weredafrby availability of nesting
habitat. This was borne out by the rapid attractib@aspian terns to all three newly-
constructed islands and successful colonizatidwofof the three islands in the first
year of availability. However, during this studidéentified several additional factors,
each of which could limit colony development andtainability for one or more of
these islands; some of these limitations could e avoided or at least mitigated

with more strategic island placement within the Eypklamath Basin.

Artificial tern nesting islands are best situatédites that are (1) not land-
bridged during minimum water levels, (2) maximafigccessible to mammalian and
avian predators, and (3) most proximal to foradiagitat where patches of high-
quality prey are likely to persist. Research ontwhetors are associated with sites
that are more accessible and attractive to potgreaators or competitors would be
helpful in guiding island design and placementia future. A better understanding of
the relationship between colony size and the aradable for foraging could help
predict the relative potential of competing progpecsites. There are, of course, other
constraints on where artificial nesting islands barbuilt; these constraints include
considerations of expense, logistics, and potépttampeting management objectives
for other species and the overall ecosystem. Taratbat restoration of breeding sites

for colonial waterbirds is successful and costaiie, we must strive to optimize the
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trade-offs between the biological potential ofta sind the practical constraints for

creating habitat at that site.

Some potential limitations of specific colony sifesy., disturbance by
predators) can be addressed through persistentyaiaeat, but the management
solution may be expensive and a challenge to sus@iher potential constraints of
prospective colony sites (e.g., proximity to higlatity foraging habitat) may be very
difficult to remedy, and could seriously, or potalty permanently, compromise
prospects for colony restoration at the site. Fugifforts to create or enhance Caspian
tern habitat should consider the full costs of pb& restoration sites facing these
biological constraints, which could include the gming costs of persistent

management or a failure to meet restoration oljesti
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