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Executive Summary

Vandenberg AilForce Base (VAFB) contains approximately 13.8 linear miles of
important coastal breeding habitat for the state and federally endangered California least
tern Sternula antillarum browniand federally threatened Pacific coast population of the
Western snoy plover Charadrius nivosus nivosusThe California least tern is a small
colonial seabird that breeds along the Pacific CM&SEB manages a least tern colony at
Purisima Point, one of onlyvo colonies between Monterey Bay and Point Conception.
The Puisima Point least tern colony has been monitored annually since Ti®®5.
Western snowy plover is a shorebihéitbreeds on coastal beaches from northern
Washington to southern Baja California, Mexi¥@®FB manages a breeding population
of snowy ploverghat is dispersed throughout much of the 13.8 miles of coastal beach
habitat.The breeding population of snowy plovers has been monitored annually at VAFB
since 1993Staff at Point Blue Conservation Science monitored breeding least terns and
snowy ploversat VAFB in 2016 This report summarizdsast tern and snowy plover
monitoring results from the0l6br eedi ng season within the
approximately23-year time seriefr both species.

California Least Tern

The Purisima Point colony was \esil at least five times a week throughout the
breeding seasoiVe first observed least terns at the colony®day, which is the
earliest arrival date since 2R0Adult colony attendance increased quickly and remained
consistent through the egg laying andubation periodWe estimate th2016breeding
population to b&5 pairs which is14% larger thar015 but still well below the2-year
mean.However, th&2016breeding seasahowed averageroductivty (breeding
success waB.72 fledglings per breedg pair).Hatching succes§8%) and fledging
success47%) wereaboveor nearthe 22-year meang@3% and45%respectively.

The Purisima Point least tern colony continues to be characterized by years of
anomalously high and low reproductive success, with very few years consistent with the
22-year meanBreeding productivity has been mostly above average since 2007, with
two yeas of average to below average productivity (2011 and 20@E&pite warm water
conditions that developed late in 2014 and aNiBb event that developed during 2015,

on



least terns breeding at Purisima Point have continued to have above average reproductive
successOur past studies of least tern diet at the Purisima Point colony have shown that
least tern breeding productivity is highest when age 1 northern andbiogsa(lis

morda® and/or youngpf-the-year rockfish $ebastesp) dominate the dieAbundance

of both species is closely tied to oceanographic conditions. Rockfish were abundant in the
2014 least terdietand likely contributed to the above average reproductive success that
year.We were unable to investigate least tern diet in 201b2016but suspect that

rockfish were again abundant given the above average least tern reproductive success.

Western Snowy Plover

The number of breeding snowy plovers observed and nests initi€28d6i1289
and385, respectively) wa% and 12% lower, respectively, than observed in 2015. We
attribute these decreaseddss of breeding habitat duestrongwinter storms. A strong
El Nifio event developed in late 2015 and peaked during the 2015/2016 &Intiéio
events raise the adevel along the California coast and create strong winter storms.
Higher sea level and stronger storms lead to higher erosion of beach Habgpite
these decreases, both metrics wegher than the long term mean (adult®34.7, nests
= 317.3). Clutch hatch successdfledging succesweresimilar tothe long term mean
for North and South Beachdabhough ¢utch hatch succesndfledging succeswas
lower than the long term mean feurisimaBeaches. We attribute tlawerageclutch
hatch success 2016 to effective predator managemeatd the presencef the
contoured restoration sites on South B&sedators accounted f58% of nest losses in
2016 compared t@4% in 201534% in 201420% in 2013, 37% in 2012, and 52% in
2011. Due to effectiveaven management at VAFB, raven predation has decreased in
recent years. Ravens took 18% of nests in 2011, 16% of nests in 2012, <1% of nests in
2013, <4% in 20141% in 2015and 6% in 2016

Efforts to manage human activities at VAFB appear teuneessful. Areas
closed to recreational beach access have shown increased nesting effort and clutch hatch
success when compared to adjacent open beach areas. Additionally, nesting effort base
wide has increased since closures were established in 200@lIChe time series data

suggest that large scale processes (e.g., environmental variability) are governing breeding



effort and fledging success, while more localized factors (e.g., predation) are governing

clutch hatch success at VAFBdditionally, wefound a positive correlation with annual

basewide fledging success and the amount of wrack deposited on Surf North and Wall

beach sectors, indicating that these sites may provide a significant prey resource for

chicks hatching on both north and south babese results suggest that management of

the snowy plover population on VAFB needs to occur at bothwatkeand localized

spatial scales, focusing on predators that are significantly impacting local beach sectors

while using environmental and oceanggitai ¢ i nf or mati on t o manage

ecosystem.
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Introduction

The Californialeasttern(Sterrula antillarum brownj least terfis a small,
colonial seabird that breeds along Beific Coasfrom San Francisco Bagaliforniato
Bahia de San Quintin, Baja California, Mexidhompsoret al 1997) Loss of breeding
habitat due to coastal development and increasedf esastal beaches in the 1950s and
1960s led to a decline in breeding population, resulting in their ligtidgr the
Endangered Species Aas federally endangered October 131970 (35 Federal
Register 16047Management in sumpt of recovery has fased on providing secure
breeding habitat and predator contiidhis has proven successful as the population has
increased from <700 pairs prior to its federal listing to >7,000 pairs reported for the 2006
breeding season (Marschalek 200He populatiorhassince declined and hasmained
between4,000 and 5,000 pairs since 2qQEHdost 2015 Muc h of traceveyispeci es 0
has occurred on military lands (Naval Base Coronado and Marine Corps Base Camp
Pendleton) where habitat has been protected from development and the species is actively
managed.

Vandenberg Air Force Base (VAFB3sides imorthern coastal Santa Barbara
Couwnty, between two major faunal transitions: Monterey Bay and Point Conception
(Hayden and Dolan 19768)Vhile the majority of théeastternpopulation breeds south of
Point Conception, there an@o currently active breedingolonies within the
Monterey/Coreption faunal zong~¢ost 201%. These colonies are located at the Oceano
Dunes State Vehicular Recreation Aeeal VAFB(Purisima Point)The
Monterey/Conception faunal zopertionof the California oastlineexperiences
exceptionally strondyut highlyvariableupwelling events (Win@t al. 1998, Bogradet
al. 2000).Thus, there is much interannual fluctuation in biological productivity aod fo
web structure, with resultinffuctuations in the size and reproductive performance of
breedingseabirdpopulationgBoekelheide and Ainley 1989, Ainlet al. 1994, Ainleyet
al. 1995).

Historically, least terndvave bred at various locations along tioeth VAFB
coastline fronSan Antonio Creek tthe Santa YneRiverestuary an area spanning 10
km (Figue 1). Since 1978least terndrave used the Purisima Point colony site on a

regular basis (Schultz and Applegate 200().data were collectesh least tern breeding



efforts at VAFB prior to 1978n addition to the Purisima Point colongast terndhiave
bredat the Beach 2 colony (see Figijeduringsix breeding seasons between 1990 and
2003 with populations ranging froaometo 15 pairs.

The Purisim&ointcolonyconsists of sparsely vegetated dune habitat atop a
coastal bluff.The historic least terbreeding area is surrounded by electric fences along
its northern, eastern, and southern boundaries (see FigUitee3jolonyhas been
characterized by a small population (especially when considering the amount of available
breeding habitat) and variald@nual produtivity (Robinette and Howar 2009The
mean istandard deviatiorSD) number ofbreeding pairs per year at RsimaPointfrom
1995 t02016 was29.95+ 19.17 (n=22) with a peak of 79 pairs in 200Bhe mean = SD
productvity from 1995 ta®2016was 063 + 046 fledglings per pair (n22) with a peak
of 1.32 in 200Jand 2015Productivity appears to alternate between above average and
below average in briethree to fouryear periodsThe period from 1995 to 1997 showed
below average productty (ranging from 0.08 to 0.27 fledglings/paamd was followed
by above average productivity from 1998 to 2Q@nging from 0.6 to 1.32
fledglings/pair)with the exception 0.39 fledglings/pair produced 2000 which was
belowthe22-year averagel he peiod from 2003 to 2006 was agdower than the1l-
year averagéanging from 0.0 to 0.4 fledglings/paifjhis three year periduadthe
worst productivity on recor(k0.02 fledglings/pair)producingonly one fledglingduring
the entirehreeyearperiod Another period obove averagproductivityhasoccurred
since 200 ranging from 0.89 to B2 fledglingd pair) with only one year of below
average productivity (2011)

Despite the return to productive conditions, the PuriBaiat breeding
population haslecreaseth recent yeardn order to further the recovery dastternsat
VAFB 1 a goal put forth by the Endangered Species Act and a prerequisite for delisting
it is important to understand the causes of variable ptivily at the colony as this
variability can have an impact on colony population growth (Burger 1984).

One of the most important factors regulating seabird colony productivity is local
prey availability.Prey availability has been shown to affect colatyigivhether birds
form large or small colonies), the timing of reproduction, clutch sieesls of egg

abandonment, chick growtand norpredator related chick mortality (Anderson and



Gress 1984, Safina and Burger 1988, Pierotti and Annetti 1990, Wetsake1992,
Ainley et al. 1995, Monagham 1996, Golet al.2000).Changes in prey availability can
be detected in various aspects of a seabird's biology, including diet, chick provisioning
rates, and foraging behavior (Ainleyal. 1995, Monagham 199&oletet al.2000).
Past monitoring efforts at matgast terrcolonies in California have neglected these
aspects ofeast terrbiology. Perhaps this is because there is little resource managers can
do to change prey availability (as opposed to predatutich can be controlled to a
certain extent)However, if increasing productivity is a management goal, it is important
to have an understanding of how different factors affect colony productivity relative to
one another.

Another cause of low productivity kgast terrcolonies is predation.eastterns
are prey for many mammalian and avian predafumsefficient predator can take up to
80% of the eggs and chicks deast terrcolony (Thompsormt al. 1997).Productivityat
small colonies, such as the one at Purisima Point, can be completely destroyed by a single
predator At VAFB, the mammalian predator that causes the most concern is the coyote
(Canis latrang, which can prey on eggs, chicks, and adéltsan predatorshat cause
concern at VAFB includeorthern harriergCircus cyaneus Americankestrelg(Falco
sparveriu3, loggerhead shriked.anius ludovicianugs andgreathornedowls (Bubo
virginianug that nest close to theast terrcolony.Kestrels, harriersand shrikes are
efficient chick predators while owls take mostly aduhis.ecent years, there has been an
increase in common ravé@orvus coraXsightings along the coast of VAFBhe first
raven sighting at the Purisima Point colony occurred in 2018vens become more
common at VAFB, they have the potential to become a major threat to the least tern
colony as they are efficient predatordedsttern eggs and chickRavens are currently a
major management concern for the threatened Western snovey iharadrius
alexandrinus nivosysa bird with similar nesting habits as the least tRavens
depredated 18% of knowfate plovernests at VAFBn 2011(Ball and Robinette 2011)
and 6% in 2012 (Ball and Robine812).

An important goal of the VAFBatural resourcprogram is to promote the
growth of theleast terrcolony at Purisima Point while maintaining the health of the

surrounding ecosysterNon-lethal predator management is used whenever possible.
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accomplish tls, VAFB established keast terrmanagement team that inclubi®embers
from two organizationsn 2016 ManTech SRS Technologiés. (ManTech)and Point
Blue Conservation Scienc®gint Blug. ManTechwas responsible for mammaliamd
avianpredator managment.The first line of defense against mammalian predators at
VAFB is a series of fences erected around the leastiamagemerarea Five-foot tall
electric fences form the northersouthernand easterhoundaries of thenanagement
area,with an additionakix-foot tall chainlink fencealongthe eastern boundaryences
are not needed along the western boundary of the colony as this section of coastline
consists of coastal bluffs inaccessible to terrestrial mammatsling for the

manageent team to maintain thefances throughout the breedirngeasons provided by
VAFB. Avian predator management includesnitoring,trapping andemoval of
corvids,raptors and owlghatweredetermined to be a threat to tleast terrcolony.All
membes of the management tearnonitoravian predators while at the colorfoint

Blue was subcontracted througie Santa Barbara Botanic Garden2016 andis
responsible for monitoringreeding activities @heleast terrcolony (under permit TE
80707815.5 and reporting to all members of the management team about the colony's
status throughout the seas&nint Bluemonitors colony productivity as well as predator
sign and disturbances to the colohyprior yearsPoint Blue conductedstudies on the
foraging habits and diet of theastterns to assess environmental effects on colony
productivity.Point Bluealso tracke@ceanographic conditions to better understand
annual variability inprey availabilityand oceamroductivity. The results of thesawlies
are summarized in Robinette et al. (2015) and have been used to guide the adaptive
management of the Purisima Point least tern colony.

The timing of predation events can be just as important to productivity as the
number of predators in the vicipiof the colonylLeastterncolonies are most vulnerable
to predation shortly after chicks begin to hatshout two days after hatchintgasttern
chicks leave their nest scrapes and begin running freely around the coloBpsite.
chicks may move hundreds of meters away from their original nest site (Massey 1972,
Minsky 1987, Thompsoat al. 1997).During this time, it is important that chicks have
areas of cover to protect them from inclement weather (heat and cold) as well as

predatorsAt many colonies, cover is found in the form of small clumps of vegetation or
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debris on the colony (Minsky 198 However, at the Purisima Point colony, there is very
little vegetation (or debris) and very few placesléast terrchicks to hile. To remedy
this, teepee stylehick sheltersvere developedsee Figure 2jollowing the designn
JenksJay (1982)The chick shelters were designed to prokeast terrchicks against
predation by AmericakestrelsandNorthernharriersand have prosn to be effective at
an Easterrneasttern(Sterrula antillarumantillarum) colony on Nantucket Island,
Massachusetts (Jenlay 1982)Forty-five of these shelters were bualhd installecbn
the Purisima Point colony in 2001 and 2008e original chickshelters have been
maintained butunexploded ordnanaestrictions in place between 2011 and 2012
prevented the installation of fence posts needed to secure the skiéite¢herefore tested
a newV-shapediesign in 2011 that does not require fence p@sis Figure 2)Both
designs will continue to be used to determine whether least tern chicks prefer one design
over the otherThough chicks and fledglings at the PurisiB@ntcolony appear to
prefer natural vegetation for cover, many of the chick skgeleceive use each year and
are considered worthy management tool (Robinette et al. 2004).

The least tern monitoring progranasa requirement ofite terms and conditions
section of the Biological and Conference Opin{B®) for Delta Il Launch Progra at
Space Launch Complex(8LC 2)and Taurus Launch Program at 576EB{28-F-25R,
11 January 1999nd as parf the Proposed Action of the Biological and Conference
Opinion for the Atlas Program (SLC 3;8199-F/C-79). The SLC2 BO requiresthe
deternination of population trends and reasons for decline as well as enhanced predator
management activities looking at populations and behavior of predators in the vicinity of
Purisima PointSubsequentljthese BOsveresupersded by the Vandenberg Air Force
Base Programmatic Biological Opinion-8309-F-10) andmanagement of the California
least tern was incorporated into the BO on the Beach Managemeinél&iater

Rescue Training8-8-12-F-11R)thatincludes similar measures.

Methods
Site Preparation

The Purisima Point least tecolony is bordered by a coastal bluff to the west and

electric fences on the north, east, and soMtlthree fences wereelectrifiedon orbefore
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15 April. Once the fence was eleified, thevoltagewas checke during every visit to

the colony.This ensured that voltage was measured at various times throughout the day.
Special attention was given to voltage readings taken at dawn as voltagedeims
overnight.Voltage was maintained at 3.0 kV or greaed on most days voltage was

greater than 5.0 k\Based on prior experience and recommendationAfF B6s f enc e
contractor, 3.0 kV is recommended as the minimum voltage to exclude cdgotes.
addition,Point Blue placed a total o#4/-shapecthick sheltesin areas where nesting
occurredwithin the colony in2011:2016 TheV-shapedhick shelterslo not require the

use of fence postRather, they ara simple design oftwoR o ot | on g 8pdi ec e s
wood nailed together at a right an@bee Figure 2)The result is a standalone triangle
thatlayslow to the groundAs such, thenew sheltersiave the risk of being buried by
wind-blown sand and wilare storeaff-colony during winter monthgdditionally,

Point Blue repaired the existiddp teepeestyle delters.Figure3 shows the2016

placement of thelV-shapedhelters and5 teepeesheltersShelters were placed
mostlyonthe south and wesblony in areas where sheltevere used by chicks in 281

and 204. There were very few nests in the northana eastern areas of the colamy

those yearand we did not find evidence that chicks were using shelters in these areas.

Site Monitoring

Monitoring was conducted in a manner to minimize disturbance or adverse effects
to adult birds, nests, amthicks.From14 April to 9 August we visited théeast tern
colonyat Purisima Poindt leasfive daysa week Off-colony surveys are completed by
making observations with binoculars and spotting scopes from six observation points (or
OPs) along the perieters of the Purisima Point coloWe recorded numbers of adults
on the ground and flying in the vicinity of the colodytotal of 56 off-colony survey
visits were conducted throughout the sea¥de.did not enter the colony until the first
nests werelmservedWe then continued to enter the colaryfoottwice a week to
record nest contentg/e also entered the colony at times other than our weekly nest
surveys in order to retrieve dead chicks or investigate predator tvdekantered the
colony a toal of 28times throughout the seasan.addition,historical breeding sites on

VAFB were monitored for potentigast terractivity. In 2016, we did not observe least

of
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tern activity at historic sites aradl least tern nests were located at the Purigimiat
colony.

Onceleast terndegan to nest, population estimatese maddy documenting
the number of active nests observed in the colony eactAtlayestswere monitoredn
the colony throughout the breeding season to determine nesitiseallowed us to
document second nesting attempts and overall colony site occupandyicks began to
hatch and leave nest sites, we began recording the numbers of chicks and fledglings
observed during each survayisits to the colonyvere conductedntil all chicks had
fledged and disperse8urveys ended after no adutisfledglingswere seen at the
colony forthree consecutive visits.

On-colony surveysvere conductedsing two researchers in tearlymorning
when heat and windlereat a minimumEach actve nest sitevas markedvith a tongue
depressor placeshe metefrom the nestTongue depressovgere placedacing theOP
that would best facilitate observations duringadfony surveysThe number of eggs
and chicks found in each nesere recordedand any damaged or abandoned eggs and
chick mortalitywasdocumentedAll data collected on population and breeding biology
were compared to pagtars

The vicinity of the colonyvas monitoredor predators during each visi.
predatomwas consideretinside' thdeasttern colony if it was <10@n from areas where
least terngmest.Thus, predators could penetrate the electric fence and still be considered
‘outside’ the colony so long as they did not come withinM@® nest sitesAll predator
sightings(both inside and outside the colony) were recorded in a logbook located in a
metal box at the colony entrandéis provided predator management personnel with the
information needed to determine whether a given predator required removal.
Additionally, al human and predatemduced disturbancesere recordethroughout the
breeding seasow disturbance was defined as any event that caused adult least terns to

flush from nesting or roosting areas.
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Results

Breeding Phenology

Historically, leastternson VAFB have typically arrived during the last week of
April or the first week of May (Table 1However,from 2005 to 203 leastterns have
arrived during the second week of Mais recent trengvas broken in 20142015and
2016with the first least terns observed ®May, 5 May,and2 May, respectively
Additionally, leastterns initiated nests on or after 14 June from 2004 to Z00&. to
2004, nest initiation typically began in ntillate May.This trend in late nesting apars
to be reversingn 2009, nesinitiation was 1620 daysearlier tharthat observed during
2004-2008with thefirst nest initiated on dune First nests for 2022014 ranged from
25 Mayto 3 JuneNest initiation in 20% began on 22 May, the earliesitiation date
since 2003. Thérst andlast nest of 2016 wereinitiated on24 May and 13uly.

In productive years, least terns arrive early in the season and adult colony
attendance increases rapidBolony attendance remains relatively high aradblst
throughout the eglaying and chick rearing periods and then both adults and fledglings
gradually disperse from the colo(see Robinette et al. 201Ejgure 4 compares colony
phenology i2016to that in2015. Like 2015, he2016breeding seasashowed
characteristics of a prodiive year with early adult @wal and colony attendance
remaining high and consistent through the chick rearing pérlaginest initiation and
chick rearing periods weamilar, though peaked later, those observed iR015, with
the number of active nests peaking during the wedlR dtine and the number of chicks
peaking between 3ulyand10 July There were two waves of nest initiation2016 The
first wave occurred betweéd May and10 June, with the majority of nests being
initiated on or aroun@ June The second wave occurred betwd&dune an@8 June
with the majority of nests initiated ar aroundl7 June. One final nest was initiated on
15 July Terns were last observed at th&iBima Point colony o4 August in2016and
on21 August in 2015

Small numbers of adult terns were observed foragirige Santa Ynez River
estuarybetweer?2 Mayand11 July. Fledglings began dispersing to the estuary the week
of 24 July at which timeadult and fledgling numbers decreased at the coldambers
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of adults and fledglings observed at the estuary peaked during the wasekuty and
were gone by the week &t August.
This is thefourth seasorsince 2004 that the terns used the estuargricextended
period (>1 month) before migrating south.2001 and 2004, adults used the estuary
from the first week of July to the first week of Augustast terns briefly used the
estuary in 2008 (six days) and 2009 (three days.coastal sandbar thie river mouth
often breaks prior to the breeding season, allowing the estuary to drain, though this is not
a consistent phenomeneach yearThe coastal sandbar has not broken since 2042
the estuaryas beerull throughoutthe breeding seassmf 2013 throug2016 This
may have contributed to an abundance of dighilable to thdéeastterns within the

estuaryin theseyears

Population Dynamics

We documented a total @ nestsat thePurisimaPointcolony during the2016
breeding seasofTable 2).Nineteemests hatched all eggadthreenestshatched one
egg but had one neriable eggOneunhatched eggastaken to the Sant@arbara
Museum of Natural History to determine whethevasviable. Theegg showed no
evidence of fertilizatio. Five nests were depredatey coyote, an unknown avian
predator, or an unknown predator addition toone nest that lost one egg to an unknown
predatoy but hatched the remaining effe estimate renestirgjtempts by first
identifying all failed nests and then identifying nests that were initiated within 60 m of
the failed nests between four and 16 days (if failure was due to egg loss) or five and 12
days (if failure was due to chick loss) of the nestifaiMassey and Fancher (1989)
noted that the time between nest failure and renesting was fbGrdays for egg loss
and five tol2 days for chick losg hey also noted that least terns tend to renest in close
proximity to their failed nest site, butdinot define close proximityVe suspecthere
were tworenesting attempts P016and therefor@stimate th016breeding population
to be25 brealing pairs.This represents B4% increase in populatiocompared t@015
anda 10% decrease below tt&2-year mean populatio(80 pairs) As with 2015 most

nestsn 2016werelocated in thesouthwesportion of the colony andesennests were
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located in the central colorfiFigure3). There wereno new areas being used by nesting

leastternsin 2016

BreedingBiology

Egg ProductionWe documented a total 4D eggs athie Purisima Point colony
in 2016(Table 2).Our documented number of egg€ highe than thetotal eggs
producedor 22 nests in2015 The mean = SE clutch size f&016was1.81+ 0.40 (n =
27). Since 2007, mean clutch size at the Purisima Point colony has been relatively stable
staying very close to 2.0 eggs per nest in all years but 2012 when the mean was 1.78 eggs
per nest (Figure 5)n contrast, the period between 2001 and 2007 shiwgéd
variability in mean clutch, ranging from 1.0 egger nest to 2.2 eggs per nésean
clutch sizem 2016wasslightly belowthe 16-yearmean(20012016 of 1.8 eggs per
nest The 2015 breeding season had the largest mean clutch size: @4Z)onrecord
since 2001.

Hatching Succes3wenty-threeof the27 nests initiated ir2016successfully
hatched at least one chic®f the49 eggsdocumentedn 2016 we confirmedhat26
hatche (Table 2).We assuméwelve additional egghatched based on the incubation
period and lack of evidence to suggibsty weredepredatedThreeeggs failed to hatch
andeighteggs weralepredated in 2@L Theoverallhatching success R016was78%
(Table3). Hatching success has ranged from 09004 and 2080to 96% in 2015 Mean
hatching sucess fran 19962016was63%. Hatching success 2016was19% lower
than that irr015and55% higher than th@1-year mean

Fledging Succes®f the 38 chicks that hatched 2016, one wadound dead of
unknowncauses (Table 2nd anadditiond 19 were tnacounted forWe estimated 8
of the 38 chicks fledgedwe observed a maximum o7 fledglings on21 July and wee
able to followoneadditional chicko fledging age after this datEhefledgling sucess
ratefor 2016was47%. This fledging rate i2 7% lower thare015and4% higher than the
19962016mean of 45%.The2013breeding season hdide second highefiedging
success on recoat 76% and2007had he highest at 80%Table3). The overall
breeding success (% of total eggs that fledged}@a6was67% (Table 2). The number
of fledglings produced per breeding pailidl6was0.72(Table 2)
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Interannual Productivity and Population Growth
The running22-year mean mrductvity for 19952016is 063 fledglings per adult

breedingpair. With the exception of 2011 and 2012¢g@uctivity in recent years (2007
2016 has beenvell above this meammarking a strong deviation from the prior three
years when virtually nfl edglings were produced (Figu®. The 2007201 6periodis the
most productiven recordor Purisima Point, witleightof thetenyears showing above
average productivityThe Purisim@ointcolony has a history of variable productivity,
fluctuating at or hove the mean from 199803 andvell below the mean prior to 1998
and after 2003.

ThePurisima Point breeding population has been slowly increasing2iige
Despite this, théreeding population is still well belotlie 22-year mearof 30 breeding
pairs (Figure6). Prior to 2004, the Purisimointcolony showed steady population
growth beginning in 1999 his growth was likely due to the above average productivity
from 1998 to 2002=rom 2003 to 2006, the PurisirRaintpopulation showed a
declining trend that was reversed beginning in 20D&spite the recenears of above
average productivitythe population has not increased above2Bgear mearand has

shown an overall decline since 2010

Predator Sightings and Predation

Therewerefour nestsand one egg from one ndgst topredation Additionally,
onefledgling and oneadultweretakenby predators ir2016 There wasio evidence of
chicks taken by predators in 2016is difficult, if not impossibleto detect predation on
chicksonce theyeave the nest scrape andndar the colonyleast tern chicks are small
and remains are generally not left behaftr a depredation ever@@oyote tracks were
detectednsidethe colonyninetimes in 2016 (Table 4nd on 27 July coyote
depredated one nest apalssed through an area used by chidkdy one chick was seen
afterwardgFigure4). The 'emains otwo aduls and ondledgling were foundon the
colony in2016. The fledgling was taken by a peregrine faktine westnidden
evidence of which was detected on three motion sensor caf®aeasdult was found at

the southwest end of the colony and the evidence suggestedtitkeasy a barowl.
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The remains of the second adult were found on the west slope of the antbayidence
suggests it was taken by a coyote.

Thethreemost persistent predators observed in the vicwiithe Purisima@oint
colony in2016weregulls, American kestreld=alco sparveriuj andredtailed hawks
(Buteo jamaicens)gTable4). Historically, great horned owls have been one of the more
persistent predators observed at the colony and have been responsible for much of the
depredation on adult terns (Robinette and Howar 2G0®8pator management personnel
respond quickly to reportsf owls and owl tracks at the colony amalve beersuccessful
in keeping depredation by owls to a minimudm2016 we observed owl tracks @nght
occasionsthree of these observations were in the colony area. After we found evidence
of the predation obne adult ternowls were trapped in 2@61Loggerheadhrikes Lanius
ludovicianu$ andperegrine falcons were each observed nine and eight times,
respectivelyThough there was no direct evidence of take by shrikes, we suspect they
may have taken snowy plover chicks at the north end of the cdtirgther predators
were observed less thaavertimes eachwith no evidence of take by any species

Overall, henumber of predators sighted per hour of obston in2016was
higherthanthatobserved in 204.and 205 and similar to thabbserved ir2013(Table
6). The high rate of predator observation2@13 and2016was due tgroups ofl0-200
Westerngulls roosting on thevest slope of theolony. We observd large numbers of
gulls roosting on the west slope2016 as well aevidence of roosting (gull tracks on

the west slope) on two occasions

Discussion

The Purisima Point least tern colony continues to be characterized by years of
anomalously high and low reproductive success, with very few years consistent with the
22-year meanReproductive success can play a key role in thelsgyabf least ten
colonies.Burger (1984) reported that least terns are more likely to return to a colony in
subsequent years if they have experienced good reproductive success at that colony site.
The size of the colony can also play a role in its stability, with smalleriesltending to
be less stable (Thompsehal.1997).This appears to be true with the Purisima Point

least tern colony, which is small relative to other colonies in CalifoBrgeding success
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at VAFB was poor from 1995 to 1997, increased in 1998 andinem at or above
average from 1998 through 2002vo rocket launches adjacent to the tern colony in
1997 may have resulted in decreased reproductive success in th&ffgeas. of rocket
launches from the same facility in 2005 and 2011 were less Rehinette and Rogan
2005 and Robinette and Howar 201Hpwever,our analysis of diet and predation
suggests that annual productivity at the Purisima Point colony is primarily driven by
oceanographic conditions and predatiBobinette et al. 2015The hgh annual
productivity from 1998 to 2002 likely contributed to the steadily increasing population
from 1999 to 2003However, the period from 2062006 had virtually no reproductive
output and the breeding population rapidly decred3edpiteeight of thepast 10 years
showingabove averageeproductive outputhe Purisima Point population has not
climbed above th22-year mean

Results from 201through2016 reflect oceanographic changes that have been
occurring in the California Current System withine same periodVhile La Nifia
conditions persisted through the winter of 2011, Multivariate El Nifio Index (MEI) values
became increasingly neutral through the spring and summer (PaCOOST204 tove
toward less productive conditions likely contributedhe below average breeding
productivity observed in 2011n 2012, conditions moved from neutral to more El Nifio
like conditions toward the end of the breeding season (PaCOOSIafii2¢nreturned
to neutral (PaCOOS 2013)espite the less producti¥gd Nifio conditions, th&DOwas
negative fromJune 201@hrough December 2013his is likelyled tothe average to
above average breeding productive obsefr@a 20102013 Additionally, upwelling
conditions were stronger than averaffecentral Califonia in 2013 and ata from the
Nati onal Marine Fi sher i eddordnumbersigiolngof-r oc kf i sh
the-yearrockfish off central California in 2012 and 2013 (PaCOOS 2012, 20i&yn
water conditions began developing off the central Galif coasin the late summer of
2014but appeared to have little impact on least tern reproductive success in 2014 and
2015. El Nifio conditions developed in late 2015, persisted through the 2016 spring and
dissipated during the summé&il. Nifio conditiors may have contributed to the lower
reproductive success observed in 2016 compared to 2014 and 2015.
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In past years, reproductive succasthe Purisima Point colorhas beemriven
primarily by the occurrence of rockfish and anchovy in the diet (Robiaetd Howar
2010).Since 2008, the diet has been dominated by juvenile roclfisienile rockfish
are small and have a low fat content compared to other forage fishes like anchovies
(Iverson et al. 2002However, our results suggest that rockfish can be a suitable prey
when least terns do not have to expend much energy to fiorapem.In years when
rockfish have a high occurrence in the diet, high rates of foraging in the kelp beds at the
Purisima Sout and Pockets Cove foraging plots have been obserewas especially
true in 2009 when there were no anchovy in the least tern diet and least terns showed the
highest foraging rates at our study pl@gspite warm water conditions developing off
cental California in 2014, rockfish remained abundant in the 2014 least tern diet and
reproductive success was higlie were unable to analyze least tern diet samples in 2015
and 2016but the high reproductive succedsserved in 2015 and lower reproductive
success observed in 2016 suggdsts prey was locally abundant in 2043d less
abundant in 2016

Management Recommendations

1) Analysis of diet samples collected at the Purisima Point colony should continue on an
annual basisThe overall goal oW AFB 6rsonitoring program is not only to record

annual population and productivity, but to present this information in the context of local
prey conditions and predator management efféfiss additional information is essential
for effective management dig¢leasttern colonyDiet samples were not analyzed for

2015 and 2016 due to decreases in fundkmglysis of annual diewill allow VAFB to

better understand the factors regulating reproductive successtiarately aid VAFB in

its efforts to promotéhe recovery of this species.

2) An effort should be made to remove the vegetation that is growing within the
northwest portion of the fenced ard@is area has been increasingly coverét w
vegetation over the past fiyears.In 2012and 2013 many oftheavian predator

sightings were within this areAdditionally, there were several coyote crossiaggss

the north fence, adjacent to this area in 20tdugh 2016We suspect that the increased
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vegetation has provided habitat for rodents and thisbhaaattracting avian predatasad
coyotesto the areaAdditionally, the areahistoricallycontained suitable nesting habitat
for the Western snowy plovewith the growth of vegetation, this habitat is no longer
suitable for nesting plovershus, remowig the vegetation can potentially decrease the
number of avian predators attracted to the area aodewe the habitat to nesting snowy
plovers.

3) Where possible, the diet of local avian predaoes, gulls and raptorshould be
monitored throughouhe breeding seasowhile we do not suspect thavianpredation
was an issue in 2@1it has been in the pagturthermore, we do not have a good
understanding of what happens to chicks during years of low reproductive s&cress.
example, 81%f the hatched chicks at the Purisima Point colony in 2011 were
unaccounted for and we suspect some were depred¥®Ea. has initiated a study of
Western gull diet at breeding sites throughout VARR: recommend continuing this
monitoring on an annual bis. Additionally, diet monitoring should be initiated for
peregrine falcons breeding on VAFB where possidkeing knowledge of what
predators around the coloaye eating willgive insight as to whether chicks are
disappearing due to predation versumg\of starvation.

4) Thechain link fence along the eastern perimeter of the colony skountthue tdbe
reinforced to prevent coyotes from digging unddrough a new electric fence was
installed along the eastern boundary of the colony in 2013h#ie knk fence provides
additional proteébn against mammalian predators, including feral pigs that are often
observed in the valley between SGnd the tern colonyn past yearsManTechhas
extencedmesh fencing out several feet from thaedaf thechain link This hasdetered
coyotes from attempting to dig undée fenceWe support continued effort to prevent
thesemammalian predators from digging under the fence

5) Efforts to maintain the electric fergat full working capacity should continughis
includes monitoring fence voltage throughout the season and performing maintenance
such as washing all connectors to sustain maximum voltageelectric fence is an
extremely valuable tool which allows VARB promote the growth of ileast tern
colony while maintaining the health of the surrounding ecosystem.
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6) Thepredator managemetgamshould continue their protocol of monitoring raptor

nest sites and foraging patterns prior to the arrividast tensto the Purisimdoint
colony.This will ensurgheteamhas ample time to identify breeding pairs that pose a
threat toleast terngi.e., are consistently seen foraging in the colony) prior to the arrival

of least erns.However, it is not necessany trap and relocate all raptors breeding in the
vicinity of thePurisima Pointolony.Most raptors forage in the chaparral habitat
surrounding the colony and only become a threat if their foraging range expands into the
colony.Occasional excursions intbe colony can generally be defended by alealst

terns as long as colony attendance is higtus, it is important thaheteamhave time to
identify raptors that pose a threat so as not to trap and relocate those that are non
threateningNon-threatemg raptors that are keeping territories may actually beleafst

tern conservation by excluding other raptors that could potentially pbsesds The

raptor monitoring component of the VAFBedatormanagement team is critical to
promoting growth oftieleast terrcolony while maintaining the health of the surrounding
ecosystem.

7) A study should be initiated to identify coastal ecosystem indicators using all data
coll ected on VAFB®hss stedg sheuld aldo ingudlgtheluse bfilooah s .
oceanographic data (e.1El, PDO, and Upwelling indicgsremote sensing data (e.g.,

sea surface temperature and chlorophyll from satellite images), and data from other
marine bird species breeding and toagalong the coasif VAFB. PointBluéé s st udy
the leastern diet indicates that much of the annual variability in reproductive success at
the Purisim&ointcolony is due to oceanographic variabiliDeveloping a suite of

coastal ecosystem indicasovould allow VAFB to better distinguish between
oceanographic and human linked impacts on coastal populafibissstudy would

require extra funding, but would not only improve the managemehedéast tern
populationon VAFB, but the populationsf other threatened and endangered spgecies

such as the \ktern snowy ploveutilizing the coast.
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Table 1 Dates of the first adult sighting, egg layiperiod, chick hatching period, fledgling period, last sighting at PuriBionat, and
last sghting at VAFB from 1995 to 2@l

First Adult | Egg Laying Chick Hatching Fledging Period Last Sighting at | Last Sighting at

Sighting Period Period Purisima VAFB
1995 | 10 May 18 May 27 Jun | 18 Jun- 18 Jul 29 Jun- 6 Aug 10 Aug 10 Aug
1996 | 30 April 14 May- 1 Jul 4 Jun- 22 Jul 4 Jul- 11 Aug 11 Aug 22 Aug
1997 | 27 April 22 May-6 Jul 24 Junr 10 Jul 15 Jul- 15 Jul 20 Jul 20 Jul
1998 | 6 May 13 Jun-28 Jun | 7 Jul- 21 Jul 12 Jul- 4 Aug 6 Aug 12 Aug
1999 | 3 May 28 May- 7 Jul 18 Jun- 28 Jul 8 Jul- 19 Aug 1 Sept 3 Sept
2000 | 5 May 26 May- 11 Jul | 18 Jun- 31 Jul 13 Jul- 3 Aug 15 Aug 15 Aug
2001 | 30 April 21 May- 28 Jun | 7 Jun- 19 Jul 28 Jun- 26 Jul 2 Aug 8 Aug
2002 | 29 April 15 May- 12 Jul | 7 Jun- 3 Aug 24 Jun- 7 Aug 7 Aug 7 Aug
2003 | 1 May 20 May- 21 Jul | 13 Jun- 7 Aug 21 Jul- 28 Aug 2 Sept 8 Sept
2004 | 5 May 15 Jun- 15 Jun None None 21 Jul 2 Aug
2005 | 8 May 14 Jun- 21 Jul 19 Jul- 9 Aug 25 Aug- 25 Aug 25 Aug 25 Aug
2006 | 15 May 19 Jun- 21 Jun None None 11 Jul 11 July
2007 | 16 May 19 Jun- 24 Jul 13 Jul- 23 Aug 6 Aug- 4 Sept 4 Sept 5 Sept
2008 | 12 May 17 Jun- 22 Jul 8 Jul- 8 Aug 28 Jul- 15 Aug 15 Aug 21 Aug
2009 | 11 May 4 Jun- 10 Jul 22 Jun 29 Jul 13 July- 11 Aug 11 Aug 13 Aug
2010 | 11 May 25 May- 7 Jul 21 Jun- 23 Jul 12 July- 10 Aug 10 Aug 10 Aug
2011 | 9 May 27 May- 21 Jun | 14 Jun- 8 Jul 4 Jul- 12 Jul 15 Jul 15 Jul
2012 | 8 May 30 May- 20 Jul | 29 Jun-18 Jul 19 Jul- 9 Aug 9 Aug 9 Aug
2013 | 13 May 3 Jun- 27 Jun 24 Jun- 12 Jul 15 Jul- 6 Aug 6 Aug 19 Aug
2014 | 6 May 27 May- 17 Jun | 11 Jun- 7 Jul 7 Jul- 25 Jul 25 Jul 12 Aug
2015 | 5 May 22 May- 8 Jul 12 Jun 21 Jul 29 Jul- 21 Aug 21 Aug 21 Aug
2016 | 2 May 24 Mayi 15 Jul | 14 Juni 19Jul 5 Juli 4 Aug 4 Aug 17 Aug
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Table 2 Summary ofeast terrbreeding activity at thBurisimaPointcolony during the
2016 breeding season.

Population | Estimated # of Pairs 25
Adults Depredated 2
Total Nests 27
Nests Hatched all eggs 19
Currently active 0
Abandoned Before Hatch Date 0
Incubated Past Hatch Date 0
Hat ched, buvabldEgg O 1 3
Hatched, but ha® Chick Die While Hatching 0
Depredated 5*
Total Eggs 49
Confirmed Hatched 26
Eggs Assumed Hatched 38
Chick Died While Hatching 0
Depredated 8
DeadBges 0| 3 |
Total Chicks 38
Chicks Hatching Success 77.6%
Depredated 0
Total Fledglings 18
Fledglings | Fledging Success 47.%%
Depredated 1
Breeding % of Total Eggs Fledged 36.7%6
Success Fledglings per Adult Pair 0.72

*One nest had one egg missing to unknown predator, other egg continued to be incubated and hatched



Table3: Numbers of nests, eggs, chicks, and fledglingseoled at VAFB from 1995 t2016. Also shown are hatching success,
fledging success, andd®ding success from 19952016.

Year # of # of Adult Total .Eggs Total Chicks Hatching Max. Fledglings| Fledging Breeding Fledglings'per
Nests Pairs Laid Hatched Success Observed Success Success Adult Pair
1995| 38 45 unknown 21 unknown 12 57% unknown 0.27
1996| 62 60 121 40 33% 12 30% 10% 0.20
1997 39 25 76 20 26% 2 10% 3% 0.08
1998| 20 19 37 23 62% 14 60% 37% 0.75
1999| 44 25 91 50 55% 15 30% 17% 0.60
2000| 32 28 64 47 73% 11 23% 17% 0.39
2001| 44 41 97 7891 80-94% 54 59-69% 55% 1.32
2002| 65 59 125 91-103 73-82% 39 38-43% 31% 0.66
2003| 117 82 210 7391 3543% 33 36-45% 16% 0.40
2004 1 1 1 0 0% 0 N/A 0% 0.00
2005| 44 44 74 31-32 42-43% 1 3% 1% 0.02
2006 2 2 4 0 0% 0 N/A 0% 0.00
2007| 18 18 29 20 69% 16 80% 55% 0.89
2008| 18 18 35 33 94% 19 58% 54% 1.06
2009| 31 30 63 56 89% 37 66% 59% 1.23
2010| 34 33 65 56 86% 29 52% 45% 0.88
2011 32 32 53 36 68% 4 11% 8% 0.13
2012| 18 18 32 21 66% 10 48% 31% 0.5%6
2013| 15 15 30 25 83% 19 76% 63% 1.27
2014 21 17 41 30 73% 20 67% 49% 1.18
2015| 22 22 47 45 96% 29 64% 62% 1.32
2016| 27 25 49 38 78% 18 47% 37% 0.72

* Hatching Success = % of total eggs that hatched; Fledging Success = % of total chicks that fledged; Breeding Sucoatss eg¥sdhat
fledged.
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Table4: Predators observed at tRarisimaPointcolony during the2016breeding
season.

Predator # Ob=erved in Colony Area | # Observedinside Colony
Unidentified Gull* 566 20
American Kestrel 26
Redtailed Hawk 11
Loggerhead Shrike
Common Raven
Peregrine Falcon
American Crow
Striped Skunk
Unidentified OwI*
Brewer'sBlackbird
Northern Harrier
Bobcat
Long-billed Curlew
Coyote
*There veretwo Westerngull (Larus occidentalisness adjacent to the colonp 2016
and gulls are consistently observed flying along the coastal margin of the adeny.
therefore only record them when they enter the colony(angain 100m of a least tern
nest)or roost along thevesternperiphery of the colony
**Of the 8 owl observations reported above, 2 were confirmed as Great Horned Owl and
2 were confirmed asd@n Owl.

ORI INNWWW| OO
ORI INNOTOIO~O|IO|W|O
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Table5: Total number of predator visits (all species combined) per hour of research
observation for the 2062016 breeding seasons.

Predator Sightings per Hour of Observation
Year Colony Area Inside Colony
2001 0.37 0.25
2002 0.32 0.20
2003 1.03 0.76
2004 1.11 0.59
2005 1.19 0.72
2006 6.40 6.15
2007 0.73 0.23
2008 0.75 0.24
2009 0.65 0.18
2010 0.70 0.22
2011 0.57 0.32
2012 0.65 0.41
2013 3.64 3.01
2014 1.57 0.14
2015 0.70 0.17
2016 5.47 0.40
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Historic Least Tern
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Pacific Ocean
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Figure  Map of the current least tern colony at Purisima Point, VAKBOo included

are the locations of historic breeding colonies at VAFB (San Antonio Creek North, San
Antonio Creek South, Beach 2, and Santa Ynez Riverpbsadrvatiorpoints fa

foraging observationsiade durin@2007- 2014 Foraging studies were not conducted
2015 and 2016Map redrawn from Schultz and Applegate (2000).
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Figure 2 Photograph of Whape (left) and teepee (right) chick shelters usdtkat t
Purisima Point colony i2016
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Figure3. Location of permanent (Teepeandmoveable (Vshapé chick shelters during
the 205 breedingseasonAlso shown are the locations ofdst Tern nests initiated in
2016.



