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Executive Summary

Vandenberg Air Force Base (VAFB) contains approximately 13.8 linear miles of
important coastal breeding habitat for the state and federally endangered California least
tern Sternula antillarum bowni) and federally threatened Pacific coast population of the
Western snowy ploveiGharadrius nivosus nivosusThe California least tern is a small
colonial seabird that breeds along the Pacific Coast. VAFB manages a least tern colony
at Purisima Poip one of only three colonies between Monterey Bay and Point
Conception. The Purisima Point least tern colony has been monitored annually since
1995. The Western snowy plover is a shorethiedbreeds on coastal beaches from
northern Washington to sowim Baja California, MexicoVAFB manages a breeding
population of snowy plovers that is dispersed throughout much of the 13.8 miles of
coastal beach habital.he breeding population of snowy plovers has been monitored
annually at VAFB since 1993Staff at Point Blue Conservation Science monitored
breeding least terns and snowy plovers at VAFB in 201s report summarizdeast
tern and snowy plovanonitoring results from the 2@breeding season within the
cont ext approxivatEBléear time seriekr both species.

California Least Tern

The Purisima Point colony was visited at least five times a week throughout the
breeding season. We first obserleast terns at the colony orM&ay, which issimilar to
historic arrival dateandearlier than what has been observed in recent years-@IH
Adult colony attendance increased quickly #meh gradually decreased through the
season, likely a result of the terns foraging farfr@n the colonyas the season
progressedOur foragng results show that least terns foraged farther south than they
typically have in previous years ahdgan foraging at the Santa Ynez River estuary in
early July We estimate the 2@lbreeding population to b& pairs which is14% larger
than 2038 (15 pairs)and44% smaller than the 2fear mearf30.6 pairs) As with 2013
the 204 breeding season was one of the most productive seasons on record. Hatching
success13%) was well above th20-year averages(0%) and fledging succes§1%0)
was thethird highest on record. Overall breeding succesk3(fledglings per breeding

pair) was also th#ourth highest on record.



The Purisima Point least tern colony continues to be characterized by years of
anomalously high and low reproductive success, with \@myylears consistent with the
20-year mean. Breeding productivity has been mostly above average since 2007, with
two years of average to below average productivity (2011 and 2012). The breeding
population has not increased past2Be/ear mean since 20@Hd despite a small
increase in 2014s showing signs of a decreasing trend over thefdastyears (2011
2014). Least tern diet has also been variable since we began collecting diet samples in
2001. Our diet analyses have shown that least ternibgepibductivity is highest when
northern anchovylEngraulis mordaxand/or rockfish $ebastesp) dominate the diet.
Abundance of both species is closely tied to oceanographic condiSomse the winter
of 2011, local oceanographic conditions haveggfsom La Nifia (representing
productive oceanic conditions) to El Nifio neufrapresenting average oceanic
conditions) with a brief warming period in 201Despite a developing El Nifio event
that produced anomalously warm water late in the seasdistopersisted in the 2014
diet If the El Niflo event continues to develop and persists over the winter, we suspect
that the 2015 breeding season will be less productive than has been observed in recent

years.

Western Snowy Plover

The number of breedg snowy ploves observed and nests initiated in 20205
and 427, respectivelyyashigher tharthe long term meaadults = 228.6, nests =
308.4) Clutch hatch success wlasverthan the long term mean, while fledging success
was the highest on recofor South Beaches and lower than the long term mean for North
Beaches We attribute the low clutch hatch success in 2014 to higher predation rates
compared to previous years. Predators accounted for 34% of nest losses in 2014
compared to 20% in 2013, 37%2012, and 52% in 2011. The increased nest predation
in 2014 was largely due to coyotes. Due to effective raven 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 iR013, and <4% in 2014.

Efforts to manage human activities at VAFB appear to be successful. Areas

closed to recreational beach access have shown increased nesting effort and clutch hatch



success when compared to adjacent open beach areas. Additioestilyy effort base

wide has increased since closures were established in 2000. Overall, the time series data
suggest that large scale processes (e.g., environmental variability) are governing breeding
effort and fledging succeswhile more localized faors (e.g., predation) are governing

clutch hatclsuccessit VAFB. These results suggest that management of the snowy

plover population on VAFB needs to occur at both haiske and localized spatial scales,
focusing on predators that are signifidgminpacting local beach sectowhile using

environment al and oceanographic informati on
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Introdu ction

The Californialeasttern (Sterrula antillarum brownj least terpis 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 increased use of coastal 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 16047) Management in suppt of recovery has focused on providing secure
breeding habitat and predator control. This has proven successful as the population has
increased from <700 pairs prior to its federal listing to >7,00@ peported for the 2006
breeding season (Marschalek 200The population has remained between 6,500 and
7,100 pairs since 2006 (Marschalek 201¥uch of this recoverhas occurred on
military lands (Naval Base Coronado and Marine Corps Base Camfefendvhere
habitat has been protected from development and the species is actively managed.

Vandenberg Air Force Base (VAFB3sides imorthern coastal Santa Barbara
County, between two major faunal transitions: Monterey Bay and Point Conception
(Haydenand Dolan 1976)While the majority of théeastternpopulation breeds south
of Point Conception, there are thi@arently active breedingolonies within the
Monterey/Conception faunal zone (Marsch&2€i Q. These colonies are located at the
OceandDunes State Vehicular Recreation ArBancho Guadalupe County Paakd
VAFB (Purisima Point) The Monterey/Conception faunal zopertionof the California
coastlineexperiences exceptionally strofmit highly variablaupwelling events (Wingt
al. 1998, Bogracet al.2000). Thus, there is much interannual fluctuation in biological
productivity and fod web structure, with resultirflyictuations in the size and
reproductive performance of breedisgabird populationdBoekelheide and Ainley 1989,
Ainley et 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 (Figurel). Since 1978gast terndrave used th Purisima Point colony site on a
regular basis (Schultz and Applegate 2009p. data were collectenh least tern
breeding efforts at VAFB prior to 1978n addition to the Purisima Point colorigast



ternshave bredat the Beach 2 colony (see Figudeduringsix breeding seasons between
1990 and 2003 with populations ranging frometo 15 pairs.

The Purisim&ointcolonyconsists of sparsely vegetated dune habitat atop a
coastal bluff. The historic least tern breeding area is surrounded by electric fences along
its northern, eastern, and southern boundaries (see Figuraé&}olonyhas been
characterized by a small palation (especially when considering the amount of available
breeding habitat) and variable annual pranity (Robinette and Howar 2009 The
mean istandard deviatiorSD) number of breeding pairs perareat PugimaPointfrom
1995 to 204 was30.60+ 2002 (n=20) with a peak of 79 pairs in 2003. The mean + SD
productvity from 1995 to 204 was 060 + 0.46 fledglings per pair (n20) with a peak of
1.32in 2001. Productivity appears to alternate between above average and below
average in briethree to fouryear periods. The period from 1995 to 1997 showed below
average productity (ranging from 0.08 to 0.27 fledglings/paamd was followed by
above average productivity from 1998 to 2@fshging from 0.6 to 1.32 fledglings/pair)
with the exceptin 0f0.39 fledglings/pair produced 2000 which waselowthe 20-year
average The period from 2003 to 2006 was aghmiwer than the0-year average
(ranging from 0.0 to 0.4 fledglings/paifhis three year peridaadthe worst
productivity on record<0.02 fledglings/pair)producingonly one fledglingduringthe
entirethreeyearperiod. Another period ofbove averagproductivityhasoccurredsince
2007 (ranging from 0.89 to 1.2fBedglingd pair) with only one year of below average
productivity (2D11)

Despite the return to productive conditions, the Purisma Point breeding
population haslecreaseth recent yearsin order to further the recovery dastternsat
VAFB i a goal put forth by the Endangered Species Act and a prerequisite fongelis
it is important to understand the causes of variable productivity 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
preyavailability. Prey availability has been shown to affect coloniality (whether birds
form large or small colonies), the timing of reproduction, clutch sieesls of egg
abandonment, chick growthnd norpredator related chick mortality (Anderson and
Gress 1984, Safina and Burger 1988, Pierotti and Annetti 1990, Meisak$992,
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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 priogision
rates, and foraging behavior (Ainleyal. 1995, Monagham 1996, Golet al. 2000).
Past monitoring efforts at matgast terrcolonies in California have neglected these
aspects ofeast terrbiology. Perhaps this is because there is little regamanagers can
do to change prey availability (as opposed to predation, which 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 cghooguctivity relative to
one another.

Another cause of low productivity kgast terrcolonies is predation. Leastrns
are prey for many mammalian and avian predators. An efficient predator can take up to
80% of the eggs and chicks deast terrcdony (Thompsoret al. 1997). Productivity at
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 preym eggs, chicks, and adults. Avian predators that cause
concern at VAFB includeorthern harriergCircus cyaneus Americankestrels(Falco
sparveriug, loggerhead shriked.anius ludovicianug andgreathornedowls (Bubo
virginianug that nest close tiheleast terrcolony. Kestrels, harrierand shrikes are
efficient chick predators while owls take mostly adultsrecent years, there has been an
increase in common ravé@orvus coraxsightings along the coast of VAFBE he first
raven sighting athe Purisima Point colony occurred in 2010ravens become more
common at VAFB, they have the potential to become a major threat to the least tern
colony as they are efficient predatordesdsttern eggs and chickdkavens are currently
a major management concern for the threatened Western snowy @beeadrius
alexandrinus nivosysa bird with similar nesting habits as the least t&avens
depredated 18% of knowmate 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 ecosystem. Ndethal prelator management is used whenever possible. To

accomplish this, VAFB establishedemast terrmanagement team that inclubi®embers
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from two organizationsn 2014: ManTech SRS Technologiésc. (ManTech)and Point
Blue Conservation Scienc®gint Blug. ManTechwas responsible for mammaliamd
avianpredator management. The first line of defense against mammalian predators at
VAFB is a series of fences erected around the leasttanmagemerdrea Five-foot tall
electric fences form the northersouthernand easterbhoundaries 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 bluffeaccessible to terrestrial mammakunding for the
management team to maintain thésgces throughout the breeding seassmrovided by
VAFB. Avian predator management includasnitoring,trapping andemoval of
corvids,raptors and owlghatweredetermined to be a threat to tleast terrcolony. All
members of the management te@onitoravian predators while at the colonyoint

Blue was subcontracted througiRS Corporationn 2013 andis responsible for
monitoringbreeding activities @heleast terrcolony(under permit TE 80707814.1)

and reporting to all members of the management team about the colony's status
throughout the season.oiRt Bluemonitors colony productivity as well as predator sign
and disturbances to the colonyoiit Blue also conducts studies on the foraging habits
and diet of théeastterns to assess environmental effects on colony productivibally,
Point Bluetracksoceanographic conditions to better understmalal variability imprey
availability and oceamproductivity.

The timing of predation events can be just as important to productivity as the
number of predators in the vicinity of the colony. Ldastcolonies are most vulnerable
to predation shortly after chicks begin to hatch. Aboutdays after hatchingeasttern
chicks leave their nest scrapes and begin running freely around the colony site. Some
chicks may move hundreds of meters away from their original nest site (Massey 1972,
Minsky 1987, Thompsoat al.1997). During this tin, it is important that chicks have
areas of cover to protect them from inclement weather (heat and cold) as well as
predators. At many colonies, cover is found in the form of small clumps of vegetation or
debris on the colony (Minsky 1987). Howevertreg Purisima Point colony, there is
very little vegetation (or debris) and very few placeddast terrchicks to hide. To

remedy thisteepee stylehick sheltersvere develope(see Figure 2jollowing the
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designin JenksJay (1982). The chick shelsewere designed to protdetst terrchicks
against predation by AmerickestrelsandNorthernharriersand have proven to be
effective at a Easterrieasttern(Sterrula antillarumantillarum) colony on Nantucket
Island, Massachusetts (Jerley 1982).Forty-five of these shelters were buaihd
installedon the Purisima Point colony in 2001 and 2002e original chick shelters have
been maintaineutunexploded ordnanaestrictions in place between 2011 and 2012
prevented the installation of femposts needed to secure the shelters. We therefore
tested a new-shapediesign in 2011 that does not require fence pests Figure 2)

Both designs will continue to be useddetermine whether least tern chicks prefer one
design over the otheThough chicks and fledglings at the PurisiR@ntcolony appear
to prefer natural vegetation for cover, many of the chick shelters receive use each year
andare considered worthy maagement tool (Robinette et al. 2004).

The overall goal o/ A F Bndositoringprogram is not only to record annual
population and productivity, but to present this information in the context of local prey
conditions and predator management effortsis adlitional information is essential for
effective management of theastterncolony. Thereforethis report includedata on
diet and foraging behavior. These additional studies will ultimately aid VAFB in its
efforts to promote the recovery of this sigsc

The least tern monitoring progranasa requirement ofite terms and conditions
section of the Biological and Conference Opin{BO) for Delta 1l Launch Program at
Space Launch Complex(8LC 2)and Taurus Launch Program at 576EB{28-F-25R,

11 JAnuary 1999and as parbf the Proposed Action of the Biological and Conference
Opinion for the Atlas Program (SLC 3,8199-F/C-79). The SLC2 BO requiresthe
determination 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 Point.Most recentlythese BOsveresupersded by the VandenlgeAir Force

Base Programmatic Biological Opinion-8309-F-10) thatincludes similar measures (see
Avoidance and Minimization Measures, California Least Tern, #2, and Reporting
Requirementpage 128
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Methods

Site Preparation

The Purisima Point leastrtecolony is bordered by a coastal bluff to the west and
electric fences on the north, east, and soAlhthree fences wereelectrifiedon orbefore
15 April. Once the fence was elgfied, thevoltagewas checkeduring 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 voltagedelims
overnight. Voltage was maintained at 3.0 kV or greater and on most days voltage was
greaterhan 5.0 kV. Based on prior experience and recommendatdrAdF B6s f enc e
contractor, 3.0 kV is recommended as the minimum voltage to exclude coyotes. In
addition,Point Blue placed a total oR4/-shapecthick sheltesin areas where nesting
occurredwithin the colony in2011:2013 TheV-shapedhick shelterslo not require the
use of fence postRather, they ara simple design oftwoR o ot | ong 8pdi ec e s
wood nailed together at a right an¢see Figure 2) The result is a standalone trige
thatlayslow to the ground. As such, thew shelter&iave the risk of being buried by
wind-blown sand and will need to be stored-oftony during winter months.
Additionally, Point Blue repaired the existing 24 teepbgde shelters and installegh
additional 21 for a total of 45 teepee sheltdfigure3 shows the2014 placement of the
42 V-shapedshelters and5 teepeeshelters.Shelters were placed mostn the south
and westolony in areas where sheltevere used by chicks in 20k2dd 2A3. There
were very few nests in the northern and eastern areas of the gotboge 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, and chicks. Frab@April to 9 August we visited thdeast tern
colonyat Purisima Poinat leasfive daysa week Off-colony surveys are completed by
making observations with binoculars and spotting scopes from six observation points (or
OPs) along the perimeters of the Purisima Point colony. We recorded numbers of adults
on the ground and flying in the vicinity of the colony. A tota¥V6fbff-colony survey

visits were conducted throughout the seastte did not enter the colony until the first

of
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nests were observedVe then continued to enter the colayfoottwice a week to
record nest contengsd collect diet samples (see section on Diet beld also
entered the colony at times other than our weekly nest surveys in order to retrieve dead
chicks or investigate predator tracks. We entered the colony afta#itimes
throughout the season. In addititegst terractivity was monitoredt historicbreeding
sites. In 2014, all least tern nests were located at the Purisima Point colony.

Onceleast terndegan to nest, population estimatese maddy documenting
the number of active nests observed in the colony eachAlagestswere moitoredin
the colony throughout the breeding season to determine nest fate. This allowed us to
document second nesting attempts and overall colony site occupancy. As chicks began to
hatch and leave nest sites, we began recording the numbers of chiclesigimgs
observed during each surveVisits to the colonyvere conductedntil all chicks had
fledged and dispersed@urveys ended after no adubisfledglingswere seen at the
colony forthree consecutive visits.

On-colony surveysvere conductedsing two researchers in tearlymorning
when heat and windlereat a minimum.Each active nest sitgas markedvith a tongue
depressor placeshe metefrom the nest.Tongue depressorgere placedacing theOP
that would best facilitate observatiomgring offcolony surveys.The number of eggs
and chicks found in each nesere recordedand any damaged or abandoned eggs and
chick mortalitywasdocumented All data collected on population and breeding biology
were compared to pagtars

The vicinty of the colonywas monitoredor predators during each visi
predatomwas consideretinside' thdeasttern colony if it was <10@n from areas where
least tern;est. Thus, predators could penetrate the electric fence and still be considered
‘outdde’ the colony so long as they did not come within m06f nest sites. All predator
sightings (both inside and outside the colony) were recorded in a logbook located in a
metal box at the colony entrance. This provided predator management persamtie wit
information needed to determine whether a given predator required removal.
Additionally, all humarnand predatemduced disturbancesere recordethroughout the
breeding seasorA disturbance was defined as any event that caused adult leasbterns

flush from nesting or roosting areas.
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Foraging
In 2007, Pint Blueexpanded on a study investigating the use of the Vandenberg

State Marine Reerve by foraging seabirds. Thr&fethe new sites selected were adjacent
to the Purisimdointcolony (see Figuré) and data oteast terrforaging fromthose
sites are presented in this report. Each site was visited once a week during one of the
following threehour intervals06060900, 09061200, 12061500, or 150L800. The
time intervals were rotated each week to ensure that each site was monitored during
different times of day. At each site, we scanned a-seuwular area of ocean from shore
to appoximatelyone kilometewffshore (see Figurg for areas scanned) eyel5
minutes. We recorded the maximum numbdeast terngoraging within a given area
every 15 minutesAdditionally, we visited the Santa Ynez River estuary at least once per
week to document use of this potential foraging habitat. We did noteistationary
protocol outlined above, but rather visited several OPs along the periphery of the lower,
upper, and middle estuary to increase our spatial coverage.

In addition to our standardized foraging observatiopportunisticsightings
al ong s\YaeastaBhundamererecordedhroughout the season.

Diet

In order to determinthe least ternliet at the PurisimRointcolony, we collected
feces from multiple roosting areas within the colony. If all fecal pellets in a given area
were not colleted, wewiped the area clean so that all feces were remoVéel did this
so that we knew upon revisiting these areas the feces would be fresh and could be
assigned to a definite time period (or breeding stagagh samplevas sortedn 60%
isopropyl alohol and all scales and otoliths found in the samgee identifiedto the
lowest taxonomidevel possible Larval fish in the samplesere detectedy the
presence of small, undeveloped vertebrae, and sculpins (Family Cottidae) by the presence
of preopecle spines.This datais presenteds percent occurrenaie percent of the total

number of samples that contained identifiable hard parts from a particular taxonomic

group.
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Oceanographic Variables

We compared least tern diet to oceanographic variables to better understand how
oceanographic variables impact breeding parameters at the Purisima Point colony. We
investigated these variables in relation to the two most important prey species for the
Purisima Point colony: northern anchovigr(graulis mordaxand juvenile rockfish
(Sebastesp). We investigated local larval abundance for each species and
oceanographic indices helpful in estimating larval survival to settlement age when the
fishes are consued by least terns. We used larvae data from nearshore stations along
lines 77 and 80 of the California Cooperative Oceanic Fisheries Investigation (CalCOFI)
Northern anchovies spawn in the spring and summer, so we analyzed larvae data from the
springsummer one year prior to a given least tern breeding season. Rockfish spawn in
the winter, so we analyzed larvae data from the winter prior to a given least tern breeding
season. We averaged oceanographic indices over the periods between fish spawning and
the least tern breeding season to index larval survival to settlement age. We used three
oceanographic indices: Multivariate EI Nino index (MEI), Pacific Decadal Oscillation
(PDO), and sea surface temperature anomaly (SST Anomaly). VatldEl were
obtained from theNOAA Earth System Research Laborat@kOAA 2014a).
(http://www.esrl.noaa.gov/psd/enso/mei/#discussidfalues for the PDO were obtained
from the Joint Institute for the Study of the Atmosphere and OHSAO 2014)website
(http://jisaowashington.edu/pdp/ Values for SST Anomaly were calculated using SST
data from the National Data Buoy Center buoy #460dQAA 2014b).
(http://www.ndbc.noaa.gov/station_page.php?station=46011

Results

Breeding Phenology

Historically, leastternson VAFB have typically arrived during the last week of
April or the first week of May (Table 1). Howevémm 2005 to 203 leastterns have
arrived during the second week of May. This recent tvealbroken in 2014ith the
first least terns observed érMay. Additionally, leastterns initiated nests on or after 14
June from 2004 to 2008. Prior to 2004, nest initiation typically began itotate May.
This trend in late nesting appears to be reversing. In 2009nitdion was 1620 days
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earlier tharthat observed during 202D08with thefirst nest initiated on dune. First
nests for 20142013 ranged fror@5 Mayto 3 June Nest initiation in 204 waswithin
this rangewith the first nest observed @7 Mayand the last nest initiatexh 17 June

In productive years, least terns arrive early in the season and adult colony
attendance increases rapidly. Colony attendance remains relatively high and stable
throughout the eglaying and chick rearing periods and then both adults andifigdg
gradually disperse from the colo(gee Robinette et al. 2012yigure 4 compares colony
phenology in 204 to that in 20B. The 204 breeding seasanitially showed
characteristics of a prodiine year with early adult arrival and high colony attance
However, as the season progresseldilt colony attendance gradually decreased rather
thanremainingstablethrough the incubation period as was observed in 2013. Nest
initiation peaked during the week of 30 May and was more synchronous than nest
initiation in 2013. In 2014, the majority of nests were initiated within a one week
window between 23 and 30 May. Despite this, the chick rearing and fledging period was
slightly more prolonged in 2014 than 2013.

We observed adults foraging at the $avihez River estuary beginning the week
of 20 Juneand consistently observed >10 foraging adults per visit beginning the week of
4 July. Fledglings began dispersing to the estuary the weekJofiyL at which time
adult and fledgling numbers decreasethatcolony Numbers of adults and fledglings
observed at the estuary peaked during the week of 11 July and then gradually decreased
through early August Adultsand fledglings weraitially observed roosting on the sand
bar at the river mouth, but soon began roosting within the Surf North restoration area (see
Chapter 2 for more information on the Surf North restoration projd@¢t. last least tern
was observed at the Purisima faiolony on25 Julyand at the estuary or2 August
(Table 1). This is theecondseasorsince 2004 that the terns used the estuary for an
extended period before migrating souffhe most recent year of prolonged estuary use
was 2013 when thieastterns stayed at the river mouth for a little over one moihth.
2001 and 2004, adults used the estuary from the first week of July to the first week of
August. Least terns briefly used the estuary in 2008 (six days) and 2009 (three days).
The coastal sandbat the river mouth often breaks prior to the breeding season, allowing

the estuary to drain, though this is not a consistent phenoneactryear In 2013and
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2014 the coastal sandbar did not break and the estuary was full throtigldueeding
seasa of both yearsThis may have contributed to an abundance ofdistlable to the

leastterns within the estuain both years

Population Dynamics

We documented a total 8fl nestsat thePurisimaPointcolony during the 204
breeding season (Table 2)hirteennests hatched all eggsur were depredatedne
hatched one egg but had one +vieble eggone hatched one egg but had one chick die
while hatchingone hatchedll eggs but had one dead chick (cause unknown), and one
incubated past the exged hatch date but never hatch&tle suspect that each of the
four breeding pairs with depredated nests attempted a second\feesstimate renesting
attempts 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 nests failing. Massey and
Fancher (1989o0ted that the time between nest failure and renesting was four tgd 6 da
for egg loss and five th2 days for chick loss. They also noted that least terns tend to
renest in close proximity to their failed nest site, but did not define close proxintigy.
four depredated nests were taken by coyote on 6 June and thedastdbinitations of
the season occurred between 13 and 17 June, wiaisseven to nine days after the
predation eventThus, we estimate the 20breeding population to ke brealing pairs.
This represents B4% ircrease in populatiocompared t®013 anda44% decrease
below the20-year mean populatiof31 pairs) As with 2013, mostnestsn 2014 were
located in thesouthwesportion of the colony and five nests were located in the central

colony(Figure3). There wer@o new areas being used bystileg leastternsin 2014.

Breeding Biology

Egg Production We documented a total dfl eggs athie Purisima Point colony
in 2014 (Table 2). Our documented number of egg8i®6 highe than theotal eggs
producedor 15 nests in 202. The man + SE clutch size f&014 was1.95+ 0.13 (n =
21). 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
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per nest (Figure 5). loontrast, the period between 2001 and 2007 showed high
variability in mean clutch, ranging from 1.0 egger nest to 2.2 eggs per ndgiean
clutch sizem 2014 wasslightly above the 14ear (20012014) of 1.83 eggs per nest

Hatching SuccesdOf the21 nests iitiated in 204, 16 successfully hatched at
least one chick Of the41 eggsdocumentedn 2014, we confirmed5 hatchel (Table 2).
We assuméve additional egghatched based on the incubation period and lack of
evidence to suggetiiey weredepredated Eight eggs were depredated by a coyote, two
failed to hatch, and one chick died while hatchifitpe overallhatching success in 201
was73%, which is highrelative tothe hatching successluesrecorded sinc&996 and
the mean for 1992014 (Table3). Hatching success has ranged from 0% in 2004 and
2006 to 94% in 2001 and 2008Viean hatching suess fran 19962014 was60%.
Hatching success 2014 was12% lower than that in 2(&

Fledging SuccessOf the 30 chicks that hatched in 281lone wadound dead of
unknowncauses (Table 2nd anadditiona ninewere tnacounted for. We estimated
20 of the 30 chicks fledgedwe observed a maximum b8 fledglings on7 July and wee
able to followsevenadditional chickto fledging age after th date. Thdledgling
success ratfor 2014 was67%. This fledging rate ithird highest rate on record, with
2013 being the second highest at 76% 207 being the highest at 8%able3). The
overall breeding success (% of total eggs that fledged) fat ®8%4%% (Table 2). The
number of fledglings produced per breeding pair ind20as 118 (Table 2)

Interannual Productivity and Population Growth
The running20-year mean mductvity for 19952014 is 060 fledglings per adult
breedingpair. With the exception of 2011 and 2012¢pguctivityin recent years (2007

2014) has beenvell above this megmmarking a strong deviation from the prior three
years when virtually nfl edglingswere produced (Figur@). The 20072014 periodis
the most productiven recordor Purisima Point, with six of the eight years showing
above average productivityrhe Purisimaointcolony has a history of variable
productivity, fluctuating at or above the mean from 12983 andvell below the mean

prior to 1998 and after 200Rroductivity in 2011 wawell below average, marking the
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first time productivity hd been below averagensie 2006.Productivity in2013 and
2014 was well above average

Conversely,lte2013 and 204 breeding populatiswere51% and 4446 smaller
than the20-year meanrespectivelFigure6). Prior to 2004, the PurisinRointcolony
showed steady populatiggrowth beginning in 1999. This growth was likely due to the
above average productivity from 1998 to 2002. From 2003 to 2006, the PuUrisinta
population showed a declirgrirend that was reversed beginning in 200&spite the
recentyears of abovaverage productivitythe population has not increased above the

20-year mearand hashown an overall decline since 2010

Predation and Disturbances

There was onlpnedocumentednstance of predation in 281Table4). A
coyote breached the electfance overnight or early in the morning on 6 June and took
four nests with a total of eight eggshere was no evidence of chicks, fledglings, or
adultstakenby predators in 201 It is difficult, if not impossibleto detect predation on
chicksonce tley leave the nest scrape anchder the colony. Least tern chicks are small
and remains are generally not left behafittr a depredation eventlowever there were
no predator sightingsr signs of predatonsithin areas used by chicks to indicate that
predators were an issue in 20Furthermore, a large proportion of the chick population
was consistently observed for several wesks the majority of the chicks were observed
as fledglings later in the seas@figure4). We also did not find any adut fledgling
remains on the colony in 2014 as we hagenin the past when predators were known to
take these age classes

Thethreemost persistent predators observed in the vicwiithe Purisima&oint
colony in2014 wereWestern gullscoyotesandgreater roadrunner§&gococcyx
californianug(Table 5) This was the first year that roadrunnkese been documented
at the colony. While we have never documented take by roadrunners, they are potential
egg and chick predators. All observations ofiroaners were outside theasttern
nesting arealherewere large numbers of &gtern gulls roosting on the northwest and
southwest slopes of the colony in 201¥Ve have seen roosting like tlaisthe colony in

the past and suspected gulls may have takeaks in 2011 (Robinette and Howar 2011).
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However, the gulls were not roosting in areas used by chicks ha2fflwe do nb
suspect any predation by gullgith the exception of five colony entrances, the majority
of coyote tracks occurred outside thesting area. Coyotes were able to take eggs during
only one of the colony entrancedistorically, 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 adultrtes (Robinette and Howar 2009redator management
personnetespond quickly to reports of owls and owl tracks at the colonyhane been
successful in keeping depredation by owls to a minimim2014, we observed great
horned owl tracks on two occass andhere wasio evidence of adult or fledgling
mortality. Therefore, owlsvere not trapped in 2014All other predators were observed
less than five times eacl®verall, he number of predators sighted per hour of
obsenation in2014 waslower than observed in 2013, gher than observed in recent
years (Tablé). The high rate of predator observations in both years was dpeups
of 20-200 Westerngulls roosting on thevest slope of theolony. Additionally, the three
Western gulhests initiated along the coastal bluff were taken during the 6 June coyote
incident After this, the breeding gulls spent more time roosting on the west slope of the
colony than they have in previous years.

There were no documented cases of hutarsedlisturbance tone Purisima
Point colony in 204. We defined a disturbance as any event that cauiddards to
take to the air As in past yearsutkeyvultures(Cathartes auraflying over the colony
caused most of th#ocumented disturbance 2014 (Table7). There were a small
number of disturbances by great blue heréwdda herodials Western gullsperegrine

falcons and an ospreyP@ndion haliaetus

Diet and Foraging

Table8 shows the percent frequency of occurrermreafl prey takenn 2014.
Therewasa total of 11different prey typesakenby least terns at the Purisima Point
colony in 204. Greenling(Family Hexagrammidaend rockfishdominated the diet
early in the 204 seasopand rockfish occurred in moderate frequency thhmut the
remainder of the seasomorthern anchovy increased in occurrelate in the season,

but showed an overall low occurrence for the ye&zmilar to 2013, Véstern
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mosquitofish Gambusia affinisappeared in the diet late in the season and corresponded
to the time we began observilgastterns foraging at the Santa Ynez River estuary
Mosquitofishare found in freshwater and brackish habit&#verside smelt (Family
Atherinopsidae) increasedamatically and dominated the rrsgason diet, but then
decreased rapidly in the late seasQverall, the 204 diet was dominated bpckfish,

with silverside smeland Western mosquitofish making moderate contributions.

Figure7 compares the occuamce of major prey types among years from12@0
2013. We identified major prey types as those having 20% occurrence or more during at
least one of the years within the time seridachovies and rockfish are abundant in the
leasttern diet during ppductive years (2002003, 20072010 andPacificsaury
(Cololabis sairg is abundant during neproductive years (2004 and 2005).

Furthermore, a diveesdiet with moderate contributions by multiple prey types can lead
to low least tern productivity (2011 @r2012). One exception has been 2006 when
anchovy dominated the tern diet, but productivity was very low. In 2006, anchovy
contributionquickly diminished as the breeding season progremsedhere were only
two nesting attempts that yg@&obinette andHowar 2009) The 204 diet showed signs
of a productive year, with rockfighersisting throughout the seasamd few other prey
types making smadf contributions.

Figure 8 shows the relationship between the occurrence of anchovy and rockfish
in theleast tern diet and annual reproductive success (fledglings per adult breeding pair).
In past analyses, we have found thegtroductive success is positively correlated with
both anchovyand rockfish occurrence, but only if the analyses are performeduwitho
explainable outliers (see Robinette et al. 2013). However, with the addition of 2014 data,
these relationships are becoming more difficult to detect. A major part of the issue is
that least terns appear to switch from anchovy to rockfish in yeargwhehovies are
not abundance and vice versa. Thus, it is possible to see low anchovy or rockfish in the
diet during years with high fledging succe#¥ith the 2014 data, there is no significant
relationship when analyzing rockfish and anchovy sepgrédeichovy: F = 1.375, df =
1,12, p = 0.264, R= 0.653; Rockfish: F = 0.687, df = 1,122 R0.054). However, when
anchovy and rockfish occurrerscare combinedhere isa positive relationship with least
tern reproductive success (F = 5.787, df = 1p12,0.033, R= 0.325). Thus, we still
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maintain that both anchovy and rockfish are important drivers of reproductive success at
the Purisima Point least tern colony. Additionally, the availability of mosquitofish at the
Santa Ynez River estuary in 20a8d 2014 may have provided a buffer against a lower
occurrence of anchovy and rockfish later in the season; but the moderate occurrence of
rockfish during the late season of both years illustrates that it is still an important
resource even when alternaigrey are present.

Figure 9 shows the annual foraging rates at our nearshore foraging stations from
2007 to 204. Foraging ratesdjacent to the Purisima Point colony were higihre2009
andlowestin 2011. All other years are similar in terms of forag rates. However,
2013 and 2014 mark the first years we have observed least terns foraging at Lompoc
Landing, the site just north of the Santa Ynez River mouth. This, in addition to our
observations of foraging at the Santa Ynez River estuary, inditaethe terns were
spreading out more to forage in these yeadisgyether with the diet analysis, these data
suggest terns were relying on nearshore waters adjacent to the colony for prey. As
rockfish and silverside smddegan to decrease in the dibe terns began foraging
further south of the colony and eventually began foraging in the Santa Ynez River

estuary.

Diet and Local Oceanography

Figure 10 shows the comparison of northern anchovy and rockfish occurrence in
the Purisima Point least tediet to larval abundance from nearshore CalCOFI stations
along lines 77 and 80. Dietary anchovy occurrence is positively correlated with larval
abundance measured during the spgagimer anchovy spawning period one year prior
to the least tern breeding®s s on ( Spear mandés rho = 0.669, p
rockfish occurrence is positively correlated with larval abundance during the winter
rockfish spawning period, thoughtheradai s hi p i s not quite signifi
= 0.445, p = 0.085, n = 11). The relationship between dietary rockfish occurrence and
larval abundance is obscured by the 2009 and 2010 data points when an average amount
of rockfish larvae were produced,thietary rockfish occurrence was high. In these

years, we suspect that the survival of rockfish larvae to settling age was high (see below).
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Overall, the correlations between diet and larval abundance further illustrate the
importance of these two prepecies to least terns breeding at Purisima Point.

Figure 11 shows correlations between l¢astdiet and oceanographic indices.
For all oceanographic indices shown, negative values represent colder, more productive
ocean conditions and positive vaduepresent warmer, less productive conditions.
Dietary anchovy occurrenahowed a significant positive relationskijth ENSO
averaged over the fadlummer and PDO averaged over spisngimer after the anchovy
spawning period, but only if the outlierseanot included in the analysis (ENSP=
37.83, df = 1,8, p <0.001,°R 0.825 PDO:F = 15.053, df = 1,8, p = 0.0052R 0.825.
The outliers for both correlations were 2e@@09 and 201-2012. In these four years,
anchovy larval abundance was veswl(see Figure 10). Thus, while oceanographic
conditions were conducive to larval survival, there were few larvae produced and thus
low anchovy occurrence in the tern di@ietary rockfish occurrence showed a positive
relationshipwith SST anomaly aveged over the springummer after the rockfish
spawning periodbut this relationship was marginally signific§ft= 3.541, df = 1,12, p
=0.084, R=0.229. The addition of 2014 data obscured this relationship. In 2014, an
ensuing El Nifio resulted iln¢ warmest waters in our 20@014 time series. However,
this warm water developed late in the season and likely had less of an impact on juvenile
rockfish survival than it would had it developed early in the spiiiogether with the
results on larval aindance, these results illustrate that both the amount of larvae
produced in a given year and the survival of those larvae to settlement age are important
factors determining the availability of anchovy and rockfish to the Purisima Point least

terns.

Discussion
The 2014 breeding season produced results similar to those obseP04a irit
wasan above average year for productivity, but below average for breeding population
size. Though not significantly different from other yearsgrageclutch size wa high at
2.0 eggs per nesHatchirg succes$73%) was well above th20-year average (80)
and fledging succes87{%) was thehird highest on record®verall breeding success

(1.18fledglings per breeding pair) wasdso the fourtthighest on recordThe breeding
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population was below averaf&l breeding pairsfor thethird time since 2008 anklas
shown an overall decrease since 2010

The Purisima Point least tern colony continues to be characterized by years of
anomalously high and low reproductivecsess, with very few years consistent with the
20-year mean. Reproductive success can play a key role in the stability of least tern
colonies. Burger (1984) reported that least terns are more likely to return to a colony in
subsequent years if they haseperienced good reproductive success at that colony site.
The size of the colony can also play a role in its stability, with smaller colonies tending to
be less stable (Thompsehal.1997). This appears to be true with the Purisima Point
least tern alony, which is small relative to other colonies in California. Breeding
success at VAFB was poor from 1995 to 1997, increased in 1998 and remained at or
above average from 1998 through 2002. Two rocket launches adjacent to the tern colony
in 1997 may hee resulted in decreased reproductive success in that year. Effects of
rocket launches from the same facility in 2005 and 2011 were less clear (Robinette and
Rogan 2005 and Robinette and Howar 2011). Howeweranalysis of diet and
predationsuggestshtat annual productivity at the Purisima Point colony is primarily
driven by oceanographic conditions and predation. The high annual productivity from
1998 to 2002 likely contributed to the steadily increasing population from 1999 to 2003.
However, the peod from 20042006 had virtually no reproductive output and the
breeding population rapidly decreased. Despite four consecutive years of above average
reproductive output (2002010), the Purisima Point population has not climbed above
the20-year mearand appears to be decreasing in recent yai0-2014).

Results from 201through 2014eflect oceanographic changes that have been
occurring in the California Current System within the same period. While La Nifia
conditions persisted through the winté2611, Multivariate El Nifio Index (MEI) values
became increasingly neutral through the spring and summer (PaCOOS Phislmove
toward less productive conditions likely contributed to the below average breeding
productivity observed in 2011n 2012, onditions moved from neutral to more El Nifio
like conditions toward the end of the breeding season (PaCOOSI2filgve since
returned to neutral (PaCOOS 201B)espite the less productive El Nifio conditions, the
PDO has been negative fralune 201@hrough December 2013This is likely driving
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the average to above average breeding productive observed in 2010, 2012, and 2013.
Additionally, upwelling conditions were stronger than average off central California in
2013, further illustrating that 2013 wagroductive ocean year. Data from the National
Marine Fisheriesodo juvenile rockfish cruises
central California in 2012 and 2013 (PaCOOS 2012, 2013). While northern anchovy
abundance in 2013 was lower than litveg-term mean for the surveys, it was higher than
it has been since 200&imilar daa have not yet been reported for 2014

In past years, reproductive succasshe Purisima Point colorias beerriven
primarily by the occurrence of rockfish and anchovy in the diet (Robinette and Howar
2010). Since 2008, the diet has been dominated by juvenile rockfish. Juvenile rockfish
are small and have a low fat content compared to other forage fishaadikevies
(Iverson et al. 2002). However, our results suggest that rockfish can be a suitable prey
when least terns do not have to expend much energy to florapem. In years when
rockfish have a high occurrence in the diet, high rates of foragiting ikelp beds at the
Purisima South and Pockets Cove foraging plots have been observed. This was
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 plots. In yearsamohovies are present
in the diet, foraging rates at our plots are lower (Robinette and Howar 2012013
and 2014rockfishshowed a relatively high occurrence in the di€braging rates were
highest immediately adjacent to the colony, ldestterns were also observed foragaig
plots south of the colonyAdditionally, theleastterns began foraging farther south than
webve seen in the past, using both the Lompo
beginning in midJuly. It is likely that tle estuary provided a buffer exckfishbecame
less abundant late in the seasdren waters off the coast were beginning to watmeast
tern use of the estuary has been inconsistent over the time series and is likely related to
annual breaching of the Bv mouth. The river mouth did not breach in 20£2014and
the estuary remained full throughout the breeding season. These conditions may have
contributel to an increased abundance o#d3éérn mosqitofish and prickly sculpin in the
estuary. Despite thisur diet and oceanographic analyses indicate that the Purisima
Point least terns continue to respond to conditions dictating local rockfish and anchovy

abundance.



27

Management Recommendations
1) An effort should be made to remove the vegetation trgbising within the
northwest portion of the fenced arekhis area has been increasingly covered with
vegetation over the past four years. In 2848 2013 many oftheavian predator
sightings were within this areaAdditionally, there were several coig crossingacross
the north fence, adjacent to this area in 2004 suspect that the increased vegetation
has provided habitat for rodents and this may be attracting avian prestadarsyteso
the area. Additionally, 2@marks thefourth consecutive year that thgesternsnowy
plover has not nested within the fenced area. The nesting habitat that the plovers
historically used was primarily within the area now covered by vegetafiouns,
removing the vegetation can potentially decrehsenumber of avian predators attracted
to the area and +@pen the habitat to nesting snowy plovers.
2) Where possible, the diet of local avian predafices gulls and raptorshould be
monitored throughout the breeding seas@rhile we do not sugzt tha predation was
an issue in 2014t has been in the past. Furthermore, we do not have a good
understanding of what happens to chicks during years of low reproductive success. For
example, 81%f the hatched chicks at the Purisima Point color80ibl were
unaccounted for and we suspect some were depredéédeB has initiated a study of
Western gull diet at breeding sites throughout VAFB. We recommend continuing this
monitoring on an annual basis. Additionally, diet monitoring for should batiit for
peregrine falcons breeding on VAFB where possiblaving knowledge of what
predators around the coloaye eating willgive insight as to whether chicks are
disappearing due to predation versus dying of starvation.
3) Thechain link fence lwng the eastern perimeter of the colony shawldtinue tabe
reinforced to prevent coyotes from digging undéhough a new electric fence was
installed along the eastern boundary of the colony in 2013, the chain link fence provides
additional proteddbn against mammalian predators, including feral pigs that are often
observed in the valley between SGnd the tern colonyin past yearsManTechhas

extencedmesh fencing out several feet from thedaf the chain link This hasdetered
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coyotes from attempting to dig undée fence We support continued effort to prevent
thesemammalian predators from digging under the fence

4) Efforts to maintain the electric fersat full working capacity should continue. This
includes monitorig fence voltage throughout the season and performing maintenance
such as washing all connectors to sustain maximum voltage. The electric fence is an
extremely valuable tool which allows VAFB to promote the growth dédst tern

colony while maintaininghe health of the surrounding ecosystem.

5) Thepredator managemetgamshould continue their protocol of monitoring raptor

nest sites and foraging patterns prior to the arrividast terngo the Purisimdoint

colony. This will ensur¢éheteamhasample 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 necessary to trap and relocate all raptors breeding in the
vicinity of the Purisima 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 into the colony can generally be defended dgastult

terns adong as colony attendance is high. Thus, it is importanthiedaéamhave time

to identify raptors that pose a threat so as not to trap and relocate those that are non
threatening. Notthreatening raptors that are keeping territories may actuallyibene
leasttern conservation by excluding other raptors that could potentially pbsead

The raptor monitoring component of the VApBedatormanagement team is critical to
promoting growth of théeast terrcolony while maintaining the health of teerrounding
ecosystem.

6) A study should be initiated to identify coastal ecosystem indicators using all data
collected on VAFBO0s coastal populations. T h
oceanographic data (e.1El, PDO, and Upwelling indiey, remote sensing data (e.g.,

sea surface temperature and chlorophyll from satellite images), and data from other
marine bird species breeding and roosting along the cb®&FB. PointBlué s st udy
of the leastern diet indicates that much of the aahvariability in reproductive success

at the Purisim#&ointcolony is due to oceanographic variability. Developing a suite of
coastal ecosystem indicators would allow VAFB to better distinguish between

oceanographic and human linked impacts on coaspallgtions. This study would
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require extra funding, but would not only improve the managemehedéast tern
populationon VAFB, but the populationsf other threatened and endangered spgecies

such as the \astern snowy ploveutilizing the coast.

7)An analysis of potential | aunch i2&pacts s hi
year time series of launch activities and least tern population dynamics. A preliminary
analysis of launch activities immediately adjacent to the Purisima Point colony (see
Robinette et al. 20)2shows no correlation between the number of launches within a

given year and breeding population size or reproductive success. However, this analysis
does not account for the timing of the launches or stages of the least tern begelding

(e.g., arrival to the colony, courtship, nest initiation, etc.). An analysis accounting for
these factors would allow VAFB to better assess the potential impacts (if any) of launch

activities on the Purisima Point least tern colony.
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Table T Dates of the first adult sighting, egg laying period, chick hatching period, fledgling period, last sighting at FRaistma
and last gjhting at VAFB from 1995 to 2014

First Adult | Egg Layng 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
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Table 2 Summary oleast terrbreeding activity at thBurisimaPointcolony during the
2014 breeding season.

Population | Estimated # of Pairs

Total Nests

Nests Hatched all eggs

Abandoned Before Hatch Date 0
Incubated Past Hatch Date 1
Hat ched, b uvabldhEggt O 1 1
Hatched, but ha® Chick Die While Hatching

Total Eggs 41
ConfirmedHatched 25
Eggs Assumed Hatched 30
Chick Died While Hatching 1
Total Chicks 30

Chicks Hatching Success 73%

Total Fledglings 20
Fledglings Fledging Success 67%

Breeding % of Total Eggs Fledged 49%
Success Fledglings per Adult Pair 1.18
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Table3: Numbers of nests, eggs, chicks, and fledglingenked at VAFB from 1995 t#013. Also shown are hatching success,

fledging success, andd®ding success from 199526014.

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

* Hatching Success = % of total eggs that hatched; Fledging Success = % of total chicks that fledged; Breeding Suctetss edgisahat

fledged.



34

Table4: Documented predation at the Pumia Point colony during the 2@breeding

season.
Date Predator Predated Description
6/6 Coyote 8 Eggs | On6 June4 nests were taken by a coyo

that was able to breach the electric feng
Each nest had a clutch of 2 eggs. Coyqg
tracks were discovered leading to empty
scrapes where complete clutches had
previously been recorded.

Table5: Predators observed at tRarisimaPointcolony during the 204 breeding

season.

Predator

# Ob=erved in Colony Area

# Observedinside Colony

Western Gull

170

9

Coyote

36

Greater Roadrunner

15

Loggerhead Shrike

AN

American Kestrel

Bobcat

Great Blue Heron

Feral Pig

Great Horned Owl

Peregrine Falcon

RedtailedHawk

Common Raven

O|IOIN|FRPIFRIWOIOo|I0|IO0|O1

Unidentified Fox

RPIFRPINNNWWWWw

1

* There werethreeWesterngull (Larus occidentalisness adjacent to the colonp 2014
and gulls are consistently observed flying along the coastal margin of the cteny.
therefore only record themhen they enter the colony ar@ethin 100m of a least tern
nest)or roost along thevesternperiphery of the colonyAll three nests were taken by

coyotes in 2014 and the breeding gulls appeared to spend more time roosting on the west

slope of the colonthan has been observed in previous years.
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Table6: Total number of predator visits (all species combined) per hour of research
observation for the 2002014 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

Table7: Documented events of disturbance & BurisimaPointcolony during the 204
breeding season.

Source # of Documented Occurrences
Turkey Vulture 8
Great Blue Heron 3
Western Gull 3
Peregrine Falcon 2
Osprey 1
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Table8: Diet composition $ frequencyof occurrencgfor least ternst the Purisima
Pointcolonyduringfive periods of the 204breeding season.

Al
Periods
Combine

Prey Taxon 27 May | 6June | 20 June| 9July d
Anchovy
(Engraulis mordax 8 4 13 13 6
Rockfish
(Sebastes sp. 28 68 38 33 35
Unidentified
Fish Larvae 4 24 6 13 11
Greenling
(Family Hexagrammidae) 64 32 0 0 10
Cabezon
(Scorpaenichthys marmorafus 24 16 0 7 6
Silverside Smelt
(Family Atherinopsidae) 0 12 75 13 21
Surfperch
(Family Embiotocidae) 4 0 6 7 2
Lantern Fishes
(Family Myctophidae) 4 20 6 7 10
Unidentified Squid
(Order Teuthida) 4 0 0 0 1
Western Mosquitofish
(Gambusia affinip 0 0 0 73 14
Unidentified Arthropod
(PhylumArthropoda) 4 4 0 13 5
Sample size (n) 25 25 16 15 81
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Historic Least Tern

Breeding Sites

. . San Antonio
Foraging Observation Cicok Noth

Areas

Observation Point
o San Antonio

for Foraging Creek South
A Launch Sites

Pacific Ocean

Purisima South

Vandenberg
AFB

Lompoc Landing

Santa Ynez River

Ocean
Beach Park

Figure T Map of the current least tern colony at Purisima Point, VAFB. Also included
are the locations of historic breeding colonies at VAFB (San Antonio Creek North, San
Antonio Creek South, Beach 2, and Santa Ynez Riverphsdrvatiorpoints for

foraging obserationsmade during the013 breeding seasorMlap redrawn from Schultz
and Applegate (2000).



38

Figure 2 Photograph of Mhape (left) and teepee (right) chick shelters usdukat t
Purisima Point colony in 2014
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Figure3. Locationof permanent (Teepgandmoveable (Vshapg chick shelters during
the 204 breedingseason.Also shown are the locations ofdst Tern nests initiated in
2014



