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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 browni) and federally threatened Pacific coast population of the 

Western snowy plover (Charadrius nivosus nivosus).  The California least tern is a small 

colonial seabird that breeds along the Pacific Coast.  VAFB manages a least tern colony 

at Purisima Point, 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 shorebird that breeds on coastal beaches from 

northern Washington to southern Baja California, Mexico.  VAFB manages a breeding 

population of snowy plovers that 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 1993.  Staff at Point Blue Conservation Science monitored 

breeding least terns and snowy plovers at VAFB in 2014.  This report summarizes least 

tern and snowy plover monitoring results from the 2014 breeding season within the 

context of VAFBôs approximately 21-year time series for both species. 

 

California Least Tern 

The Purisima Point colony was visited at least five times a week throughout the 

breeding season.  We first observed least terns at the colony on 6 May, which is similar to 

historic arrival dates and earlier than what has been observed in recent years (2005-2013).  

Adult colony attendance increased quickly and then gradually decreased through the 

season, likely a result of the terns foraging farther from the colony as the season 

progressed.  Our foraging results show that least terns foraged farther south than they 

typically have in previous years and began foraging at the Santa Ynez River estuary in 

early July.  We estimate the 2014 breeding population to be 17 pairs which is 14% larger 

than 2013 (15 pairs) and 44% smaller than the 20-year mean (30.6 pairs).  As with 2013, 

the 2014 breeding season was one of the most productive seasons on record.  Hatching 

success (73%) was well above the 20-year average (60%) and fledging success (67%) 

was the third highest on record. Overall breeding success (1.18 fledglings per breeding 

pair) was also the fourth highest on record.   



2 

 

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 

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 past the 20-year mean since 2005 and, despite a small 

increase in 2014, is showing signs of a decreasing trend over the last four years (2011-

2014).  Least tern diet has also been variable since we began collecting diet samples in 

2001.  Our diet analyses have shown that least tern breeding productivity is highest when 

northern anchovy (Engraulis mordax) and/or rockfish (Sebastes sp.) dominate the diet.  

Abundance of both species is closely tied to oceanographic conditions.  Since the winter 

of 2011, local oceanographic conditions have gone from La Niña (representing 

productive oceanic conditions) to El Niño neutral (representing average oceanic 

conditions), with a brief warming period in 2012.  Despite a developing El Niño event 

that produced anomalously warm water late in the season, rockfish persisted in the 2014 

diet.  If the El Niño 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 breeding snowy plovers observed and nests initiated in 2014 (205 

and 427, respectively) was higher than the long term mean (adults = 228.6, nests = 

308.4).  Clutch hatch success was lower than the long term mean, while fledging success 

was the highest on record for 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% in 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 in 2013, 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 
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success when compared to adjacent open beach areas.  Additionally, nesting 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 success, while more localized factors (e.g., predation) are governing 

clutch hatch success at VAFB.  These results suggest that management of the snowy 

plover population on VAFB needs to occur at both base-wide and localized spatial scales, 

focusing on predators that are significantly impacting local beach sectors while using 

environmental and oceanographic information to manage VAFBôs coastal ecosystem.  
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Introdu ction 

The California least tern (Sternula antillarum browni, least tern) is a small, 

colonial seabird that breeds along the Pacific Coast from San Francisco Bay, California to 

Bahia de San Quintin, Baja California, Mexico (Thompson et 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 listing under the 

Endangered Species Act as federally endangered on October 13, 1970 (35 Federal 

Register 16047).  Management in support 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 >7,000 pairs reported for the 2006 

breeding season (Marschalek 2007).  The population has remained between 6,500 and 

7,100 pairs since 2006 (Marschalek 2011).  Much of this recovery 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 (VAFB) resides in northern coastal Santa Barbara 

County, between two major faunal transitions: Monterey Bay and Point Conception 

(Hayden and Dolan 1976).  While the majority of the least tern population breeds south 

of Point Conception, there are three currently active breeding colonies within the 

Monterey/Conception faunal zone (Marschalek 2010).  These colonies are located at the 

Oceano Dunes State Vehicular Recreation Area, Rancho Guadalupe County Park, and 

VAFB (Purisima Point).  The Monterey/Conception faunal zone portion of the California 

coastline experiences exceptionally strong, but highly variable upwelling events (Wing et 

al. 1998, Bograd et al. 2000).  Thus, there is much interannual fluctuation in biological 

productivity and food web structure, with resulting fluctuations in the size and 

reproductive performance of breeding seabird populations (Boekelheide and Ainley 1989, 

Ainley et al. 1994, Ainley et al. 1995). 

Historically, least terns have bred at various locations along the north VAFB 

coastline from San Antonio Creek to the Santa Ynez River estuary, an area spanning 10 

km (Figure 1).  Since 1978, least terns have used the Purisima Point colony site on a 

regular basis (Schultz and Applegate 2000).  No data were collected on least tern 

breeding efforts at VAFB prior to 1978.  In addition to the Purisima Point colony, least 
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terns have bred at the Beach 2 colony (see Figure 1) during six breeding seasons between 

1990 and 2003 with populations ranging from one to 15 pairs. 

The Purisima Point colony consists 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 Figure 3).  The colony has been 

characterized by a small population (especially when considering the amount of available 

breeding habitat) and variable annual productivity (Robinette and Howar 2009).  The 

mean ± standard deviation (SD) number of breeding pairs per year at Purisima Point from 

1995 to 2014 was 30.60 ± 20.02 (n=20) with a peak of 79 pairs in 2003.  The mean ± SD 

productivity f rom 1995 to 2014 was 0.60 ± 0.46 fledglings per pair (n=20) with a peak of 

1.32 in 2001.  Productivity appears to alternate between above average and below 

average in brief, three to four year periods.  The period from 1995 to 1997 showed below 

average productivity (ranging from 0.08 to 0.27 fledglings/pair) and was followed by 

above average productivity from 1998 to 2002 (ranging from 0.6 to 1.32 fledglings/pair) 

with the exception of 0.39 fledglings/pair produced in 2000 which was below the 20-year 

average.  The period from 2003 to 2006 was again lower than the 20-year average 

(ranging from 0.0 to 0.4 fledglings/pair). This three year period had the worst 

productivity on record (<0.02 fledglings/pair); producing only one fledgling during the 

entire three year period.  Another period of above average productivity has occurred since 

2007 (ranging from 0.89 to 1.23 fledglings/ pair) with only one year of below average 

productivity (2011).   

Despite the return to productive conditions, the Purisma Point breeding 

population has decreased in recent years.  In order to further the recovery of least terns at 

VAFB ï a goal put forth by the Endangered Species Act and a prerequisite for delisting - 

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 

prey availability.  Prey availability has been shown to affect coloniality (whether birds 

form large or small colonies), the timing of reproduction, clutch sizes, levels of egg 

abandonment, chick growth, and non-predator related chick mortality (Anderson and 

Gress 1984, Safina and Burger 1988, Pierotti and Annetti 1990, Massey et al. 1992, 



10 

 

Ainley et al. 1995, Monagham 1996, Golet et 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 (Ainley et al. 1995, Monagham 1996, Golet et al. 2000).  

Past monitoring efforts at many least tern colonies in California have neglected these 

aspects of least tern biology.  Perhaps this is because there is little resource managers 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 colony productivity relative to 

one another. 

 Another cause of low productivity at least tern colonies is predation.  Least terns 

are prey for many mammalian and avian predators.  An efficient predator can take up to 

80% of the eggs and chicks at a least tern colony (Thompson et 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 latrans), which can prey on eggs, chicks, and adults.  Avian predators that cause 

concern at VAFB include northern harriers (Circus cyaneus), American kestrels (Falco 

sparverius), loggerhead shrikes (Lanius ludovicianus), and great-horned owls (Bubo 

virginianus) that nest close to the least tern colony.  Kestrels, harriers, and shrikes are 

efficient chick predators while owls take mostly adults.  In recent years, there has been an 

increase in common raven (Corvus corax) sightings along the coast of VAFB.  The first 

raven sighting at the Purisima Point colony occurred in 2010.  If ravens become more 

common at VAFB, they have the potential to become a major threat to the least tern 

colony as they are efficient predators of least tern eggs and chicks.  Ravens are currently 

a major management concern for the threatened Western snowy plover (Charadrius 

alexandrinus nivosus), a bird with similar nesting habits as the least tern.  Ravens 

depredated 18% of known-fate plover nests at VAFB in 2011 (Ball and Robinette 2011) 

and 6% in 2012 (Ball and Robinette 2012).  

 An important goal of the VAFB natural resource program is to promote the 

growth of the least tern colony at Purisima Point while maintaining the health of the 

surrounding ecosystem.  Non-lethal predator management is used whenever possible.  To 

accomplish this, VAFB established a least tern management team that included members 
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from two organizations in 2014: ManTech SRS Technologies Inc. (ManTech) and Point 

Blue Conservation Science (Point Blue).  ManTech was responsible for mammalian and 

avian predator management.  The first line of defense against mammalian predators at 

VAFB is a series of fences erected around the least tern management area.  Five-foot tall 

electric fences form the northern, southern, and eastern boundaries of the management 

area, with an additional six-foot tall chain link fence along the eastern boundary.  Fences 

are not needed along the western boundary of the colony as this section of coastline 

consists of coastal bluffs inaccessible to terrestrial mammals.  Funding for the 

management team to maintain these fences throughout the breeding season is provided by 

VAFB.  Avian predator management includes monitoring, trapping and removal of 

corvids, raptors and owls that were determined to be a threat to the least tern colony.  All 

members of the management team monitor avian predators while at the colony.  Point 

Blue was subcontracted through URS Corporation in 2013 and is responsible for 

monitoring breeding activities at the least tern colony (under permit TE ï 807078-14.1) 

and reporting to all members of the management team about the colony's status 

throughout the season.  Point Blue monitors colony productivity as well as predator sign 

and disturbances to the colony.  Point Blue also conducts studies on the foraging habits 

and diet of the least terns to assess environmental effects on colony productivity.  Finally, 

Point Blue tracks oceanographic conditions to better understand annual variability in prey 

availability and ocean productivity. 

 The timing of predation events can be just as important to productivity as the 

number of predators in the vicinity of the colony.  Least tern colonies are most vulnerable 

to predation shortly after chicks begin to hatch.  About two days after hatching, least tern 

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, Thompson et 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 

predators.  At many colonies, cover is found in the form of small clumps of vegetation or 

debris on the colony (Minsky 1987).  However, at the Purisima Point colony, there is 

very little vegetation (or debris) and very few places for least tern chicks to hide.  To 

remedy this, teepee style chick shelters were developed (see Figure 2) following the 
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design in Jenks-Jay (1982).  The chick shelters were designed to protect least tern chicks 

against predation by American kestrels and Northern harriers and have proven to be 

effective at an Eastern least tern (Sternula antillarum antillarum) colony on Nantucket 

Island, Massachusetts (Jenks-Jay 1982).  Forty-five of these shelters were built and 

installed on the Purisima Point colony in 2001 and 2002.  The original chick shelters have 

been maintained, but unexploded ordnance restrictions in place between 2011 and 2012 

prevented the installation of fence posts needed to secure the shelters.  We therefore 

tested a new V-shaped design in 2011 that does not require fence posts (see Figure 2).  

Both designs will continue to be used to determine whether least tern chicks prefer one 

design over the other.  Though chicks and fledglings at the Purisima Point colony appear 

to prefer natural vegetation for cover, many of the chick shelters receive use each year 

and are considered a worthy management tool (Robinette et al. 2004). 

 The overall goal of VAFBôs monitoring 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 efforts.  This additional information is essential for 

effective management of the least tern colony.  Therefore, this report includes data on 

diet and foraging behavior.  These additional studies will ultimately aid VAFB in its 

efforts to promote the recovery of this species.   

The least tern monitoring program was a requirement of the terms and conditions 

section of the Biological and Conference Opinion (BO) for Delta II Launch Program at 

Space Launch Complex 2 (SLC 2) and Taurus Launch Program at 576E (1-8-98-F-25R, 

11 January 1999) and as part of the Proposed Action of the Biological and Conference 

Opinion for the Atlas Program (SLC 3, 1-8-99-F/C-79).  The SLC 2 BO requires the 

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 recently, these BOs were superseded by the Vandenberg Air Force 

Base Programmatic Biological Opinion (8-8-09-F-10) that includes similar measures (see 

Avoidance and Minimization Measures, California Least Tern, #2, and Reporting 

Requirements page 128). 
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Methods 

Site Preparation 

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

electric fences on the north, east, and south.  All three fences were electrified on or before 

15 April.  Once the fence was electrified, the voltage was checked 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 voltage tends decline 

overnight.  Voltage was maintained at 3.0 kV or greater and on most days voltage was 

greater than 5.0 kV.  Based on prior experience and recommendation of VAFBôs fence 

contractor, 3.0 kV is recommended as the minimum voltage to exclude coyotes.  In 

addition, Point Blue placed a total of 42 V-shaped chick shelters in areas where nesting 

occurred within the colony in 2011-2013.  The V-shaped chick shelters do not require the 

use of fence posts.  Rather, they are a simple design of two 2-foot long pieces of 2òx 8ò 

wood nailed together at a right angle (see Figure 2).  The result is a standalone triangle 

that lays low to the ground.  As such, the new shelters have the risk of being buried by 

wind-blown sand and will need to be stored off-colony during winter months.  

Additionally, Point Blue repaired the existing 24 teepee-style shelters and installed an 

additional 21 for a total of 45 teepee shelters.  Figure 3 shows the 2014 placement of the 

42 V-shaped shelters and 45 teepee shelters.  Shelters were placed mostly on the south 

and west colony in areas where shelters were used by chicks in 2012 and 2013.  There 

were very few nests in the northern and eastern areas of the colony in those years and 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.  From 15 April to 9 August, we visited the least tern 

colony at Purisima Point at least five days a 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 total of 76 off-colony survey 

visits were conducted throughout the season.  We did not enter the colony until the first 



14 

 

nests were observed.  We then continued to enter the colony on foot twice a week to 

record nest contents and collect diet samples (see section on Diet below).  We 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 a total of 14 times 

throughout the season.  In addition, least tern activity was monitored at historic breeding 

sites.  In 2014, all least tern nests were located at the Purisima Point colony. 

Once least terns began to nest, population estimates were made by documenting 

the number of active nests observed in the colony each day.  All nests were monitored in 

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 chicks and fledglings 

observed during each survey.  Visits to the colony were conducted until all chicks had 

fledged and dispersed.  Surveys ended after no adults or fledglings were seen at the 

colony for three consecutive visits.  

 On-colony surveys were conducted using two researchers in the early morning 

when heat and wind were at a minimum.  Each active nest site was marked with a tongue 

depressor placed one meter from the nest.  Tongue depressors were placed facing the OP 

that would best facilitate observations during off-colony surveys.  The number of eggs 

and chicks found in each nest were recorded, and any damaged or abandoned eggs and 

chick mortality was documented.  All data collected on population and breeding biology 

were compared to past years. 

 The vicinity of the colony was monitored for predators during each visit.  A 

predator was considered 'inside' the least tern colony if it was <100 m from areas where 

least terns nest.  Thus, predators could penetrate the electric fence and still be considered 

'outside' the colony so long as they did not come within 100 m of 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 personnel with the 

information needed to determine whether a given predator required removal.  

Additionally, all human- and predator-induced disturbances were recorded throughout the 

breeding season.  A disturbance was defined as any event that caused adult least terns to 

flush from nesting or roosting areas. 
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Foraging 

 In 2007, Point Blue expanded on a study investigating the use of the Vandenberg 

State Marine Reserve by foraging seabirds.  Three of the new sites selected were adjacent 

to the Purisima Point colony (see Figure 1) and data on least tern foraging from those 

sites are presented in this report.  Each site was visited once a week during one of the 

following three-hour intervals: 0600-0900, 0900-1200, 1200-1500, or 1500-1800.  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 semi-circular area of ocean from shore 

to approximately one kilometer offshore (see Figure 1 for areas scanned) every 15 

minutes.  We recorded the maximum number of least terns foraging within a given area 

every 15 minutes.  Additionally, we visited the Santa Ynez River estuary at least once per 

week to document use of this potential foraging habitat.  We did not use the stationary 

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 observations, opportunistic sightings 

along VAFBôs coastal boundary were recorded throughout the season.  

 

Diet  

In order to determine the least tern diet at the Purisima Point colony, we collected 

feces from multiple roosting areas within the colony.  If all fecal pellets in a given area 

were not collected, we wiped the area clean so that all feces were removed.  We 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 stage).  Each sample was sorted in 60% 

isopropyl alcohol and all scales and otoliths found in the sample were identified to the 

lowest taxonomic level possible.  Larval fish in the samples were detected by the 

presence of small, undeveloped vertebrae, and sculpins (Family Cottidae) by the presence 

of preopercle spines.  This data is presented as percent occurrence; the 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 anchovy (Engraulis mordax) and juvenile rockfish 

(Sebastes sp.).  We investigated local larval abundance for each species and 

oceanographic indices helpful in estimating larval survival to settlement age when the 

fishes are consumed 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 

spring-summer 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 El Nino index (MEI), Pacific Decadal Oscillation 

(PDO), and sea surface temperature anomaly (SST Anomaly).  Values for MEI were 

obtained from the NOAA Earth System Research Laboratory (NOAA 2014a). 

(http://www.esrl.noaa.gov/psd/enso/mei/#discussion).  Values for the PDO were obtained 

from the Joint Institute for the Study of the Atmosphere and Ocean (JISAO 2014) website 

(http://jisao.washington.edu/pdo/).  Values for SST Anomaly were calculated using SST 

data from the National Data Buoy Center buoy #46011 (NOAA 2014b). 

(http://www.ndbc.noaa.gov/station_page.php?station=46011).   

 

Results 

Breeding Phenology 

Historically, least terns on VAFB have typically arrived during the last week of 

April or the first week of May (Table 1).  However, from 2005 to 2013 least terns have 

arrived during the second week of May.  This recent trend was broken in 2014 with the 

first least terns observed on 6 May.  Additionally, least terns initiated nests on or after 14 

June from 2004 to 2008.  Prior to 2004, nest initiation typically began in mid to late May.  

This trend in late nesting appears to be reversing.  In 2009, nest initiation was 10-20 days 
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earlier than that observed during 2004-2008 with the first nest initiated on 4 June.  First 

nests for 2010-2013 ranged from 25 May to 3 June.  Nest initiation in 2014 was within 

this range with the first nest observed on 27 May and the last nest initiated on 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 egg laying and chick rearing periods and then both adults and fledglings 

gradually disperse from the colony (see Robinette et al. 2012).  Figure 4 compares colony 

phenology in 2014 to that in 2013.  The 2014 breeding season initially showed 

characteristics of a productive year with early adult arrival and high colony attendance.  

However, as the season progressed, adult colony attendance gradually decreased rather 

than remaining stable through 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 Santa Ynez River estuary beginning the week 

of 20 June and consistently observed >10 foraging adults per visit beginning the week of 

4 July.  Fledglings began dispersing to the estuary the week of 11 July at which time 

adult and fledgling numbers decreased at the colony. Numbers of adults and fledglings 

observed at the estuary peaked during the week of 11 July and then gradually decreased 

through early August.  Adults and fledglings were initially 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 project).  The last least tern 

was observed at the Purisima Point colony on 25 July and at the estuary on 12 August 

(Table 1).  This is the second season since 2004 that the terns used the estuary for an 

extended period before migrating south.  The most recent year of prolonged estuary use 

was 2013 when the least terns stayed at the river mouth for a little over one month.  In 

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 sandbar at the river mouth often breaks prior to the breeding season, allowing 

the estuary to drain, though this is not a consistent phenomenon each year.  In 2013 and 
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2014, the coastal sandbar did not break and the estuary was full throughout the breeding 

season of both years. This may have contributed to an abundance of fish available to the 

least terns within the estuary in both years. 

 

Population Dynamics 

We documented a total of 21 nests at the Purisima Point colony during the 2014 

breeding season (Table 2).  Thirteen nests hatched all eggs, four were depredated, one 

hatched one egg but had one non-viable egg, one hatched one egg but had one chick die 

while hatching, one hatched all eggs but had one dead chick (cause unknown), and one 

incubated past the expected hatch date but never hatched.  We suspect that each of the 

four breeding pairs with depredated nests attempted a second nest.  We estimate 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 (1989) noted that the time between nest failure and renesting was four to16 days 

for egg loss and five to 12 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 proximity.  The 

four depredated nests were taken by coyote on 6 June and the last four nest initations of 

the season occurred between 13 and 17 June, which was seven to nine days after the 

predation event.  Thus, we estimate the 2014 breeding population to be 17 breeding pairs.  

This represents a 14% increase in population compared to 2013 and a 44% decrease 

below the 20-year mean population (31 pairs).  As with 2013, most nests in 2014 were 

located in the southwest portion of the colony and five nests were located in the central 

colony (Figure 3).  There were no new areas being used by nesting least terns in 2014. 

 

Breeding Biology 

Egg Production.  We documented a total of 41 eggs at the Purisima Point colony 

in 2014 (Table 2).  Our documented number of eggs is 37% higher than the total eggs 

produced for 15 nests in 2013.  The mean ± SE clutch size for 2014 was 1.95 ± 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).  In contrast, the period between 2001 and 2007 showed high 

variability in mean clutch, ranging from 1.0 eggs per nest to 2.2 eggs per nest.  Mean 

clutch size in 2014 was slightly above the 14-year (2001-2014) of 1.83 eggs per nest.  

Hatching Success.  Of the 21 nests initiated in 2014, 16 successfully hatched at 

least one chick.  Of the 41 eggs documented in 2014, we confirmed 25 hatched (Table 2).  

We assume five additional eggs hatched based on the incubation period and lack of 

evidence to suggest they were depredated.  Eight eggs were depredated by a coyote, two 

failed to hatch, and one chick died while hatching.  The overall hatching success in 2014 

was 73%, which is high relative to the hatching success values recorded since 1996 and 

the mean for 1995-2014 (Table 3).  Hatching success has ranged from 0% in 2004 and 

2006 to 94% in 2001 and 2008.  Mean hatching success from 1996-2014 was 60%.  

Hatching success in 2014 was 12% lower than that in 2013. 

Fledging Success.  Of the 30 chicks that hatched in 2014, one was found dead of 

unknown causes (Table 2) and an additional nine were unaccounted for.  We estimated 

20 of the 30 chicks fledged; we observed a maximum of 13 fledglings on 7 July and were 

able to follow seven additional chicks to fledging age after this date.  The fledgling 

success rate for 2014 was 67%.  This fledging rate is third highest rate on record, with 

2013 being the second highest at 76% and 2007 being the highest at 80% (Table 3).  The 

overall breeding success (% of total eggs that fledged) for 2014 was 49% (Table 2).  The 

number of fledglings produced per breeding pair in 2014 was 1.18 (Table 2).   

   

Interannual Productivity and Population Growth 

The running 20-year mean productivity for 1995-2014 is 0.60 fledglings per adult 

breeding pair.  With the exception of 2011 and 2012, productivity in recent years (2007-

2014) has been well above this mean, marking a strong deviation from the prior three 

years when virtually no fledglings were produced (Figure 6).  The 2007-2014 period is 

the most productive on record for Purisima Point, with six of the eight years showing 

above average productivity.  The Purisima Point colony has a history of variable 

productivity, fluctuating at or above the mean from 1998-2003 and well below the mean 

prior to 1998 and after 2003.  Productivity in 2011 was well below average, marking the 
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first time productivity had been below average since 2006.  Productivity in 2013 and 

2014 was well above average.   

Conversely, the 2013 and 2014 breeding populations were 51% and 44% smaller 

than the 20-year mean, respectively (Figure 6).  Prior to 2004, the Purisima Point colony 

showed steady population growth beginning in 1999.  This growth was likely due to the 

above average productivity from 1998 to 2002.  From 2003 to 2006, the Purisima Point 

population showed a declining trend that was reversed beginning in 2007.  Despite the 

recent years of above average productivity, the population has not increased above the 

20-year mean and has shown an overall decline since 2010. 

 

Predation and Disturbances 

 There was only one documented instance of predation in 2014 (Table 4).  A 

coyote breached the electric fence overnight or early in the morning on 6 June and took 

four nests with a total of eight eggs.  There was no evidence of chicks, fledglings, or 

adults taken by predators in 2014.  It is difficult, if not impossible, to detect predation on 

chicks once they leave the nest scrape and wander the colony.  Least tern chicks are small 

and remains are generally not left behind after a depredation event.  However, there were 

no predator sightings or signs of predators within areas used by chicks to indicate that 

predators were an issue in 2014.  Furthermore, a large proportion of the chick population 

was consistently observed for several weeks and the majority of the chicks were observed 

as fledglings later in the season (Figure 4).  We also did not find any adult or fledgling 

remains on the colony in 2014 as we have seen in the past when predators were known to 

take these age classes.  

The three most persistent predators observed in the vicinity of the Purisima Point 

colony in 2014 were Western gulls, coyotes, and greater roadrunners (Geococcyx 

californianus)(Table 5).  This was the first year that roadrunners have been documented 

at the colony.  While we have never documented take by roadrunners, they are potential 

egg and chick predators.  All observations of roadrunners were outside the least tern 

nesting area. There were large numbers of Western gulls roosting on the northwest and 

southwest slopes of the colony in 2014.  We have seen roosting like this at the colony in 

the past and suspected gulls may have taken chicks in 2011 (Robinette and Howar 2011).  
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However, the gulls were not roosting in areas used by chicks in 2014 and we do not 

suspect any predation by gulls.  With the exception of five colony entrances, the majority 

of coyote tracks occurred outside the nesting area.  Coyotes were able to take eggs during 

only one of the colony entrances.  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 2009).  Predator management 

personnel respond quickly to reports of owls and owl tracks at the colony and have been 

successful in keeping depredation by owls to a minimum.  In 2014, we observed great 

horned owl tracks on two occasions and there was no evidence of adult or fledgling 

mortality.  Therefore, owls were not trapped in 2014.  All other predators were observed 

less than five times each.  Overall, the number of predators sighted per hour of 

observation in 2014 was lower than observed in 2013, but higher than observed in recent 

years (Table 6).  The high rate of predator observations in both years was due to groups 

of 20-200 Western gulls roosting on the west slope of the colony.  Additionally, the three 

Western gull nests 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 human-caused disturbance to the Purisima 

Point colony in 2014.  We defined a disturbance as any event that caused adult birds to 

take to the air.  As in past years, turkey vultures (Cathartes aura) flying over the colony 

caused most of the documented disturbance in 2014 (Table 7).  There were a small 

number of disturbances by great blue herons (Ardea herodias), Western gulls, peregrine 

falcons, and an osprey (Pandion haliaetus).  

 

Diet and Foraging 

 Table 8 shows the percent frequency of occurrence for all prey taken in 2014.  

There was a total of 11 different prey types taken by least terns at the Purisima Point 

colony in 2014.  Greenling (Family Hexagrammidae) and rockfish dominated the diet 

early in the 2014 season, and rockfish occurred in moderate frequency throughout the 

remainder of the season.  Northern anchovy increased in occurrence late in the season, 

but showed an overall low occurrence for the year.  Similar to 2013, Western 
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mosquitofish (Gambusia affinis) appeared in the diet late in the season and corresponded 

to the time we began observing least terns foraging at the Santa Ynez River estuary.  

Mosquitofish are found in freshwater and brackish habitats.  Silverside smelt (Family 

Atherinopsidae) increased dramatically and dominated the mid-season diet, but then 

decreased rapidly in the late season.  Overall, the 2014 diet was dominated by rockfish, 

with silverside smelt and Western mosquitofish making moderate contributions.      

Figure 7 compares the occurrence of major prey types among years from 2001 to 

2013.  We identified major prey types as those having 20% occurrence or more during at 

least one of the years within the time series.  Anchovies and rockfish are abundant in the 

least tern diet during productive years (2001-2003, 2007-2010) and Pacific saury 

(Cololabis saira) is abundant during non-productive years (2004 and 2005).  

Furthermore, a diverse diet with moderate contributions by multiple prey types can lead 

to low least tern productivity (2011 and 2012).  One exception has been 2006 when 

anchovy dominated the tern diet, but productivity was very low.  In 2006, anchovy 

contribution quickly diminished as the breeding season progressed and there were only 

two nesting attempts that year (Robinette and Howar 2009).  The 2014 diet showed signs 

of a productive year, with rockfish persisting throughout the season and few other prey 

types making smaller contributions. 

Figure 8 shows the relationship between the occurrence of anchovy and rockfish 

in the least tern diet and annual reproductive success (fledglings per adult breeding pair). 

In past analyses, we have found that reproductive success is positively correlated with 

both anchovy and rockfish occurrence, but only if the analyses are performed without 

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 years where anchovies are 

not abundance and vice versa.  Thus, it is possible to see low anchovy or rockfish in the 

diet during years with high fledging success.  With the 2014 data, there is no significant 

relationship when analyzing rockfish and anchovy separately (Anchovy: F = 1.375, df = 

1,12, p = 0.264, R2 = 0.653; Rockfish: F = 0.687, df = 1,12, R2 = 0.054).  However, when 

anchovy and rockfish occurrences are combined, there is a positive relationship with least 

tern reproductive success (F = 5.787, df = 1,12, p = 0.033, R2 = 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 2013 and 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 alternative prey are present. 

Figure 9 shows the annual foraging rates at our nearshore foraging stations from 

2007 to 2014.  Foraging rates adjacent to the Purisima Point colony were highest in 2009 

and lowest in 2011.  All other years are similar in terms of foraging 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, indicates that the terns were 

spreading out more to forage in these years.  Together with the diet analysis, these data 

suggest terns were relying on nearshore waters adjacent to the colony for prey.  As 

rockfish and silverside smelt began to decrease in the diet, the 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 tern diet to larval abundance from nearshore CalCOFI stations 

along lines 77 and 80.  Dietary anchovy occurrence is positively correlated with larval 

abundance measured during the spring-summer anchovy spawning period one year prior 

to the least tern breeding season (Spearmanôs rho = 0.669, p = 0.012, n = 11).  Dietary 

rockfish occurrence is positively correlated with larval abundance during the winter 

rockfish spawning period, though the relationship is not quite significant (Spearmanôs rho 

= 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, but dietary 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 prey species to least terns breeding at Purisima Point.  

 Figure 11 shows correlations between least tern diet and oceanographic indices.  

For all oceanographic indices shown, negative values represent colder, more productive 

ocean conditions and positive values represent warmer, less productive conditions.  

Dietary anchovy occurrence showed a significant positive relationship with ENSO 

averaged over the fall-summer and PDO averaged over spring-summer after the anchovy 

spawning period, but only if the outliers are not included in the analysis (ENSO: F = 

37.83, df = 1,8, p <0.001, R2 = 0.825; PDO: F = 15.053, df = 1,8, p = 0.005, R2 = 0.825).  

The outliers for both correlations were 2008-2009 and 2011-2012.  In these four years, 

anchovy larval abundance was very low (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 diet.  Dietary rockfish occurrence showed a positive 

relationship with SST anomaly averaged over the spring-summer after the rockfish 

spawning period, but this relationship was marginally significant (F = 3.541, df = 1,12, p 

= 0.084, R2 = 0.228).  The addition of 2014 data obscured this relationship.  In 2014, an 

ensuing El Niño resulted in the warmest waters in our 2001-2014 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 spring. Together with the 

results on larval abundance, 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 observed in 2013.  It 

was an above average year for productivity, but below average for breeding population 

size.  Though not significantly different from other years, average clutch size was high at 

2.0 eggs per nest.  Hatching success (73%) was well above the 20-year average (60%) 

and fledging success (67%) was the third highest on record. Overall breeding success 

(1.18 fledglings per breeding pair) was also the fourth highest on record.  The breeding 
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population was below average (31 breeding pairs) for the third time since 2008 and has 

shown an overall decrease since 2010. 

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 

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 have experienced 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 (Thompson et al. 1997).  This appears to be true with the Purisima Point 

least tern colony, 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 have 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).  However, our analysis of diet and 

predation suggests that 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 period from 2004-2006 had virtually no reproductive output and the 

breeding population rapidly decreased.  Despite four consecutive years of above average 

reproductive output (2007-2010), the Purisima Point population has not climbed above 

the 20-year mean and appears to be decreasing in recent years (2010-2014). 

Results from 2011 through 2014 reflect oceanographic changes that have been 

occurring in the California Current System within the same period.  While La Niña 

conditions persisted through the winter of 2011, Multivariate El Niño Index (MEI) values 

became increasingly neutral through the spring and summer (PaCOOS 2011).  This move 

toward less productive conditions likely contributed to the below average breeding 

productivity observed in 2011. In 2012, conditions moved from neutral to more El Niño-

like conditions toward the end of the breeding season (PaCOOS 2012) but have since 

returned to neutral (PaCOOS 2013).  Despite the less productive El Niño conditions, the 

PDO has been negative from June 2010 through December 2013.  This 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 was a productive ocean year.  Data from the National 

Marine Fisheriesô juvenile rockfish cruises show record numbers of juvenile rockfish off 

central California in 2012 and 2013 (PaCOOS 2012, 2013).  While northern anchovy 

abundance in 2013 was lower than the long-term mean for the surveys, it was higher than 

it has been since 2007.  Similar data have not yet been reported for 2014.   

In past years, reproductive success at the Purisima Point colony has been driven 

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 fishes like anchovies 

(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 forage for them.  In years when 

rockfish have a high occurrence in the diet, high rates of foraging in the kelp 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 years when anchovies are present 

in the diet, foraging rates at our plots are lower (Robinette and Howar 2010).  In 2013 

and 2014, rockfish showed a relatively high occurrence in the diet.   Foraging rates were 

highest immediately adjacent to the colony, the least terns were also observed foraging at 

plots south of the colony.  Additionally, the least terns began foraging farther south than 

weôve seen in the past, using both the Lompoc Landing and Santa Ynez River estuary 

beginning in mid-July.  It is likely that the estuary provided a buffer as rockfish became 

less abundant late in the season when waters off the coast were beginning to warm.  Least 

tern use of the estuary has been inconsistent over the time series and is likely related to 

annual breaching of the river mouth.  The river mouth did not breach in 2013 or 2014 and 

the estuary remained full throughout the breeding season. These conditions may have 

contributed to an increased abundance of Western mosqitofish and prickly sculpin in the 

estuary.  Despite this, our diet and oceanographic analyses indicate that the Purisima 

Point least terns continue to respond to conditions dictating local rockfish and anchovy 

abundance. 
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Management Recommendations 

1)  An effort should be made to remove the vegetation that is growing within the 

northwest portion of the fenced area.  This area has been increasingly covered with 

vegetation over the past four years.  In 2012 and 2013, many of the avian predator 

sightings were within this area.  Additionally, there were several coyote crossings across 

the north fence, adjacent to this area in 2014.  We suspect that the increased vegetation 

has provided habitat for rodents and this may be attracting avian predators and coytes to 

the area.  Additionally, 2014 marks the fourth consecutive year that the Western snowy 

plover has not nested within the fenced area.  The nesting habitat that the plovers 

historically used was primarily within the area now covered by vegetation.  Thus, 

removing the vegetation can potentially decrease the number of avian predators attracted 

to the area and re-open the habitat to nesting snowy plovers.  

2)  Where possible, the diet of local avian predators (i.e., gulls and raptors) should be 

monitored throughout the breeding season.  While we do not suspect that predation was 

an issue in 2014, it 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% of the hatched chicks at the Purisima Point colony in 2011 were 

unaccounted for and we suspect some were depredated.  VAFB 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 be initiated for 

peregrine falcons breeding on VAFB where possible.  Having knowledge of what 

predators around the colony are eating will give insight as to whether chicks are 

disappearing due to predation versus dying of starvation.    

3)  The chain link fence along the eastern perimeter of the colony should continue to be 

reinforced to prevent coyotes from digging under.  Though a new electric fence was 

installed along the eastern boundary of the colony in 2013, the chain link fence provides 

additional protection against mammalian predators, including feral pigs that are often 

observed in the valley between SLC-2 and the tern colony.  In past years, ManTech has 

extended mesh fencing out several feet from the base of the chain link.  This has deterred 
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coyotes from attempting to dig under the fence.  We support continued effort to prevent 

these mammalian predators from digging under the fence.  

4)  Efforts to maintain the electric fences at full working capacity should continue.  This 

includes monitoring 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 of its least tern 

colony while maintaining the health of the surrounding ecosystem. 

5)  The predator management team should continue their protocol of monitoring raptor 

nest sites and foraging patterns prior to the arrival of least terns to the Purisima Point 

colony.  This will ensure the team has ample time to identify breeding pairs that pose a 

threat to least terns (i.e., are consistently seen foraging in the colony) prior to the arrival 

of least terns.  However, it is not necessary to trap and relocate all raptors breeding in the 

vicinity of the Purisima Point colony.  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 by adult least 

terns as long as colony attendance is high.  Thus, it is important that the team have time 

to identify raptors that pose a threat so as not to trap and relocate those that are non-

threatening.  Non-threatening raptors that are keeping territories may actually benefit 

least tern conservation by excluding other raptors that could potentially pose a threat.  

The raptor monitoring component of the VAFB predator management team is critical to 

promoting growth of the least tern colony while maintaining the health of the surrounding 

ecosystem. 

6)  A study should be initiated to identify coastal ecosystem indicators using all data 

collected on VAFBôs coastal populations.  This study should also include the use of local 

oceanographic data (e.g., MEI, PDO, and Upwelling indices), 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 coast of VAFB.  Point Blueôs study 

of the least tern diet indicates that much of the annual variability in reproductive success 

at the Purisima Point colony 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 coastal populations.  This study would 
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require extra funding, but would not only improve the management of the least tern 

population on VAFB, but the populations of other threatened and endangered species, 

such as the Western snowy plover, utilizing the coast. 

7)  An analysis of potential launch impacts should be conducted using VAFBôs now 20-

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. 2012) shows 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 breeding cycle 

(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 1:  Dates of the first adult sighting, egg laying period, chick hatching period, fledgling period, last sighting at Purisima Point, 

and last sighting at VAFB from 1995 to 2014. 

 

 First Adult 

Sighting 

Egg Laying 

Period  

Chick Hatching 

Period 

Fledging Period Last Sighting at 

Purisima 

Last Sighting at 

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 Jun - 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 of least tern breeding activity at the Purisima Point colony during the 

2014 breeding season. 

 

Population Estimated # of Pairs 17 

Adults Depredated 0 

Adults Dead Cause Unknown 0 

 

Nests 
Total Nests 21 

Hatched all eggs 13 

Abandoned Before Hatch Date 0 

Incubated Past Hatch Date 1 

Hatched, but had Ó 1 Non-viable Egg 1 

Hatched, but had Ó 1 Chick Die While Hatching  

Depredated 4 

Chicks Died/Cause Unknown 1 

 

 

Eggs 

Total Eggs 41 

Confirmed Hatched 25 

Assumed Hatched 30 

Chick Died While Hatching 1 

Depredated  8 

Dead Eggs 2 

 

Chicks 
Total Chicks 30 

Hatching Success 73% 

Depredated 0 

Died of Unknown Cause 1 

 

Fledglings 
Total Fledglings 20 

Fledging Success 67% 

Depredated 0 

Died of Unknown Cause 0 

Breeding  

Success 
% of Total Eggs Fledged 49% 

Fledglings per Adult Pair 1.18 
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Table 3:  Numbers of nests, eggs, chicks, and fledglings observed at VAFB from 1995 to 2013.  Also shown are hatching success, 

fledging success, and breeding success from 1995 to 2014. 

 

Year 
# of 

Nests 

# of Adult 

Pairs 

Total Eggs 

Laid 

Total Chicks 

Hatched 

Hatching 

Success*  

Max. Fledglings 

Observed 

Fledging 

Success*  

Breeding 

Success*  

Fledglings per 

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 78-91 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 73-91 35-43% 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% 0.56 

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 Success = % of total eggs that 

fledged. 
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Table 4:  Documented predation at the Purisima Point colony during the 2014 breeding 

season. 

 

Date Predator Predated Description 

6/6 Coyote 8 Eggs On 6 June, 4 nests were taken by a coyote 

that was able to breach the electric fence.  

Each nest had a clutch of 2 eggs.  Coyote 

tracks were discovered leading to empty 

scrapes where complete clutches had 

previously been recorded. 

 

 

Table 5:  Predators observed at the Purisima Point colony during the 2014 breeding 

season.  

 

Predator # Observed in Colony Area # Observed Inside Colony 

Western Gull 170 9 

Coyote 36 5 

Greater Roadrunner 15 0 

Loggerhead Shrike 4 0 

American Kestrel 3 0 

Bobcat 3 0 

Great Blue Heron 3 3 

Feral Pig 3 1 

Great Horned Owl 2 1 

Peregrine Falcon 2 2 

Red-tailed Hawk 2 0 

Common Raven 1 0 

Unidentified Fox 1 1 

* There were three Western gull (Larus occidentalis) nests adjacent to the colony in 2014 

and gulls are consistently observed flying along the coastal margin of the colony.  We 

therefore only record them when they enter the colony area (within 100m of a least tern 

nest) or roost along the western periphery of the colony. All three nests were taken by 

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

slope of the colony than has been observed in previous years.  

 

 

 

 

 

 

 

 

 

 



35 

 

Table 6:  Total number of predator visits (all species combined) per hour of researcher 

observation for the 2001-2014 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 

 

 

Table 7:  Documented events of disturbance at the Purisima Point colony during the 2014 

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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Table 8:  Diet composition (% frequency of occurrence) for least terns at the Purisima 

Point colony during five periods of the 2014 breeding season. 

 

            Prey Taxon 27 May 6 June 20 June 9 July 

All 

Periods 

Combine

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 marmoratus) 
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 affinis) 
0 0 0 73 14 

Unidentified Arthropod  

(Phylum Arthropoda) 
4 4 0 13 5 

Sample size (n) 25 25 16 15 81 
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Figure 1:  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 River) and observation points for 

foraging observations made during the 2013 breeding season.  Map redrawn from Schultz 

and Applegate (2000). 
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Figure 2.  Photograph of V-shape (left) and teepee (right) chick shelters used at the 

Purisima Point colony in 2014. 
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Figure 3.  Location of permanent (Teepee) and moveable (V-shape) chick shelters during 

the 2014 breeding season.  Also shown are the locations of Least Tern nests initiated in 

2014. 
 

 

 


