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EXECUTIVE SUMMARY  

La Isla de los Alcatraces, “Island of Pelicans,” dubbed by Juan Manuel de Ayala in 1775 for the 
abundance of pelicaniforms and other seabirds breeding on the island, is once again a regionally 
important breeding area for seabirds on the West Coast. We have monitored their population size, 
breeding phenology, and productivity since the island was re-colonized by Brandt’s Cormorants in the 
early-1990s. Disturbance to wildlife is a concern because Alcatraz is the most heavily-visited tourist 
destination in Northern California. During twice-weekly monitoring, we also recorded disturbances to 
seabird breeding areas from March - September, 2016. We conducted separate monitoring during the July 
4th fireworks event to assess any additional disturbance to Brandt’s Cormorants. 
 
The Brandt’s Cormorant breeding population crashed from a peak of 1,782 breeding pairs in 2007 to zero 
in 2009. Cormorants started to recolonize Alcatraz in 2010 and rebounded by 2013 to around 1,000 
nesting pairs where the population has remained relatively stable until 2016 when it declined from the 
previous year by over 230 pairs (n=779). Breeding activities in 2016 started in early to mid-May in most 
sub-colonies with a mean egg-laying date of 13 May (± 9 days).  Overall cormorant productivity in 2016 
was 1.3 (± 1.2) chicks fledged per pair, returning the population to below average reproductive success 
(long-term mean 1995-2015 = 1.9 ± 0.6 chicks/pair).  
 
The Western Gull breeding population reached a peak of 1,194 breeding pairs in 2008, including nests 
which were removed under the NPS depredation permit from the U.S. Fish and Wildlife Service (n = 133; 
USFWS). Since then the gull population declined to 813 (including 91 depredated nests) pairs in 2010, 
but increased again by 2013 to approximately 1,100 pairs where it remained through 2015. In 2016, the 
population fell below 1,000 (837 pairs + 109 depredated nests) for the first time since 2010. The first gull 
eggs in 2016 were observed on 23 April with a mean lay date of 6 May (± 8 days). Western Gulls fledged 
an average of 1.5 (± 1.0) chicks per pair in 2016, higher than the long-term mean (1999-2015 = 1.4 ± 0.3 
chicks/pair).   
 
We documented 29 anthropogenic disturbances to cormorants during 181.9 hours of baseline observation 
over 35 days during the breeding season in 2016. This equaled a rate of 0.16 disturbances per hour, which 
was lower than in 2015 and much lower than the long-term disturbance rate calculated from 1997-2015 
(0.35 events/hr). However, several major disturbances caused by sailboat races and individuals in closed 
areas warrant attention. The San Francisco July 4th fireworks display, which has now been monitored on 
the island annually since 2011, resulted in behavioral reactions that varied from seabirds initially standing 
up off nests but settling down after several minutes, to running around the colony throughout the display 
and flushing. There were no observations of eggs/chick loss in study plots, nor complete nest loss in the 
remainder of the sub-colonies, but some egg/chick loss may have occurred in non-study-plot areas, as 
well as possible delayed loss in all areas. The complete opening of Model Industries Plaza to island 
operations activities and use of the MI Building for regularly accessed storage has likely caused major 
negative repercussions to Alcatraz seabird populations, notably Western Gulls and Brandt’s Cormorants. 
Due to the MI Plaza use, the majority of the most successful gull sub-colony on the island was depredated 
in 2016, and the increased human activity likely influenced the total abandonment of the north end of 
Alcatraz by breeding cormorants. 
 
As impacts of human disturbance on wildlife intensify locally and globally, management actions aimed at 
protecting sensitive life history stages, such as breeding, are critical to conserving our natural resources. 
Alcatraz Island offers a unique opportunity for the public to view seabird breeding activities up close, and 
this should be highlighted as a focal point of visitor education and outreach. Improved signage in 
sensitive areas, interpretive tours around the island, staff training regarding awareness and sensitivity of 
bird colonies, and public outreach to marine and air traffic operators help to educate visitors and protect 
breeding seabirds. 
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INTRODUCTION 
 
Brandt’s Cormorants (Phalacrocorax penicillatus) and Western Gulls (Larus occidentalis) make up the 
majority of a number of colonial waterbird species that inhabit Alcatraz Island (37º 49'N, 122º 25'W) in 
San Francisco Bay. Alcatraz is a part of the Golden Gate National Recreation Area (GGNRA), a unit of 
the National Park Service (NPS). Other breeding waterbirds include Pelagic Cormorants (P. pelagicus), 
Pigeon Guillemots (Cepphus columba), Black Oystercatchers (Haematopus bachmani), Black-crowned 
Night Herons (Nycticorax nycticorax), Snowy Egrets (Egretta thula), Great Blue Herons (Ardea 
herodias), and California Gulls (L. californicus). For Brandt’s Cormorant, a California Current endemic, 
the colony on Alcatraz is one of only two known estuarine breeding sites for this species. The Alcatraz 
colony of Western Gulls, another endemic species, is among the largest in the Bay.  
 
Although they are protected by the Migratory Bird Treaty Act, National Park Service Management 
Policies, and NPS-77 Natural Resource Management Guidelines, these species exist in a delicate balance 
with a considerable human presence both on and around Alcatraz Island. Colonial waterbird populations 
on Alcatraz experience substantial disturbance from a number of different sources. Over 1 million visitors 
tour the island annually, and associated historic preservation and safety construction projects, public 
access to breeding areas, gardening activities which are part of a historic garden restoration program, and 
special events may disrupt the breeding efforts of Alcatraz seabirds. Encroachment near the Alcatraz 
shoreline by large numbers of boaters (e.g. tour boats, dredge boats, sport fishermen, kayakers), and 
aircraft overflights (e.g. air tour operators), may have similar effects. In addition, dredging and other 
projects which disturb and alter subtidal environments are potentially disruptive to seabird populations, as 
these activities may remobilize contaminants, increase turbidity, kill benthic forage species and destroy 
essential foraging habitat. 
 
In 2015, GGNRA completed an updated management plan for the whole park, including Alcatraz Island, 
which contains plans for protecting, enhancing, and interpreting colonial waterbird habitat, yet also 
increasing staff and visitor access to the island, including areas currently used by gulls for breeding (NPS 
2015). This plan emphasizes  the protection of the island's natural resources, while expanding use of the 
Parade Ground and Model Industries Plaza by staff and visitors year-round, and increasing visitor access 
to the perimeter trail (with closures during seabird breeding season).  The plan also calls for official 
designation of the waters around Alcatraz as a marine protected area with seasonal and/or year-round 
closures.  Since 1996, wildlife studies have been conducted with the goals of (1) establishing the 
distribution, abundance, and reproductive performance of waterbird species, (2) assessing the extent and 
effects of various forms of disturbance, and (3) assisting management personnel in developing appropriate 
and effective policies to protect waterbird populations. This report details results of monitoring efforts for 
Brandt’s Cormorants and Western Gulls during the 2016 breeding season.  
 
Our objectives in 2016 were to describe and measure the abundance, distribution, reproductive 
performance, and breeding phenology of Brandt's Cormorants and Western Gulls and document the 
extent and effects of disturbance on these populations. We also conducted additional disturbance 
monitoring during July 4th fireworks. Monitoring of Alcatraz Brandt's Cormorants is important because 
this species is sensitive to human disturbance (Acosta et al. 2008, Ainley and Lewis 1974, Boekelheide et 
al.1990, Thayer et al. 1999, Weigand and McChesney 2008, Thayer et al. 2012, Stephensen et al. 2012, 
Robinson et al. 2014) and it’s continued success within San Francisco Bay depends on a delicate balance 
between natural resource management and regulation of human activities surrounding the breeding 
colonies. 
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METHODS 
 
We conducted island and boat-based surveys from March through September, 2016. Island surveys 
consisted of censes and focal nest observations two times per week, on one weekday and one weekend 
day. In order to minimize disturbance to nesting birds, we made observations using binoculars (10 x 42) 
and/or a spotting scope (20 - 60x) from concealed or distant locations around the island (Figure 1). We 
conducted two boat surveys by circling the island slowly at a distance of at least 100 meters from shore 
and made observations using binoculars and a camera with a 10x zoom lens.  
 
 BRANDT’S CORMORANT 
  
Observations were made from a blind near Barker Beach, at the Barker Beach Overlook, near the Metal 
Detector, the West Road above Gap area, above the Parade Ground, and inside the Powerhouse, Model 
Industries, and New Industries Buildings (Figure 1). At each sub-colony visible from the island, we 
counted the total number of adult and immature Brandt’s Cormorants and the total number of active and 
inactive nest sites twice per week, between 09:00 and 11:00 hours. These included the New Industries 
(formerly called Laundry Building), North, Barker Beach, and South sub-colonies, as well as parts of the 
Powerhouse, North Foghorn, Model Industries, South Bricks, and Below Rubble Piles sub-colonies. We 
observed the parts of sub-colonies not visible from the island by boat on 18 May and 1 June. During each 
boat survey, we recorded the total number of adults and nests with incubating birds or containing visible 
chicks. 
 
We investigated Brandt’s Cormorant reproductive phenology and performance in a sample of nests from 
the New Industries(two study plots, NI-North and NI-South, to collect data from both ends of this long 
area), North (two study plots, NC-West and NC-East, to collect data from portions of this area closer to 
(East) and further from (West) Alcatraz visitor access next to the Metal Detector), Barker Beach, South 
(two study plots, SC3, an area utilized every breeding season, and Gap, which was colonized in large 
numbers for the first time in 2016), and South Bricks sub-colonies. Groups of at least 20 neighboring, 
visible nests were selected within each sub-colony, including both centrally-located and edge nests, and 
early and late-formed nests. If a sub-colony contained fewer than 20 nests, then all nests in the sub-colony 
were monitored. Nests were numbered and mapped, and the contents of each nest recorded twice per 
week (number of eggs and/or chicks). We followed chicks until they wandered from nests, formed 
crèches (groups of chicks), and were no longer observed returning to the nest site, at which point we 
considered them fledged if also at least 25 days old. We calculated clutch size, brood size, hatching 
success (proportion of eggs hatched) and fledging success (proportion of chicks surviving to fledge), and 
total productivity (chicks fledged per nest).  
 

WESTERN GULL 
 
We censused Western Gulls using standard protocols that were developed for Alcatraz in 1990 (Bell 
1990). One all-island nest count was obtained following peak egg-laying (as determined from breeding 
phenology in study plots) on 1 June. We divided the island into census areas and counted all nests in each 
area, distinguishing between nests with and without eggs/chicks. We walked through accessible parts of 
the island and a boat survey was used to survey areas inaccessible from land. NPS staff provided 
information on depredated nests, and thus those were excluded from our total count for the all-island 
census.  
 
We assessed Western Gull reproductive performance and phenology by monitoring at least 30 individual 
nests in each of the Cistern, Parade Ground, and Model Industries sub-colonies (Figure 1). Due to staff 
utilization of the entire Model Industries Plaza (MIP) and subsequent depredation of this area, monitoring 
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was relocated to just east of MIP where gulls were nesting on the perimeter of the island behind a newly 
constructed privacy fence. The new area, Model Industries East (MIE), was observed from inside the 
Powerhouse. Nest contents (number of eggs and/or chicks) were checked weekly using binoculars and 
spotting scopes. Phenology was documented by determining mean dates of egg-laying, hatching, and 
fledging at monitored nests. Fledging was assumed when chicks were no longer consistently seen in nest 
territories and were fully-feathered at last observation and therefore capable of flight. Reproductive 
performance was assessed by determining hatching success, fledging success, and total productivity. 

 
DISTURBANCE MONITORING 

 
During all baseline monitoring activities in March through September, we documented disturbances to 
seabirds. For each disturbance event, we described the event and its observed effects, including the 
approximate distance of the event from the colony and the number of birds affected. This report focuses 
on details of events that caused noticeable disruption to cormorant breeding activities, as this species is 
considered sensitive to disturbance (Acosta et al. 2008, Ainley and Lewis 1974, Boekelheide et. al. 1990, 
Thayer et al. 1999). We classified disturbances as major, moderate, or minor. Major disturbance events 
caused cormorants to flush from breeding or roosting areas. Moderate disturbances caused agitation in 
cormorants such as fluffing, growling, threat gestures, erect posture, or standing up off nests. Disturbance 
was considered minor if cormorants only looked in the direction of the event.  
 
Additional monitoring was conducted for the July 4th fireworks event in 2016. Fireworks displays for the 
city of San Francisco originated from two locations 1.8 and 1.6 km from Alcatraz Island (Figure 2) and 
commenced at 21:30 hrs. One barge was situated approximately 1,000 feet from Pier 39 at 37°48’49” N, 
122° 24’46” W (NAD 83) and a second barge was 700 feet from the Municipal Pier at Aquatic Park at 
37° 48’45” N, 122° 25’39” W (NAD 83). Counts of adult cormorants were performed on the night of 4 
July at several observation points focusing on a sub-set of breeding areas (New Industries, North Colony, 
Barker Beach, and South Colony – both SC3 and Gap). Counts started 30 minutes prior to the onset of 
fireworks and continued every 15 minutes until the display was over or until darkness no longer allowed 
observers to distinguish individual birds. Observations of cormorant behavioral reactions to the fireworks 
were documented throughout the displays, including the number of birds affected and the severity of 
reaction. 
 
In addition to real-time observations during the fireworks, nest checks were conducted at each sub-
colony. This monitoring consisted of counting all nest sites in each sub-colony and recording contents of 
focal nests on 4 July prior to the fireworks and on 5 July at first light to document any immediate loss of 
eggs/chicks or nest abandonment. Losses were grouped into three time periods (A, B and C) based on 
their temporal relation to fireworks event (Robinson et al. 2014). Period A represented baseline loss that 
BRAC sustained under normal disturbance levels on Alcatraz. This period was comprised of all losses 
that occurred on the morning of 4 July and documented on the previous three nest checks. Period B 
accounted for losses immediately following the fireworks on the morning of 5 July. Finally, Period C was 
used to investigate whether fireworks had any delayed effects on BRAC, and was comprised of losses 
occurring up to 2 weeks following Period B. Daily proportions of all nests that sustained losses were 
calculated for each period at each sub-colony, and also for all sub-colonies combined. 
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RESULTS AND DISCUSSION 
 

BRANDT’S CORMORANT 

 
The Brandt’s Cormorant breeding population on Alcatraz increased steadily from its initiation in 1991 to 
a peak of 1,782 nesting pairs in 2007. Productivity fluctuated between 1.6-2.5 chicks fledged per pair 
during this time. In 2009, the colony crashed to zero nesting pairs, remained low in 2010, and then more 
than doubled in 2011 (Figure 3). Despite a 39% decline from 2011 to 2012, overall the population 
continued to increase from the 2009 crash and has fluctuated around 1,000 breeding pairs. In 2016, 
however, the population declined by 23% to a total of 779 breeding pairs. 
 
In 2016, cormorants only bred at six of the eight historically-occupied sub-colonies (excluding East Side, 
which has only been utilized in three years). Once again cormorants did not initiate breeding at North 
Foghorn, and for the first time since 1996 (with the exception of the lack of breeding in 2009) no 
cormorants nested at Model Industries (see below). The number of breeding pairs in 2016 at North 
Colony and New Industries was similar to the previous year (Table 1) and the two areas combined 
continue to comprise the most utilized section of Alcatraz with 64% of the total population. South Bricks 
and Below Rubble Piles, however, had fewer breeding pairs than in 2015, and Barker Beach had almost 
no breeding pairs in 2016 (n=6). Another interesting development in 2016 was the colonization of the 
Gap area, a sub-section of South Colony. This area has only been used once before (2001) by a small 
number of pairs (n=16) and yet in 2016, 184 of the 196 pairs in South Colony bred at Gap.  
  
Breeding in 2016 was less asynchronous between Alcatraz sub-colonies than in previous years and overall 
was almost 1.5 weeks later than 2015. With the exception of one small group of cormorants (15-20 pairs, 
not followed)  at Gap that began laying eggs in the beginning of July, the mean egg-lay date was 13 May 
(± 9 days) which was almost 2 weeks later than  the long-term mean of 1 May (± 13days; 1998-2015). 
The first cormorant eggs of 2016 were laid on 13 April at South Bricks, and the majority of breeding pairs 
started laying eggs in the first week of May. Mean lay-dates ranged from 30 April (± 8 days) for South 
Bricks to 20 May (± 8 days) for South Colony (Table 2). The two study plots within New Industries, NI-
North and NI-South, had similar mean lay dates (within one week) as did the two study plots in North 
Colony, NC-West and NC-East, which were within three days of each other. However, SC3 and Gap, the 
two study plots within South Colony, were much more asynchronous, with SC3 having a mean lay date 
(11 May ± 6 days) much closer to the overall date, while Gap was almost 2 weeks later (23 May ± 6 
days). 
 
Chicks began hatching in the second week of May at South Bricks and overall, the mean hatch date (11 
Jun ± 9 days) was 9 days later than the long term mean of 2 Jun (± 13 days; 1998-2015). Mean hatching 
ranged from 31 May (± 8 days) at South Bricks to 19 June (± 8 days) at South Colony, which, was last to 
hatch due to the delayed onset of breeding at Gap (Table 2). Both study plots within the New Industries 
and North Colony areas had very similar hatch dates (NC-W and NC-E within 1 day; NI-N and NI-S 
within 3 days). All chicks were fledged by the beginning of August, with the exception of the few un-
monitored nests at Gap whose chicks hatched at the end of July. Despite fledging in August, chicks were 
observed inhabiting the South and North Colony cliffs until mid-September.  
 
Average clutch size in 2016 (2.9 ± 0.8) and brood size (1.6 ± 1.4) approximated that of the long term 
means (3.1 ± 0.3 clutch size; 1.8 ± 0.7 brood size; 2004-2015; Table 3). Hatching success rate in 2016 
(0.5 ± 0.5) was the lowest it has been in several years and was moderately lower than the long term mean 
(0.6 ± 0.2; 2004-2015), yet fledging success rates (0.8 ± 0.4) remained fairly high. These success rates 
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indicate that while fewer eggs actually hatched in 2016, the majority of chicks that did hatch survived to 
fledge.  
 
Reproductive success of the Alcatraz Brandt’s Cormorants in 2016 was 1.3 (± 1.2) chicks per pair (Figure 
4). This was the lowest level since 2012 and represents well below average productivity (1.9 ± 0.6; 1995-
2015). Among sub-colonies, productivity ranged from a minimum of 1.2 (± 1.2) chicks per pair at North 
Colony to maximum of 2.3 (± 0.8) chicks per pair at South Bricks (Table 4). Of the six breeding pairs at 
Barker Beach only 3 hatched chicks and none of them survived. The two study plots within North Colony 
performed similarly (NC-West = 1.2 ± 1.1; NC-East = 1.2 ± 1.5). The two study plots at South Colony, 
SC3 and Gap, also had similar reproductive performance with that at Gap being slightly higher (SC3 = 
1.1 ± 1.2; Gap = 1.5 ± 1.2). However, New Industries productivity did not follow this pattern. The 
cormorants at NI-South fledged on average 2.1 ± 1.1 chicks/pair which was  higher than the all-island 
productivity and the second highest of any sub-colony. The cormorants at NI-North, which were those 
that nested furthest north of any cormorants (due to zero nesting pairs at North Foghorn or Model 
Industries in 2016) and were within the closest proximity to increased human activity at MI Plaza, 
experienced almost complete failure with productivity of only 0.1 ± 0.4 chicks/pair.  
 
Later phenology, lower breeding population size, and lower reproductive success are all consistent with 
influence of the El Niño Southern Oscillation (ENSO; Nur and Sydeman 1999, Thayer and Sydeman 
2007). But it is difficult to differentiate climate effects from negative effects of MI Plaza/Building usage 
by staff (see Disturbance, below). Since cormorant colonization of the two northern sub-colonies, North 
Foghorn and Model Industries, in the late 1990s, these areas have constituted an average of 10% (range = 
1-22%) of the overall Alcatraz breeding population. In all the time cormorants have bred at the north end, 
there have been four years when they did not nest at North Foghorn, but never before, including strong 
ENSO years, have they not nested at Model Industries until 2016 (with the exception of the 2009 when no 
birds bred at all). This suggests that the cormorant abandonment of the entire north end of the island was 
associated with increased human presence in and around the MI Building.  
 
In the New Industries sub-colony, NI-North was one of two study plots followed for reproductive 
performance and productivity data.  In 2016, NI-North plot contained 33 pairs of cormorants with the 
northern-most nests, and therefore closest to the MI Plaza. Similar to most other areas, these birds in NI-
North began building nests and courting in the beginning of May and the first eggs were laid on 14 May. 
On 18 May, the next nest check, the 13 northernmost nests had been abandoned. There is no record of any 
major disturbance event during this four day period that might have caused the abandonment. An 
additional 16 nests were abandoned between 21 May and 18 June. Only four nests of the original 33 
followed raised chicks to the partially-feathered stage, and only two of those nests had chicks that 
survived to fledging.  This level of productivity (see above) was significantly lower than that in the other 
monitored plots (except the extremely small Barker Beach sub-colony which failed completely). 
 
Additionally, the very northern tip of the island, North Foghorn Roost (NFR), has historically been an 
important roosting area for Brandt’s Cormorants, as well as other seabirds. In 2015, from mid-March 
through June (peak use of roosts by adults and juveniles) NFR occupancy averaged 56 birds/day. This 
value dropped substantially in 2016 to only 13 birds/day on average, with many days recorded when no 
birds were present. 
 
Based on published and unpublished data, the Alcatraz population of Brandt’s Cormorants (roughly 1,000 
nesting pairs) makes up about 13% of the total central California population from Pt. Reyes to Monterey 
Bay. The other large colonies, Año Nuevo Island (ANI) and the South Farallon Islands (SFI) make up 9% 
and 34%, respectively (Carle et al. 2014, Warzybok et al. 2014). Several other small colonies between Pt. 
Reyes and Pigeon Point make up 12% (McChesney and Robinette, 2013), and the final 31% of the 
regional population is spread throughout Monterey Bay from Davenport to Bird Rock (Bechaver et al. 
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2013). In the years when Brandt’s Cormorants nested in all of the three main locations (2002-2014), the 
Alcatraz and ANI Brandt’s Cormorants had similar long-term average reproductive success (1.60 ± 0.80 
chicks/pair and 1.63 ± 0.82, respectively), both of which were higher than at SFI Long-term mean 
productivity for the whole time-series at SFI was 1.40 ± 0.83 (1971-2014); since we started monitoring 
cormorant productivity on Alcatraz (1995-2014), mean productivity at SFI (1.52 ± 0.90) was still not as 
great as the Alcatraz sub-population (1.86 ± 0.58). Inshore movement of cormorant breeding colonies 
(i.e., establishment of the Alcatraz and ANI colonies) occurred in the late 1980s and early 1990s, likely 
related to nearshore abundance of anchovy (Saenz et al. 2006). On offshore SFI, population and 
reproductive performance of seabirds have been linked to availability of juvenile rockfish Sebastes spp. 
(Ainley et al. 1990, Nur & Sydeman 1999, Sydeman et al. 2001), which are often concentrated near the 
continental shelf break and above submarine canyons (Chess et al. 1988).  
 
WESTERN GULL 
 
The Western Gull breeding population reached a peak of 1,194 breeding pairs in 2008, including 133 
nests (11% of population) which were removed from public access areas and buildings under the NPS 
depredation permit from the U.S. Fish and Wildlife Service. Since then the population steadily declined to 
813 breeding pairs in 2010 (including 91 depredated nests), but rebounded in 2011 and continued to 
increase, reaching 1,121 breeding pairs in 2013 (including 73 depredated nests). Since reaching that peak 
in 2013, the number of breeding pairs has declined slightly each year and in 2016 dropped by 114, to a 
total of 946 breeding pairs (including 109 depredated nests; Figure 3). Despite the decline in pairs that 
were allowed to breed, the number of nests depredated has remained fairly consistent (mean = 9% of the 
population), and the complete population of Western Gulls has consistently fluctuated around 1,100 
breeding pairs since 2003, until 2016 when it fell below 1,000 pairs for the first time in 14 years, with the 
exception of the 2009-2010 population crash. 
  
The first Western Gull eggs in 2016 were observed on 23 April and the mean lay date was 6 May (± 8 
days; Table 2), similar to the phenology observed every year since 1999 when monitoring started. The 
average hatch date was 3 June (± 8 days). Productivity of all study plots (Cistern, Parade Ground, and 
Model Industries East) was 1.5 (± 1.2) chicks per pair in 2016 (Figure 5a) which was only marginally less 
than in 2015, yet still above average success. Historically, the gulls at Model Industries have been the 
most productive sub-colony in all but 3 years of monitoring, whereas gulls at Cistern have had the lowest 
success in 13 of the last 18 years (Figure 5b). In 2016, however, it should be noted that the Model 
Industries plot in 2016 did not contain the same breeding pairs that have been followed in all past years. 
Western Gulls are a site-fidelic species (Spear 1988), and as such, will continue to attempt to breed in 
their chosen territory rather than carve out a new territory, despite repeated disturbance or even nest 
depredation. In 2015, Western Gull use of the MI Plaza was drastically limited due to increased 
operations use, and in 2016, the majority of nests within the area were depredated (n=23), necessitating a 
shift in study plots for this project to the northeastern perimeter of Alcatraz.   
 
Western Gull clutch and brood size (2.7 ± 0.7 and 2.2 ± 1.1, respectively) in 2016 were consistent with 
the long-term average (2.7 ± 0.2 eggs; 2.0 ± 0.3 chicks).  Likewise, hatching and fledging success rates 
have not changed over the past three years and remained consistent with the long term average (0.8 ± 0.1 
and 0.8 ± 0.1, respectively, 1999-2015; Table 3).  
 
The Alcatraz sub-population of Western Gulls (about 1,100 nesting pairs) represents roughly 11% of the 
total central California population from Pt. Reyes to Monterey Bay. The largest proportion of Western 
Gulls breeds at the South Farallon Islands (72%; Warzybok et al. 2014) and Año Nuevo Island hosts a 
similar number of pairs as on Alcatraz (10%; Carle et al. 2014). The remaining proportion (7%) of 
Western Gulls in this region is spread out in small pockets along the coast (Capitolo et al. 2009).  Of the 
three main sub-populations, Alcatraz Western Gulls exhibited the highest long-term average productivity 
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during all years they nested in all three locations (1999-2014; SFI = 0.69 ± 0.38, ANI = 1.19 ± 0.08, 
ALCZ = 1.42 ± 0.34). Long-term mean productivity for the whole time-series at SFI was 1.00 ± 0.47 
(1971-2014).  

 
DISTURBANCE 
 
Baseline observations 
 
We documented 29 anthropogenic disturbances to breeding Brandt’s Cormorants during 181.9 hours of 
observation over 35 days during the breeding season in 2016, for a baseline rate of 0.16 disturbances per 
hour (Table 5). Disturbance to cormorants in 2016 was about half the rate of the long term average (0.35 
events/hour, 1997-2015; Figure 6a). In 2016, there were only two events (one zodiac with swimmers, and 
one natural resource intern collecting an injured Western Gull too close to the Gap sub-colony) that 
caused major reactions, i.e. caused birds to flush from the island, which is the lowest level yet observed 
(except 2009-2010, when no or extremely low levels of cormorants inhabited the island).  
 
It should be noted, however, that this analysis did not include the repeated researcher disturbance of the 
Gap cormorant sub-colony. This new nesting location included cormorants nesting only 13 meters (and 
same elevation) away from the blind used by researchers to observe parts of South Colony as well as 
monitor Pigeon Guillemot nest boxes located below the blind. This proximity caused researchers to 
disturb cormorants every time they approached and entered the blind, despite efforts to be unobtrusive 
(e.g., slow movements, crawling, no talking, etc.). Despite this repeated disturbance, the cormorants in the 
northern section of the Gap sub-colony still exhibited productivity above the all-island average (see text 
above). This is an example of repeated, predictable, low-level, and non-threatening disturbance to which 
cormorants may acclimate (Hassrick et al. 2011, Acosta et al. 2007). Nonetheless, we suggest installing a 
seasonal (March-September) barrier to prevent visual disturbance to cormorants by researchers 
approaching the blind.  
 
Marine and air-based vessels coming in close proximity to Alcatraz continue to comprise the vast 
majority of all anthropogenic disturbances to Brandt’s Cormorants (78% in 2016). Both motorized (41%) 
and non-motorized boats (14%) and airplanes (14%) were the top sources of marine and air-based 
disturbance (Figure 6b). This varied from other years where helicopters caused a larger proportion than 
airplanes. It should be noted that the airplane disturbance to Brandt’s Cormorants was due to several fly-
overs of military Osprey tiltrotor aircraft and one plane towing a large advertisement banner. As in 2015, 
one of  the largest sources of disturbance to cormorants (17%) was noise, mainly cannon fire used by the 
Sausalito Yacht club for sailboat races conducted just to the west of Alcatraz Island (Table 5; Figure 6b). 
Repeat offenders in disturbance categories that came within close proximity to breeding colonies and/or 
caused behavioral reactions are listed in Appendix I. While the buoys installed in 2013 prior to the 
America’s Cup sailing races in San Francisco Bay continue to delineate a buffer around Alcatraz to help 
protect seabird breeding colonies, the volume of kayaks, canoes, and small motorized boats in 2016 which 
disregarded this buffer highlights the need for more outreach to these groups of boaters. Also important to 
limiting disturbance is the increased level of contact between NPS and boat operators/pilots known to 
frequently come in close proximity to Alcatraz. 
 
One of the largest disturbance events to seabirds during baseline monitoring in 2016 occurred on 4 June. 
On this day, there were sailboat races conducted within 1,000 m of the northwestern end of Alcatraz. 
There was one large boat, “Mercury”, operated by the Sausalito Yacht Club, anchored close to the NOAA 
navigation buoy which throughout the day fired cannon shots to signal the start of race heats. Cannon fire 
first started at 1100 hrs, occurred once every few minutes for almost a half an hour, stopped for almost an 
hour, and then resumed. It continued in this manner, repeated fire and then long pauses, until races ended 
around 1500 hrs. During the first round of cannon fire, two thirds of Brandt’s Cormorants from North and 
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Barker Beach sub-colonies jumped and quickly looked towards the noise and 50 incubating birds stood up 
off nests. No birds flushed; however, they all remained agitated and jumped at every subsequent cannon 
blast. It is unknown how birds from other sub-colonies reacted. Later in the afternoon, 100% of 
cormorants at North Colony and New Industries reacted to the cannon by looking in its direction. The 
disturbance caused by these races, while less severe, was from the same source observed in 2015. These 
examples of continued disturbances highlight the need for education and outreach to the yacht racing 
communities throughout San Francisco Bay, and we suggest specifically contacting the Sausalito Yacht 
Club. 
 
The percentage of all disturbances to Brandt’s Cormorants caused by other bird species (28%) was greater 
than in the last two years but still almost half of what was observed in 2012, the last time population and 
productivity values were greatly reduced (Table 5). About half of the 11 events were caused by Western 
Gulls (n=6) diving into cormorant sub-colonies trying to scavenge regurgitated fish. One of the other 
interspecies disturbances, on 29 June, was caused by a Turkey Vulture flying overhead of South Bricks 
and Gap sub-colonies and being chased by Western Gulls. The vulture flushed about 150 gulls at Parade 
Ground and the large commotion caused 225 cormorants to be in alert postures and stand up off their 
nests, and 13 to flush.  
 
Incidental observations 
 
The most severe disturbance observed to Brandt’s Cormorants in 2016 occurred on the evening of 27 
May. It was not included in the baseline analysis, due to being an incident reported by NPS Interpretation 
Rangers outside of regular monitoring hours. At 1800 hrs, while performing island closing duties on the 
West Road a NPS Ranger observed “hundreds” of cormorants flushing from near the New Industries 
Building. Upon his arrival at the Metal Detector he saw the source of the disturbance was a man walking 
directly through the middle of the New Industries cormorant nesting area. The man walked, while clearly 
looking and avoiding stepping on any eggs, south along the New Industries Building until he was halted 
by the Ranger and told to go back the way he had come as to avoid walking into the North sub-colony and 
causing further disruption to the breeding birds. He followed the Ranger’s instructions, walked north back 
through the New Industries sub-colony nests, down the seawall embankment where he had hauled out his 
paddleboard, relaunched the craft and paddled away towards San Francisco. Nest counts and focal 
monitoring was conducted the following morning by the biologist and no eggs were observed out of nests 
nor had any active nests been immediately abandoned.  There were fewer nest sites though, suggesting 
that birds which had not yet laid eggs abandoned the area. In the subsequent weeks, however, the number 
of active nests did decline, which could have been a delayed impact of this disturbance.  
 
Drone activity over the island increased dramatically in 2016. Alcatraz staff reported seeing drones 
hovering over the island on nine occasions, causing two moderate disturbances and six major disturbances 
to Western Gulls and Snowy Egrets. One observation was reported by the night security staff and any 
disturbances were unknown. On most occasions the drones hovered over the island for just a few minutes 
but on one occasion the drone could be heard flying around the island for ten minutes. All drones were 
observed returning to the San Francisco or Sausalito mainland areas and were not suspected to originate 
from the island or nearby boats. The NPS prohibits launching, landing, or operating unmanned aircraft 
(drones) from NPS lands or waters, however, the regulation does not prohibit people outside the park to 
fly a drone inside park boundaries. Although users can be cited for wildlife disturbance, finding the 
owners is nearly impossible unless the drone unless the drone can be recovered by NPS.  
 
In May, just before Western Gull chicks hatched, Dr. Scott Shaffer from San Jose State University and his 
team of researchers began studying the foraging ecology of Western Gulls on the Island. Fifteen gulls 
nesting on the Parade Ground were captured and fitted with GPS data loggers to characterize habitat use 
and time-activity budgets. After seven days, data loggers were retrieved from gulls revealing their 
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foraging locations and flight patterns.  The researchers ran capture operations on the Parade Ground for 
five days between May 10 – 31, which created several major disturbances to the colony throughout the 
day.  
  
Fireworks 
 
The July 4th fireworks display in 2016 began at 2130 hrs and lasted 23 minutes, with the grand finale 
commencing at 2153 hrs. At the onset of the fireworks, hundreds of Western Gulls flushed and alarm 
called all over the island.  They quickly returned to nest sites, and while they remained agitated and 
continued to alarm call throughout the display, no further flushing by gulls was observed until the grand 
finale when approximately 100 flushed into the air. Observers on the West Road also recorded 100 
Snowy Egrets flushing at the start of the display. When fireworks began and through the first 5-10 
minutes, all Brandt’s Cormorants observed were startled, looked in the direction of the display and were 
in erect postures up off nests, also many were observed running in colonies and many adults flushed. At 
North Colony and New Industries-South, there were about 1,800 cormorants which all jolted upright 
and/or stood up off nests when the fireworks started, 500 roosting and off-duty birds flushed, and 1,000 
roosting adults ran. A group of 200-300 roosting adults was observed running back and forth at the 
eastern edge of the North Colony/New Industries-South area throughout the display. After the first 5-10 
minutes of fireworks, cormorants in most sub-colonies started to settle; however, a few (<5) birds later 
flushed from South Colony and ~100 adults at New Industries-North and ~20 adults at Gap were seen 
running. The grand finale then caused all cormorants that could still be seen by observers to once again 
look in the direction of San Francisco, several hundred were seen running at North Colony/New 
Industries-South, 60 flushed from New Industries-North, 100 adults were running at Gap and at South 
Colony adults only stood up off nests.  
 
No egg/chick losses were observed in monitored study plots directly following the July 4th fireworks in 
2016 (Figure 7a). The area with highest proportion of nests with losses both before and after (Periods A 
and C) the fireworks was Barker Beach. All but one of the nests at Barker Beach had failed prior to 4 July 
and, therefore, it is possible that the loss observed in the two weeks following the fireworks was due to 
other factors affecting the already-poor reproductive performance and exacerbated by the disturbance. 
Both New Industries and North Colony had more losses prior to the fireworks than after, whereas South 
Colony and South Bricks had slightly higher losses follow the fireworks than during the baseline period. 
  
Overall, for all sub-colonies combined, the level of loss during the baseline period prior to the fireworks 
and the two weeks following the fireworks was similar to that observed in 2012 (Figure 7b). Poor 
environmental conditions combined with delayed breeding in 2012 likely contributed to the losses 
observed in that year and possibly conditions were similar for cormorants in 2016 due to the strong El 
Niño observed in the winter and spring (Leising et al. 2015). However, preliminary data from fisheries 
independent trawl surveys indicate that not all of Brandt’s Cormorant’s main prey source populations 
were low in 2016. Furthermore, there was a dissipation of both the warm water Blob and ENSO by the 
summer of 2016, so cormorants in 2016 may have experienced improved feeding conditions by the time 
of the San Francisco fireworks. This could help explain why although early conditions were not 
favorable, no immediate losses were observed following the fireworks (Period B) in 2016. Data for the 
last 6 years of fireworks monitoring (Figure 7b) suggests that in years of average conditions (2011, 2014, 
2015) Brandt’s Cormorants on Alcatraz sustain some reproductive loss due to the San Francisco 
fireworks, but that the loss could be significantly higher when birds are already experiencing stressful 
conditions (2012), and significantly lower in bountiful food years (2013).  
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Changes in island usage 
 
In 2016, a major change was made at the north end of Alcatraz Island: as part of the General Management 
Plan the entire Model Industries Plaza (MI Plaza) was opened up for year round park operational use In 
addition, the MI Building and Plaza were used for temporary storage during the Quartermaster 
Warehouse renovation, including the relocation of the tram shop. A large metal building was constructed 
in the MI Plaza up next to the Model Industries Building (MI Building), more porta potties were stored 
and regularly moved around outside the western “bird monitoring” room, and all other open areas of the 
MI Plaza were used for park dumpsters and depository of construction materials/waste from all large 
construction projects, past and present (Quartermaster Warehouse renovation, Cellhouse stabilization and 
repair, Agave Trail upgrade, etc.). Within the MI Building itself, the northern “big room” room was used 
as storage for the Concrete Preservation Institute’s (CPI) building materials as well as other large GGNPC 
operations and retail items, and the “renovated room” in the southern corner of the MI Building was 
turned into a garage for the Alcatraz fire engine and maintenance storage. Opening of the MI Plaza and 
Building to storage and operational use resulted in a large increase in the amount of human activity and 
noise at the north end of Alcatraz, including loud voices, frequent forklift operation, numerous utility 
vehicles (which beep loudly while backing up) coming and going throughout the day, and daily access to 
rooms which previously had largely gone undisturbed during seabird breeding season. 
 
Model Industries Plaza has historically been an important nesting ground for Western Gulls, and in 
almost every year monitored they have been the most productive plot of gulls on Alcatraz (Figure5b). 
Prior to 2014, no nests within MI Plaza were depredated, then in 2014 MI Plaza was opened up to limited 
staff use (accessing the fuel bunker) during seabird breeding season and 16% of Western Gull nests in this 
area were depredated. Despite the overall drop in the Western gull population on Alcatraz, the proportion 
of MI Plaza nests which were depredated has increased each year since 2014 (54% in 2015, 61% in 2016) 
as a direct result of the increased use of the space for construction storage and operations activity. By not 
allowing this portion of the population to continue breeding the Western Gulls have been directly 
impacted by the new General Management Plan which increased park operational use of the Model 
Industries Plaza. 
 
Historically, the north end of Alcatraz Island has also been an important area for Brandt’s Cormorants. 
The North Foghorn (NF) and northern end of Model Industries nesting areas and NF Roost are located 
directly below the windows (which should be noted contain no actual barriers since the building is highly 
dilapidated) in the “big room” of the MI Building. There is no sound proofing within this room and as it is 
simply a large concrete room, all sounds made within the room are highly amplified. Doors were installed 
in the large opening of this room to the MI Plaza in an attempt to dampen any noise coming from MI 
Plaza, however, unless the doors are properly closed and latched they make very loud slamming noises in 
the wind or when used by humans. On most days that researchers entered this room for bi-weekly 
cormorant counts, the doors had been left unlatched. On one occasion, the doors had actually slammed so 
hard they were broken.  
 
The south end of the Model Industries nesting area is located below the open window in the “bird 
monitoring” room and directly behind the “renovated’ room. While staff access inside the “bird 
monitoring” room is limited to the Farallon Institute biologist and four Natural Resource staff during the 
breeding season, sound from human presence, moving porta potties, using the forklift, and other vehicles 
operated in the MI Plaza can still be easily heard from inside that room. Efforts have been made to 
soundproof the “renovated” room where the fire engine is now garaged, however the room is likely not 
fully soundproof as noise from  loud vehicles (especially the fire engine) is amplified into the surrounding 
area by resonance off the cement walls of the MI Building itself. Additionally, utility vehicles use the 
dead end of the North Road as a turnaround spot (thus engaging the reverse warning beeping) and these 
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loud sounds can clearly be heard at the Model Industries nesting area located just to the west of the dead 
end, as well as at the northern end of the New Industries sub-colony.  
 
The repeated entrance and use of the MI Building “big room” and “renovated room” by CPI and GGNPC 
staff to access stored materials, as well as loud and sudden noises on the MI Plaza are highly likely to 
have caused repeated disturbances to Brandt’s Cormorants and may have led to the abandonment of 
breeding birds and decline in other uses (e.g., roosting) in this area of Alcatraz. In contrast to the repeated 
low-level disturbances caused by researchers accessing the blind, these activities at MI were loud, sudden, 
unpredictable, and often noise-based, with some movement also noticeable through the visual-barrier 
fencing, particularly from large vehicles. These conditions are more likely to be perceived by the birds as 
threatening.   
 
Operations frequent use of MI Plaza could have been a major factor in the high level of nest abandonment 
observed at New Industries-North, especially when considering that the other end of the same colony of 
birds (NI-South) was much further from the MI Plaza noise and had the second highest productivity of all 
areas. While the major disturbance on 27 May of an individual walking through the New Industries 
colony cannot be ignored as contributing to the loss of nests in this area, it should be noted that both the 
north and south ends of the New Industries sub-colony were affected equally by this man, yet NI-South 
exhibited the second highest productivity of any sub-colony in 2016, while NI-North experienced 
abandonment of birds during nest building and the beginning of egg-laying (prior to the visitor 
disturbance) as well as significantly lower productivity from pairs that did lay eggs (see Results above).  
Factors differing between the sub-colonies included the proximity to MI Plaza. 
 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
Both Brandt’s Cormorants and Western Gulls on Alcatraz experienced reduced population and 
productivity in 2016. This is not uncommon in ENSO years due to poor ocean climate conditions 
negatively affecting prey populations. However, additional stresses from human disturbance can be 
controlled and should be mitigated, particularly in predicted ENSO or other poor climate years (e.g., “The 
Blob”, Leising et al. 2015). As climate change accelerates, survival of seabirds and other wildlife depends 
on resilience against increased environmental variability, which will be enhanced by responsible 
management practices.  This is especially important on Alcatraz, a significant colony of both endemic 
cormorants and gulls in terms of size and productivity within in the meta-populations of central 
California. 
 
Baseline disturbance to seabirds was lower in 2016 than the long-term average for the past 19 years. 
However, several disturbance types may have had major impacts and should be addressed.  First of all, 
this year we observed a large proportion of disturbances caused by noise, due to sailboat races in which 
cannon fire was used within 1000 m of breeding colonies. We recommend increasing effort to work with 
local yacht clubs, specifically the Sausalito Yacht Club, in order to have them schedule races in the non-
breeding season and/or move the races further from breeding seabird colonies.  
 
Second, we continue to see many disturbances caused by small non-motorized vessels and small 
motorboats used for fishing close to Alcatraz. In 2015, Alcatraz Natural Resource staff joined efforts with 
the Seabird Protection Network in order to increase outreach to local recreation groups. Several 
presentations were given throughout the San Francisco Bay area, focusing on kayaking, rowing, and 
swimming groups, to educate them about nesting seabirds, effects of disturbance, and safe operational 
distances from breeding seabird colonies. We encourage ongoing efforts and monetary support to 
continue working with the Seabird Protection Network, and any outreach to local kayak/canoe/SUP 
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outfitters. Additional outreach could be directed towards small recreational anglers, bait shops, and 
marinas/boat launches. 
 
As in previous years, in order to reduce marine-based level of disturbances to seabirds, further outreach to 
repeat marine and air-based offenders is still recommended. Special use permits for on and around the 
island should continue to be carefully regulated. Regulation may include denying inappropriate permit 
applications, providing clearer language and better guidance in terms of restrictions in permits, and more 
effort to ensure adherence to permits once they are granted. For example, monetary fines and forbidding 
future opportunities may be good incentives for grantees to adhere to specified permit regulations. It 
should be noted, however, that to properly achieve these goals, appropriate staff time and funding must be 
allocated towards this purpose. Based on the effectiveness of the temporary buoys installed around 
Alcatraz in deterring marine traffic from entering a 500 ft buffer zone during America’s Cup races 
(Robinson et al. 2013), we strongly recommend the permanent installation of historic buoys. We also 
continue to encourage the posting of signs visible to passing boaters that explain proximity restrictions 
with the threat of law enforcement, rather than the current “sensitive area” signage current on buoys.  
 
To aid in visitor awareness on the island, we continue to recommend improved signage near closed areas 
and an increase in seabird interpretation by docents.  Specifically, improving the barricade at the top of 
the steps leading to the Incinerator and increased docent staffing in this location will help keep visitor 
disturbances to Brandt’s Cormorants low. This barricade has been one of the most frequently ignored 
closures which has the potential to cause large disturbances to breeding cormorants. We suggest 
continued investment in the visitor experience of Alcatraz’s natural resources in order to highlight the 
importance of “The Rock” as a seabird colony and to keep human disturbances to a minimum. 
Coordination of both law enforcement and outreach staff in this endeavor is crucial. Regarding visitor 
access to sensitive areas, we suggest that staff continue to incorporate warnings about staying out of 
closed areas to help protect nesting seabirds into the dock announcements during breeding season and 
informing visitors that they will be escorted off the island and potentially fined by law enforcement if 
they are caught in closed areas. 
  
Finally, human disturbance from staff and contractor activities may be just as important as visitor access 
issues. The complete opening of Model Industries Plaza to island operations activities and use of the MI 
Building for regularly accessed storage has likely caused major negative repercussions to Alcatraz seabird 
populations, notably Western Gulls and Brandt’s Cormorants. In addition to select nest removal of 
Western Gulls as in previous years around the island (back to 2002 when depredation began), almost an 
entire sub-colony of gull nests was removed from the MI Plaza and surrounding area in 2016. The entire  
north end of Alcatraz was also abandoned by breeding cormorants in 2016, with the exception of a few 
roosting birds, and those cormorants that nested the furthest north along the New Industries Building had 
almost complete reproductive failure. Therefore, we strongly recommend that staff access to the Model 
Industries Plaza return to being limited during the breeding season, that alternative areas be found for the 
storage of building materials currently housed in the Model Industries Building, and/or that materials 
brought to the island in March-September not be delivered to this area. We also strongly recommend that 
an alternate location be found for the extremely loud fire engine. A review of staff access to sensitive 
island areas should take into account a balance between cultural and natural resources, required by 
various NPS management policies and guidelines, as well as the importance of the Alcatraz colonies in 
context of the health of regional seabird meta-populations. 
 
Increased use of the New Industries Building for art exhibits in 2016 could also have contributed to the 
low productivity of Brandt’s Cormorants that nested outside the north end of that building. We 
recommend limiting the open hours of this building and keeping the number of visitors allowed in the 
building at one time to a minimum. We feel is it highly important to extend the visual barrier at the north 
entrance of the New Industries Building along the entire length of the handicapped ramp as non-impaired 
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visitors are frequently observed lingering on the ramp in direct line-of-sight of nesting cormorants. 
Adding temporary barricades along the fence in the dead-end area of the North Road has helped reduce 
visitor access to this area and likely prevented potential disturbance of cormorants breeding below the 
building. However the barricades were frequently moved and the area was used as a turnaround for staff 
utility vehicles, this is an issue that should be addressed with all staff who use these vehicles, and we 
recommend continuing to install these barricades during each breeding season. The New Industries 
Building entrance doors need to be modified to prevent slamming as this remains a constant issue, and 
staff should be made aware during sensitivity training that these doors need to be closed with care. We 
recommend continued signage and no less than two staffers for the New Industries Building during open 
hours in March-June when cormorants may be more sensitive to disturbance. Later in the breeding season 
an assessment could be made to determine if only one staff member is necessary.  We recommend that 
maintenance of the New Industries Building continue to be conducted outside of the sensitive seabird 
breeding season (prior to 15 February and after 31 September), particularly any maintenance on or near 
the windows.  
 
Current outreach to staff includes bird sensitivity training and this continues to have an important impact 
on staff, in the form of exhibiting greater awareness of the need to minimize noise and disturbance to the 
breeding colonies.  Yet this alone is not enough to support the continued viability of healthy seabird 
populations on Alcatraz Island, as human usage of previously closed areas on the island increases. 
 
The NPS Natural Resources Ranger position is an essential component for managing and protecting 
seabird colonies on Alcatraz. Not only has this person coordinated scheduling with the U.S. Coast Guard 
to reduce waterbird disturbance associated with foghorn maintenance, but they also have myriad other 
important duties, including conducting wildlife sensitivity training for staff and contractors, developing 
and maintaining signage marking vulnerable seabird colonies and seasonal area closures around the 
island, running bird docent programs, leading public natural resource tours and interpreting bird ecology, 
dealing with injured wildlife, managing gull nesting on public walkways, and handling gull-visitor 
interactions. Perhaps most importantly, this position also works with cultural resource staff to achieve a 
balance mandated by the laws requiring protection of both natural and cultural resources.  
 

Summary of recommendations: 

 Allow no public visitation, construction, or staff maintenance activities (including accessing 
stored equipment) to be carried out near the western cliffs after early February, especially near 
cormorant breeding areas below the Model Industries and New Industries Buildings, and Parade 
Ground (Figure 1) 

 Specifically return the Model Industries Plaza use to a limited capacity and reduce staff access 
during seabird breeding season 

 Remove all building materials and operations/retail items stored in the Model Industries Building 
“big room” and limit staff access to this room during seabird breeding season 

 Determine new location for the Alcatraz fire engine to be garaged 

 Investigate opportunities to reduce disturbance to seabirds from external sources (e.g., contact 
marine and air-based vessels and organizations that repeatedly approach sensitive island areas to 
educate them about safe approach distances to seabirds (>100 m distance; >1000 ft elevation)) 

 Maintain buffer-zone buoys installed in 2013, with appropriate signage, to encourage marine 
traffic to stay at safe distances from breeding seabird colonies 
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 Maintain warning signage in sensitive seabird breeding areas with threat of law enforcement 
consequences, especially, near the Metal Detector at the south end of the New Industries Building 
where many visitors have crossed barricades in the past 

 Encourage docents to set up an interaction station by the Metal Detector as a means to keep 
visitors from crossing the barricade and following the steps down to the Incinerator 

 Limit public open hours of the New Industries Building and keep number of visitors inside the 
building at any one time to a minimum 

 Modify the north New Industries Building entrance doors to prevent slamming 

 Increase signage for the New Industries Building public access area and station two staffers inside 
the building during the early part of the breeding season when seabirds are most sensitive 

 Minimize or prohibit use of the handicapped ramp by the northern New Industries Building 
entrance (that would take visitors beyond the existing visual barrier) until this visual barrier is 
extended to completely shield the handicapped ramp from view of cormorant breeding areas 

 Continue to use seasonal barricades along fence in dead-end area of the North Road to keep 
visitors at a further distance from the cormorant nesting colonies below the Model Industries and 
New Industries Buildings; remind all staff that this area should not be utilized for a vehicle 
turnaround 

 Continue to restrict maintenance of the New Industries Building to outside of the sensitive seabird 
breeding season, particularly any maintenance on or near the windows 

 Enforce strict regulations in granting special use permits; such privileges should be carefully 
planned in advance to prevent any potential miscommunication and/or disturbance to wildlife 

 Schedule police K-9 training units during the seabird non-breeding season, restrict K-9 units to 
the main walkways between the Dock and Cell House, and require a staff member to accompany 
all groups of dogs and handlers 

 Continue communication with U.S. Coast Guard personnel and contractors to schedule bi-annual 
foghorn maintenance before and after the seabird breeding season 

 Install a barrier near the researcher observation blind during the breeding season that will visually 
shield the Gap area from researchers approaching the blind 

 Continue funding for a NPS Natural Resources Ranger 
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Figure 1. Alcatraz Island seabird breeding areas, 2016. Yellow asterisk at South Colony indicates the newly colonized Gap area. 
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Figure 2.  Position of the detonation platforms utilized for July 4th fireworks in San Francisco Bay in 2016. Both platforms were adjacent to the San Francisco 

shoreline at distances of 1.8 km and 2.1 km from Alcatraz Island.
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Figure 3. Brandt's Cormorant (BRAC) and Western Gull (WEGU) breeding population size on Alcatraz Island, 1990-2016.  Data represent the minimum number 

of breeding pairs on Alcatraz.  Breaks in data indicate a change in observers and/or census methodology.  BRAC data in 1991 from R. Farwell/ GGNRA, 
(pers. obs.); in 1993 from D. Hatch/GGNRA (unpubl. data); in 1994 from R. Hothem/USGS and W. Reyes/GGNRA, (pers. obs.).  WEGU data in 1990-
91 from Bell (1990; 1991); in 1995 from D. Hatch and A. Fish/GGNRA (unpubl. data); in 1996-1997 from Brown (1997); in 1998 from M. Brown/Univ. 
of Dallas (unpubl. data). 
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Figure 4.  Overall Cormorant productivity on Alcatraz Island, 1995-2016.  Productivity in 1995-1996 was calculated from total chick counts.  Productivity in 

1997-2016 was calculated from number of chicks fledged per pair monitored. Zero productivity in 2009 (broken line) was due to an absence of 
breeding pairs on Alcatraz that year. Grey lines represent the long-term mean of productivity ± SD (1.9 ± 0.6 chicks/pair). Shaded areas signify where 
productivity was above or below long-term confidence intervals around the mean, and indicate extreme years.
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(a)  

          
(b) 

           
Figure 5.  Western Gull productivity on Alcatraz Island, 1999-2016. (a) Overall productivity for all areas combined. 
Grey lines represent the long-term mean of productivity ± SD (1.4 ± 0.3 chicks/pair). Shaded areas signify where 
productivity was above or below long-term confidence intervals around the mean, and indicate extreme years. (b) 
Productivity for the three separate study areas. In 2016, the study location of the Model Industries plot had to be 
shifted to the eastern perimeter of the island due to the almost complete depredation of Model Industries Plaza in 
response to this area becoming fully utilized for operations staff use.
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(a)  

(b)  

              
                                               
Figure 6.  (a) Frequency of observed anthropogenic disturbances to Brandt’s Cormorants on Alcatraz Island, 1997-

2016. Broken line section of the time-series from 2009-2010 represents artificially low disturbance rates 
due to absence or extremely low numbers of breeding cormorants in these years. (b) Relative causes of 
human disturbance to Brandt’s Cormorants in 2016 (n = 29 disturbance events). Note that these records 
do not include potential disturbance that may have influenced the abandonment of the north end of the 
island in 2016 by breeding cormorants (see text for details). 
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        (a)          

  

(b)           

 

Figure 7.  Daily proportion of Brandt’s Cormorant nests that sustained chick losses surrounding fireworks 
disturbance on Alcatraz Island. Period A (dark bars) are losses preceding the fireworks (9-10 days) and 
represents the baseline level of losses sustained by cormorants under normal disturbance levels. Period B (light 
bars) represents losses sustained immediately following the fireworks on 5 July, and Period C (hashed bars) 
contains all losses within the two week period following Period B. Nests in all sub-colonies were followed 
throughout all periods; therefore, missing bars are indicative of zero or negligible losses.  (a) Losses in study 
plots monitored during 2016. (b) Losses for all sub-colonies combined in each year from 2011-2016.   
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Table 1.  Brandt’s Cormorant population size (minimum number of breeding pairs) by sub-colony on Alcatraz Island, 1995-2016. South sub-colony includes data 
from the Gap area, and East Side includes data near the Powerhouse. Majority of pairs (n=184) at South sub-colony in 2016 were from the newly utilized upper 
section of Gap area that is visible from the island.  nd = no data 
 

BREEDING POPULATION ESTIMATES 

YEAR1 TOTAL 
North 

Foghorn 
Model 

Industries   
New 

Industries North 
Barker 
Beach South 

South 
Bricks 

Below 
Rubble 

East 
Side  SOURCE 

1995 ~ 181 0 0 0 ~ 81 0 ~ 100 0 0 0 
D. Hatch/GGNRA & W. 

Sydeman/PRBO2 
1996 ≥ 231 0 0 0 105 0 ≥ 126 nd 0 0 W. Sydeman/PRBO3 

1997 215 0 1 11 47 0 149 7 0 0 J. Thayer/PRBO4 

1998 125 0 3 7 0 0 105 10 0 0 J. Thayer/PRBO4 

1999 248 6 24 17 63 0 128 10 0 0 J. Thayer/PRBO4 

2000 186 3 37 19 22 0 96 9 0 0 J. Thayer/PRBO4 

2001 392 3 49 19 131 0 183 7 0 0 J. Thayer/PRBO4 

2002 463 0 47 25 78 151 155 7 0 0 J. Thayer/PRBO4 

2003 584 21 61 0 136 156 162 48 0 0 J. Thayer/PRBO4 

2004 752 26 62 85 226 156 126 71 0 0 J. Thayer/PRBO4 

2005 841 27 82 123 251 172 54 115 16 1 J. Thayer/PRBO4 

2006 1010 0 74 145 369 196 16 142 68 0 J. Thayer/PRBO4 

2007 1782 86 105 7 1009 213 131 158 73 0 J. Thayer/PRBO4 

2008 1515 2 41 312 728 108 85 150 87 2 J. Thayer/PRBO4 

2009 0 0 0 0 0 0 0 0 0 0 GGNRA/PRBO data4 

2010 208 0 2 145 0 0 0 58 3 0 GGNRA/PRBO data4 

2011 966 47 43 0 347 323 69 103 18 16 Farallon Institute4 

2012 587 49 50 46 331 2 1 83 25 0 Farallon Institute4 

2013 1030 41 57 365 121 241 40 121 44 0 Farallon Institute4 

2014 913 0 32 263 193 273 45 91 16 0 Farallon Institute4 

2015 1012 93 30 240 260 240 46 84 19 0 Farallon Institute4 

2016 779 0 0 212 291 6 196 68 6 0 Farallon Institute4 

                                                 
1 Incidental observations in 1991 (n = 3 BRAC) and counts made during other bird surveys in 1993 (n = ≥1 BRAC) and 1994 (n = ≥40 BRAC) are excluded from table. No observation made in 1992. 
2 Carter et al. (1996) reported 218 Brandt's Cormorant nests on Alcatraz in 1995, based on aerial photographic surveys. 
3 The Gap area within the Southern sub-colony is not visible from the island and no boat survey was conducted in 1996.  
4 Observation during ground and boat surveys in 1997-2016. 
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Table 2.  Brandt's Cormorant and Western Gull reproductive phenology on Alcatraz Island, 2016.  Actual ranges may be wider due to re-lays and hard-to-see 
nests.  Egg-laying data refers to first attempts of a pair at egg-laying, while hatching data may refer to second breeding attempts if first attempt failed. Brandt’s 
Cormorants did not breed in 2016 at North Foghorn or Model Industries South. 
 

Brandt's Cormorants 

AREA EGG-LAYING DATE HATCHING DATE 

 Mean SD N Min Max Mean SD N Min Max 

New Industries1 12 May 5 43 4 May 28 May 10 Jun 4 35 4 Jun 18 Jun 

North Colony2 16 May 5 35 7 May 28 May 13 Jun 4 30 8 Jun 25 Jun 

Barker Beach 7 May 3 6 4 May 11 May 5 Jun 2 3 4 Jun 8 Jun 

South Colony3 20 May 8 37 4 May 11 Jun 19 Jun 8 27 19 Jun 9 Jul 

South Bricks 30 Apr 8 20 13 Apr 11 May 31 May 8 20 11 May 11 Jun 

ALL SUB-COLONIES 13 May 9 141 13 Apr 11 Jun  11 Jun 9 115 11 May 9 Jul 

                      

Western Gulls 

AREA EGG-LAYING DATE HATCHING DATE 

 Mean SD N Min Max Mean SD N Min Max 

Model Industries East 4 May 4 25 27 Apr 14 May 3 Jun 4 20 28 May 11 Jun 

Cistern 7 May 10 31 27 Apr 15 Jun 5 Jun 10 24 25 May 13 Jul 

Parade Ground 8 May 8 35 23 Apr 25 May 2 Jun 8 32 21 May 18 Jun 

ALL SUB-COLONIES 6 May 8 91 23 Apr 15 Jun 3 Jun 8 76 21 May 13 Jul 

 
                                                 
1 New Industries was comprised of two separate groups, NI-North and NI-South, to ensure adequate representation of nests at both ends of this long sub-colony. Both groups had similar phenology 
(mean lay within one week and mean hatch within three days of each other). 
2 North Colony was comprised of two separate groups, NC-East and NC-West, to ensure adequate representation of nests below the Metal Detector (close to Alcatraz visitors) and nests near the cliff 
edge (further from Alcatraz visitors). Both groups had similar phenology (mean lay with three days and mean hatch within one day of each other). 
3 South Colony was comprised of two separate groups. The first of which, SC3, is a historic location in which cormorants have nested in all but two years. The second group, GAP, has only been 
utilized once before (n=20 in 2001) 2016. Mean lay and hatch dates for the GAP group in 2016 were both 12 days later than SC3, and were the latest island-wide.    
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Table 3.  Brandt's Cormorants and Western Gull reproductive performance in study plots on Alcatraz Island, 2016.  Actual ranges may be wider due to re-lays and 
hard-to-see nests.  Data refer to first nesting attempts only. Brandt’s Cormorants did not breed in 2016 at North Foghorn or Model Industries South. 
 

Brandt's Cormorants 

AREA CLUTCH SIZE BROOD SIZE HATCHING SUCCESS FLEDGING SUCCESS 

   Mean SD N Mean SD N Mean SD N Mean SD N 

New Industries 2.8 0.8 55 1.2 1.5 34 0.4 0.5 34 0.8 0.3 14 

North Colony 3.0 0.9 43 1.6 1.4 32 0.6 0.5 32 0.7 0.4 19 

Barker Beach North 3.5 0.5 6 1.8 2.0 6 0.5 0.5 6 0 0 2 

South Colony1 2.7 0.6 27 1.6 1.2 24 0.6 0.4 24 0.9 0.4 17 

South Bricks 3.1 0.6 17 2.6 0.8 12 0.9 0.2 12 0.8 0.2 12 

ALL SUB-COLONIES 2.9 0.8 148 1.6 1.4 108 0.5 0.5 108 0.8 0.4 64 

             

Western Gulls 

AREA CLUTCH SIZE BROOD SIZE HATCHING SUCCESS FLEDGING SUCCESS 

   Mean SD N Mean SD N Mean SD N Mean SD N 

Model Industries Plaza 2.8 0.5 20 2.3 1.0 18 0.9 0.1 16 0.9 0.2 16 

Cistern 2.4 0.8 22 1.9 1.2 17 0.8 0.4 15 0.7 0.5 14 

Parade Ground 2.8 0.5 35 2.2 1.0 29 0.7 0.4 29 0.6 0.4 26 

ALL SUB-COLONIES 2.7 0.7 77 2.2 1.1 64 0.8 0.3 60 0.7 0.4 56 

 
 
 
 
                                                 
1 All reproductive performance data for South Colony was obtained from the GAP area only. No eggs were visible in SC3 area due to deep nest bowls and obscured views, 
therefore no clutch size counts or determination of how many chicks hatched  were possible for these nests.  
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Table 4.  Brandt's Cormorant productivity on Alcatraz Island, 1995-2016. Data are reported as mean values with 
chicks/sites in parentheses for 1995-1996, and as means ± standard deviation (n) for 1997-2016. Dashes indicate 
areas where there were no breeding pairs in any given year and “no data” indicate areas where there were breeding 
cormorants but nests were not followed. 

PRODUCTIVITY 

YEAR TOTAL 
North 

Foghorn 
Model 

Industries    
New 

Industries    North 
Barker 
Beach     South 

South 
Bricks     

East 
Side 

19951 
1.9 

(351/181) 
- - - 

1.1 
(89/81) 

- 
2.6 

(262/100) 
- - 

19961 
1.9 

(445/231) 
- - - 

2.2 
(230/105) 

- 
1.7 

(215/126) 
no data - 

1997 
2.3 ± 1.1 

(100) 
- no data no data 

2.0 ± 0.8 
(24) 

- 
2.4 ± 1.2 

(76) 
no data - 

1998 
1.6 ± 1.0 

(92) 
- 

2.0 ± 0.0 
(3) 

1.7 ± 0.5 
(6) 

- - 
1.6 ± 1.0 

(83) 
no data - 

19992 
2.3 ± 1.0 

(187) 
- 

2.0 ± 0.8 
(24) 

2.1 ± 1.0 
(17) 

2.1 ± 1.0 
(53) 

- 
2.6 ± 1.0 

(93) 
no data - 

20002 
2.4 ± 1.1 

(138) 
- 

2.4 ± 0.9 
(21) 

2.5 ± 1.3 
(17) 

2.2 ± 1.4 
(19) 

- 
2.5 ± 1.0 

(81) 
no data - 

20012 
2.0 ± 1.3 

(208) 
- 

2.2 ± 1.3 
(13) 

2.5 ± 1.3 
(13) 

1.7 ± 1.3 
(80) 

- 
2.2 ± 1.2 

(102) 
no data - 

2002 
2.5 ± 1.0 

(98) 
- 

2.0 ± 1.0 
(23) 

2.8 ± 0.8 
(23) 

no data no data 
2.7 ± 0.9 

(43) 
no data - 

2003 
1.9 ± 1.1 

(139) 
1.3 ± 1.1 

(18) 
2.3 ± 1.0 

(26) 
- 

1.2 ± 1.2 
(21) 

2.3 ± 0.7 
(20) 

1.9 ± 1.1 
(54) 

no data - 

2004 
2.4 ± 1.2 

(161) 
2.8 ± 0.9 

(22) 
2.4 ± 1.3 

(25) 
1.5 ± 1.3 

(22) 
2.5 ± 1.1 

(35) 
2.4 ± 1.1 

(20) 
2.5 ± 1.2 

(37) 
no data - 

2005 
1.8 ± 1.1 

(166) 
1.5 ± 1.1 

(22) 
2.5 ± 0.8 

(19) 
1.5 ± 1.2 

(26) 
1.9 ± 1.2 

(69) 
1.6 ± 1.0 

(18) 
2.1 ± 1.0 

(12) 
no data no data 

2006 
1.9 ± 1.2 

(158) 
- 

2.2 ± 1.1 
(21) 

1.8 ± 1.3 
(46) 

1.9 ± 1.1 
(65) 

2.3 ± 1.2 
(19) 

1.3 ± 1.6 
(7) 

no data - 

2007 
2.0 ± 1.0 

(147) 
2.4 ± 1.0 

(20) 
1.8 ± 1.2 

(20) 
1.9 ± 1.4 

(8) 
2.4 ± 0.8 

(25) 
1.9 ± 1.1 

(29) 
1.9 ± 1.0 

(45) 
no data - 

2008 
1.5 ± 1.2 

(78) 
no data no data 

2.4 ± 0.9 
(21) 

1.6 ± 1.2 
(22) 

0.8 ± 1.1 
(17) 

1.0 ± 1.1 
(18) 

no data no data 

2009 - - - - - - - - - 

2010 
0.5 ± 0.9 

(30) 
- no data 

0.5 ± 0.9 
(30) 

- - - no data - 

2011 
1.4 ± 1.0 

(183) 
1.4 ± 1.0 

(39) 
1.5 ± 1.1 

(26) 
- 

1.4 ± 1.0 
(15) 

1.5 ± 0.9 
(21) 

1.4 ± 1.0 
(52) 

1.6 ± 1.2 
(15) 

0.5 ± 0.9 
(8) 

2012 
0.6 ± 0.9 

(183) 
0.7 ± 0.9 

(37) 
1.1 ± 0.9 

(28) 
0.3 ± 0.6 

(45) 
0.3 ± 0.6 

(58) 
no data no data 

1.6 ± 0.9 
(15) 

- 

2013 
2.3  ± 1.1 

(191) 
2.6 ± 1.1 

(17) 
2.3 ± 1.0 

(32) 
2.0 ± 1.2 

(61) 
1.9 ± 1.5 

(14) 
2.4 ± 1.0 

(33) 
2.1 ± 0.8 

(14) 
2.6 ± 0.7 

(20) 
- 

2014 
2.1 ± 1.0 

(167) 
- 

1.8 ± 1.0 
(24) 

2.1 ± 0.9 
(35) 

2.1 ± 0.8 
(22) 

2.4 ± 0.9 
(31) 

2.0 ± 1.1 
(37) 

2.6 ± 0.8 
(18) 

- 

20153 
2.0 ± 1.1 

(233) 
2.3 ± 0.9 

(48) 
2.3 ± 0.8 

(25) 
1.4 ± 1.3 

(52) 
2.3 ± 0.9 

(30) 
1.9 ± 1.2 

(26) 
1.8 ± 1.1 

(33) 
2.3 ± 0.9 

(19) 
- 

2016 
1.3 ± 1.2 

(162) 
- - 

1.2 ± 1.3 
(55) 

1.2 ± 1.2 
(43) 

0 (5) 
1.3 ± 1.2 

(39) 
2.3 ± 0.8 

(20) 
- 

                                                 
1 Methodology for 1995-1996 consisted of colony-wide, island based surveys and in 1995 some aerial photography surveys. In all other years, 
data were collected from focal-site analyses.   
2 Small sample sizes at North Foghorn in 1999-2001 were included with Model Industries estimates. 
3 New Industries was comprised of 2 separate groups, one (NI-South) with a phenology similar to other sub-colonies and one (NI-North) that 
initiated breeding a month later than all other birds. Their separate productivities are NI-North = 2.3 ± 1.0 (28) and NI-South = 0.5 ± 0.7 (24). 
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Table 5.  Summary table of types of disturbances to Brandt's Cormorants observed during baseline monitoring on Alcatraz Island, 1997-2016. Number of 
disturbances for each category is reported, with the percentage of each category in parentheses. Note that disturbance reported during incidental observations, 
although substantial in 2016, were not included here to standardize between years. 
 

TYPE 

DISTURBANCES OBSERVED 

Year 1997 1998 1999 2000 2001 20021 20032 20042 2005 2006 2007 2008 20093 20103 2011 2012 2013 2014 2015 2016

Hours 206 227 313 216 251 96 224 340 334 363 308 186 111 177 267 280 325 224 234 182 

  
External 

Marine 
Traffic 

38 28 98 97 79 22 92 17 17 8 35 24 
0 0 

52 77 18 21 18 16 
54% 39% 56% 51% 41% 37% 63% 40% 53% 31% 61% 67% 43% 48% 47% 54% 40% 55% 

Air 
Traffic 

20 18 59 61 102 23 47 14 13 7 7 4 2 1 30 57 11 13 6 7 
28% 25% 34% 32% 52% 38% 32% 33% 41% 27% 12% 11% 100% 33% 25% 36% 29% 33% 13% 24% 

Other 
2 4 10 24 9 

0 
1 4 1 1 3 

0 0 0 
23 10 4 2 16 5 

3% 6% 6% 13% 5% 1% 10% 3% 4% 5% 19% 6% 11% 5% 36% 17% 

Island-
Based 

Staff & 
Visitor 

5 5 3 1 
0 

13 3 5 1 9 6 7 
0 

1 12 11 2 3 2 1 
7% 7% 2% 1% 22% 2% 12% 3% 35% 11% 19% 33% 10% 7% 5% 8% 4% 3% 

Other 0 
1 

0 0 0 0 0 0 0 
1 

0 0 0 0 0 
1 

0 0 0 0 
1% 4% 1% 

Unknown Cause 
6 15 5 8 5 2 2 2 

0 0 
6 1 

0 
1 3 4 3 

0 
3 

0 
8% 21% 3% 4% 3% 3% 1% 5% 11% 3% 33% 3% 3% 8% 7% 

Total 
Anthropogenic 
Disturbances 

71 71 175 191 195 60 145 42 32 26 57 36 2 3 120 160 38 39 45 29 

Frequency of 
Anthropogenic 
Disturbances4 

0.35 0.31 0.56 0.88 0.78 0.63 0.65 0.12 0.10 0.07 0.19 0.19 0.02 0.02 0.45 0.57 0.12 0.17 0.19 0.16 

Major 
Anthropogenic 
Disturbances 

22 27 45 42 21 34 34 21 10 19 43 27 2 1 17 49 10 10 15 2 
31% 38% 26% 22% 11% 57% 23% 50% 31% 73% 75% 75% 100% 33% 14% 31% 26% 26% 33% 7% 

Interspecies 
Disturbances 

3 23 26 12 10 7 4 1 2 1 0 3 0 1 10 94 21 8 11 11 
4% 24% 13% 6% 5% 10% 3% 2% 6% 4% 8% 25% 8% 37% 36% 17% 20% 28% 

                                                 
1 The total hours observed was reduced in 2002 due to observer inconsistency. 
2 In 2003, additional disturbance monitoring was initiated on the North End of the island accompanying increased public access. 
3 The absence or extremely low numbers of breeding birds in 2009-2010 resulted in very low rates of disturbance. 
4 This frequency represents the minimum number of disturbances per hour.  Observers could not see the whole island at once; therefore the actual disturbance rate is likely to be higher. 
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APPENDIX  I.  Sources of repeated disturbance to all seabirds on Alcatraz in 2016 regardless of survey (baseline and 
incidental disturbances both included) or severity of behavioral reactions, grouped by type and in descending order of 
frequency observed. Note that these records do not include potential disturbance that may have influenced the 
abandonment of the north end of the island in 2016 by breeding cormorants (see text for details). 
 

SOURCE  FREQUENCY 
Watercraft    
Small fishing boats/Zodiacs  13
Kayaks/canoes  3
Large sailboats  3
California Dawn  2
Lovely Martha  2
     
Aircraft    
Drones  9
Military jets/aircraft   6
    
Noise    
Cannons/boat horns for sailboat races  5
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