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Figure 27. Abundance of seabirds (fish-eating), Surf Scoters, surfperch and sand crabs. Sand crab abundance and
biomass data were collected at 10 focal beaches in June and August 2010 and July 2011 (averages from each
survey in darkest to lightest gray bars, respectively); megalopae were only found in June 2010. Surf zone seabird
data are averages from 11 monthly surveys between June 2010 and May 2011 from a standard 1 km shoreline
transect. Surfperch data were collected by a citizen-scientist monitoring program between 2011 and 2012. All data
are averages + SE.




Birds: Temporal patterns
Shorebirds

Shorebird abundance exhibited a strong seasonal pattern (Fig. 6). With the exception of three
key breeding species, Black Oystercatcher, Western Snowy Plover, and Killdeer most shorebirds
observed in the study were migratory species that nest in other regions during the summer. The total
number of shorebirds observed on the 10 beaches (6.56 km of beach shoreline) varied more than an
order of magnitude among survey months, ranging from 12 shorebirds in June 2010 to 236 shorebirds in
May 2011 and averaging 1.8 to 36.0 birds km™. The greatest numbers of shorebirds were observed on
the beaches in the fall (October, November) and spring (March - May), coinciding with migration periods
(Fig. 6). The low number of shorebirds observed at the beaches in June 2010, corresponded to the
breeding season for many shorebird species. Exceptions to those temporal patterns were observed for
the Black Oystercatcher, Western Snowy Plover, and Killdeer all of which nest on a subset of the
beaches.

Gulls

Gulls were the most abundant type of bird observed in our surveys of the beaches. The
abundance of gulls also varied seasonally with lowest abundance in the summer (Fig. 6). The total
number of gulls observed on the 10 focal beaches ranged from 94 gulls in June 2010 to 894 gulls in
January 2011. Average monthly abundance ranged from 14 to 136 birds km™ for gulls.

Seabirds

The abundance of seabirds observed on the beaches and in the nearshore waters of the beaches
varied seasonally with a distinct peak in the fall surveys (October, November) and low numbers in the
spring and summer (Fig. 6). The total number of seabirds observed on the 10 focal beaches ranged from
41 seabirds in April 2011 to 468 seabirds in October 2010. Monthly average abundance for seabirds
ranged from 6 to 71 birds km™.

Birds: Spatial patterns

Regional patterns in overall bird abundance were not easily discerned in our study due to the
distribution of the two types of beaches we surveyed. The beaches at and south of Bodega Bay were
long beaches (1 km or greater) that generally contained some back beach or dune habitat. This included
the MPA sites of Salmon Creek Beach South, Drakes Beach and Ross Cove and the reference sites of
Salmon Creek Beach North, Limantour Beach and Montara Beach. At Bodega Bay and to the north, the
beaches were pocket beaches that were less than 200 m in length and embedded in rocky habitats.
These beaches included the MPA sites of Horseshoe Cove, Stump Beach and the reference sites of
Shorttail Gulch and Cooks Beach, all < 200 m in total shoreline length.




Shorebirds

Spatial variation in shorebird abundance and distribution was evident within the two types of
beaches. Mean abundance of shorebirds varied over an order of magnitude among the six long beaches,
ranging from 4 to 39 shorebirds km™ (Fig. 7). On the four pocket beaches, the abundance of shorebirds
ranged from 0.24 to 2 birds 100 m™ (Fig. 7).

The highest mean number of shorebirds per month 39 birds km™ was observed at Limantour
Beach (Ref) during the study (Fig. 7). The highest numbers of shorebirds on a single transect were
recorded in five of the 11 monthly surveys at this beach. Mean numbers of shorebirds per month also
exceeded 20 birds km™ at Drakes Beach (MPA). Low mean numbers of shorebirds (<10 birds km™) were
observed at Ross Cove (MPA) and Montara Beach (Reference) located at the southern end of the study
region. The four pocket beaches in our study supported very low numbers of shorebirds with peak
numbers observed at Shorttail Gulch (2 birds 100 m™) (Fig. 7). For the six long beaches, the greatest
peak abundance of shorebirds observed in single surveys were 153 birds km™ at Drakes Beach (MPA)
and 125 birds km™ at Limantour Beach (Reference). The site with the lowest peak abundance of
shorebirds, 11 birds km™ in a survey was Ross Cove (MPA). For the pocket beaches, the highest peak
abundance of shorebirds, 16.7 birds 100 m™, was observed at Shorttail Gulch and the lowest peak
abundance, 1.3 birds 100 m™, was observed at Cook’s Bay (Reference) (Fig. 8).

No consistent differences in the abundance of shorebirds were evident between MPA and
Reference beaches, for both long and pocket beaches, during the baseline study (Fig. 9).

Gulls

Spatial variation was also evident in gulls among the beaches. Mean abundance of gulls varied
five fold among the six long beaches ranging from 17.4 to 89.5 birds km™ (Fig. 7). On the four pocket
beaches, the abundance of gulls ranged from 1.1 to 4.8 birds 100 m™. Mean abundance of gulls per
month exceeded 70 birds km™ at two of the long beaches, Drakes Beach (MPA) and Salmon Creek Beach
North (Reference) and (Fig. 7). The highest peak abundance of gulls observed in a single survey was 607
birds km™ at Salmon Creek Beach North (Reference) in month year (Fig. 8). Peak abundance of gulls in
single surveys exceeded 240 birds km™ at Drakes Beach (MPA) and Salmon Creek Beach South (MPA)
(Fig. 8). On the four pocket beaches, the highest peak abundance of gulls, 18.3 birds 100 m™, was
observed at Shorttail Gulch and the lowest peak abundance, 2.5 birds 100 m™, was recorded at Stump
Beach (MPA) (Fig. 8).

During the baseline study, gulls were more abundant at MPA than reference beaches on long
beaches. However on the pocket beaches, gulls were more abundant on reference than MPA beaches

(Fig. 9).
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Figure 6. Seasonal abundance of shorebirds, gulls and seabirds observed along NCC) sandy beaches. Surveys were conducted
once a month from June 2010 to May 2011 (except in July = ND). Five beaches were within MPAs and five were reference
beaches. All observations were made along a standard 1 km transect except at four pocket beaches (two MPA and two
reference) where transect lengths ranged from 0.12 to 0.17 km. The data are expressed as total number of birds observed
across all 10 sites, within each taxonomic group, divided by the total length of shoreline surveyed each month (6.56 km).
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Figure 7. Average abundance of shorebirds, gulls and seabirds observed at 10 beaches from 11 monthly surveys
between June 2010 and May 2011 (no survey done in July 2010). All observations were made along a standard 1
km transect except on pocket beaches where transect lengths were truncated to the length of the shoreline
present (STG = 0.12 km, HSC = 0.17 km, ST =0.12 km & CB = 0.15 km). Abundances were normalized to 0.1 km for
all pocket beaches. Beaches are arranged from south to north along the horizontal axis within beach type (dashed
line separates long from pocket beaches; note difference in axis scaling). Five of 10 the beaches surveyed were
within MPAs (indicated by gray boxes). Site codes: RC = Ross Cove Beach, MB = Montara Beach State Park, LB =
Limantour Beach, DB = Drake’s Beach, STG = Shorttail Gulch Beach, HSC = Horseshoe Cove Beach, SCBS = Salmon
Creek Beach (South), SCBN = Salmon Creek Beach (North), ST = Stump Beach and CB = Cook’s Beach.
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Figure 8. Peak abundance of shorebirds, gulls and seabirds observed at 10 beaches from 11 monthly surveys
between June 2010 and May 2011). All other information as in Fig. 7.
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Figure 9. Average abundance of shorebirds, gulls, seabirds and non-marine (or terrestrial) birds observed in MPA
and reference beaches by beach type. Data are from 11 monthly surveys at 10 sites between June 2010 and May
2011. Beaches are arranged from south to north along the horizontal axis within beach type (dashed line separates
long from pocket beaches). Note the differences in vertical scale for long and pocket beaches; the left scale only
applies to the long beaches and the right hand scale only applies to the pocket beaches.
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Figure 10. Total species richness (gamma diversity) of shorebirds by month and site. All observations were made
along a standard 1 km transect except at four pocket beaches where transect lengths were truncated to the length
of the shoreline present (STG = 0.12 km, HSC = 0.17 km, ST =0.12 km & CB = 0.15 km). See captions of Figs. 6 & 7
for additional information.

Seabirds

The mean abundance of seabirds also varied strikingly among the beaches (Fig. 7). On the long
beaches mean seabird abundance per month varied over an order of magnitude ranging from 2.8 birds
km-" to 48.1 birds km™ (Fig. 6). Mean abundance of seabirds per month exceeded 40 birds km™ at two
beaches, Limantour Beach and Drakes Beach, but was less than 11 birds km™ at the other four long
beaches. Seabird abundance on the pocket beaches showed a similar pattern with an average of 6 birds
100 m™ at Shorttail Gulch and averages of < 1 birds 100 m™ at the other three pocket beaches (Fig. 7).
The peak abundance of seabirds observed in a single survey was 301 birds km™ at Limantour Beach in
month/year (Fig. 8). A peak abundance of 180 birds km™ was recorded at Drakes Beach. Peak
abundances were 50 birds km™ or fewer at the other four long beaches. For the pocket beaches, the
peak abundance of seabirds in a single survey was 16 birds 100 m™ at Shorttail Gulch (Fig. 8).

For both long and pocket beaches, we found no consistent differences in the abundance of
seabirds between MPA and Reference beaches in the baseline study (Fig. 9).




Terrestrial Birds

There were strikingly more terrestrial (non-marine) birds than marine birds on pocket beaches,
and their overall abundance was also almost an order of magnitude greater on pocket beaches (Fig. 9).
Terrestrial birds were also more abundant on MPA beaches than reference beaches regardless of beach

type (Fig. 9).
Birds: Species Richness of Shorebirds

Fourteen species of shorebirds were observed in the 110 surveys of the beaches (Table 3). Peak
species richness occurred during migration in the fall and spring (Fig. 10). Total species richness also
varied among months ranging from two to nine species observed each month on the 10 focal beaches
(Fig. 10). The average total number of shorebird species observed was 5.7 species per month.

The total number of species observed during the study varied more than two fold among the
beaches, ranging from three to nine species and averaging five species per study beach (Fig. 10). Note
that these values are not corrected for transect length or the number of individuals observed. The
highest number of shorebird species (eight) was observed at Ross Cove, a site where Black
Oystercatchers occurred. Other beaches with high total species richness (> 6 species) included Drake’s
Beach, Salmon Creek Beach North and Salmon Creek Beach South and the pocket beach of Shorttail
Gulch. The maximum number of species of shorebirds observed on a single 1 km survey was five species
during the study.

Beaches where greater numbers of shorebird species were observed generally had high habitat
heterogeneity, containing some rocky outcrops (Ross Cove, Shorttail Gulch) or occurring near estuaries
(Salmon Creek N and S and Limantour Beach). Relatively low total species richness (three species)
occurred on the pocket beaches at Horseshoe Cove, Cooks Bay and Stump Beach (Fig. 10). The latter two
beaches have creek mouths and rocky habitat but are very short embayed beaches with tall trees and
cliffs overlooking the beach habitat. These landscape features can provide perches for raptors that prey
on shorebirds and affect bird distributions.

The total species richness of shorebirds was not significantly correlated with the total
abundance of shorebirds or with transect length.

Birds: Species Accounts
Shorebirds

Overall, abundance varied greatly among individual species of shorebirds, ranging over two
orders of magnitude from 0.01 birds km™ to 11.4 birds km™ for total monthly observations (Table 3).
The average abundance of three species of shorebirds exceeded 1 individual km™ during the baseline
study. Based on average abundance observed over the study, the most abundant shorebird species
were Sanderling (11.4 birds km™), Marbled Godwit (3.2 birds km™) and Willet (1.6 birds km™), all of
which breed outside the study region. Other important species included Whimbrel (0.6 birds km™) and




three species that nest in the study region, Western Snowy Plover (1.0 birds km™), Killdeer (0.8 birds km
'), and Black Oystercatchers (0.5 birds km™). Sanderlings comprised 57%, Marbled Godwits comprised
16%, Willets comprised 8% and Western Snowy Plovers comprised 5%, of the total shorebirds observed
in the study. Nine species of shorebirds were observed in five or more of the monthly surveys (Table 3).
Sanderlings, Willets and Whimbrels which use NCC beaches as migration and wintering habitat were
observed in 22, 15 and 12 of the surveys, respectively. Black Oystercatchers, which are resident and nest
in the study area, were observed in 14 surveys. Western Snowy Plovers, which also nest on the beaches
were observed in nine of the surveys. Killdeer also nest on beaches in the NCC region, including one of
the focal beaches during the baseline study.

Sanderling

Sanderlings were the most abundant shorebird observed in the baseline study and accounted
for 57% of the shorebirds observed. A total of 747 Sanderlings were observed in 110 surveys of the 10
beaches (Table 3). The average total abundance of Sanderlings was 11.4 birds km™. Sanderlings were
observed in 10 months of the baseline surveys and total numbers observed on the 10 focal beaches
ranged from 0 to 209 birds month™. The total abundance of Sanderlings showed strong seasonal
patterns corresponding to fall and spring migration with total abundance exceeding 100 birds km™ in
November, March and May on the beaches.

Although they were the most abundant shorebirds observed and occurred in the greatest
number of our surveys (22 surveys or 20%), Sanderlings only occurred at five of the six long beaches and
were never recorded on the four pocket beaches during our baseline study (Fig. 11). In addition, the
average abundance of Sanderlings varied nearly an order of magnitude among the long beaches, ranging
from 0 to 31 birds km™ (Fig. 11). The study beach with the highest average numbers of Sanderlings (31
birds km™) was Limantour Beach. Other study sites where average abundance of Sanderlings was >10
birds km™ included Salmon Creek Beach North and Salmon Creek Beach South. Sanderlings were never
observed on the transect at Ross Cove.
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Figure 11. Average abundance of the seven most abundant shorebird species (non-breeding: Sanderling, Marbled
Godwit, Willet and Whimbrel; breeding: Black Oystercatcher, Killdeer and Western Snowy Plover) and the
terrestrial Raven across the 10 beaches surveyed in the NCC region between June 2010 and May 2011. All other
information as in Fig. 7.
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Killdeer
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Figure 11. (Con’t).
Marbled Godwit

A total of 212 Marbled Godwits occurred in the study (Table 3). Marbled Godwits accounted for
16% of the total shorebirds and were observed in eight surveys. The overall average abundance of
Marbled Godwits was 3.2 birds km™ (Table 3).

Marbled Godwits were observed in six months of the baseline surveys and total abundance
varied among months, ranging from 0 to 110 birds month™. Peaks in the total abundance of this species
(17 to 110 birds) occurred during fall migration (October and November). However, very few individuals
(<10) were observed in spring migration on the beaches. Although they were the second most abundant
shorebirds we observed, Marbled Godwits only occurred at four of the six long beaches and were never
recorded on the four pocket beaches during our baseline study (Fig. 11). Average abundance of Marbled
Godwits varied nearly an order of magnitude among the long beaches, ranging from 0 to 17 birds km™
(Fig. 11). The study beach with the highest average numbers of Marbled Godwits (17 birds km™) was
Drakes Beach.




Willet

A total of 102 Willets were observed in the baseline study. Willets accounted for 8% of the total
shorebird abundance and were observed in 15 surveys (Table 3). The overall average abundance for
Willets was 1.4 birds km™ during the study.

Willets were observed in eight months of the baseline surveys and the total number observed
on the 10 focal beaches varied among months, ranging from 0 to 55 birds month™. The peak in the total
abundance of Willets occurred in April 2011 during spring migration (Table 3). Total abundance of
Willets exceeded 10 birds in only two other months December and February. At total of five or fewer
willets were recorded in the 10 focal beaches in all other months.

Willets were more widely distributed than Sanderlings and Marbled Godwits occurring on all of
the long beaches and one of the pocket beaches. The average abundance of Willets varied five-fold
among the long beaches, ranging from 0.2 to 6 birds km™ (Fig. 11). The highest average number of
Willets occurred at Drake Beach, which averaged 6 birds survey™.

Whimbrel

A total of 42 Whimbrels were recorded in the baseline study (Table 3). Whimbrels accounted for
3.8% of the total shorebirds and were observed in 12 surveys. The overall average abundance of
Whimbrels was 0.6 birds km™.

Whimbrels were observed in six months of the baseline surveys and total abundance varied
among months, ranging from 0 to 19 birds month™. Peak abundance of this species was observed during
spring migration (April and May) while a total of < 3 individuals occurred on the beaches during fall
migration (August, October, November).

Whimbrels were the most widely distributed shorebird, occurring on eight of the 10 focal
beaches including five of the long beaches and three pocket beaches. The average abundance of
Whimbrels varied more than four fold among sites, ranging from 0.0 to 1.6 birds km™ on the long
beaches and 0 to 0.08 birds km™ (Fig. 11). The highest average abundance of Whimbrels (1.6 birds km™)
occurred at Salmon Creek Beach North.

Western Snowy Plover

Western Snowy Plovers are listed as a threatened species. These shorebirds nest on beach, river
bar, salt flat and estuarine habitats in the study region. On beaches, they depend on macroalgal wrack
associated prey resources making them important species to consider as potential indicators of
ecosystem condition and connectivity in MPA baseline evaluation. A total of 66 Western Snowy Plovers
were observed in the baseline study (Table 3). Western Snowy Plovers accounted for 5% of the total
shorebirds and were observed in nine surveys. The overall average abundance for Western Snowy
Plovers was 1.0 birds km™ (Table 3).




Western Snowy Plovers were recorded in seven months of the baseline surveys and peak
abundance of this species occurred between the months of August and February at wintering/staging
sites. The peak number of Snowy Plovers observed in a single survey, 41 birds, was in March 2011 at
Limantour Beach, where a roost site may occur during pre-breeding dispersal. The highest abundance of
this species was observed in winter and early spring. Our observations of low numbers of this species
present in June 2010, and April and May 2011 suggests that one or more pairs nested at Salmon Creek
Beaches during the study period. This was corroborated by direct observation of brooding by at least
one pair made by a Bodega Marine Reserve manager at Salmon Creek Beach South (Jackie Sones, pers.
comm.) and our research team along the survey transect during the same field season. However, raptors
were also present at the site; we observed a Sharp-shinned Hawk hunting over the area while the
breeding pair was nesting on the beach. Ultimately, the breeding attempt was not successful. This was
the first recorded observation of a breeding attempt by Western Snowy Plovers at this site (Jackie
Sones, pers. comm.).

Western Snowy Plovers had a restricted spatial distribution, occurring at only three of the
beaches during the baseline surveys (Fig. 11). Snowy Plovers were not observed at three of the long
beaches or any of the pocket beaches during the study.

Black Oystercatcher

Black Oystercatchers are not a listed species but are a shorebird of high conservation concern.
These shorebirds nest in the study area and on the beaches, making them important species to consider
as potential indicators of ecosystem condition and connectivity in MPA baseline evaluation. A total of 32
Black Oystercatchers occurred in the baseline study (Table 3). This species accounted for 2.4% of the
total shorebirds and were observed in 14 surveys. The overall average abundance of Black
Oystercatchers was 0.5 birds km™ (Table 3).

Black Oystercatchers were observed in eight months of the baseline study, and total abundance
varied among months, ranging from 0 to 7 birds month™. Peak monthly abundance of this species was
observed in September, and in February and March.

The distribution of Black Oystercatchers was restricted (Fig. 11) and they were observed on only
four beaches during the baseline study, Ross Cove, Shorttail Gulch, Horseshoe Cove and Cooks Beach, all
beaches with either rocky outcrops along the transect (Ross Cove) or bounded by rocky cliffs and
outcrops in the case of the three pocket beaches (Shorttail Gulch, Horseshoe Cove and Cooks Beach).
The average abundance of Black Oystercatchers ranged from 1 bird km™ at the long beach, Ross Cove
and from 0.1 to 0.6 birds 100 m™ on the three pocket beaches.

Killdeer

Killdeer also nest in the study area and on the beaches making this plover species a potential
indicator of ecosystem conditions. A total of 52 Killdeer were observed in the baseline study with an
average abundance of 0.8 birds km™ (Table 3).




Killdeer were observed in three months of the study with abundance ranging from 4 to 43 birds
month™. The largest numbers of Killdeer on the focal beaches were recorded outside the nesting season
(October, December and January), including a large wintering flock in January 2011.

Killdeer were observed on only two of the focal beaches (Fig. 11), one long beach (Salmon Creek
Beach South) and one pocket beach (Stump Beach). A pair of Killdeer was present during the breeding
season at Stump Beach indicating that nesting likely occurred at that site during the baseline study.

Gulls

Overall, abundance varied greatly among individual species of gulls, ranging over two orders of
magnitude from 0.01 birds km™ to 13.1 birds km™ for total monthly observations (Table 3). The average
abundance of four species of gulls and of unidentified gulls exceeded 1 individual km™ during our study.
Based on average abundance observed over the study, the most abundant gull species were Western
Gull (13.1 birds km™), Heerman’s Gull (4.0 birds km™), California Gull (2.7 birds km™), and Herring Gull
(2.2 birds km™) (Table 3). Western Gulls comprised 27%, Heerman’s Gulls comprised 8.3%, California
Gulls comprised 5.7% and Herring Gulls comprised 4.5%, of the total gulls observed in the study.
Unidentified gulls were generally immature individuals, were likely of the species recorded as adults in
the surveys. Gulls were frequently observed with three species of gulls and unidentified gulls recorded
in 20 or more of the monthly surveys (Table 3).

Seabirds

Overall, abundance varied greatly among individual species of seabirds, ranging over two orders
of magnitude from 0.03 birds km™ to 14.1 birds km™ for total monthly observations (Table 3). The
average abundance of three species of seabirds exceeded 1 individual km™ during our study. Based on
average abundance observed over the study, the most abundant seabird species were Surf Scoter (14.1
birds km™), Brown Pelican (1.7 birds km™), and Double Crested Cormorant (1.4 birds km™) (Table 3). Surf
Scoters comprised 66%, Brown Pelicans comprised 7.8 %, and Double Crested Cormorants comprised
6.4% of the total seabirds observed in the study. Seabirds were regularly observed with three species of
seabirds and unidentified cormorants observed in 10 or more of the individual surveys (Table 3).

Terrestrial Birds

Scavenging and carrion feeding birds were regularly recorded and were among the most
abundant terrestrial birds on both the MPA and reference beaches during the baseline study (Table 3).
The corvids, Ravens and American Crows, were important components, together making up 33% of the
total terrestrial birds observed and recorded (Table 3). Turkey vultures were also important making up
24% of the terrestrial birds observed and recorded in 26 of the 110 surveys (Table 3). Brewers’ blackbird
was the most abundant passerine species observed (67 individuals, 0.9 birds km™) but were only
recorded in four individual surveys in the baseline study (Table 3).




