

























































































We first estimated the deposition rate for each minor segment for all the days that fell
between acceptable pairs of searches. For a given day and within a major segment, we
calculated the length weighted average deposition rate by summing the estimated number
of birds deposited on the searched beaches and dividing by the total length of the beach
surveyed. This average deposition rate was then multiplied by the length of the entire
major segment to generate an estimate of total deposition within a major segment on a
given day. On days where there was no effort or when the search interval exceeded the
maximum allowable, no usable estimates of deposition rate within a major segment could
be made, and the total deposition rate was assumed to be zero.

The following example describes a major segment containing three minor segments, A,
B, and C. The length of the segments are La, Lg, and L¢ respectively, and their sum, the
length of the entire major segment, is L*. Solid squares indicate days when a segment
was searched, hollow squares indicate days when it was not. Lower case letters in the
body of the matrix represent estimates of the beached bird deposition rate made between
sequential searches. For example, the entry b, 3 refers to the deposition rate calculated
for segment B using Equation 8 and based on the searches on days 2 and 3. The
rightmost column is the formula used for calculating the total deposition within the entire
major segment on a given day. Note that on segment B, no estimates of deposition are
made for the interval between the searches on days 4 through 11 because the 8 day gap is
greater than the minimum search interval of 7 days.

Name A B C Estimated number of
Length La Ls Lc birds deposited
Day 0 . . . No Estimate (assume 0)
1 ° a3 "bis o L*(Laays+Leby1)/(La+Le)
2 ° a3 2Py o L*(Laa13tLgbo3)/(Lat+Le)
3 "ai3 "hys "C13 LaaistLlebost LcCig
4 "ayy o ° C47 L*(Laasat+LcCaz)/(Latle)
5 o o o C4’7 L*C4,7
6 o o °C47 L*C4,7
7 o o . C4’7 L*C4,7
8 o @ @ C7,10 L*C7,10
9 o o ® C7,10 L*C7,10
10 ° o " C7,10 L*C7,10
11 o . ° C11,12 L*C11,12
12 o * D110 * C11,12 L*(Lg b1212+Lc
C11,12)/(Le+Lc)
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WITHIN-BAY MODEL SETUP

Beach Segmentation and Search Effort (within the Bay)

Within San Francisco Bay, most shoreline oiling occurred between the San Rafael Bridge
in the north and the Oakland Bay Bridge in the south. In the East Bay, some oiling
extended as far south as Crown Beach in Alameda. Search effort and bird collection data
in San Francisco Bay was partitioned into 112 minor segments covering 223.20 km,
from the Tiburon Peninsula to the Port of San Francisco on the western side of the Bay,
from San Pablo Bay to Bay Farm Island on the eastern side of the Bay and including
Angel, Treasure, and Alcatraz Islands. A total of 1,071.28 km of search were conducted
in the course of 690 segment searches during the 26 days of the spill response.

The 112 minor segments were divided among 13 major segments described in Table 10
and illustrated in Figure 11. Beach lengths and search lengths were calculated by CDFG-
OSPR from GPS coordinates. Search effort data (the ‘search effort database’) were
compiled by CDFG-OSPR from search effort logs used by Wildlife Operations teams
during the spill response, as well as additional data from Richardson Bay Audubon
Society.

Table 10. Segments and search effort in San Francisco Bay.

- Total Total
Major Number of
— - Segment Search
Segment | Description Minor

D Seaments Length Length

g (km) (km)

GGN Horseshoe Cove to Ft. Baker 2 2.08 40.24
SAU Sausalito Headlands to Belvedere West 16 26.40 226.61
TIB Belvedere Cliffs to Paradise Drive 12 15.20 69.98
SRF Martas Marsh to San Pablo Bay (West) 15 28.64 13.06

PSP Castro Crk East to San Rafael Bridge South 8 13.44 5.58
RIH Keller Creek North to Albany Bulb 11 20.32 125.86
BRI Brooks Island 1 7.68 69.12
BEM Golden Gate Fields to Outer Harbor 12 27.84 273.33
ALO Middle Harbor to Bay Farm Island West 23 43.04 108.78
GGS PacBell to Port of SF to Fort Point 9 20.00 75.28

ANI Angel Island 1 8.48 42.4

ALI Alcatraz Island 1 1.28 2.56
TRI Treasure Island 1 8.80 18.48

TOTAL 112 223.2 1,071.28
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Figure 11. Locations of the 13 major segments in San Francisco Bay where the BBM
was used to estimate carcass deposition rate.

Bird Recoveries (within the Bay)

Bird recovery data for San Francisco Bay were compiled into a single database which
was integrated with the search effort database. Since search effort and bird recoveries
were recorded separately, it was necessary to standardize place names in order to match
recoveries with search effort. Bird recoveries and search effort were considered to be
associated if they were collected from a segment on the same day that a search was
documented. Birds that were recovered on days and segments without documented
search effort were not included in BBM estimates of deposition, but were simply added
to the total mortality estimate. For the BBM analysis within the Bay, only live injured
birds or dead oiled birds were used. Dead unoiled birds were assumed to be part of
background deposition.

A total of 409 large (>500 g) dead oiled birds and 69 (<500 g) small dead oiled birds
were collected on official searches or otherwise associated with particular dates and
segments within the modeled area and time frame (Table 11). Additionally, 76 large
birds and 12 small birds were not used in BBM calculations because they were not
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associated with documented search effort, were collected after the final date of the model
analysis, 2 December, outside of the modeled area, after the last documented search, or
from unknown locations within the spill response zone. Most dead oiled birds were
collected on segments in the east—central Bay, between the Bay Bridge and Brooks Island
area.

Table 11. Oiled bird carcasses collected in San Francisco Bay, from the intake database.
Modeled birds were collected on documented searches, associated birds were collected
within the modeled time period and modeled area but not on documented searches,
unassociated birds could not be assigned to the model time period or area for various
reasons.

- Non-Modeled
é Mg i‘ﬁ:d (Associated)
> Birds
& e (5] (5]
|- [%2) _ [%2] _—
i=X o0 T O > T T O T(_)tal
g - Sa | 5@ | S@ | 5@ | Oild
Description Dead
GGN | Horseshoe Cove - Ft. Baker 16 2 0 0 18
SAU | Sausalito Headlands - Belvedere W. 44 4 3 0 51
TIB Belvedere Cliffs - Paradise Drive 16 1 7 0 24
SRF | Martas Marsh - San Pablo Bay W. 2 0 1 0 3
PSP | Castro Creek E. - San Rafael Bridge S. 0 0 0 1
RIH | Keller Creek North - Albany Bulb 68 17 15 4 104
BRI | Brooks Island 31 8 1 0 40
BEM | Golden Gate Fields - Outer Harbor 126 24 22 1 173
ALO | Middle Harbor - Bay Farm Is. W. 9 0 13 4 26
GGS | PacBell - Port of SF - Fort Point 8 2 5 0 15
ANI | Angel Island 15 0 2 1 18
TRI | Treasure Island 1 0 3 1 5
Subtotal — Modeled and Associated Birds 337 58 72 11 478
Non-Modeled
(Unassociated)
Birds
OUTSIDE MODELED AREA or MODELED TIME PERIOD 56 10 66
INCOMPLETELY SPECIFIED or UNKNOWN LOCATION 20 2 22
TOTAL OILED BIRD CARCASSES 76 12 566
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A total of 703 live birds were recovered within the Bay, including 458 large birds and
170 small birds that were collected on official searches or otherwise associated with
particular dates and segments within the modeled area and time frame. An additional 62
large birds and 13 small birds were not used in BBM calculations because they were not
associated with documented search effort, were recovered after the final date of the
model analysis, after the last documented search of a segment, outside the modeled area,
or from unknown locations within the spill response zone (Table 12).

Table 12. Live birds collected in San Francisco Bay, from the intake database. Modeled
birds were collected on documented searches, associated birds were collected with the
modeled time period and modeled area but not on documented searches, unassociated
birds could not be assigned to the model time period or area for various reasons.

- Non-Modeled
é Mg i‘ﬁ:d (Associated)
> Birds
& 9 (5] (5]
|- [%2) _ [%2] _—
2, o0 T O > T T O T(_)tal
g - S@ | 5@ | S@ | 5@ | Oild
Description Dead
GGN | Horseshoe Cove - Ft. Baker 16 2 0 0 18
SAU | Sausalito Headlands - Belvedere W. 15 3 6 1 25
TIB Belvedere Cliffs - Paradise Drive 12 0 3 1 16
SRF | Martas Marsh - San Pablo Bay W. 0 0 1 0 1
PSP | Castro Creek E. - San Rafael Bridge S. 0 0 0 0 0
RIH | Keller Creek North - Albany Bulb 89 35 30 14 168
BRI | Brooks Island 65 28 0 1 94
BEM | Golden Gate Fields - Outer Harbor 138 67 29 7 241
ALO | Middle Harbor - Bay Farm Is. W. 4 3 0 9
GGS | PacBell - Port of SF - Fort Point 23 9 1 40
ANI | Angel Island 7 1 3 0 11
TRI | Treasure Island 3 0 2 0 5
Subtotal — Modeled and Associated Birds 372 145 86 25 628
Non-Modeled
(Unassociated)
Birds
OUTSIDE MODELED AREA or MODELED TIME PERIOD 21 4 25
INCOMPLETELY SPECIFIED or UNKNOWN LOCATION 41 9 50
TOTAL BIRDS 62 13 703
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Model Parameters (within the Bay)
Persistence:
Estimates of carcass persistence for both large and small birds were based on the 2008

persistence study in San Francisco Bay (Table 13).

Table 13. Carcass persistence by day based on San Francisco Bay persistence study.

Large bird Small bird
Day : .
persistence persistence

1 1.000 1.000

2 0.8030 0.7083
3 0.7576 0.6667
4 0.6667 0.5417
5 0.5758 0.5417
6 0.5608 0.5000
7 0.5455 0.4583
8 0.5303 0.4583
9 0.4848 0.3750
10 0.4545 0.3333
11 0.4545 0.2917
12 0.4091 0.2500
13 0.4091 0.2500
14 0.4091 0.2500
15 0.4091 0.2500
16 0.3182 0.2083
17 0.3030 0.1667

Searcher Efficiency:

Based on the San Francisco Bay searcher efficiency study, the efficiency of one searcher
within the Bay was estimated to be 0.43, and for two searchers to be 0.68. Application of
these values to a specific search interval was based on Equation (1) in that section.

Background deposition:

We assumed that all birds that were dead and oiled or alive but beached and incapacitated
had been injured or killed by Cosco Busan oil. Recoveries of dead unoiled birds were
assumed to comprise background deposition and were not used in model calculations.

Model Results (within the Bay)

Combining oiled bird carcasses and live birds, 867 large birds and 239 small birds
recovered within San Francisco Bay were included in BBM model input. Based on the
BBM analysis, we estimate that 1,460 large birds and 516 small birds were injured or
killed by Cosco Busan oil and beached within the Bay. This corresponds to overall
correction factors of 1.68 and 2.16 for large and small birds respectively. Compared with
other oil spills, these are relatively low correction factors. The primary reason for this is
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that the search effort was relatively thorough, with few unsearched areas on any given
day. BBM results for San Francisco Bay are presented by major segment in Table 14.
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Table 14. San Francisco Bay bird mortality for the Cosco Busan oil spill, as estimated by
the Beached Bird Model. Both modeled and non-modeled but associated birds are

included in model results. Modeled birds are extrapolated by the model while associated
birds are added to the extrapolated total.

Large Birds Small Birds
@) Total
I Estimated
£ o " Mortality
= Description Total = Total = - Large
e Birds % Birds % and Small
= Collected @x Collected e s
s in BBM § in BBM § Combined
Area s Area s
Horseshoe Cove —
GGN Ft. Baker 32 51 4 7 58
Sausalito Headlands -
SAU Belvedere W. 68 114 8 15 129
Belvedere Cliffs —
TIB Paradise Drive 38 66 2 3 >9
Martas Marsh —
SRF San Pablo Bay W. 4 33 0 0 33
Castro Creek E. —
PSP San Rafael Bridge S. ! 3 0 0 3
Keller Creek North -
RIH Albany Bulb 202 355 70 235 590
BRI | Brooks Island 97 118 37 49 167
Golden Gate Fields —
BEM Outer Harbor 315 487 99 164 651
Middle Harbor —
ALO Bay Farm Is. W. 29 89 6 15 104
PacBell - Port of SF —
GGS Fort Point 45 79 10 25 104
ANI | Angel Island 27 31 2 2 33
TRI | Treasure Island 9 12 1 1 13
TOTALS 867 1,460 239 516 1,976

Correction Factors

1,460 / 867 = 1.68

516/239=2.16

Birds not used in BBM calculations:
Within the Bay, 47 large and 8 small birds were recovered after documented search
effort. An additional 7 large birds and 2 small birds were collected on documented
searches but after the end of the modeled period (2 December). The BBM does not
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attempt to estimate a correction factor for these birds, but they are added to the total
estimated mortality. Assuming these birds are a random subset of all birds recovered on
any given segment, this approach does not bias model results.

A total of 23 large birds and 4 small birds were recovered within the Bay, but beyond the
geographic limits of the spill response. It is nonetheless likely that some of these birds
were killed by Cosco Busan oil, since birds are capable of moving considerable distances
after being oiled (Campbell et al. 1978, CDFG 2004). Oiled birds or live injured birds
that were recovered beyond the spill zone were considered to be part of the mortality
estimate for the Cosco Busan spill, and 23 large birds and 4 small birds were therefore
added to the estimated mortality in the Bay.

Sixty-one large birds and 11 small birds were recovered within the spill response zone
during the period modeled with the BBM, but the locations where they were recovered
were not recorded or were incompletely specified. In these cases, we applied the overall
in-Bay correction factors for large and small birds, 1.68 and 2.16 respectively (see Table
14) , to correct the number of birds recovered to the number of birds deposited (Table
15).

Table 15. Birds collected in San Francisco Bay but not included in BBM calculations.
Both live birds and oiled carcasses are included.

Number Added
Number of to BBM
Birds Collected Mortality
Estimate
L 9 =38 L0 = v
E=| EE | 55 | EE
40| 638 | do | 6@
Category Treatment
Collected after last documented search | 47 8 47 8 Added
Collected after end of modeled period 7 2 7 2 Added
Collected beyond defined spill zone 23 4 23 4 Added if live or oiled
Unknown or incompletely specified locations 61 11 102 24 Added .after applying
correction factors
TOTAL 138 25 179 38
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Total Estimated Mortality within the Bay

Total estimated bird mortality within the Bay includes both model results and birds not

used in model calculations, as shown in Table 16.

Table 16. Total estimated San Francisco Bay bird mortality from the Cosco Busan oil

spill, including results from the Beached Bird Model and birds not used in model

calculations.
Category Large Birds Small Birds TOTAL
Beached Bird Model results 1,460 516 1,976
Oiled or live birds collected beyond defined
. . . 77 14 91
spill zone or time period
Unknown or incompletely specified locations 102 24 126
TOTAL 1,639 554 2,193

Comparison with Observations of Live Oiled Birds (within the Bay)

During the spill, spill responders, various organizations, and members of the public
reported thousands of observations of live oiled birds. In particular, the Golden Gate
Audubon Society organized systematic surveys and maintained a database of
observations, denoting species, location, date, and time. These were at locations inside
the Bay.

As a final check on the results of the BBM, the Trustees compared the model results with
the surveys of the Golden Gate Audubon Society. The observations of live oiled birds by
the surveyors likely missed many of the birds, but at the same time may have counted
some birds multiple times, especially if the bird lived multiple days after oiling. To avoid
double-counting of birds across multiple days, the Trustees only considered the highest
one-day count for each species within each segment. This snapshot totaled 904
individual birds. Therefore, this was the minimum number of oiled individual birds
within the Bay. Assuming the observers did not see every oiled bird, and that some birds
seen on one day were different individuals from the birds enumerated during the day with
the highest count, more than 904 birds were oiled.

The BBM estimated that 2,193 birds beached within the Bay, a little more than twice
what the Audubon surveys counted. The Trustees consider this to be a reasonable ratio,
implying that the surveys observed a little less than half of the oiled birds that existed.
This suggests that the BBM performed reasonably well and correlates with the Audubon
surveys.

B-40



OUTER COAST MODEL SETUP

Beach Segmentation and Search Effort (Outer Coast)

Shorelines on the outer coast, both to the north and to the south of the Golden Gate, were
affected by oil from the Cosco Busan. Search effort and bird collection data from the
outer coast were partitioned into 82 minor segments extending 176.16 km from Doran
Beach in the north to Half Moon Bay in the south. A total of 51.36 km (29.2%) of this
distance was classified as inaccessible and was never searched, although some of these
segments did have limited access. A total of 1,128.65 km of search were conducted in
the course of 573 segment searches during the 26 days of the spill response.

The 82 minor segments were aggregated into 9 major segments described in Table 17 and

illustrated in Figure 12. While some searches and some bird recoveries were reported
beyond this area, these were not used in model calculations.

Table 17. Segments, accessibility, and search lengths of outer coast beach segments.

a Total Segment Length
= (km)
c
(5]
(S 2@
=) @ o
& Number = 2 _ Total
5 of Minor a § If Search
=) Seg- 8 s e Length
2 Description ments < = = (km)
PTR | Doran Beach - Fish Docks 14 30.88 | 22.08 52.96 86.24
DBW | Drake’s Beach West - Sculptured Beach 5 17.60 0 17.60 123.38
DBE | Kelham Beach - Wildcat Beach 3 7.52 0.96 8.48 26.06
BOS | Abalone Point - Stinson/Seadrift 5 16.64 0 16.64 356.03
LAB | Bolinas Lagoon 1 10.40 0 10.40 88.53
MAR | Steep Ravine - Kirby Cove 20 4.64 | 18.08 | 22.72 61.41
SFN | Baker Beach North - Thornton Beach 11 12.80 | 1.76 14.56 228.61
SFS Fort Funston - Mavericks 20 19.20 | 8.48 27.68 117.01
PPT | Pillar Point Harbor - Half Moon Bay -Naples 3 5.12 0 5.12 41.38
82 1248 | 51.36 | 176.16 1,128.65

Beach lengths are presented in Carter and Page (1989) and search lengths were calculated
by CDFG-OSPR from GPS coordinates. Search effort data were compiled by CDFG-
OSPR from search effort logs used by Wildlife Operations teams during the spill
response.
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Figure 12. Locations of the 9 major segments on the outer coast where the BBM was
used to estimate carcass deposition rate.

Bird Recoveries (Outer Coast)

Bird recovery data for the outer coast were compiled into a single database which was
integrated with the search effort database. Since search effort and bird recoveries were
recorded separately, it was necessary to standardize place names in order to match
recoveries with search effort. Bird recoveries and search effort were considered to be
associated if they were collected from a segment on the same day that a search was
documented. Birds that were recovered on days and segments without documented
search effort were not included in BBM estimates of deposition, but were simply added
to the total mortality estimate.

A total of 816 large (>500 g) dead oiled birds and 47 (<500 g) small dead oiled birds
were collected on official searches or otherwise associated with particular dates and
segments within the modeled area and time frame (Table 18). Additionally, 106 large
birds and 3 small birds were not used in BBM calculations because they were not
associated with documented search effort, were collected after the final date of the model
analysis, 2 December, outside of the modeled area (e.g. in Monterey Bay), after the last
documented search, or from unknown or incompletely specified locations within the spill
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response zone. Most bird carcasses recovered along the outer coast were found on
coastal segments north of the Golden Gate.

Table 18. Bird carcasses collected from outer coast beaches, from the intake database.
Modeled birds were collected on documented searches, associated birds were collected
within the modeled time period and modeled area but not on documented searches,
unassociated birds could not be assigned to the model time period or area for various
reasons.

- Non-Modeled
é Mg ﬁ glsed (Associated)
) Birds
» 0
E 58|58 88| 3¢
g - Sz | &z | Sz | §a | Tow
Description Dead
PTR | Doran Beach - Fish Docks 38 3 1 2 44
DBW | Drake’s Beach West - Sculptured Beach 92 5 33 3 133
DBE | Kelham Beach - Wildcat Beach 62 2 16 2 82
BOS | Abalone Point - Stinson/Seadrift 209 10 0 223
LAB | Bolinas Lagoon 25 1 0 26
MAR | Steep Ravine - Kirby Cove 86 4 22 0 112
SFN | Baker Beach North - Thornton Beach 159 7 11 1 178
SFS | Fort Funston - Mavericks 43 5 6 1 55
PPT Pillar Point Harbor - Half Moon Bay - 9 1 0 0 10
Naples
Subtotal - Modeled and Associated Birds 723 38 93 9 863
Non-Modeled
(Unassociated)
Birds
OUTSIDE MODELED AREA or MODELED TIME PERIOD 80 3 83
INCOMPLETELY SPECIFIED or UNKNOWN LOCATION 26 0 26
TOTAL BIRDS 106 3 972

A total of 323 live birds were recovered on outer coast beaches, including 237 large birds
and 20 small birds that were collected on official searches or otherwise associated with
particular dates and segments within the modeled area and time frame. An additional 60
large birds and 6 small birds were not used in BBM calculations because they were not
associated with documented search effort, were recovered after the final date of the
model analysis, after the last documented search of a segment, outside the modeled area,
or from unknown locations within the spill response zone (Table 19). Overall, 75.1% of
the birds on the outer coast were dead when they were collected.
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Table 19. Live birds collected from outer coast beaches, from the intake database.
Modeled birds were collected on documented searches, associated birds were collected
with the modeled time period and modeled area but not on documented searches,
unassociated birds could not be assigned to the model time period or area for various
reasons.

- Non-Modeled
é Mg |dr glsed (Associated)
> Birds
» 0
E 58|58 88| 3¢
g - Soz | &z | Sz | Sa | Tow
Description Dead
PTR | Doran Beach - Fish Docks 2 0 4 0 6
DBW | Drake’s Beach West - Sculptured Beach 14 0 5 0 19
DBE | Kelham Beach - Wildcat Beach 1 0 0 0 1
BOS | Abalone Point - Stinson/Seadrift 46 3 0 0 49
LAB | Bolinas Lagoon 4 0 0 0 4
MAR | Steep Ravine - Kirby Cove 31 1 8 1 41
SFN | Baker Beach North - Thornton Beach 46 11 10 1 68
SFS | Fort Funston - Mavericks 28 3 3 0 34
PPT Pillar Point Harbor - Half Moon Bay - 35 0 0 0 35
Naples
Subtotal - Modeled and Associated Birds 207 18 30 2 257
Non-Modeled
(Unassociated)
Birds
OUTSIDE MODELED AREA or MODELED TIME PERIOD 56 3 59
INCOMPLETELY SPECIFIED or UNKNOWN LOCATION 4 3 7
TOTAL BIRDS 60 6 323
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Model Parameters (Outer Coast)
Persistence:
Estimates of carcass persistence were based on the 2008 outer coast persistence study

(Table 20).

Table 20. Day by day carcass persistence based on outer coast persistence study.

Day Carcass persistence
1 1.0000
2 0.8043
3 0.6739
4 0.5652
5 0.4348
6 0.1957

Searcher Efficiency:

Estimates of searcher efficiency on the outer coast were based on studies carried out for
the M/V Kure oil spill (Ford et al. 2002). These data were also used in damage
assessments for the M/V Stuyvesant spill (Stuyvesant Trustee Council 2007) and the
Luckenbach spills (Ford et al. 2006). Searcher efficiency for large birds and a single
observer on the outer coast was estimated to be 0.42. Searcher efficiency for small birds
and a single observer was estimated to be 0.125. Application of these values to a
specific search interval was based on Equation (1) in the section Field Studies: Searcher
efficiency on central San Francisco Bay Shorelines:

en=1-p1**n

Where p; is the probability that 1 searcher would miss a carcass, n is the number of
searchers, and the searcher efficiency for n searchers is en. If coverage of a segment
during a search was less than 100%, searcher efficiency was considered to be reduced
proportional to the amount of the segment that was searched.

Model Results (Outer Coast)

Combining bird carcasses and live birds, 1,053 large birds and 67 small birds recovered
on outer coast beaches were included in BBM model input. Based on the BBM analysis,
we estimate that 3,037 large birds and 288 small birds were injured or killed by Cosco
Busan oil and beached on the outer coast. This corresponds to overall correction factors
of 2.88 and 4.30 for large and small birds respectively. BBM results for the outer coast
are presented by major segment in Table 21.
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Table 21. Outer coast bird mortality for the Cosco Busan oil spill, as estimated by the
Beached Bird Model. Both modeled and non-modeled but associated birds are included
in model results. Modeled birds are extrapolated by the model while associated birds are
added to the extrapolated total.

= Large Birds Small Birds Total
= Estimated
g Mortality
g,‘)’ Description B Birds - é—grge"
5 Collected | Model | Collected | Model | andsma
o inBBM | Results | inBBM | Results | _ Birds
= Area Area Combined
PTR | Doran Beach - Fish Docks 45 227 5 18 245
Drake’s Beach West -
DBW Sculptured Beach 144 240 8 25 265
DBE Kelham Beach - Wildcat 79 242 4 13 260
Beach
Abalone Point -
BOS Stinson/Seadrift 259 337 13 >0 387
LAB | Bolinas Lagoon 29 59 1 3 62
MAR | Steep Ravine - Kirby Cove 147 1,351 6 99 1,450
Baker Beach North -
SFN Thornton Beach 226 329 20 41 370
SFS | Fort Funston - Mavericks 80 194 9 30 224
Pillar Point Harbor - Half
PPT | \foon Bay Naples 44 58 1 4 62
TOTALS 1,053 3,037 67 288 3,325
Correction Factors 3,037 /1,053 =2.88 288 /67=4.30

Birds not used in BBM calculations:

On the outer coast, 32 large birds and 1 small bird were recovered after documented
search effort. An additional 23 large birds were collected on documented searches but
after the end of the modeled period (2 December). The BBM does not attempt to
estimate a correction factor for these birds, but they are added to the total estimated
mortality. Assuming these birds are a random subset of all birds recovered on any given
segment, this approach does not bias model results.

A total of 81 large birds and 5 small birds were recovered beyond the geographic limits
of the spill response area, Pt. Reyes to Pillar Point (Table 22). Many of these came from
the Monterey Bay area. It is likely that some of the birds recovered beyond the spill
response zone were killed by Cosco Busan oil, since birds are capable of moving
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considerable distances after being oiled (Campbell et al. 1978, CDFG 2004). Oiled bird
carcasses or live injured birds that were recovered beyond the spill zone were considered
to be part of the mortality estimate for the Cosco Busan spill; 69 large birds and 3 small
birds were therefore added to the estimated mortality along the outer coast.

Thirty large birds and three small birds were recovered within the spill response zone
during the period modeled with the BBM, but the locations where they were recovered
were not recorded or were incompletely specified. In these cases, we applied the overall
outer coast correction factors for large and small birds, 2.88 and 4.30 respectively (see
Table 21), to correct the number of birds recovered to the number of birds deposited
(Table 22).

Table 22. Birds collected from outer coast beaches but not included in BBM
calculations. Both live birds and oiled carcasses are included.

Number of Number Added to

Birds BBM Mortality
Collected Estimate
L »n ] L = n
22 |EE| BE | BB
Sa |58 @ | 5@
Category Treatment
Collected after last documented search 32 1 32 1 Added
Collected after end of modeled period 23 0 23 0 Added
Collected beyond defined spill zone 81 5 69 Added if live or oiled
Unknown or incompletely specified locations 30 3 86 13 Added after applying

correction factors

TOTAL 166 9 210 17

Background deposition:

The proportion of birds recovered during the Cosco Busan response that represented
background mortality was assumed to be the same as for the Luckenbach spill during the
years 2001-2003 (Ford et al. 2006, Table 9) based on BeachWatch long-term monitoring
data. During this period, it was estimated that 9,297 birds were beached, of which 985
birds were classified as background deposition (11%). We therefore assumed that 89%
of the birds recovered on the outer coast during the Cosco Busan response were spill
related, and that the remaining 11% represented background deposition.

Marbled Murrelets were treated separately from other species because of their special
status. Because beachcast Marbled Murrelets are rarely found (less than 0.001 birds/km
surveyed by BeachWatch (20006)), it was assumed that all three Marbled Murrelets
recovered during the response represent spill-related deaths. All three were oiled and the
oil was later matched to the Cosco Busan.
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Total Estimated Mortality on Outer Coast Beaches
Total estimated bird mortality on outer coast beaches includes both model results and
birds not used in model calculations, as shown in Table 23.

Table 23. Total estimated outer coast bird mortality from the Cosco Busan oil spill,
including results from the Beached Bird Model and birds not used in model calculations.

Category Large Birds Small Birds TOTAL
Beached Bird Model results 3,037 288 3,325
Oiled or live birds col}ected beyopd deﬁr}ed 124 4 128
spill zone or time period
Unknown or incompletely specified locations 86 13 99
Subtotal 3,247 305 3,552
Less Estimated Background Deposition (11%) -357 -34 -391
TOTAL 2,890 271 3,161

ADDITIONAL BIRDS

In the intake database, 99 large birds and 7 small birds lacked sufficient location
information to place them definitely in the Bay or on the outer coast. This often occurs
with birds brought to Wildlife Operations by members of the public. Because many
(51%) of these were live birds, the majority of them were likely collected inside the Bay.
Therefore, we applied the in-Bay background and correction factors to these birds (Table
24).

Table 24. Additional birds without location data.

Oiled
Birds Carcasses or Correction Bird Mortality
Category Collected Live Birds Factor Estimate
Large Birds 99 82 1.68 138
Small Birds 7 4 2.16 9
Total 106 86 - 147

TOTAL ESTIMATED ACUTE SEABIRD AND WATERFOWL MORTALITY

To determine total estimated acute mortality, we combine mortality figures for the Bay,
the outer coast, and additional birds without location information. From this figure, we
subtract those rehabilitated and released birds that likely survived. It is estimated that

this number is 25% of the scoters, or 64 large birds.
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Mortality calculations included extrapolations from the few shorebirds recovered.
Because shorebird mortality was estimated separately by the trustees using a different
process, the shorebird component was subtracted from these mortality tables.

The total estimated acute mortality of 5,425 seabirds and waterfowl is summarized in
Table 25.

Table 25. Total estimated acute seabird and waterfowl mortality from the Cosco Busan
oil spill.

Large Small
Location Birds Birds Total
San Francisco Bay 1,639 554 2,193
Outer Coast 2,890 273 3,163
Unknown 138 9 147
Subtotal 4,667 836 5,503
Less Rehabilitated & Released -64 - -64
Less Shorebirds - -14 -14
TOTAL 4,603 822 5,425

Mortality Estimate by Species

In order to estimate mortality by species, overall correction factors for general species
groups were calculated. These correction factors were applied to the individual species
within each species group. Species groups and their respective correction factors are
summarized in Table 26. Correction factors vary because the mix of small and large
birds, and ocean and bay locations, varies among groups. Group correction factors were
applied to species totals from the intake database in order to estimate mortality by species
(Table 27).
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Table 26. Species groups and correction factors.

Estimated ST,
Species Group Species Included . Correction
Mortality
Factor
Common Loon, Pacific Loon, Red-
Loons throated Loon, Loon sp. 02 L7
Western Grebe, Clark’s Grebe,
Large Grebes Western/Clark’s Grebe 1,071 1.92
Large Diving | Greater Scaup, Scaup sp., White-winged 1507 158
Ducks | Scoter, Surf Scoter, Scoter sp. ’ )
salt Pond Horned Grebe, Eared Grebe,
Divers Eared/Horned Grebe, Pied-billed Grebe, 764 1.94
Lesser Scaup, Bufflehead, Ruddy Duck
Brown Pelican | Brown Pelican 22 1.83
Double-crested Cormorant, Brandt’s
Cormorants | Cormorant, Pelagic Cormorant, 507 2.04
Cormorant sp.
Glaucous-winged Gull, Glaucous-winged
x Western Gull, Western Gull, California
Gulls | Gull, Heermann’s Gull, Mew Gull, 236 1.96
Bonaparte’s Gull, Gull sp., Parasitic
Jaeger
Northern | ¢ ihern Fulmar 134 2.35
Fulmar
Common Common Murre 633 2.18
Murre
RhinoCeros | o i oceros Auklet 104 337
Auklet
Marbled | 1. ied Murrelet 13 4.33
Murrelet
. Pigeon Guillemot, Cassin’s Auklet,
Other Alcids Ancient Murrelet, Alcid sp. 33 3.0
Red-breasted Merganser, Long-tailed
Duck, Duck sp., Canada Goose, Greater
White-fronted Goose, Black-crowned
Other Birds Night Heron, Great Blue Heron, American 789 1.81

Coot, Common Moorhen, Red-shouldered
Hawk, Red-tailed Hawk, American Crow,
Rock Pigeon, Eurasian Starling, Fox
Sparrow, Unid. Bird sp.
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Table 27. Estimated bird mortality by species. Note: Total estimated mortality does not
match the sum of Table 26 due to rounding.

Species Estimat_ed Species Estimat_ed
Mortality Mortality

Greater White-fronted Goose 2 Great Blue Heron 4
Canada Goose 5 Black-crowned Night-Heron 4
Greater Scaup 260 Red-shouldered Hawk 2
Lesser Scaup 52 Red-tailed Hawk 4
scaup., sp. 55 Common Moorhen 2
Surf Scoter 1,147 American Coot 76
White-winged Scoter 43 Bonaparte's Gull 2
scoter, sp. 23 Heermann’s Gull 8
Long-tailed Duck 2 Mew Gull 8
Bufflehead 16 Western Gull 110
Red-breasted Merganser 2 California Gull 31
Ruddy Duck 138 Glaucous-winged Gull 22
duck, sp. 16 Gl-w x Western Gull 4
Red-throated Loon 12 Glaucous Gull 2
Pacific Loon 17 gull, sp. 47
Common Loon 61 Parasitic Jaeger 2
loon, sp. 2 Common Murre 633
Pied-billed Grebe 2 Pigeon Guillemot 6
Horned Grebe 153 Marbled Murrelet 13
Eared Grebe 386 Ancient Murrelet 3
Horned/Eared Grebe 17 Cassin's Auklet 15
Western Grebe 769 Rhinoceros Auklet 104
Clark's Grebe 56 alcid, sp. 9
Western/Clark's Grebe 246 Rock Pigeon 5
Northern Fulmar 134 American Crow 5
Brown Pelican 22 Eurasian Starling 2
Brandt's Cormorant 262 Fox Sparrow 2
Double-crested Cormorant 135 Unidentified Birds 157
Pelagic Cormorant 16
cormorant, sp. 94

TOTAL 5,427
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