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To:  Beth Flint, Kevin Foster, and Roger Heim
From: Drew Laughland
Date. May 17, 1999

Subject: Tesoro SPM Hose Gil Spill - Caleulation of Shearwater Damage and Credit

The calculation of the damage to Newell's Shearwaters and Wedge-tailed Shearwaters from the
Tesoro cil spiil is analogous to the method used for the Red-footed Booby. The Kuuai
Endangered Seabird Study, Volume2: The Ecology of Dark-Rumped Peirels and Newell s
Shearwaters on Kauai, Hawaii, (1995) prepared by the Point Reyes Bird Observatory (PRBO}
provides estimates of survival rates (page 38), age at first breeding, maximum age, breeding
probability, and reproductive success. The PRBO estimates for existing conditions are the basis
for Table 1. The PRBO survival estimates failed to eliminate all of the population by age 36, the
stated maximum 1if€ span, so survival rates for ages 35 and 36 were reduced.

Beth Flint estimated that 3,150 Newell’s and 7,700 Wedge-tailed Shearwaters were oiled. 1
assumed that all of the oilzd birds were breeders. The age of first breeding for Shearwaters is 6
years so the life table indicates the average age of breeders is about 13 years. The second columri
of Table 2 shows the number of natural deaths expectzd for the vear of the spill and 22 :h year
thereafter for a population of 3,150 13 vear-old Newell’s Shearwaters. Tabie 3 shows the same
information tor Wedge-tailed Shearwaters. Column 3 shows the excess lost bird years as a result
of direct otling from the spi)l.

It is also appropriate to consider the first generation progeny Dost as a result of the spill. PRBO
found that Shearwaters natural reproductive success rate was 0.70 fledglings produced per
breeding pair but that conditions on Kauai reduced this rate to 0.66 (page 39). The 0.70 rate was
used for this estimate. PRBO estimated that breeding probability was €.547 for breeding-aged
individuals. This resulted in an estimated fledging rate 0of 0.1915 (=(0.70*0.547)/2)  In column
4 of Table 2 each year’s excess lost adults are multiplied by this factor to derive the estimated
number of progeny lost. Column 3 shows the lost bird-years as a result of lost progeny as in the
Red-footed Booby estimate. The last column shows these losses discounted at 3 percent
assuming compensation is agreed to in year 1. The total discounted lost bird-vears due is
46,952.3 for Newell’s Shearwaters and 114,723 3 for Weadge-tailed Shearwaters.



Tabie 1. Shearwater Life Tabie

Number Progortion Survival Life Remaimning
Age  Survivorghip Surviving Sunviving  Probability Expectancy  Years of
to age: to age: Districutionn  at age iife at age:

Fledged 100 1.000 0.148 7.57 787
| 0.654 635.4 0.554 0.097 624 24

2 0.780 51 0.510 0.078 10.29 8.28
3 0.890 45 Q484 0.067 11.21 821
4 0.805 41 0.411 C.061 1211 811
5 0.908 37 0.372 0.055 1301 8.01
6 0.905 34 0.337 0.050 13.89 7.89
7 0.805 30 0.305 0.045 14.77 7.77
8 0.905 28 0.276 0.041 15.64 764
8 0.995. 25 0.249 0.037 18.51 757
10 0.905. 23 0.226 0.033 17.38 7.38
11 0.805 20 0204 J.030 18.21 721
12 0.805 18 0.185 0.027 19.05 735
13 0.905 17 0.187 0.02% 19.87 6.87
14 0.905 15 0151 9.022 20.69 6.69
18 0.905 14 0.137 0.020 2149 6.49
16 0.908 12 0.124 0.018 2229 8.23
17 0.908 i1 0112 0.017 23.07 67
18 0.905 10 0.102 0.C18 23.84 584
18 0.905 9 0.092 001¢ 2460 5.80
20 0.905 8 0C83 0.012 2535 538
21 £.905 8 0.078 0.011 26.08 g8
22 0.908 7 0.088 0.010 25.80 430
23 0.905 6 0062 0.008 27.59 451
24 C.905 (S 0.056 0.008 28.20 4.20
25 0.9C5 ) 0.051 0.007 28.88 3.88
26 0.905 5 0.046 0.007 29.54 354
7 0.805 4 C.041 C 006 20.19 3.19
2 0.805 4 0.037 0.008 20.82 282
28 0.805 3 0.034 0.005 31.44 2.44
30 0.905 3 0.031 0.005 32.04 204
31 0.905 3 2.028 0.204 32.63 163
32 0.908 3 0.025 0.004 33.20 1.20
33 0.805 2 0.023 0.003 33.77 077
34 0.905 2 0.021 000y 34.33 033
35 0.500 1 0.010 0.002 3500 0.00
36 0.000 0 0.c00 0.c0C 36.00 0.00
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Table 2, Tesoro Spill Injuriss - Newseil's Shearwaters

Birds oiled 3,150
Year Expected Excess  Numper of Lost Totai Discounted
from Natural Lost Progeny Progeny Lost Lost
Spill Deaths Bird-Years Lost Bird-Years Bird-Years Bird-Years
0 289 2,351 546 546 3.397 3,428 4
3 271 2,£80 494 851 3.431 34308
2 245 2.335 447 1,048 3383 3,284.7
3 222 2,113 405 1,197 3,310 3,119.7
4 201 1,912 368 1,307 3.219 2,946.3
5 182 1,731 331 1,386 3,117 2,768.0
6 164 1,566 300 1.438 3,004 25914
7 149 1,417 271 1.468 2,885 2.416.1
8 135 1,283 248 1473 2,761 2,245.2
9 122 1,161 222 1,474 2,635 2,080.2
10 . 110 1,051 201 1,457 2,508 1,922.2
11 100 951 182 1,430 2,381 1,771.9
12 g0 860 165 1.385 2258 1.629.7
13 82 778 149 1,384 2,133 1,496.0
14 74 7C5 138 1,308 2,013 1,370.7
15 67 638 122 1258 1,897 12538
16 61 577 111 1,207 1784 11451
17 55 522 100 1153 1.676 1,044.3
18 50 473 94 1.099 1,572 951.1
19 45 428 2 1045 1473 8652
20 41 387 74 £81 1,378 786.1
21 37 350 67 938 1289 7134
22 175 175 34 859 1,034 585.6
23 175 c 0 763 763 3982
24 687 687 3482
25 822 622 305.8
26 563 563 268.7
27 5C9 509 2361
28 461 461 207.4
28 417 417 182.3
30 377 377 160.1
31 342 342 140.7
32 308 306 1236
33 280 280 108.6
34 252 253 954
35 225 225 822
36 195 185 69.2
37 168 188 57.9
38 144 144 48.3
33 124 124 40.3
4C 106 108 334
41 80 S0 277
42 77 77 22.8
43 85 65 187
44 54 54 153
45 48 48 12.4
46 8 38 *09
47 1 31 en



Table 2. Tesoro Splil Injuries - Newell's Shearwaters

Birds oiled 3,150
Year Expected Excess  Number of Lost Total Discounted
from Natural Lost Progeny Progeny Lost Lost
Spill Deaths Birg-Years Lest Bird-Years Bird-Years 8ird-Years
48 25 25 8.3
49 21 21 50
50 16 18 3.8
51 13 13 29
52 10 10 2.1
53 7 7 1.5
54 S 5 1.0
55 3 3 086
56 1 1 0.3
26,845 5,139 34,735 81,560 46,832.3

~3,150



Table J. Tesoro Spill injuries - Wedge-tailed Shearwaters

Birds oiled 7,700
Year Expected Excess Number of Lost Total Discountes
from Natural Lost Progeny Precgeny Lost Lost
Spill Deaths Bird-Years Lost Birg-Years Bird-Years Bird-Years
0 731 6,969 1334 1,324 8,303 8,5851.7
1 662 6,308 1,207 2,080 8386 8,3686.4
2 599 5,707 1,093 2,563 8,270 8,029.4
3 542 5,165 989 2,925 8,090 7.625.9
4 491 4674 895 3,195 7870 7.202.0
5 444 4,230 810 3,388 7618 6,768.8
8 402 3,829 733 3515 7,344 6,334.6
7 7 364 3,465 883 3,587 7,052 5808.1
& - - 329 3,136 8CH 3614 6,750 5,488.3
S 208 2.838 540 3,804 6,441 50850
10 270 2,568 492 3563 6,131 4,688.7
11 244 2,324 445 3497 5,821 4,331.2
12 221 2103 403 3,411 5514 3,983.8
13 20C 1,8C4 264 3,310 5214 3,656.9
14 181 1,723 330 3,198 4,921 3,350.7
15 184 1,589 ' 298 3,077 4 836 3,064.9
16 148 1.411 270 2,950 4 361 2,7991
17 134 1,277 244 2,818 4,096 25528
18 121 1,156 221 2,687 5,843 23249
18 110 1,046 200 2,555 3600 2,1148
20 99 946 181 2,423 3,369 19215
21 90 857 164 2,293 3,150 1,743.9
22 428 4 82 2,100 2528 1,388.9
23 428 0 0 1.865 1,865 Q733
24 1,680 1,680 851.1
25 1.520 1,520 747.5
26 1,375 1375 £56.8
27 1,245 1,245 57714
28 1126 1,126 507 1
29 1,019 1,018 445.5
30 922 922 3915
31 835 835 344.0
32 756 756 3022
33 684 684 2655
34 619 819 2333
35 549 545 200.9
36 476 475 169.0
37 410 410 141.5
38 353 353 118.2
39 30% 303 98.4
40 259 258 81.7
41 221 221 876
42 187 187 587
43 168 158 457
44 133 1233 74
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Year Expected Excess Numbes of Lost Totat Discounted

from Natura: Lost Progeny Pregeny Lost Lost

Spili Deaths Bird-Years Lost Birg-Years Bird-Yaars Bird-Years
45 114 111 30.3
45 9z 82 245
47 75 73 19.5
48 62 g2 156.5
43 50 50 12.1
50 . 40 40 94
51 31 31 71
52 24 24 52
53 17 17 37
54 12 12 25
55 7 7 1.8
56 4 4 6.7
87 1 1 02

=
- L7000 85,621 12,563 84,908 150,529 1147233



Credit

The credit calculation parallels the injury calculation. One restoration: proposal is to remove non-
indigerous precators (rats, cats, owls, etc.) from Shearwater nesting colenies. PRBO estimates
that 2.5 percent of mortality is attributable 1o such predation. They found that owl/cat predation
was most destructive to 4 and 5 year-olds. Cclumn 2 of Table 4 shows the rate of extra survival
bv age. Table 4 works out the number of discourted bird years savaed by one year of a predator
control program directed at a colony of 100 birds. Column 3 shows the number of birds that do
not become prey; Column 4 shows the number of bird-years expected from their survival by
multiplying by their expected lifetime. Column § estimates the number of progeny saved by
multiplying the expected breeding years of each age class times the number surviving and the
expected fledging rate. Column 6 converts the added progeny surviving to bird-years by

- multiplying by the dfS€ounted expected life time of new fledglings. Keep in mind this table
shows one year’s population by age (unlike Table 2 i1 the Red-foated Booby credit estimates
which showed one year class through time). As fledglings will provide bird services far into the
future their bird years must be discounted by dividing age by a discount factor,

The final column shcws the number of bird-years saved by age-class  The total, 218 credit bird-
years, may be compared to the 46,932 or | 14,7253 bird-years {ost. The credit may be scaled up
directly by size of coleny for 2 single year program but future vears would need to be discounted
for a multi-year program. That is, protection of a 500 bird colony fer one year would generate a
credit of 1,090 bird-years but a 3 year prograr of 3 100 hird cclony would generate only 997
bird-years A 10 year program at 2 2,500 bird colany would approximately equal 46,900 bird-
years due.



Table 4. Tesoro Compensation from Predator Control Measures

Per 100 birds in projact population for one year

Excess
Mortality Added Bird-years Number of Saved Saved
from Survival from Progery  Progeny Bird-Years
Age  Predation 1yr class Saved Bird-Years
1 0.00 0.00 ] 0.00 0 2
2 0.05 2.55 21 210 11 32
3 0.06 227 19 .26 12 20
4 0.10 411 33 4.81 25 58
5 0.10 3.72 30 4.99 25 G
6 0.01 0.34 3 0.51 3 5
7 0.01 0.30 2 0.45 2 5
8 0.01 0.28 2 0.40 2 4
9 0.01 025 2 0.36 2 4
10 0.01 - 023 2 032 2 3
11 001, 020 1 V.28 1 3
1 0.01 0.18 1 Q.25 1 3
13 0.01 17 1 0.22 1 2
14 0.01 015 1 0.18 1 2
158 0.0 0.14 1 G117 1 2
16 0.01 0.12 1 €15 4 2
17 0.01 0.11 1 0.13 1 1
18 001 0.10 1 C11 1 1
18 0.01 0.06 1 .1 1 1
20 001 0.08 0 009 0 1
21 0.01 0.08 0 0.07 0 1
22 0.0% 0.07 8] 2.06 c ‘
23 0.01 0.06 3 2.08 0 1
24 0.C1 2.06 0 0.04 0 )
25 ° 0.0t 00§ a 004 0 0
26 0.01 0.05 0 003 0 0
27 0.01 0.04 0 0.03 0 o)
28 0.01 0.04 0 002 0 0
29 0.01 0.03 0 0.02 0 0
30 0.01 0.03 0 0.01 0 0
N 0.01 €03 0 001 v Q
32 0.01 0.03 o] 0.01 G 0
33 0.01 0.02 0 0.00 0 G
34 0.01 0.02 N 0.c0 ¢ 0
35 0.01 0.01 4] 0.00 0 0
36 0.01 0.00 ] 0.00 0 0
16 124 18 g3 218



