MEMORANDUM

Date: June 25, 2019

To: Mike Szumski, Spill Response, Damage Assessment and Restoration, USFWS
From: Kristin Skrabis, Economist, DOI Office of Policy Analysis

Subject: Bird Resource Equivalency Analyses (REAs) for the OR/WA Mystery Oil Spill

The purpose of the attached paper is to describe the bird injury quantification for the OR/WA Mystery
Oil Spill Natural Resource Damage Assessment and Restoration (NRDAR) case. The results provide a
basis for further evaluation of the need for, type, and scale of restoration actions. To support injury
determination under the QOil Pollution Act (OPA) of 1990, Trustees may assess injury based on physical,
chemical, or biological adverse changes in a resource resulting from exposure to oil. Examples of these
injuries include changes in an organism’s reproductive success and death. For the OR/WA Mystery Oil
Spill, 3,217 birds were identified as killed (Ford and Casey 2019). Trustees determined resource
equivalency analysis (REA), which is commonly used in NRDAR cases to quantify bird kills, is the most
appropriate, cost-effective method available for injury quantification. REA is a resource-to-resource
approach that assumes services lost and restored are comparable, which is consistent with OPA
regulations (15 CFR 990.53) and NOAA’s supporting guidance (NOAA 2000). The approach documents
how individuals are lost by age class over time based on survival rates, longevity, and reproduction. The
results can then be used to determine restoration needed to replace what was lost.

Some background information on REA, an overview of the process to develop the OR/WA Mystery Oil

Spill bird REAs, and the results are provided in the paper. In summary, the kill of 3,217 birds resulted in
a loss of 90,110 discounted bird-years (DBYs).

Summary Debit for OR/WA Mystery Oil Spill Bird Kill

. . . Total Debit
Bird Group Birds Killed* (DBYs)
Alcids 2,435 57,955.6
Marbled Murrelet 13 341.2
Surface Feeders 674 30,552.0
Divers 95 1,261.1
Total 3,217 90,109.9

*Source: Ford, R.G. and J.L. Casey. 2019. Seabird Mortality Resulting from the Oregon/Washington Mystery Spill,
March 1999, Final Report to U. S. Fish and Wildlife Service, Oregon Fish and Wildlife Office.
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Executive Summary

The purpose of this paper is to describe the bird injury quantification for the Oregon/Washington
(OR/WA) Mystery Oil Spill Natural Resource Damage Assessment and Restoration (NRDAR) case. The
results provide a basis for further evaluation of the need for, type, and scale of restoration actions. To
support injury determination under the Oil Pollution Act (OPA) of 1990, Trustees may assess injury
based on physical, chemical, or biological adverse changes in a resource resulting from exposure to

oil. Examples of these injuries include changes in an organism’s reproductive success and death. An
estimated 3,217 birds were killed by the OR/WA Mystery Qil Spill (Ford and Casey 2019). Trustees
determined resource equivalency analysis (REA), which is commonly used in NRDAR cases to quantify
bird kills, is the most appropriate, cost-effective method available for injury quantification. As described
below, REA is a resource-to-resource approach that assumes services lost and restored are comparable.
The inputs to service production are biological units rather than the spatial (habitat) units of habitat
equivalency analysis (HEA) (Desvouges et al. 2018; Zafonte et al. 2007; Unsworth and Bishop 1994). The
approach documents how individuals are lost by age class over time based on survival rates, longevity,
and reproduction. The results can then be used to determine restoration needed to replace what was
lost.

The following provides some background information on REA, an overview of the process used to
develop the OR/WA Mystery Qil Spill bird REAs, methods used to calculate the REAs, and the results. In
summary, the kill of 3,217 birds resulted in a loss of 90,110 discounted bird-years (DBYs).

Table 1. Summary Debit for the OR/WA Mystery Oil Spill Bird Kill

Bird Group Number of | Total Debit
Birds Killed (DBYs)

Alcids 2,435 57,955.6

Marbled Murrelet 13 341.2

Surface Feeders 674 30,552.0

Divers 95 1,261.1

Total 3,217 90,109.9

Background on Resource Equivalency Analysis (REA) Methods

REA generally refers to a stepwise replacement model® for killed or injured species, which was first used
in the North Cape NRDAR case (Sperduto et al. 1999, 2003).> This approach is consistent with both the
CERCLA and OPA NRDAR regulations, and is explicitly identified in the revised CERCLA regulations (2008).
REA calculations using the stepwise replacement model involve basic population modeling, including
elements of the Leslie matrix (Leslie 1945) and associated life tables (see, e.g., Simpfendorfer 2005,

"Term coined by Hampton and Zafonte in the Luckenbach Final DARP, Appendix C, 2003, which appropriately
describes how lost individual-years are calculated by the age classes over time in a stepwise fashion (i.e., # in age
class 0-1 (Year 1) * survival rate = # in age class 1-2 (Year 2) * survival rate = # in age class 2-3 (Year 3), etc.). The
stepwise concept reflects the Leslie matrix used by biologists/ecologists. Similar terms are seen in the economics
and political science literature to describe various trajectories over time.

> World Prodigy and BT Nautilus oil spills are early examples of trustees assessing the relationship between bird
losses and nest protection as precursors to today’s REA.
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Uyenoyama and Singh 2004, Renshaw 1991), with appropriate discounting to provide the final results in
present value.® This approach documents how individuals (faunal organisms) are lost by age class over
time in a stepwise fashion based on survival rates and longevity, and seeks to measure how much it
costs to replace the natural resource services that the public lost as a result of the injury. While the
common biological unit of measure is the number of individual animals killed (including foregone
reproduction), REA can also accommodate lethal and sublethal quantities of biomass lost.

Mathematically, a REA for a specific species, S, is calculated as:

1
DSYs, = Z (N — s t),

(1 + )t

where th and NS’_t represent the number of individuals in the population at time t under baseline and
injured conditions, respectively. S can be substituted for the specific species type (e.g., DBYs for birds,
discounted fish-years (DFYs) for fish) (see, e.g., Sperduto et al. 1999, Zafonte and Hampton 2005). When
population-level estimates are unavailable, the numerator can be simplified to account for the direct
and indirect mortality as a result of the injury. The r represents the discount rate. REA can be adjusted
to represent any time interval (e.g., months or days) (Hampton and Zafonte 2006).

Table 2 provides information on the REA inputs and methods that allow practitioners to reasonably
simplify the analysis by focusing on the dead individuals and associated lost discounted species-years

(measuring the injury directly).

Table 2. Overview of REA Considerations

1. Species selected for assessment are important to the public and losses can be offset
through restoration.

2. Injuries to indicator species over time can be measured in meaningful biological units
(numbers lost, productivity foregone, etc.)

3. Proposed restoration projects are expected to increase the biological units of
indicator species measured for injury (or equivalent) over some known or projected
timeline.

4. Survival rates, age-distributions, fecundity, and other important life history variables
are known or can be estimated for a stable age distribution.

5. Biological resources across time can be made equivalent through the application of
an economic discount rate.

Source: Adapted from Sperduto et al. 2003; SS Jacob Luckenbach Natural Resource Trustees 2006.

NRDAR case teams typically decide to use the REA model because of its: (1) appropriate focus on
individuals killed and their replacement, (2) relatively reliable results that are transparent and
reproducible, and (3) cost-effectiveness. More specifically, the current state-of-the-art REA has:

1. Appropriate Focus. As noted across the REA literature, the number of individuals killed in an
incident can be counted or estimated. Although lost individual-years (e.g., bird-years, fish-years,

® Trustee practitioners apply a 3% discount rate when implementing HEA and REA. See Julius (1999) for a more in-
depth discussion.
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mink-years) can be difficult to observe, simulations and arguments in the literature suggest that
removing even a small number of individuals from a population can produce persistent impacts
(e.g., Sperduto et al. 1999, Zafonte and Hampton 2005). Thus, it seems reasonable for trustees
to focus on individuals killed using REA in developing a claim for damages.

2. Relatively Reliable Results. The public’s valuation of a resource is not necessarily equal to the
total replacement cost identified in a REA in the case of unique and scarce resources. Zafonte
and Hampton (2007) conducted experiments to explore the degree to which violations of REA
assumptions can result in either under-compensation or over-compensation to the public.
Specifically, they looked at whether the results of compensatory restoration diverged from
monetized settlements. They found that a traditional REA is consistent with a monetized
approach except in cases where the demand for resources is inelastic (i.e., no substitutes) and
the impact to local resources is severe (public values are likely affected). Zafonte and Hampton
(2007) assert their results suggest “the welfare biases intrinsic to a traditional REA methodology
are probably minor for many NRDA cases” (p. 10). In sum, REA applies basic ecological concepts
in a standard economic framework to provide relatively reliable estimates of compensatory
restoration for many NRDAR cases.

3. Cost-Effective Assessment. Like HEA, a standard REA can be run and reviewed by all
stakeholders, often using existing literature. Certain species require more local study, so even
HEAs and REAs can become more expensive in those situations. “However, because it is easier
and less costly to measure the total replacement cost than the total public value, REA has an
advantage over other methods, especially for small to medium-sized incidents with minimal
impact on rare species” (Kure/Humboldt Bay Oil Spill Trustees 2008: C-2).

While trustees are using the same basic REA model, there is some variation across NRDAR cases on the
number of generations to include in the assessment. According to Zafonte and Hampton (2005), “[ilt is
difficult, however, to construct a rationale that links population recovery to a specific number of entirely
lost future generations (i.e., if one full generation of offspring is lost, why not the next?)” (pp. 9-10).
Instead, recovery can be quantified by focusing on the production of juveniles from the remaining live
individuals rather than what was foregone from the dead individuals (e.g., SS Jacob Luckenbach, Tank
Barge Bouchard No. 120). Population models provide flexibility to specify recovery mechanisms that are
based upon individuals remaining in the population. Specifying these types of mechanisms may be
helpful for guiding calculations when full juvenile replacement is not expected. “The same flexibility
that makes population modeling attractive can also work against it. Even simple population models may
require (or imply) the specification of parameters and relationships that may not be needed when doing
direct calculations of lost individuals. On one hand, specifying these relationships may help place the
analysis in a broader context (e.g., by helping calibrate appropriate modeling inputs). However, it may
also introduce additional uncertainty. Addition of model complexity should be done with care” (pp. 10-
11).

Given the current state of the art in the REA modeling, the extensive expertise in the U.S. Fish and
Wildlife Service and state agencies, and the analysis of uncertainty in more advanced population
modeling by Zafonte and Hampton (2005), most DOl NRDAR cases have decided to apply zero to two
generations (F1 and F2) based on the site-specific injuries. The OR/WA Mystery Oil Spill Trustees
selected one generation (F1) as optimal for the recovery of bird species killed. That is, the bird kill did
not cause sufficient declines in the seabird populations that population-level analyses would be
required. However, the Trustees do not believe there is sufficient evidence demonstrating that density-

3
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dependent compensatory factors (e.g., non-breeding adults replacing lost individuals) would permit
recovery of lost birds immediately after the spill (a factor for not including foregone reproduction). As
such, the standard stepwise replacement REA with foregone reproduction to F1 is considered the most
reasonable, cost-effective approach. Restoration properly scaled to the estimated losses will effectively
compensate for the killed birds and their associated lost services.

For restoration scaling, it can be appropriate to use crediting metrics that are different from those used
on the injury side. For example, one or two generations may be used on the injury side based on site-
specific information, but the crediting for a restoration project may only include the direct gains because
of species migration patterns or site fidelity, as well as uncertainties with the potential effectiveness of
the restoration methods, among other issues. When a restoration goal is improved productivity from
increasing habitat quality, it can be appropriate for the trustees to focus on crediting the direct
productivity toward a targeted density and not include any additional, uncertain crediting for future
years (e.g., that may benefit other locations). In some cases with avoided loss projects (e.g., power line
diverters to avoid migratory bird loss), it can be appropriate for trustees to focus only on the direct
avoided losses and not introduce uncertainty from whether and where the species would have
reproduced.

Process Used to Develop OR/WA Mystery 0il Spill Bird REAs
The USFWS-OR NRDAR Case Manager provided the following information:

e Atotal of 3,217 birds killed, which were sorted into four groups (alcids, marbled murrelet,
surface feeders, divers) using the information provided by Ford and Casey (2019). The four
groups of birds result in four separate REAs.

o Life history information for each of the four groups with each one driven by a specific species.
Inputs used in each REA include:

O Literature and/or NRDAR case-based lifespan, survival rates, rate of reproduction,
amount of reproduction, and number of years spent reproducing

0 Calculated age distribution using stable age distribution, lifespan, survival rates, and
fecundity life history information. The age distributions were peer-reviewed by
reproducing the calculations.

The REA results, expressed in DBYs, can remain separate or be aggregated, depending on the selection
of restoration projects.

The REA life history and demographic parameters are provided in Attachment A. The methods used to
calculate age distribution are provided in Attachment B.

Calculations for the OR/WA Mystery Oil Spill Bird REAs

REA calculations using the stepwise replacement model involve population modeling, including
elements of the Leslie matrix (also called the Leslie model) and associated life tables, with appropriate
discounting to provide the final results in present value. The following categories of calculations
comprise a REA:

e Total direct losses plus identification of the reproducing subset of individuals.



DOl Office of Policy Analysis, June 25, 2019

¢ Individual indirect losses associated with the foregone production of one (dead) individual (e.g.,
bird-years per fledgling).

e Total indirect losses (usually up to 1% (F1) and 2™ (F2) generations) based on the number of
reproducing females multiplied by the reproduction success rates (e.g., fledges per nest) and the
associated foregone production of one (dead) individual.

e Scaling of proposed restoration options, usually in terms of additional individuals of the species
(e.g., rearing, stocking) and habitat for reproduction, resting and/or foraging.

There are 11 total steps involved in conducting the injury side of the analysis for a REA (total direct
losses + total indirect losses (F1) = debit). The process is illustrated using the kill of 13 marbled
murrelets (MAMU) in the OR/WA Mystery Oil Spill. See Table A-2 in Attachment A for details on the life
history for the MAMU. Table 3 summarizes the MAMU REA inputs.

Table 3. Inputs Used in the MAMU REA

Incident‘\rea r: 1999 Breeding Years: 23
Start year of analysis: Y 1999 Female proportion: 0.5
Start year for reprod uction: . 2000 Female breeding rates: 85.00%
1st year survival rate: 07 # Fledges per nest: 04
2nd year survival rate: 0.825

3rd year survival rate: 0.925 Base year for discounting: 2019
Ath year survival rate: 0925 Discount Factor: 103
5th year survival rate: 0.925

Ongoing annual survival rate: 0.925

On the injury side, the first five steps measure total direct losses, which are illustrated in Tables 4 and 5.

Step 1: Identify how many individuals by age class per species should have been alive “but for” the
oil spill. Multiple the age distribution (see Attachments A and B) by the number killed, as
illustrated for MAMU in Table 4.

Table 5 illustrates Steps 2 through 5 for the MAMU.

Step 2: Multiply the relevant survival rates by the lost individuals per age class at the time of the
incident (from Step 1), and identify the midpoint to avoid over-counting or under-counting
the losses.

Step 3: For each subsequent year, multiply the number of individuals progressing through each age

class by the relevant annual survival rates for the remaining lifespan of the species.

Step 4: Total the lost bird-years across age classes and for each year of remaining lifespan to
estimate the total direct loss in bird-years. Multiply lost bird-years by the discount factor to
calculate the total lost bird-years in present value (i.e., DBYs). The base year used in this
analysis is 2019 (i.e., discount factor = 1.0 in 2019).* As shown in Table 5, 166.5 DBYs (2019)
were directly lost from the kill of 13 MAMU.

4 Discounting to present value (PV) means that the analysis in support of a damages claim has been converted to
the base year of settlement such that the final results reflect today’s natural resource values. The annual discount
factor may be calculated as (1+r)°" (i.e., 1 + (1+r)"F), where ris the discount rate (3%), P is the present time period
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Table 4. REA Step 1: Age Distribution Applied to Total Birds Killed

# MAMU Killed
Age Class (0-1) 10.90% 1.42
Age Class (1-2) 8.86% 1.15
Age Class (2-3) 8.07% 1.05
Age Class (3-4) 7.36% 0.96
Age Class (4-5) 6.70% 0.87
Age Class (5-6) 6.11% 0.79
Age Class (6-7) 5.57% 0.72
Age Class (7-8) 5.07% 0.66
Age Class (8-9) 4.62% 0.60
Age Class (9-10) 4.21% 0.55
Age Class (10-11) 3.84% 0.50
Age Class (11-12) 3.50% 0.45
Age Class (12-13) 3.19% 0.41
Age Class (13-14) 2.90% 0.38
Age Class (14-15) 2.65% 0.34
Age Class (15-16) 2.41% 0.31
Age Class (16-17) 2.20% 0.29
Age Class (17-18) 2.00% 0.26
Age Class (18-19) 1.82% 0.24
Age Class (19-20) 1.66% 0.22
Age Class (20-21) 1.52% 0.20
Age Class (21-22) 1.38% 0.18
Age Class (22-23) 1.26% 0.16
Age Class (23-24) 1.15% 0.15
Age Class (24-25) 1.04% 0.14
Total: 100% 13.00
Step 5: Identify the subset of individuals that are of reproducing age (i.e., Reproducing Subset)
(from Step 4). An estimated 122 MAMU were of reproducing age (age class 2-3), as shown

in Table 5.

The next three steps involve calculating individual indirect losses, which are the expected losses
associated with the statistical lifespan of one (dead) bird. For the MAMU, the results are measured in
bird-years per foregone fledge, which is illustrated in Table 6 and applied to Table 7.

Step 6: Calculate the expected value in bird-years associated with a MAMU fledge as the product of
the annual survival rates over the expected lifespan.

Step 7: Multiply the results of Step 6 by the relevant discount factor to convert to present value.
The result, as shown in Table 6, is 10.1 DBYs per foregone MAMU fledge. This is value of the
statistical lifespan of a MAMU.

(base year), and t is the time period of lost services. In 2019, the discount factor is 1.0, because any number raised
to the zero power equals 1.0 (1.03‘2019_2019: o= 1.0). So, for whatever year there is a discount factor of 1.0, that is
the base year of the analysis.
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Table 5. Steps 2-5: Direct Loss of MAMU DBYs and Reproducing Subset (2019)

Discount |Age Class Total Direct Total Lost Reproducing
Year Factor (0-1} 1-2) (2-3) (3-4) (4-5) {5-6) 6-7) {7-8} {35}  (5-10} (17-18) (18-19) ([19-20) (20-21) (21-22) (22-23) (23-24) (24-25) Bird-Years Bird-Years in PV Subset
1993 N 121 1.417 N 1.152 1050 0956 0.872 0.794 0724 0.659 0.601 0.548 0260 0.237 0216 0197 0.180 0164 0.149 0.136 13.000 - 10431
2000 175 1293 ] 1109 1010 0921 0.839 0764 0.697 0635 0578 @275 0.251  0.228  0.208 0.1%0 0173 0.157 0.143 12.311 21.587 11.018
2001 170 1.196 1.025 0.934 0.852 0776 0.707 0.644 0.587 0.279 0.254 0232 0211 0192 0175 0.160 0.146 11.255 19.161 11.255
2002 1.65 1.197 0.949 0.864 0.788 0718 0.654 0.596 0.283 0.258 0235 0.214 0195 0178 0.162 0.148 10.276 16.985 10.276
2003 1.60 1.024 0.877 0.800 0.729 0.664 0.605 0288 0262 0239 0.218 0198 0181 0.165 0.150 9.369 15.034 9.369
2004 156 0.947 0.812 0.740 0674 0614 0.292 0.266 0.242 0221 0201 0183 0167 0.152 8.527 13.285 8.527
2005 151 0.876 0.751 0.684 0623 029 0.270 0246 0.224 0204 0186 0170 0.155 7.747 11.718 7.747
2006 147 0.810 0.694 0.633 0.301 0.274 0250 0.228 0207 0.18% 0172 0157 7.023 10.313 7.023
2007 143 0.749 0.642 0.305 0.278 0.254 0.231 0211 0192 0.175% 0.159 6.351 9.055 6.351
2008 138 0.693 0310 ©.282 0.257 0.235 0.214 0195 0.177 0.162 5.727 7.928 5.727
2009 134 0.315 0.287 0261 0.238 0.217 0198 0.180 0.164 5.148 6.918 5.148
2010 130 0.319 0.291 0265 0.242 0220 0201 0183 0.167 4.610 6.015 4.610
2011 1.27 o 0324 0295 0269 0245 0224 0204 0186 0.169 4.110 5.207 4.110
2012 123 0.329 0.300 0273 0.249 0227 0207 0138 0.172 2.645 4483 3.645
2013 1.19 0334 0304 0277 0253 0230 0210 0.191 0.174 3.213 3.837 3.215
2014 1.16 0.339 0.309 0232 0.257 0234 0213 0194 0.177 2.811 3.259 2.811
2015 113 0344 0314 0286 0.261 0237 0216 0.197 0.180 2.436 2.742 2.436
2016 1.09 0371 ©0.318 0290 0.264 0.241 0220 0.200 0.132 2.088 2281 2.088
2017 1.06 0.344 0295 0.268 0245 0.223 0203 0.185 1782 1870 1762
2018 1.03 0318 0272 0248 0226 0206 0.188 1.458 1.503 1.45%9
2019 1.00 0.294 0252 0230 0209 0.191 1.176 1.176 1.176
2020 0.97 0.272 0233 0212 0.194 0911 0.885 0911
2021 0.94 0.252 0.216 0.197 0.664 0.626 0.664
2022 0.92 0.233 0.199 0.432 0.396 0.432
2023 0.89 0.215 0.215 0.151 0.215
Total 166.45 3 122.40

*More than two digits are provided to facilitate hand calculations and are not intended to convey excess confidence.
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Table 6. Steps 6-7: Expected DBYs from a MAMU Fledge That
Should Have Been Produced in 1999 (services start in 2000)(2019)

Discount Bird-Years/ Bird-Years/
Year Factor Fledge Fledge in PV
2000 175 0.700 3 1237
2001 170 0.578 0.983
2002 1.65 0.534 0.883
2003 160 0.494 0.793
2004 156 0.457 0.712
2005 151 D.423 0.639
2006 147 0.391 0574
2007 143 X 0.362 = 0516
2008 1.38 D.335 0.463
2009 134 0.310 0416
2010 130 0.286 0.374
2011 1.27 D.265 0.335
2012 1.23 D.245 0.301
2013 115 0227 0271
2014 116 0.210 0.243
2015 113 0.194 0.218
2016 1.09 0179 0.196
2017 1.06 0.166 0176
2018 1.03 0.153 0.158
2019 1.00 0142 0.142
2020 0.97 0131 0127
2021 0.94 0121 0.114
2022 092 0112 0.103
2023 0.89 0.104 0.092
2024 0.86 0.096 0.083
Total 7.215 10.141

*More than two digits are provided to facilitate hand
calculations and are not intended to convey excess confidence.

The next four steps measure total indirect losses in DBYs, as illustrated in Table 7.

Step 8:

Step 9:

Step 10:

Extrapolate the results from Step 7 into future years using the 3% discount rate. Although
some slight rounding error is introduced, the most efficient way to adjust the future values
is to continuously reduce the values by 3% by multiplying the previous year by 0.970874.
Table 7 provides an illustration (see, e.g., 10.141 DBYs (1999) x 0.970874 = 9.846 DBYs
(2000), which correctly applies the 3% discount rate, as shown).

Using the Reproducing Subset in Step 5, calculate how many of the adults are females that
would actually reproduce (i.e., # reproducing age (from Step 5) x proportion female x
reproductive rate of females). For 1999, 10.4 birds were reproducing age x 50% are female
(or divide by 2) x 85% of the females are reproductive = 4.4 reproductive MAMU females.

Multiply the number of reproducing females (from Step 9) by the average number of fledges
per nest to estimate the total number of lost first-generation fledges. For 1999, 4.4 females
x 0.4 fledges/nest = approximately 1.8 lost (foregone) fledges.
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Table 7. Steps 8-11: Total Indirect Losses of MAMU (2019)

Total 1st Gen Lost
Discount] Total #Birds— |4 Reproducing # 1st Gen Bird-Years/ Double-check on expedited discounting Bird-Years
Year Factor | Reproducing Age Females Birds Fledge in PV Total in PV
1998 © 1.1 10.431 4.433 1773 10.141 17 983
2000 175 11.018 4.683 1.873 9.846 0970874 1.030000 18.442
2001 170 11255 4783 1913 9.559 0970874 1.030000 18.290
2002 165 10276 4.367 1747 9.281 0970874 1.030000 16.213
2003 160 9.369 3.982 1593 9.010 0970874 1.030000 14351
2004 156 8527 3624 1.450 8748 0970874 1.030000 12 681
2005 151 7747 3.292 1.317 8.493 D970874 1.030000 11185
2006 147 7.023 2985 1194 8.246 0970874 1.030000 9844
2007 143 §.351 2.699 1.080 8.006 DS70874 1.030000 8.643
2008  1.38 5727 2.434 0.974 7772 0970874 1.030000 7.567
2009 134 5.148 2.188 0.875 7.546 0970874 1.030000 6.604
2010 130 4.610 1.959 0.784 7.326 0970874 1.030000 5.742
2011 127 4.110 1.747 0.699 7.113 0970874 1.030000 4.970
2012 123 3.645 1.549 0.620 6.906 0970874 1.030000 4.280
2013 119 2 1.366 0.545 £.705 0970874 1.030000 3.662
2014 116 2.811 1.195 0.478 £.509 0970874 1.030000 3.111
2015 113 2436 1.035 0.414 6.320 0970874 1.030000 2618
2016 1.09 2.088 0.887 0355 6.136 0970874 1.030000 2177
2017 106 1762 0.749 0.300 5.957 D970874 1.030000 1.785
2018 103 1.459 0.620 0.248 5.783 DS70874 1.030000 1.434
2018 1.00 1.176 0.500 0.200 5.615 DS70874 1.030000 1.122
2020 097 0911 0.387 0.155 5.451 0970874 1.030000 0.844
2021 094 0.664 0.282 0113 5.293 0970874 1.030000 0.597
2022 092 0.432 0.184 0.073 5.139 0970874 1.030000 0.378
2023 0.89 0.215 0.091 0.037 4.989 0970874 1.030000 0.183
Total 122 404 52.021 20809 174.705
*More than two digits are provided to facilitate hand calculations and are not intended to convey excess
confidence.
Step 11:  Multiply the total number of lost first-generation (F1) individuals (from Step 10) by the

Summary of Marbled Murrelet Results

individual-years associated with their lifespan (from Steps 6 through 8). For 1999,

approximately 1.8 foregone MAMU fledges x 10.1 DBYs per fledge = approximately 18

MAMU DBYs lost. In total, the indirect loss of MAMU is approximately 175 DBYs.

The total debit in the OR/WA Mystery Oil Spill REAs is the sum of the direct and indirect (F1) losses in

DBYs. As illustrated in Table 8, the kill of 13 MAMU resulted in a total debit of approximately 341 DBYs
lost. All of the methods described above were repeated for the alcids, surface feeders and divers. The
summary of all results are available in Table 1.

Table 8. Direct and Indirect Losses from the Kill of 13 MAMU (2019)

Source of Bird-Years

PV Bird-Years (DBYs)

Direct Loss 166.45
Indirect Loss—1st Gen (F1) 174.71
Total Debit (Direct+Indirect) 341.16
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Attachment A
Life History and Demographic Parameters for Alcids, Marbled Murrelets,
Surface Feeders, and Divers
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Table A-1. Life History and Demographic Parameters for Alcids

REA Input

REA Value

Reference

Species included in REA

Rhinoceros Auklet
Cassin’s Auklet
Parakeet Auklet
Common Murre

Tufted Puffin
Horned Puffin

Morgue database

Maximum lifespan

30 years

USGS longevity records
Luckenbach Trustees 2006

Age of first breeding

Reproduction starts at the beginning
of age 4 (age class 3-4)

Luckenbach Trustees 2006

Expected years of breeding

27 years of reproduction (3 years of
no reproduction)

Lifespan — Years not breeding

Percentage of adults that
breed

94% - 96% (common murre)
80% (Cassin’s auklet)
selected value = 90% (mean)

Ainley et al. 2002
Lee and Sydeman 2006
Manuwal and Thoresen 1993

# eggs/nest

1

Gaston and Dechesne 1996

Nesting success (% of nests
that fledge a chick)

56% - 89%
selected value = 71% (mean)

Wilson and Manuwal 1986

Fecundity (fledged females
per adult female)

0.325 females/adult female

Luckenbach Trustees 2006

Juvenile (year 0-1) survival

0.76

Leslie Matrix
Luckenbach Trustees 2006
DOI REA calculations

Subadult (year 1-4) survival

0.86

Leslie Matrix
Luckenbach Trustees 2006
DOI REA calculations

Adult (year 4+) survival

0.86

Leslie Matrix
Luckenbach Trustees 2006
DOI REA calculations
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Table A-1. Life History and Demographic Parameters for Alcids (continued)

Age Distribution of Birds
Killed

Age(x) proportion in age x
1 14.9%
2 12.7%
3 10.8%
4 9.2%
5 7.9%
6 6.7%
7 5.7%
8 4.9%
9 4.1%
10 3.5%
11 3.0%
12 2.6%
13 2.2%
14 1.9%
15 1.6%
16 1.4%
17 1.2%
18 1.0%
19 0.8%
20 0.7%
21 0.6%
22 0.5%
23 0.4%
24 0.4%
25 0.3%
26 0.3%
27 0.2%
28 0.2%
29 0.2%
30 0.1%

100.0%

Conducted species-specific
cohort (age dependent) life
table analysis (calculated
intrinsic rate of increase) to
estimate a stable age
distribution. See, e.g.,
Introduction to Population
Ecology (Rockwood 2015),
Elements of Mathematical
Ecology (Kot 2001), Leslie
(1945), and Birch (1948). See
Attachment B for more
details.

Alcids References

Ainley, D.G., D.N. Nettleship, H.R. Carter, and A.E. Storey. 2002. Common Murre (Uria aalge) In The Birds
of North America, No.666 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornithologists’ Union, Washington, D.C.

Berger, A.E. 1993. Estimating the mortality of seabirds following oil spills: Effects of spill volume. Marine
Pollution Bulletin 26(3):140-143.

Gaston, A.J., and S.B.C. Dechesne. 1996. Rhinoceros Auklet (Cerorhinca monocerata) In The Birds of
North America, No.212 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences,
Philadelphia, PA, and The American Ornithologists’ Union, Washington, D.C.

14



DOl Office of Policy Analysis, June 25, 2019

Lee, D.E. and W.J. Sydeman. 2006. Population vital rates for common murre (Uria aalge) of southeast
Farallon Island, California. Report to California Department of Fish and Game. Office of Spill
Prevention and Response.

Luckenbach Trustee Council. 2006. S.S. Jacob Luckenbach and Associated Mystery Qil Spills Final Damage
Assessment and Restoration Plan/Environmental Assessment. Prepared by California
Department of Fish and Game, National Oceanic and Atmospheric Administration, United States
Fish and Wildlife Service, National Park Service.

Manuwal, D.A. and A.C. Thoresen. 1993. Cassin’s Auklet (Ptychoramphus aleuticus) In The Birds of North
America, No.50 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences, Philadelphia, PA,
and The American Ornithologists’ Union, Washington, D.C.

Wilson, U.W., and D.A. Manuwal. 1986. Breeding biology of the rhinoceros auklet in Washington. The
Condor 88:143-155.
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Table A-2. Life History and Demographic Parameters for the Marbled Murrelet

REA Input REA Value Reference
Species Marbled Murrelet
Maximum lifespan 25 years McShane et al. 2004
Age of first breeding 2-5 years Nelson 1997
Reproduction starts at beginning | Bradley 2002
of age 3 selected (age class 2-3) | Burger 2002

Expected years of breeding

23 years of reproduction (2 years
of no reproduction)

Lifespan — Years not breeding

Percentage of adults that breed

31-65%
80-95%
50%-90% (El Nino/non El Nino)
85% selected

Beissinger and Perry 2003
Cam et al. 2003
McShane et al. 2004

# eggs/nest

1

Burger 2002
Nelson 1997

Nesting success (% of nests that
fledge a chick)

(32.4% to 46% Zone 3) OR=0.43
40% selected

McShane et al. 2004
K. Nelson pers. comm.

Productivity/Fecundity

0.135-0.324 fledges/pair (CA)
0.46 fledges/pair (BC)

0.36 fledges/pair (OR,WA,CA)
0.18-0.22 females/adult female
0.2 females/adult female
selected

McShane et al. 2004
Bradley 2002

Nelson and Hamer 1995
Lougheed et al. 2002

Juvenile (0-1 year) survival

70% of adult survival
0.70 selected

Beissinger and Nur 1997

Subadult (1-2 years) survival

89% of adult survival
0.825 selected

Beissinger and Nur 1997

Adult (2+ years) survival

0.85-0.90
0.93
0.925 selected

Beissinger and Nur 1997
Cam et al. 2003
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Table A-2. Life History and Demographic Parameters for Marbled Murrelet (continued)

Age Distribution of Birds Killed

Age(x) proportion in age x
1 10.9%
2 8.9%
3 8.1%
4 7.4%
5 6.7%
6 6.1%
7 5.6%
8 5.1%
9 4.6%
10 4.2%
11 3.8%
12 3.5%
13 3.2%
14 2.9%
15 2.6%
16 2.4%
17 2.2%
18 2.0%
19 1.8%
20 1.7%
21 1.5%
22 1.4%
23 1.3%
24 1.1%
25 1.0%

100.0%

Conducted species-specific
cohort (age dependent) life
table analysis (calculated
intrinsic rate of increase) to
estimate a stable age
distribution. See, e.g.,
Introduction to Population
Ecology (Rockwood 2015),
Elements of Mathematical
Ecology (Kot 2001), Leslie
(1945), and Birch (1948). See
Attachment B for more details.

Fecundity and survival rates were adjusted to produce an annual rate of increase of 1.5%, which is consistent with
the 1.8% increase determined for marbled murrelets in Oregon for the years 2000-2016 (K. Nelson pers. comm.).

Marbled Murrelet References

Beissinger, S.R., and N. Nur. 1997. Population trends of the marbled murrelet projected from
demographic analysis. Appendix B In Recovery Plan for the Threatened Marbled Murrelet
(Brachyramphus marmoratus) in Washington, Oregon, and California. Portland, Oregon. 203 p.

Beissinger, S.R., and M.Z. Perry. 2003. Range-wide Analysis of Juvenile Rations from Marbled Murrelet
Monitoring Programs: Implications for Demographic Analyses. Final Report to U.S. Fish and
Wildlife Service, Arcata Field Office. August 2003. 29 p.

Bradley, R.W. 2002. Breeding Ecology of Radio-Marked Marbled Murrelets (Brachyramphus
marmoratus) in Desolation Sound, British Columbia. MS Thesis. Simon Fraser University,

Burnaby, BC.
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Table A-3. Life History and Demographic Parameters for Surface Feeders (Procellarids and Larids)

REA Input

REA Value

Reference

Species included in REA

Northern Fulmar
Leach’s Storm-petrel
Glaucous-winged Gull
Black-legged Kittiwake

Morgue database

Maximum lifespan

>50 years
70 years
60 years (mean) selected

Hatch and Nettleship 1998
Luckenbach Trustees 2006

Age of first breeding

Reproduction starts at
beginning of age 9
(age class 8-9)

Hatch and Nettleship 1998
S. Hatch pers. comm.

Expected years of breeding

52 years of reproduction (8
years of no reproduction)

Lifespan — Years not breeding

Percentage of adults that breed 95% Hatch and Nettleship 1998
Hatch 1987
# eggs/nest 1 Hatch and Nettleship 1998
Nesting success (% of nests that 41% Hatch 1987
fledge a chick)
Productivity (fledged young per 0.42 Horswill and Robinson 2015
pair/nest) 0.41 Hatch 1987
Fecundity (females/adult female) 0.21 selected fecundity Luckenbach Trustees 2006
Annual survival year 0-1 0.61 Luckenbach Trustees 2006
Annual survival year 1-2 0.68 Luckenbach Trustees 2006
Annual survival year 2-3 0.75 Luckenbach Trustees 2006
Annual survival year 3-4 0.82 Luckenbach Trustees 2006
Annual survival year 4-5 0.90 Luckenbach Trustees 2006
Annual survival year 5+ 0.97 Hatch and Nettleship 1998
Age Distribution of Birds Killed Age(x) proportioninagex | Conducted species-specific
(estimate) 1 8.4% cohort (age dependent) life table
2 5.7% analysis (calculated intrinsic rate
3 4.3% of increase) to estimate a stable
4 3.5% age distribution. See, e.g.,
5 3.1% Introduction to Population
6 3.0% Ecology (Rockwood 2015),
7 2.9% Elements of Mathematical
8 2.8% Ecology (Kot 2001), Leslie (1945),
9 2.7% and Birch (1948). See
10 2.6% Attachment B for more details.
11 2.5%
12 2.4%
13 2.4%
14 2.3%
15 2.2%
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16 2.1%
17 2.1%
18 2.0%
19 1.9%
20 1.8%
21 1.8%
22 1.7%
23 1.7%
24 1.6%
25 1.6%
26 1.5%
27 1.4%
28 1.4%
29 1.4%
30 1.3%
31 1.3%
32 1.2%
33 1.2%
34 1.1%
35 1.1%
36 1.1%
37 1.0%
38 1.0%
39 1.0%
40 0.9%
41 0.9%
42 0.9%
43 0.8%
44 0.8%
45 0.8%
46 0.7%
47 0.7%
48 0.7%
49 0.7%
50 0.7%
51 0.6%
52 0.6%
53 0.6%
54 0.6%
55 0.5%
56 0.5%
57 0.5%
58 0.5%
59 0.5%
60 0.5%
100.0%
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Surface Feeders References
Hatch, S.A. 1987. Adult survival and productivity of Northern Fulmars in Alaska. The Condor 89:685-696.

Hatch, S.A., and D.N. Nettleship. 1998. Northern Fulmar (Fulmarus glacialis) In The Birds of North
America, No.361 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences, Philadelphia, PA,
and The American Ornithologists’ Union, Washington, D.C.

Horswill, C. and R.A. Robinson. 2015. Review of Seabird Demographic Rates and Density Dependence.
JNCC Report No. 552. Joint Nature Conservation Committee, Peterborough.

Luckenbach Trustee Council. 2006. S.S. Jacob Luckenbach and Associated Mystery Qil Spills Final Damage
Assessment and Restoration Plan/Environmental Assessment. Prepared by California
Department of Fish and Game, National Oceanic and Atmospheric Administration, United States
Fish and Wildlife Service, National Park Service.
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Table A-4. Life History and Demographic Parameters for Divers

REA Input

REA Value

Reference

Species

Western Grebe
Common Loon
Brandt’s Cormorant
Brown Pelican
White-winged Scoter
Harlequin Duck

Morgue database

Maximum lifespan

20 years

Luckenbach Trustees 2006

Age of first breeding

Agel
(age class 0-1)

Luckenbach Trustees 2006

Expected years of breeding

20 years of reproduction

Lifespan — Years not breeding

Percentage of adults that breed

horned grebe = 90%
common loon = 80%
85% (mean) selected

Fjeldsa 1973; Stedman 2000
Evers 2004

# eggs/nest

1-6 eggs/nest
3 eggs/nest selected

Storer and Nuechterlein 1992

Nesting success (% of nests that
fledge a chick)

46% - 84%
44% - 58%
58% (mean) selected

Storer and Nuechterlein 1992
Ilvey 2004

Productivity (fledged young per
pair/nest)

Fecundity (females per adult
female)

1.7 fledges/pair
1.0 fledge/nest
0.79 chicks/pair

0.5 females/adult female

Lindvall and Low 1982
Luckenbach Trustees 2006
Ivey 2004

selected
year 0-1 survival 0.60 Sperduto et al. 1999
year 1+ survival 0.70 Luckenbach Trustees 2006
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Table A-4. Life History and Demographic Parameters for Divers (continued)

Age distribution Age(x) proportion in age x| Conducted species-specific cohort
1 30.01% (age dependent) life table analysis
2 21.01% (calculated intrinsic rate of
3 14.71% increase) to estimate a stable age
4 10.30% distribution. See, e.g.,

5 7.21% Introduction to Population
6 5.05% Ecology (Rockwood 2015),
7 3.53% Elements of Mathematical Ecology
8 2.47% (Kot 2001), Leslie (1945), and
9 1.73% Birch (1948). See Attachment B
10 1.21% for more details.
11 0.85%
12 0.59%
13 0.42%
14 0.29%
15 0.20%
16 0.14%
17 0.10%
18 0.07%
19 0.05%
20 0.03%
100.0%

Divers References

Evers, D.C. 2004. Status assessment and conservation plan for the Common Loon (Gavia immer) in North
America. U.S. Fish and Wildlife Service, Hadley, MA.

Fjeldsa, J. 1973. Territory and the regulation of population density and recruitment in the horned grebe
Podiceps auritus arcticus Boje, 1822. Vidensk. Meddr dansk naturh Foren. 136:117-189.

Ivey, G. 2004. Conservation Assessment and Management Plan for Breeding Western and Clark’s Grebes
in California. June 2004. 89 p.

Johnsgard, P.A. 1987. Diving Birds of North America. University of Nebraska Press. Lincoln, Nebraska.

Lindvall, M.L. and J.B. Low. 1982. Nesting ecology and production of western grebes at Bear River
migratory bird refuge, Utah. Condor 84:66-70.

Luckenbach Trustee Council. 2006. S.S. Jacob Luckenbach and Associated Mystery Oil Spills Final Damage
Assessment and Restoration Plan/Environmental Assessment. Prepared by California
Department of Fish and Game, National Oceanic and Atmospheric Administration, United States
Fish and Wildlife Service, National Park Service.
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Sperduto, M., C. Hebert, M. Donlan and S. Thompson. 1999. Injury Quantification and Restoration
Scaling for Marine Birds Killed as a Result of the North Cape Oil Spill. U.S. Fish and Wildlife
Service, Hadley, MA.

Stedman, S.J. 2000. Horned Grebe (Podiceps auritus) In The Birds of North America, No.505 (A. Poole
and F. Gill, eds.). The Academy of Natural Sciences, Philadelphia, PA, and The American
Ornithologists’ Union, Washington, D.C.

Storer, R.W., and G.L. Nuechterlein. 1992. Western Grebe (Aechmophorus occidentalis) In The Birds of
North America, No.26 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences, Philadelphia,
PA, and The American Ornithologists’ Union, Washington, D.C.

Stout, B.E., and G.L. Nuechterlein. 1999. Red-necked Grebe (Podiceps grisegena) In The Birds of North

America, No.465 (A. Poole and F. Gill, eds.). The Academy of Natural Sciences, Philadelphia, PA,
and The American Ornithologists’ Union, Washington, D.C.
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Attachment B
Calculation of Age Distribution for the Marbled Murrelet

Some species do not have age distribution information available from the carcasses, site data, or
literature. If there is sufficient information on lifespan, survival rates, and fecundity, a Leslie Model and
associated life table can be used together to identify the percent of individuals in each age class, as
shown in Tables B-1 and B-2. This two-phase analysis provides a stable age distribution, as required for
REA (see Table 2). First, the analysis requires inputs on survival rates and fecundity (number of females
surviving in each age class), which are highlighted in yellow. The intrinsic rate of population increase (r =
0.015 in Table B-1) is the mathematical solution so the sum of the column equals 1 (highlighted in blue).
A negative result would imply a population decline. Once the intrinsic rate is correctly identified, the
second phase of the analysis automatically calculates the percent of the population in each age class.
For example, Table B-2 shows that approximately 11% of the marbled murrelet population is age 1 (age
class 0-1) and 9% is age 2 (age class 1-2).

Table B-1. Estimation of the Intrinsic Rate of Population Change for the Marbled Murrelet

=r (intrinsic rate of increase)

a b C a*b*c
survival x to x+1 survival until age x © fecundity ©  exponential growth estimate r
Age (x) sX [or px) Ix mx expl-r=(x+1)) ‘Ix"mx"e:pt-r" R
0 1 1 o
1 07 0700 1] 0.970 0.000 select/solve rso that
2 0.825 0.578 o 0.956 0.000 column F=1
3 0.925 0.534 0.2 D942 0.101 [preferably with
4 0.925 0.494 0.2 0928 0.092 zeros to the 5th
5 0.925 0.457 0.2 0914 0.0B4 decimal place)
B 0.925 0.423 0.2 0.900 0.076
T 0.925 0.391 02 0.887 0.069
B 0.925 0.362 0.2 0.874 0.063
o 0.925 0.335 0.2 0.B61 0.058
10 0.925 0.310 0.2 0.B48 0.052
11 0.925 0.286 0.2 0.835 D.048
12 0.925 0.265 0.2 0.823 0.044
13 0.925 0.245 0.2 0.B11 0.040
14 0.925 0.227 0.2 0.799 0.036
15 0.925 0.210 0.2 0.787 0.033
16 0.925 0.194 0.2 0.775 0.030
17 0.925 0.179 0.2 0.764 0.027
18 0.925 0.166 0.2 0.752 0.025
19 0.925 0.153 0.2 0.741 0.023
20 0.925 0.142 0.2 0.730 0.021
21 0.925 0.131 0.2 0.719 0.019
22 0.925 0.121 0.2 0.708 0.017
23 0.925 0.112 0.2 0.698 0.016
24 0.925 0.104 0.2 0.688 0.014
25 0.925 0.096 0.2 0.677 0.013

‘

25



DOl Office of Policy Analysis, June 25, 2019

Table B-2. Estimate of Stable Age Distribution for Age 1 and Older

Age(x)

=

[¥= R e R = R R o AV X

Ix
0.700
0578
0534
0.494
0.457
0.423
05391
0.362
0.335
0.310
0.2B6
0.265
0.245
0227
0.210
0.194
0.179
0.166
0.153
0.142
0.131
0.121
0.112
0.104
0.096

exp(-rx)
0.985
0.970
0.956
0.942
0.928
0.914
0.900
0.887
0.874
0.861
0.848
0.835
0.823
0.811
0.799
0.787
0.775
0.764
0.752
0.741
0.730
0.719
0.708
0.698
0.688

Ix*exp(-rx)
0.690
0.560
0.511
0.465
0424
0.386
0.352
0.321
0.292
0.266
0.243
0.221
0.202
0.184
0.167
0.153
0.139
0.127
0.115
0.105
0.096
0.087
0.080
0.073
0.066

6.326

b

proportion in age x
d*eff
o
0.109
0.089
0.081
0.074
0.067
0.061
0.056
0.051
0.046
0.042
0.038
0.035
0.032
0.029
0.026
0.024
0.022
0.020
0.018
0.017
0.015
0.014
0.013
0.011
0.010

1.000

26



	20190625_OR-WA Mystery Oil Spill REA memo
	20190625_OR-WA Mystery Oil Spill REA doc



