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 Plaintiff-Appellee/Cross Appellant Wild Fish Conservancy (“Conservancy”) 

hereby responds to the State of Alaska’s Motion for Stay Pending Appeal (“Motion 

to Stay”) and respectfully requests the Court deny the relief requested therein. 

I. INTRODUCTION. 

 The National Marine Fisheries Service (“NMFS”) violated the Endangered 

Species Act (“ESA”) by issuing an incidental take statement (“ITS”) authorizing 

excessive salmon harvests in Southeast Alaska that threaten the continued survival 

of Southern Resident Killer Whales (“SRKW”) and Chinook salmon in reliance on 

undefined and uncertain mitigation; mitigation that is nowhere near meeting its 

objectives four years later. NMFS also violated the National Environmental Policy 

Act (“NEPA”) by issuing the ITS without first considering alternatives, like 

reduced harvests, or providing any required evaluations. The presumptive remedy 

for such serious deficiencies is vacatur of the entire ITS. The District Court, 

however, carefully crafted a remedy that protects imperiled species but allows most 

fisheries covered by the illegal ITS to continue. That was not an abuse of 

discretion. See Coal. to Prot. Puget Sound Habitat v. U.S. Army Corps Eng’rs, 843 

F. App’x 77, 80 (9th Cir. 2021). The Motion to Stay should therefore be denied 

because Alaska has not made a strong showing that it will succeed on appeal. 

 The Motion to Stay should also be denied because a stay would substantially 

injure the Conservancy’s interests; specifically, it would harm ESA-listed SRKWs 
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and Chinook salmon and even threaten extinction of SRKWs. Finally, the Motion 

to Stay must be denied because it is not in the public interest: “Congress has 

determined that under the ESA the balance of hardships always tips sharply in 

favor of endangered or threatened species.” Marbled Murrelet v. Babbitt, 83 F.3d 

1068, 1073 (9th Cir. 1996). 

II. REGULATORY FRAMEWORK. 

“The plain intent of Congress in enacting [the ESA] was to halt and reverse 

the trend toward species extinction, whatever the cost.” Tenn. Valley Auth. v. Hill, 

437 U.S. 153, 184 (1978) (emphasis added). To this end, section 9 of the ESA 

makes it unlawful to “take” listed species. See 16 U.S.C. § 1538(a)(1)(B). 

Section 7 of the ESA imposes substantive and procedural requirements on 

federal agencies. Substantively, agencies must “insure” their actions “[are] not 

likely to jeopardize the continued existence of . . . [listed] species.” 16 U.S.C. § 

1536(a)(2); Pyramid Lake Paiute Tribe of Indians v. U.S. Dep’t of the Navy, 898 

F.2d 1410, 1414–15 (9th Cir. 1990). The procedural requirements are intended to 

facilitate compliance with that substantive mandate. See Thomas v. Peterson, 753 

F.2d 754, 763–65 (9th Cir. 1985), abrogated on other grounds, Cottonwood Env’t 

Law Ctr. v. U.S. Forest Serv., 789 F.3d 1075, 1091–92 (9th Cir. 2015). Specifically, 

agencies planning an action that “may affect” listed species (“action agency”) must 

consult with NMFS. 50 C.F.R. § 402.14(a). 
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Consultation results in the consulting agency’s issuance of a biological 

opinion (“BiOp”) determining whether the action is likely to jeopardize listed 

species. Id. § 402.14(h)(1). If jeopardy is not likely, the BiOp will include an ITS 

defining the amount of take anticipated. Aluminum Co. of Am. v. Adm’r, Bonneville 

Power Admin., 175 F.3d 1156, 1158–59 (9th Cir. 1999); 16 U.S.C. § 

1536(b)(4)(C)(i); 50 C.F.R. § 402.14(i)(1)(i). Take that complies with an ITS is 

exempt from liability. 16 U.S.C. § 1536(o)(2); 50 C.F.R. § 402.14(i)(5). 

 “NEPA ‘is our basic national charter for protection of the environment.’ . . . 

The statute provides environmental protection not by mandating ‘particular 

results,’ but by prescribing the process that an agency must follow to evaluate and 

approve an action that will have environmental consequences.” Ctr. for Biological 

Diversity v. Bernhardt, 982 F.3d 723, 734 (9th Cir. 2020) (citations omitted). 

 NEPA requires environmental impact statements (“EIS”) for “major Federal 

actions significantly affecting the quality of the human environment.” 42 U.S.C. § 

4332(2)(C)(i). The EIS “serves NEPA’s ‘action-forcing’ purpose in two important 

respects. . . . It ensures that the agency, in reaching its decision, will have available, 

and will carefully consider, detailed information concerning significant 

environmental impacts; it also guarantees that the relevant information will be 

made available to the larger audience that may also play a role in both the 

decisionmaking process and the implementation of that decision.” Robertson v. 
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Methow Valley Citizens Council, 490 U.S. 332, 349 (1989) (citation omitted). An 

environmental assessment (“EA”) is prepared to determine whether an action will 

have significant environmental impacts if the action is neither one that normally 

requires an EIS nor one that is excluded from NEPA review. Hale v. Norton, 476 

F.3d 694, 700 (9th Cir. 2007); 40 C.F.R. § 1501.4.1 

Agencies must consider alternatives in either an EA or EIS. See 42 U.S.C. § 

4332(2)(C)(iii), (2)(E); Bob Marshall All. v. Hodel, 852 F.2d 1223, 1228–29 (9th 

Cir. 1988); Ctr. for Biological Diversity v. Salazar, 695 F.3d 893, 915 (9th Cir. 

2012). “Informed and meaningful consideration of alternatives . . . is . . . an 

integral part of the statutory scheme.” Hodel, 852 F.2d at 1228. In an EA or EIS, 

agencies must assess cumulative impacts; i.e., “‘the impact on the environment 

which results from the incremental impact of the action when added to other past, 

present, and reasonably foreseeable future actions.’” Te-Moak Tribe of W. 

Shoshone of Nev. v. U.S. Dep’t of the Interior, 608 F.3d 592, 602–03 (9th Cir. 2010) 

(citation omitted). Public participation is also required for both an EA and EIS. See 

40 C.F.R. §§ 1501.4(b), 1503.1(a)(4). 

  

 
1 The 1978 NEPA regulations, as amended, were in effect when NMFS made the 
relevant decisions here. See 85 Fed. Reg. 43,304, 43,305–06 (July 16, 2020). All 
citations to the NEPA regulations herein are to that version. 
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III. STATEMENT OF FACTS. 

 A. Endangered SRKWs and Threatened Chinook Salmon. 

The SRKW “has declined to historically low levels” and is considered one 

of the most at-risk species. WFC_ER378–79, 516. Insufficient prey—namely, 

Chinook salmon—is the primary cause of the decline, contributing to premature 

mortality and reduced fertility. WFC_SER193, 209–10; see also WFC_ER516, 

522, 526–27, 675. Dr. Deborah Giles studies SRKWs and explains that current 

conditions are “unprecedented,” with more than a fifth of the population likely 

vulnerable and emaciated. WFC_SER83–84, 238–40. “[A]n immediate increase in 

the abundance of Chinook [salmon] . . . [is needed] to avoid functional extinction.” 

WFC_SER85. 

 The Puget Sound, Lower Columbia River, Upper Willamette River, and 

Snake River fall-run Chinook salmon evolutionarily significant units (“ESU”) are 

threatened species under the ESA. 50 C.F.R. § 223.102(e). Primary causes of their 

decline include harvests and hatcheries. WFC_ER349, 372, 374, 376. Many 

populations within these ESUs are at a high extinction risk and below escapement 

goals; i.e., not enough adult fish are returning to spawn. See, e.g., WFC_ER480–

81, 488, 506. 

 B. Southeast Alaska Salmon Fisheries and NMFS’s SEAK BiOp. 

 Salmon are harvested in Southeast Alaska in commercial, recreational, and 
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subsistence fisheries. See WFC_ER 137–145, 347, 712, 716. Species harvested are 

Chinook, sockeye, coho, pink, and chum salmon. See WFC_ER 137–145, 347. The 

fisheries use hand and power troll gear, purse seines, and drift and set gillnets. 

WFC_ER145. Troll fisheries harvest mostly coho and Chinook salmon; the purse 

seine and drift gillnet fisheries harvest mostly pink and chum salmon; and the set 

gillnet fisheries harvest mostly sockeye and coho salmon. See WFC_ER139. While 

most Chinook salmon harvested are taken in the troll fisheries, some are also 

harvested in purse seine and gillnet fisheries. See id. 

 NMFS consulted under section 7 of the ESA on the 10-year fishing regimes 

set by the 2019 Pacific Salmon Treaty, which culminated in NMFS’s issuance of a 

BiOp in 2019 (“SEAK BiOp”). See WFC_ER435, 437. NMFS determined that the 

fisheries take SRKWs by reducing prey availability. WFC_ER674–90, 760. 

Specifically, the SEAK BiOp found that Southeast Alaska harvests will reduce 

SRKW prey in coastal waters from 0.2% to 12.9%, and from 0.1% to 2.5% for 

inland waters. WFC_ER680–81. 

The fisheries also take, via harvest, threatened Puget Sound, Lower 

Columbia River, Upper Willamette River, and Snake River fall-run Chinook 

salmon. See, e.g., WFC_ER614–60, 759–60. Finally, the fisheries take threatened 

Mexico humpback whales and endangered Western Steller sea lions through 

entanglements and hooking injuries. WFC_ER690–722, 760–65. 
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While the 2019 Treaty reduced harvests levels from the prior agreement, it 

was determined that more was needed to protect SRKWs and Puget Sound 

Chinook salmon. See WFC_ER441–42. NMFS could have imposed harvest limits 

to protect these species. See, e.g., WFC_ER452, 609, 677. Instead, NMFS 

announced a federal “funding initiative” that seeks to offset harvest impacts. 

WFC_ER441–43. The initiative comprises three elements, including the “prey 

increase program” through which NMFS seeks to fund increased Chinook salmon 

hatchery production in Puget Sound and the Columbia River and on the 

Washington Coast in an effort to increase SRKW prey. WFC_ER442–43. The other 

components focus on recovering Chinook salmon populations in four specific 

Puget Sound rivers by funding habitat restoration and conservation hatchery 

programs. WFC_ER442.  

NMFS concluded that the fisheries, with the mitigation, are not likely to 

jeopardize listed species. WFC_ER725–58. The SEAK BiOp included an ITS 

authorizing Southeast Alaska salmon fisheries to “take” ESA-listed Chinook 

salmon, SRKWs, Mexico humpback whales, and Western Steller sea lions. 

WFCW_ER758–68. 

IV. SUMMARY OF RELEVANT PROCEEDINGS. 

 The Magistrate Judge issued a Report and Recommendation on September 

27, 2021 granting the Conservancy success on the merits and denying cross-
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motions by NMFS, the Trollers, and Alaska. WFC_ER54. The District Court Judge 

adopted that Report and Recommendation on August 8, 2022. WFC_ER51–52. 

The District Court held that the SEAK BiOp violated the ESA because the 

mitigation relied upon to approve the fisheries lacked specific and binding plans 

and was not subject to NMFS’s control or otherwise certain to occur. WFC_ER77–

83. The SEAK BiOp further violated the ESA because NMFS failed to evaluate 

whether the prey increase program is likely to jeopardize threatened salmon; 

NMFS thereby impermissibly segmented consultation by assuming the program’s 

supposed benefits to SRKWs while failing to consult on the harm to salmon. 

WFC_ER83–85. The District Court declined to address two additional SEAK 

BiOp deficiencies raised by the Conservancy—including that NMFS failed to draw 

a rational connection between the facts and its conclusion that the fisheries will not 

jeopardize SRKWs—suggesting that the errors already found were dispositive. 

WFC_ER77. The District Court held that NMFS violated the substantive duty 

under ESA section 7 to ensure its actions do not jeopardize SRKWs and Chinook 

salmon. WFC_ER84–86. 

The District Court found that NMFS violated NEPA by issuing the ITS 

authorizing the fisheries without preparing either an EIS or an EA. WFC_ER86–

89. NMFS also violated NEPA by failing to prepare an EIS or an EA before 

adopting the prey increase program. WFC_ER89–90. 

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-1, Page 16 of 32
(16 of 309)



9 
 

The Magistrate Judge issued a Report and Recommendation on remedies on 

December 13, 2022, which the District Court Judge adopted on May 2, 2023. 

WFC_ER9–50. The District Court granted the Conservancy’s request to remand 

the SEAK BiOp to NMFS to remedy its violations. WFC_ER49–50. The District 

Court granted the Conservancy’s request for partial vacatur of the ITS, vacating the 

ITS to the extent it authorized commercial harvests of Chinook salmon in the 

summer and winter seasons of the troll fishery. WFC_ER50. The Conservancy’s 

request for interim relief against the prey increase program was denied. Id. 

V. STANDARD OF REVIEW. 

“The party requesting a stay bears the burden of showing that the 

circumstances justify an exercise of [judicial] discretion.” Lado v. Wolf, 952 F.3d 

999, 1006 (9th Cir. 2020) (citations omitted). The Court considers four factors in 

evaluating these stays: “(1) whether the stay applicant has made a strong showing 

that he is likely to succeed on the merits; (2) whether the applicant will be 

irreparably injured absent a stay; (3) whether issuance of the stay will substantially 

injure the other parties interested in the proceeding; and (4) where the public 

interest lies.” See id. at 1006–07 (citation omitted). 

VI. ARGUMENT. 

 A. Alaska Has Not Made a Strong Showing of Success on the Merits. 

 “An applicant for a stay pending appeal must make ‘a strong showing that 
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he is likely to succeed on the merits.’” Lado, 952 F.3d at 1010 (emphasis added) 

(citation omitted). Alaska falls far short of this standard. 

 Alaska’s Motion to Stay focuses on vacatur of the ITS. Such equitable 

remedies are reviewed for an abuse of discretion. See United States v. Alisal Water 

Corp., 431 F.3d 643, 654 (9th Cir. 2005); Coal. to Protect Puget Sound, 843 F. 

App’x at 80. This “review is limited and deferential.” United States v. California, 

921 F.3d 865, 877 (9th Cir. 2019) (citation omitted). A district court abuses its 

discretion if the decision is based on an incorrect legal standard or on clearly 

erroneous factual findings. Lands Council v. McNair, 537 F.3d 981, 986 (9th Cir. 

2008). “Under this standard, ‘as long as the district court got the law right, it will 

not be reversed simply because the appellate court would have arrived at a 

different result if it had applied the law to the facts of the case.’” Id. at 987 

(citation omitted). Alaska cannot make a strong showing that the District Court 

abused its discretion in fashioning partial vacatur.  

  1. The District Court applied the correct standard for vacatur. 

 The District Court thoroughly and accurately described and applied vacatur 

standards. See WFC_ER23–25, 35–47. 

 The Administrative Procedure Act instructs that courts “shall . . . set aside” 

unlawful agency actions. 5 U.S.C. § 706(2). As such, “vacatur is the presumptive 

remedy”; courts may remand without vacatur only in “limited” or “rare” 
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circumstances. See 350 Mont. v. Haaland, 29 F.4th 1158, 1177 (9th Cir. 2022); 

Humane Soc’y of the U.S. v. Locke, 626 F.3d 1040, 1053 n.7 (9th Cir. 2010); All. 

for the Wild Rockies v. U.S. Forest Serv., 907 F.3d 1105, 1121–22 (9th Cir. 2018). 

The party opposing vacatur bears the burden of “overcom[ing] the 

presumption of vacatur.” All. for the Wild Rockies, 907 F.3d at 1121–22. For such 

requests, courts weigh the seriousness of the errors against the disruptive 

consequences that might result from the interim change from vacatur. Cal. Cmtys. 

Against Toxics v. U.S. Env’t Prot. Agency, 688 F.3d 989, 992 (9th Cir. 2012). 

Further, “[t]he ESA . . . ‘did not seek to strike a balance between competing 

interests’ but rather ‘singled out the prevention of species [extinction] . . . as an 

overriding federal policy objective.’” Env’t Def. Ctr. v. Bureau of Ocean Energy 

Mgmt., 36 F.4th 850, 891 (9th Cir. 2022) (citation omitted). Courts thus tip the 

scale in favor of protecting listed species in considering vacatur. E.g., Klamath-

Siskiyou Wildlands Ctr. v. Nat’l Oceanic & Atmospheric Adm’n, 109 F. Supp. 3d 

1238, 1242 (N.D. Cal. 2015); see also N. Plains Res. Council v. U.S. Army Corps 

of Eng’rs, 460 F. Supp. 3d 1030, 1037–38 (D. Mont. 2020); Aquall. v. U.S. Bureau 

of Reclamation, 312 F. Supp. 3d 878, 883 (E.D. Cal. 2018). 

  2. The Court correctly found NMFS’s violations to be serious. 

 The District Court correctly found the violations “sufficiently serious . . . as 

they clearly undermine central congressional objectives.” WFC_ER36–38. 
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Courts tend to find violations serious that undermine congressional 

objectives of the underlying statute. See, e.g., W. Watersheds Project v. Zinke, 441 

F. Supp. 3d 1042, 1083 (D. Idaho 2020). Violations are also serious where the 

agency may reach a different result on remand. See, e.g., Pollinator Stewardship 

Council v. U.S. Env’t Prot. Agency, 806 F.3d 520, 532–33 (9th Cir. 2015) (finding 

violations serious where agency may reach a different conclusion after obtaining 

adequate studies). “Technical” errors may be less serious because it is more likely 

the agency will reach the same conclusion on remand. Nat’l Family Farm Coal. v. 

U.S. Env’t Prot. Agency, 966 F.3d 893, 929 (9th Cir. 2020). 

NMFS violated the ESA by issuing the ITS for fisheries that threaten 

imperiled SRKWs and Chinook salmon in reliance on undeveloped and uncertain 

mitigation. WFC_ER79–83. Moreover, one mitigation component—the prey 

increase program—was adopted in violation of the ESA and NEPA and will likely 

be altered or even terminated when reviewed under those statutes. See 

WFC_ER83–85, 89–90. These deficiencies undermine the ITS because, at best, it 

is uncertain whether impacts will be sufficiently mitigated to avoid jeopardizing 

SRKW and Chinook salmon. This is an exceedingly serious violation because it 

contravenes the ESA mandate for agencies to insure their actions are not likely to 

jeopardize listed species. See 16 U.S.C. § 1536(a)(2); Hill, 437 U.S. at 173 

(explaining that the ESA duty to “insure” “admits of no exception”); W. 

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-1, Page 20 of 32
(20 of 309)



13 
 

Watersheds Project v. Kraayenbrink, 632 F.3d 472, 495 (9th Cir. 2011) (describing 

section 7’s mandate as the “heart of the ESA”). 

Alaska argues that NMFS is now implementing the prey increase program, 

suggesting that NMFS’s impermissible reliance on this mitigation is no longer a 

serious violation. Motion to Stay 12–13. The Court should reject this contention. 

The District Court found that “NMFS failed to . . . describe[] ‘in detail the . . . 

action agency’s plan to offset the environmental damage,’” to include “specific 

deadlines for implementing the proposed mitigation,” and to specify “requirements 

by which to confirm that the mitigation is being implemented in the manner and on 

a schedule needed to avoid extinction of the SRKW.” WFC_ER80–82 (citation 

omitted). These deficiencies persist, as NMFS has yet to develop a plan that details 

how mitigation will be implemented in manner that avoids extinction of SRKWs. 

The District Court’s remedy order did not state otherwise—it simply found that the 

prey increase program has released fish that will provide some prey, not that 

NMFS is implementing adequate mitigation to ensure the fisheries do not 

jeopardize SRKWs as required under ESA section 7. See WFC_ER41. 

Further, NMFS is nowhere near meeting objectives for the prey increase 

program. The SEAK BiOp contemplated releasing 20 million hatchery smolts 

annually. WFC_ER443, 747. NMFS’s records show the program released 597,242 

smolts in 2020, approximately 6.3 million smolts in 2021, and approximately 8 
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million smolts in 2022. WFC_ER120 (“PST”—Pacific Salmon Treaty—refers to 

releases under the prey increase program). The program is releasing less than half 

the smolts contemplated. To mask this deficiency, NMFS submitted data that 

include past smolt releases funded by Washington State under an entirely different 

program. See WFC_ER99, 120. Washington’s releases do not compensate for 

NMFS’s shortcomings; notably, NMFS has insisted throughout these proceedings 

that the prey increase program is needed as mitigation despite Washington’s 

separate efforts. See WFC_ER278; WFC_SER48–49. Moreover, Washington’s past 

smolt releases occurred under annual budgets passed by the state legislature—there 

is no legal obligation or binding plan for them to continue and no basis to assume 

they will. See WFC_ER107, 278. Accordingly, Washington’s efforts cannot be 

relied upon as mitigation to offset harm from the salmon fisheries. See Bernhardt, 

982 F.3d at 743.  

 Beyond shortcomings with the prey increase program, NMFS is failing to 

implement mitigation needed for salmon. See WFC_ER82–83 (District Court held 

that NMFS impermissibly relied on undefined mitigation needed for Puget Sound 

Chinook salmon). For example, the mitigation was to include development of a 

new conservation hatchery program in Hood Canal, but there is no indication this 

occurred. See WFC_ER442, 661. 

In addition to ESA violations, NMFS violated NEPA by issuing the ITS 
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without any required processes—NMFS did not evaluate cumulative impacts of 

the fisheries and other actions (e.g., other fisheries), NMFS did not consider 

alternatives (e.g., reduced harvests), and NMFS did not allow for public input. See 

WFC_ER86–89. These are each serious violations warranting vacatur. See, e.g., 

Klamath-Siskiyou, 109 F. Supp. 3d at 1245 (“‘A failure to analyze cumulative 

impacts will rarely—if ever—be so minor an error as to satisfy th[e] first . . . 

factor.’” (citation omitted)); Se. Alaska Conservation Council v. U.S. Forest Serv., 

468 F. Supp. 3d 1148, 1151–54 (D. Alaska 2020) (finding violations serious 

because the “EIS’s lack of site-specificity and inadequate comparison of 

alternatives precluded . . . the requisite hard look at the Project’s potential impacts 

and deprived the public of the opportunity to comment on those impacts, thus 

undermining ‘the two fundamental objectives’ of NEPA” (citation omitted)). 

Alaska did not even address these NEPA violations. 

 NMFS’s errors are serious because, at a minimum, NMFS “may” reach 

different decisions on remand. See Pollinator Stewardship, 806 F.3d at 532–33. It 

is unclear whether the fisheries can be approved under ESA standards and, at 

minimum, NMFS will likely include new harvest limits to protect SRKWs that are 

triggered during low salmon abundance periods, as the agency did in the recent 

West Coast fisheries BiOp. See WFC_SER69–71. Alaska erroneously claims that 

NMFS cannot impose such restrictions. Motion to Stay 13. The Treaty was 
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“negotiated with the clear understanding that . . . more restrictive . . . measures 

often would be required and applied . . . to meet domestic objectives, such as those 

required to meet ESA obligations.” WFC_ER609 (citing the 2019 Treaty, Chinook 

Chapter, paragraph 5(c)). 

 In sum, the errors underpinning NMFS’s ITS are serious and ongoing. 

3. The District Court did not abuse its discretion in finding 
that disruptive consequences do not outweigh the 
seriousness of the violations. 

 
 The District Court found there would be some economic consequences to the 

commercial fishing industry and some communities in Southeast Alaska, which the 

District Court explained it “does not take . . . lightly.” WFC_ER40. The District 

Court concluded that such economic impacts do not outweigh the seriousness of 

the violations, particularly given the environmental consequences of leaving the 

illegal ITS in place. WFC_ER39–40, 43–44, 47. That was not an abuse of 

discretion. 

While economic impacts may be considered in assessing the consequences 

of vacatur, the primary focus in a case like this are environmental impacts. See N. 

Plains, 460 F. Supp. 3d at 1038. The rare cases where remand without vacatur is 

warranted typically involve circumstances where vacatur poses environmental 

harm. See Cal. Cmtys., 688 F.3d at 993–94 (withholding vacatur where it would 

risk increased air pollution, “the very danger the Clean Air Act aims to prevent”); 
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Idaho Farm Bureau Fed’n v. Babbitt, 58 F.3d 1392, 1405–06 (9th Cir. 1995) 

(withholding vacatur that would risk a species’ extinction); Ctr. for Food Safety v. 

Regan, 56 F.4th 648, 668–69 (9th Cir. 2022) (remanding without vacatur where 

such relief would have resulted in use of more harmful pesticides). Indeed, this 

Court recently found that, where “[t]he agency’s errors . . . are significant and 

vacatur will not cause an environmental harm . . . [,] the presumption of vacatur is 

not overcome.” See Neighbors of the Mogollon Rim, Inc. v. U.S. Forest Serv., No. 

22-15259, 2023 U.S. App. LEXIS 11031, at *10 (9th Cir. May 5, 2023). 

The District Court correctly found that vacatur of the illegal ITS would not 

result in any environmental harm. WFC_ER39. The District Court further found: 

Though there is uncertainty as to how much prey would ultimately 
reach the SRKW, the record before the Court suggests that closure of 
the fisheries meaningfully improves prey available to SRKW, as well 
as SRKW population stability and growth, under any scenario. 
 

Id. Alaska disagrees with that finding but fails to meet its burden to show it was 

clearly erroneous. See Mot. to Stay 11–12; McNair, 537 F.3d at 986. 

 Dr. Robert Lacy is the conservation scientist who developed the Vortex 

population viability analysis (“PVA”) relied upon by NMFS’s SEAK BiOp and 

Canada to assess the status of SRKWs. WFC_SER 190–91, 194–98; see also 

WFC_ER518, 522, 744. He “is among the world’s most experienced, respected, 

and sought-after modelers for conducting [PVA] . . . .” WFC_ER243. Dr. Lacy 

explained that prey abundance is the primary factor affecting SRKW population 
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status and that a 5% increase in prey is needed to merely stop the SRKW’s decline. 

WFC_SER75–76, 193. Dr. Lacy conducted modeling to show the impact to SRKW 

from the partial vacatur. See WFC_SER76–77. He explained that the SEAK BiOp 

suggests the fishery reduces prey by about 6 precent, but there is “considerable 

uncertainty around this number.” Id. Dr. Lacy’s model therefore showed impacts 

from closing the fishery under different assumptions; i.e., if the fishery reduces 

prey by 3%, 6%, 9%, and 12%. WFC_SER77–78. Each projection showed a 

meaningful improvement to SRKW viability; however, if the fishery reduces prey 

by 3%, its closure alone would not stop the species’ decline. See id. 

Alaska incorrectly suggests that the District Court erred in considering Dr. 

Lacy’s opinions instead of simply accepting NMFS’s self-serving declarations 

submitted on remedies. See Mot. to Stay 17–18; Sierra Forest Legacy v. Sherman, 

646 F.3d 1161, 1185–86 (9th Cir. 2011) (“Deference to agency experts [on remedy 

issues] is particularly inappropriate when their conclusions rest on a foundation 

tainted by procedural error.”). NMFS has PVA experts on staff but, tellingly, chose 

not to have them opine on Dr. Lacy’s work. Instead, NMFS attacked Dr. Lacy 

through Lynn Barre, a Branch Chief that did not identify any qualifications to 

opine on such matters. See Mot. to Stay 17–20; WFC_SER37–49, 111–20, 173–88. 

Ms. Barre’s criticisms show a lack of understanding in PVA modeling. See, e.g., 

WFC_SER40–41 (Ms. Barre criticized Dr. Lacy’s model because “not all of the 

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-1, Page 26 of 32
(26 of 309)



19 
 

Chinook salmon caught in SEAK troll fisheries would migrate south . . . or be 

intercepted by the whales”), 129 (Dr. Lacy explained that “no one claims that all 

the fish escaping the fishery would be consumed by the whales, and it is illogical 

to assert that such an assumption is necessary in order to estimate the impacts on 

[SRKWs] of a change in overall [prey] abundance.”); see also WFC_SER128–34. 

The District Court did not err in considering Dr. Lacy’s opinions. 

Alaska’s own data show that 83% of the Chinook salmon harvested in its 

troll fishery are from stocks used by SRKW as prey and that most are “high 

priority” prey. WFC_SER22–23. Those data show that the troll fishery harvests 

around 110,000 Chinook salmon from populations used by SRKWs as prey. Id. 

That is significant to SRKWs. By comparison, NMFS’s prey increase program 

hopes to release 20 million smolts, which would produce around 150,000 adult 

Chinook salmon. See, e.g., WFC_SER277 (identifying smolt-to-adult return ratios 

in the range of 0.5% to 1.0%). NMFS found that would have a “meaningful” 

impact, affecting prey availability by four to five percent. WFC_ER442–43. The 

District Court’s finding that partial vacatur would meaningfully improve prey 

under any scenario was not clearly erroneous. 

The economic consequences are significantly alleviated by the District 

Court’s partial vacatur. The presumptive remedy is “[f]ull vacatur” of the illegal 

ITS, which authorizes all Southeast Alaska salmon fisheries. See Coal. to Protect 
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Puget Sound, 843 F. App’x at 80; WFC_ER759. The District Court vacated the ITS 

only for commercial harvests of Chinook salmon in two seasons of the troll fishery, 

affecting a small portion of fisheries covered by the ITS. See WFC_ER50. 

 The harvest value for all commercial salmon fisheries in Southeast Alaska in 

2020 was $55.2 million. WFC_ER140. The harvest value of Chinook salmon 

caught in the toll fishery was $11.5 million—around 21 percent of the total harvest 

value. See id. Seventy-nine percent of the commercial harvest value covered by 

the unlawful ITS is unaffected by the partial vacatur; i.e., all commercial gillnet 

and seine fisheries and all troll harvests of coho and other non-Chinook species. 

The vacatur also does not affect significant sport and subsistence fisheries covered 

by the ITS. See WFC_ER132–33. Thus, the partial vacatur impacts a small fraction 

of harvests illegally authorized by NMFS’s faulty ITS. 

 The District Court’s equitable remedy was not an abuse of discretion, “given 

a consideration of the relevant factors and the presumption of vacatur.” 

WFC_ER47. Alaska has not made a “strong showing” that an abuse of discretion 

occurred. See Lado, 952 F.3d at 1010. The Motion to Stay should be denied. 

 B. A Stay Would Substantially Injure the Conservancy. 

The Motion to Stay should also be denied because it would injure the 

Conservancy and because Alaska has not shown it would be irreparably injured 

absent a stay. See Lado, 952 F.3d at 1006–07. 
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Most Chinook salmon harvested in the troll fishery are considered “high 

priority” prey for SRKWs. WFC_SER22–23. As discussed, NMFS has yet to 

develop plans needed to mitigate the harvests and the prey increase program has 

released less than half the hatchery smolts targeted. Meanwhile, the current 

condition of the SRKW is “unprecedented,” with more than a fifth of the 

population likely vulnerable and emaciated, and “an immediate increase in the 

abundance of Chinook [salmon] . . . [is needed] to avoid functional extinction.” 

WFC_SER83–85. The District Court’s partial vacatur provides needed rapid relief 

by “meaningfully improv[ing] prey available to SRKW.” WFC_ER39. The Motion 

to Stay should be denied because it would substantially injure the Conservancy’s 

interests in preserving SRKWs and Chinook salmon. 

 The Motion should also be denied because Alaska did not establish it would 

be irreparably injured absent a stay. See Lado, 952 F.3d at 1007. “[T]he temporary 

loss of income, ultimately to be recovered, does not usually constitute irreparable 

injury.” Sampson v. Murray, 415 U.S. 61, 90 (1974). “The key word in this 

consideration is irreparable. Mere injuries, however substantial, in terms of 

money . . . are not enough. The possibility that adequate compensatory or other 

corrective relief will be available at a later date, in the ordinary course of litigation, 

weighs heavily against a claim of irreparable harm.” Id. (citation omitted). 

 The District Court significantly reduced economic impacts by issuing partial 
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vacatur that does not affect most harvests covered by the unlawful ITS. Further, 

federal relief funding can be made available for fishery disasters, including those 

resulting from “judicial action.” See 16 U.S.C. § 1861a. The availability of such 

mitigation funding undermines Alaska’s assertion of “irreparable harm.” See 

Sampson, 415 U.S. at 90.  

 C. The Equites and Public Interests Disfavor a Stay. 

 The Motion to Stay should be denied because it is not in the public interest. 

In enacting the ESA, “Congress viewed the value of endangered species as 

‘incalculable’” and therefore sought to “halt and reverse the trend toward species 

extinction, whatever the cost.” Hill, 437 U.S. at 184, 187. “Congress intended 

endangered species to be afforded the highest of priorities” through a policy of 

“institutionalized caution.” Id. at 174, 194. “Accordingly, courts ‘may not use 

equity’s scales to strike a different balance,’” as “‘the balance of hardships always 

tips sharply in favor of endangered and threatened species.’” Nat’l Wildlife Fed’n v. 

Nat’l Marine Fisheries Serv., 422 F.3d 782, 794 (9th Cir. 2005) (citation omitted). 

The Court should reject Alaska’s request to prioritize economic considerations over 

imperiled species. 

 Instead, the equities favor relief that ensures the continued survival of 

SRKWs and Chinook salmon while NMFS evaluates the fisheries under the ESA 

and NEPA. This is especially true here where economic impacts were greatly 
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tempered through partial vacatur. The Motion to Stay should be denied because it 

is not in the public interest.  

VII. CONCLUSION. 

 The Conservancy respectively requests the Court deny the Motion to Stay. 

 Respectfully submitted this 5th day of June 2023. 
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Honorable Michelle L. Peterson

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY, 

Plaintiff, 

v. 

SCOTT RUMSEY, in his official capacity as 
Acting Regional Administrator for the National 
Marine Fisheries Service, et al., 

Defendants, 

and  

ALASKA TROLLERS ASSOCIATION and 
STATE OF ALASKA, 

Defendant-Intervenors. 

CASE NO:  2:20-cv-00417-RAJ-MLP 

DECLARATION OF 
DANIELLE EVENSON 

I, Danielle Evenson, declare as follows: 

1.  I submit this declaration in support of the State of Alaska’s Motion to Intervene as 

Defendant. If called as a witness, I have personal knowledge of the matters set forth herein, and 

could and would competently testify thereto if called upon to do so. 

2.  I hold a B.S. degree in Physical Geography and a minor in Geology from the 

University of Oregon and an M.S. degree in Watershed Management and Wildland Hydrology 

from Humboldt State University. 
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3.  I was hired as a Fishery Scientist at the Alaska Department of Fish and Game 

(“ADF&G”) Division of Commercial Fisheries serving in that capacity until January 2020. In 

2019, I was appointed as and was promoted as a Policy Advisor at ADF&G in January 2022.  In 

these positions I also serve on the Pacific Salmon Commission’s Chinook Technical Committee, 

Selective Fishery Evaluation Committee, and Mark Selective Fishery Fund Committee; as 

Alaska’s Treaty Coordinator to the PSC and as an alternate State of Alaska designee on the 

Pacific Fishery Management Council. 

4.  I previously served as Research Coordinator for the ADF&G Division of 

Commercial Fisheries for the Arctic-Yukon-Kuskokwim region from 2008 through 2010 and the 

Yukon River Area Research Biologist from 2005-2008. Prior to serving at ADF&G, I was a 

Fishery Scientist at Columbia River Inter-Tribal Fish Commission from 2002-2005.  Previously I 

worked for the Northwest Power and Conservation Council for 3 years as a program coordinator. 

5.  I have more than 2 decades of experience spanning the Pacific coast with 

emphasis on practical applications of fisheries research and natural resource policy development 

and implementation.  I have a track record for building comprehensive research programs to 

address questions of interest to resource management and am particularly effective at bridging 

gaps between science and policy.  Recent projects include a review of the Implementation of 

salmon hatchery policies designed to provide protection for wild stocks; Chinook salmon genetic 

mixed stock analyses of fishery catches; implementation of the newly agreed to Chinook chapter 

of the Pacific Salmon Treaty; and implementation of a $22 million dollar Southeast Alaska 

Chinook Salmon Fishery Mitigation program designed to offset the economic consequences of a 

7.5% reduction in Treaty harvest levels. 

6.  The U.S. and Canada ratified the Pacific Salmon Treaty (Treaty) in 1985 after 

decades of negotiations between the U.S. and Canada regarding the management and allocation 

of salmon stocks that originate in one country and are harvested in the fisheries of the other. The 

Treaty establishes general principles and guidelines for the conservation and allocation of salmon 

stocks in the area between Cape Suckling, Alaska and Cape Falcon on the northern Oregon 
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coast. Recognizing that most of the fisheries harvest a mixture of stocks, the purpose of the 

Treaty is to share the burden of conservation and the available harvest. 

7.  Several Washington, Oregon, and Idaho stocks that are listed under the ESA or 

otherwise viewed as stocks of concern undergo substantial harvests in Canadian fisheries, 

especially those fisheries off the West Coast of Vancouver Island. Securing reductions in these 

Canadian harvests was a fundamental position of U.S. negotiators. Canada’s negotiators insisted 

that Alaska make parallel reductions, in part to address conservation concerns that they alleged 

for some of their stocks. The 2009 Treaty Agreement required a 30% reduction in the harvest of 

the Canadian Chinook fishery on the West Coast of Vancouver Island and a parallel reduction of 

15% in the Southeast Alaska Chinook fisheries. These reductions and other fishery provisions 

were found by the National Marine Fisheries Service (NMFS) in December 2008 to be sufficient 

to support a no jeopardy finding required under the ESA. Similarly, the 2019 Treaty Agreement 

required an additional 12.5% reduction to annual harvest levels on the West Coast of Vancouver 

Island and up to an additional 7.5% reduction to annual harvest levels in Southeast Alaska to 

support ESA-listed Chinook stocks in the Pacific Northwest and prey availability for ESA-listed 

Southern Resident killer whales (SRKW). In December 2018, NMFS found that these reductions 

in concert with a $118 million dollar mitigation program were sufficient to support a no jeopardy 

finding required under the ESA. 

8.  NMFS required a mitigation program in the SEAK BiOp to support a no jeopardy 

finding for the SEAK salmon fisheries and for Pacific Fishery Management Council managed 

(PFMC) fisheries and Puget Sound fisheries (AR 47202- 47204). The framework programmatic 

action has three elements: a Puget Sound habitat restoration program funded at $31.4 million, 

Puget Sound hatchery programs to conserve at-risk Chinook salmon stocks from extinction 

funded at $3.06 million per year, and new hatchery production to increase food available for 

SRKW funded at no less than $5.6 million per year (AR 47202). To date, 100% of the Puget 

Sound habitat restoration has been funded, $9.18 million of the Puget Sound hatchery 

conservation program has been funded, and more than $16.8 million of the SRKW prey 
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production program has been funded. The total funding provided for this framework 

programmatic action has been in excess of $57 million or 49% of the full $118 million required. 

In addition, annual funding of $3.06 million and $5.6 million for the Puget Sound Conservation 

hatcheries and SRKW prey increase programs, respectively, for the fourth year of the 2019 

Treaty agreement is in the current congressional budget. 

9.  The framework programmatic action funding initiatives also serve as the 

environmental baseline for Puget Sound and Pacific Fishery Management Council (PFMC) 

salmon fishery BiOps and other Pacific Northwest fishery management plans (AR 47202- 

47204). “Fundamentally, all U.S. fisheries may be affected by decisions made in the event that 

funding is not provided.” Id. Enjoining the SRKW prey increase program until the Court enters 

its final order on relief as requested in the Plaintiff’s motion will likely have cascading impacts 

to commercial and recreational fisheries off the coast of Washington, in Puget Sound and other 

areas. In the PFMC BiOp (NMFS 2020 and NMFS 2021), NMFS assumed that “funding for the 

conservation program for Puget Sound Chinook salmon and SRKW will continue” largely as 

described in the PFMC BiOp (NMFS 2020) and the SEAK BiOp (AR 47202-47204) 

“associated with domestic actions related to the 2019 PST Agreement and the program will be 

implemented during the duration of the new Chinook salmon regime under the 2019 PST 

agreement.” The BiOps and management plans for PFMC and Puget Sound commercial and 

recreational fisheries rely on the increased hatchery production from this mitigation action to 

stay above a Chinook abundance threshold to limit the effects that the fisheries have on SRKWs 

by way of reduced prey availability and accessibility in years when Chinook abundance is 

particularly low (NMFS 2021). Enjoining the prey production program increases the likelihood 

that Chinook abundances will fall below thresholds specified in the PFMC BiOp (NMFS 2021) 

resulting in additional limits to those commercial and recreational fisheries and in Puget Sound. 

Southeast Alaska Troll Fishery Management and Impacts on ESA-listed Species 

10. The annual SEAK troll harvest of Chinook salmon occurs over 3 seasonal 
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fisheries: winter, spring, and summer. The winter fishery occurs from October 11 to April 30 of 

the following year, or until the guideline harvest level of 45,000 non-Alaska hatchery-produced 

Chinook salmon is reached. The fishery is split into “early winter” (October 11–December 31) 

and “late winter” (January 1–April 30) components, and the open fishing area is restricted to 

within the troll boundary of the outer coast surf line. Any Treaty Chinook salmon not harvested 

during the winter fishery will be available for harvest in the spring and summer troll fisheries. 

The spring troll fishery (May 1 or earlier, through June 30) is managed to target Chinook salmon 

from SEAK hatcheries, many of which are exempt from the annual Treaty catch limit. Spring 

fisheries are conducted along salmon migration routes in close proximity to hatcheries and 

hatchery release sites. 

11. The summer troll fishery accounts for the majority of the annual Chinook salmon 

commercial harvest and is closely monitored and managed to prevent exceeding the troll portion 

of the annual ceiling by allowing retention of Chinook salmon during 2 or more periods in most 

years. The first summer troll fishery opening, beginning July 1 by regulation, allows harvest in 

the waters of frequent high Chinook salmon abundance and is managed to not exceed 70% of the 

remaining troll portion of the annual ceiling. Once the July fishery is closed, Chinook salmon 

retention by the troll fleet is not allowed unless it is determined that additional openings will not 

result in exceeding the annual ceiling. August (and sometimes September) openings are 

conducted in years when it is determined that the annual ceiling will not be exceeded. Unlike the 

first retention period, if additional openings occur, the waters of frequent high Chinook salmon 

abundance remain closed to troll gear. However, if after 10 days, the department determines that 

the annual ceiling for troll Chinook salmon may not be reached by September 20 with those 

waters closed, the waters of frequent high Chinook salmon abundance reopen. Waters open to 

troll gear during the summer fishery include both the waters of the State of Alaska as well as 

those of the exclusive economic zone located outside 3 miles from shoreline. Management 

objectives for the summer troll Chinook season include: 1) Achieve the annual all-gear PSC 

allowable catch associated with the appropriate tier of the winter power troll CPUE-based catch 
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ceiling table determined each spring; 2) Comply with provisions and regulations established by 

the Alaska Board of Fisheries, North Pacific Fishery Management Council, National Marine 

Fisheries Service, and the Pacific Salmon Commission; 3) Maximize the harvest of Alaska 

hatchery-produced Chinook salmon; 4) Comply with the conservation goals of the Treaty and 

Alaska Board of Fisheries; and 5) Achieve harvest allocations among user groups as directed by 

the Alaska Board of Fisheries. 

12. Chinook salmon are highly migratory in nature. Stocks originating from the mid-

Oregon coast all the way up to Southeast Alaska swim into the Gulf of Alaska to take advantage 

of productive waters off the coast of Alaska to feed and grow. Consequently, the Southeast 

Alaska troll fishery is a mixed stock fishery harvesting a variety of stocks from along the Pacific 

seaboard. Genetic-based and coded-wire tag (CWT) methods are both used to estimate the 

composition of the catch. Genetic mixed stock analysis (MSA) has been used extensively to 

estimate the contribution of genetic aggregates of Chinook salmon to mixed-stock fisheries 

occurring throughout the PST area (Seeb et al. 2007; Hess et al. 2011; Templin et al. 2011; 

Beacham et al. 2012; Clemento et al. 2014). Genetic mixed-stock analysis is an efficient and 

comprehensive method to estimate stock composition that requires less intensive sampling and 

represents both wild and hatchery stocks. This method is best suited for estimating contributions 

of major stocks, i.e., those comprising relatively large proportions (≥ 5%) of the sample but 

MSA cannot currently differentiate between hatchery and wild stocks originating from the same 

brood source and does not include age information. Application of CWT methods is one of the 

only ways to detect and estimate contribution of stocks of Chinook salmon that are minor 

contributors to a fishery, both because the numeric tags minimize the problem of 

misclassification, and more catch is sampled for CWTs on a coastwide basis (~ 20%) to recover 

these tags.  

13. Information collected since the analyses were conducted for the SEAK BiOp has 

improved understanding of the distribution in space and time of both the SRKW and the priority 

Chinook stocks upon which they prey (Hanson et al 2010; Hanson et al 2021; Shelton et al. 
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2019). This information was used to develop an improved model to quantify Chinook salmon 

abundance by ocean area and time. The additional resolution and more accurate representation 

included in these analyses demonstrated weaker relationships than found in previous studies 

(NMFS 2021, p. 5); which were used in the SEAK BiOp. The estimated prey reduction that 

would result from restricting SEAK fisheries is biased high and subsequent assumed benefits 

accrued to SRKW are not supported. The 3rd Lacy declaration acknowledges this observation, 

yet it asserts that if one overestimated the strength of the relationship between Chinook prey and 

SRKW survival and reproduction, that even more stringent prey-based conservation measures for 

Chinook (3rd Lacy Declaration) “would be required to stop the decline of Southern Resident 

Killer Whales.”  This logic is only supportable within a narrow context that single-mindedly 

focuses on the closing of fisheries rather than potentially more effective measures to benefit 

SRKW. 

14. After the SEAK BiOp was written, NOAA and the Washington Department of 

Fish and Wildlife identified a list of Chinook salmon stocks as SRKW priority prey using the 

latest science on diet, Chinook distribution, and SRKW distribution (NOAA and WDFW 2018; 

Hanson et al. 2021; Shelton et al. 2019). Priority was placed on spatial/temporal areas where 

specific Chinook salmon stocks and SRKW overlap and nutritional stress was inferred. These 

studies were used to inform the Pacific Fishery Management Council SRKW BiOp. Using this 

new information on priority prey stocks, Alaska Department of Fish and Game Gene 

Conservation Laboratory aligned the stock groupings from the coastwide genetics baseline for 

Chinook salmon with SRKW priority prey stocks (Appendix A) to the extent possible and 

summarized them into three reporting groups: 1) high priority prey stocks (score > 2.5 out of 5), 

2) low priority prey stocks (score < 2.5 out of 5), and stocks that do not contribute as prey to 

SRKW. The calculations of prey reduction in the 2019 SEAK BiOp cited in the Lacey 

Declaration #3 were done prior to this prioritization and did not account for the low prevalence 

of priority stocks in the SEAK catch. The stocks that do not contribute to SRKW prey include 

those originating from Southeast Alaska, Northern British Columbia and Southern British 
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Columbia (NOAA and WDFW 2018); these three stock groups comprise a substantial proportion 

of the troll catch and are predominantly wild-origin fish (Appendix A). Low priority prey stocks 

that are present in the Southeast Alaska troll fishery include West Coast Vancouver Island, 

Willamette Spring, and North and Middle Oregon Coast. High priority prey stocks present in 

Southeast Alaska include Fraser River summer, Upper Strait of Georgia, Washington Coast, and 

Columbia Upriver summer and fall stocks. Of those, the Columbia River stocks are the most 

dominant. The estimated contribution of high priority prey stocks to the Southeast Alaska troll 

fishery averaged 76,603 during the 5 most recent years, 2017-2021, which is a significant 

reduction in harvest of these priority stocks when compared to the average of 112,578 during the 

last treaty period, 2009-2018. Furthermore, the majority of the fish from these high priority 

Chinook stocks in the SEAK harvest are raised and released from hatcheries.  

15. The use of 6% as the “approximate middle value” for reduction in prey 

availability caused by the SEAK fishery “as a whole” in the updated analysis (3rd Lacy 

Declaration) is not supported by the analyses in the SEAK BiOp. It is neither the mean nor the 

median of the available range of estimates presented for SEAK fisheries from the FRAM 

analysis (Table 97, AR 47440). In this table, the estimated reductions during July to September 

ranged from 2.4-12.9% in coastal waters, but the ranges for all other times and locations were 

less than 3.5%. Furthermore, during the July-September period, SRKW typically forage in inside 

rather than in coastal waters (AR 47505) feeding on local stocks, i.e., 80-90% Fraser River 

stocks (NMFS 2021 p.35), where reductions in prey due to SEAK fisheries are estimated to be 

only 1.0-2.5%. Thus, the results presented in this analysis overestimate the potential benefit to 

SRKW from restricting SEAK fisheries. Food is thought to be most limiting during the winter 

period when SRKW generally are in coastal waters. During this October-April period, the SEAK 

fisheries were estimated to reduce prey availability by only 0.2 – 1.1% (AR 47440). 

16. During their homeward migration mature Chinook salmon are subject to capture 

in a sequence of fisheries while simultaneously exposed to consumption by a variety of 

predators, including Northern Resident Killer Whales (NRKW), salmon sharks, and pinnipeds. 
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SEAK fisheries are the first in the sequence of directed fisheries, but the migratory pathway 

proceeds through fisheries in northern British Columbia, Vancouver Island, and Southern British 

Columbia, before becoming available as prey to SRKW. Along with fisheries harvest, prey 

availability is also affected by competition from other predators including other resident killer 

whales and pinnipeds (Chasco et al. 2017). Chasco et al. (2017) determined that the number of 

individual salmon consumed by marine mammals in the entire Northeast Pacific has increased 6-

fold from 5 to 31.5 million individual salmon from 1975-2015. Thus, the restriction or 

elimination of Chinook salmon harvest in SEAK fisheries will not result in an equal number of 

Chinook salmon becoming available to SRKW. Forgone harvest of Chinook salmon in SEAK 

troll fisheries would likely lead to improved catches in Canadian and Washington fisheries as 

well as increased consumption by NRKW and other predators. A recent study of the cumulative 

effects of prey availability in conjunction with vessel traffic and contaminants demonstrated 

improved demographic indicators for NRKW with increased abundance of prey, but no 

improvement was seen for SRKW (Murray et al. 2021). NRKW, like their southern cousins, are 

fish eating. Unlike SRKW population size, NRKW abundance has been burgeoning in recent 

years (Murray et al. 2021) potentially reducing the benefit from improved Chinook abundance to 

the detriment of SRKW (Ohlberger et al. 2019). Recent models indicate that increased prey 

availability only provides benefit for NRKW. For SRKW, increased prey availability has little 

effect without also including effects from vessel traffic and contamination in the model (Murray 

et al. 2021), weakening the connection between SEAK fisheries harvest and SRKW outcomes. 

The benefits to SRKW that may be derived from reduction or cessation of SEAK fisheries 

harvest will not have a benefit to SRKW commensurate with the level of reduction. 

17. Puget Sound Chinook salmon are known as locally migrating and few venture as 

far north as Southeast Alaska. The primary impacts to Puget Sound stocks occur in Southern 

British Columbia in-shore and off-shore fisheries and in fisheries along the Washington Coast 

and Puget Sound (Pacific Salmon Commission Joint Chinook technical Committee 2020 

Exploitation Rate Analysis Report). Despite the framework programmatic action elements being 
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heavily weighted towards Puget Sound mitigation, few Puget Sound Chinook salmon are caught 

in the SEAK troll fishery See AR 47589-607. Under the 2009 Treaty agreement ten-year period 

the SEAK troll fishery estimated harvest of Puget Sound Chinook averaged 368 for ESA-listed 

stocks and 266 for non-ESA listed stocks annually (Appendix B). When considering winter and 

summer troll fisheries only, the estimated harvest of ESA- listed stocks averaged 339 and non-

ESA listed averaged 206. Given that the SEAK fishery took up to a 7.5% reduction to its annual 

harvest limit in the 2019 Treaty agreement, it is a reasonable assumption that impacts have 

decreased from 2009 Treaty levels. The harvest of Puget Sound Chinook salmon in SEAK is at a 

level where any savings from the closure of winter and summer troll fisheries as requested by the 

Plaintiff would not be measurable in Puget Sound as (1) forgone harvest must travel through a 

gauntlet of fisheries and predators before reaching Puget Sound and (2) the total catch in the troll 

fishery falls within the uncertainty of Puget Sound catch, escapement, and abundance estimates. 

Therefore, the reliance on a $31.4 million Puget Sound habitat restoration program and a $30.6 

million Puget Sound conservation program for at-risk stocks to achieve a no jeopardy finding are 

not commensurate with SEAK troll fishery impacts. 

CONCLUSIONS 

18. The framework programmatic action in the SEAK BiOp overcompensates for the 

impacts of the SEAK salmon fishery. As stated by NMFS in both SEAK BiOp and the PFMC 

BiOp, while this funding initiative was relevant to NMFS’ consideration of the SEAK salmon 

fishery, it was also designed to mitigate for impacts of the PFMC salmon fisheries and Puget 

Sound salmon fisheries (AR 47202, AR 47204, NMFS 2020; NMFS 2021). 

19. The mitigation action for federal funding of a conservation program for critical 

Puget Sound salmon stocks through conservation hatcheries and habitat restoration is tangential 

to impacts from the SEAK fishery, as harvests of Puget Sound stocks in Alaska are small. See 

AR 47589-607. During negotiations for both the 2009 and 2019 versions of the Treaty, it was 

recognized that harvest reductions were necessary in Southern British Columbia fisheries to 

protect ESA-listed Puget Sound Stocks. In order to secure those reductions in Canada, the U.S. 
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had to provide something in return.  Because SEAK fisheries harvest West Coast Vancouver 

Island origin fish, parallel reductions were taken in SEAK fisheries. The SEAK and Canadian 

West Coast of Vancouver Island fisheries were reduced by up to 7.5 and 12.5 percent, 

respectively, compared to the previous agreement. This comes on top of the reductions of 15 and 

30 percent for those same fisheries that occurred as a result of the prior 10-year Treaty agreement 

(NMFS 2020 p.5). Given SEAK troll’s low impact of less than 640 fish, on average, per year of 

all Puget Sound stocks (ESA-listed and non-listed) (Appendix B tables 4 and 7), the $31.4 

million Puget Sound habitat restoration initiative and the $30.6 million Puget Sound hatchery 

conservation program for stocks at-risk of extinction substantially over-compensate for the 

SEAK troll harvest impacts. Given the low catch of Puget Sound stocks in the Southeast Alaska 

troll fishery, enjoining the winter and summer troll fishery would not result in measurable 

increases to Puget Sound spawning escapement or Puget Sound Chinook availability to SRKW. 

20. Similarly, the funding initiative for SRKW prey production is an over-

compensation of SEAK fishery impacts. The hatchery production initiative calls for 

supplementing prey abundance with up to 20 million smolt releases in the times and areas most 

important to SRKWs to provide a “meaningful” increase in the abundance of Chinook salmon 

available to SRKW. Assuming a conservative estimate of 0.7% survival from the hatchery to 

adult fish in SRKW areas, that would result in a conservative estimate 140,000 adult fish 

produced by this initiative. Production at this level is nearly double the impact of the SEAK troll 

fishery which is estimated at 76,603 annually. Secondly, NMFS prioritized production in Puget 

Sound with 5 to 6 million smolts produced annually. Applying a conservative 0.7% hatchery to 

adult survival rate would yield an estimate of 35,000 to 42,000 additional adult fish potentially 

available to SRKW annually. Comparing this figure with the average annual impact of less than 
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640 fish in the SEAK troll fishery suggests that this funding initiative represents a large 

overcompensation of SEAK troll fishery impacts. In combination, this suggests that far more fish 

will be available to SRKW when these fish mature in the next few years than have been 

harvested in SEAK. Since the framework programmatic action funding initiatives also serve as 

the environmental baseline for Puget Sound and PFMC salmon fishery BiOps and other Pacific 

Northwest fishery management plans (AR 47202- 47204), enjoining the prey production 

program not only increases the likelihood of additional reductions to the SEAK troll fishery, but 

also increases the likelihood of additional reductions in PFMC and Puget Sound commercial and 

recreational fisheries. 

21. The recent advances in science regarding SRKW diet and distribution since the 

SEAK BiOp was written have led to the identification of priority prey stocks and refined 

methodology for estimating harvest impacts to SRKW (Hanson et al 2021; Shelton et al. 2019; 

NMFS 2021). Applying this new methodology to the SEAK troll fishery, an average of 76,603 of 

the Chinook harvested in a conservative estimate could be considered high priority SRKW prey 

over the past five years and most of the catch of these high priority stocks are of hatchery origin. 

This is a much lower impact than was previously estimated when the BiOp was written in 2018. 

Forgone harvest in SEAK troll does not result in commensurate benefits to SRKW. These fish 

must swim through a gauntlet of fisheries and predators where numbers diminish substantially 

before reaching the SRKW habitat range. The increased hatchery production of priority stocks in 

combination with reductions of the 2019 - 2028 PST Agreement in harvest impacts for all 

Chinook fisheries within its scope are providing increased prey availability to SRKW at levels 

much higher than previously thought. 

I declare under penalty of perjury that the forgoing is true and correct.   
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Appendix A – Genetic-based estimates of SEAK troll catch of SRKW prey, AY 
2017–2021 

Objective 
Estimate the harvest of Southern Resident Killer Whale (SRKW) priority prey stocks (high priority, low 

priority, not prey) of Chinook salmon in the Southeast Alaska (SEAK) commercial troll fishery by time 

period (winter, spring, and summer) for Chinook accounting years 2017–2021 using genetic stock 

identification (GSI). 

Background 
Chinook salmon originating in Alaska, British Columbia, and the Pacific Northwest are harvested in SEAK 

commercial troll fisheries. Owing to its mixed stock nature, the overall SEAK Chinook salmon fishery is 

managed under provisions of the Pacific Salmon Treaty Agreement (PST). The Alaska Department of Fish 

and Game (ADF&G) has used GSI to estimate the stock composition of Chinook salmon harvests in the 

SEAK troll fisheries since 1998 based on a genetic baseline developed by the Genetic Analysis of Pacific 

Salmonids (GAPS) group for use in PST fisheries. Genetic methods allow direct estimation of the major 

stock groups contributing to these fisheries. The information reported herein uses existing GSI stock 

composition estimates to assess the contribution of SRKW priority stocks to SEAK troll fisheries in 

accounting years 2017-2021. 

Data 

GSI Methods 
Details on methods for fishery sampling, laboratory analysis, and statistical analysis can be found in 

Shedd et al. (2021a, 2021b, 2022). 

GSI Baseline 
Genetic stock identification is possible for PST fisheries due to the CTC-funded GAPS project, a 

cooperative project among 10 laboratories with the goal of developing a standardized microsatellite 

DNA baseline for stock identification of Chinook salmon (Seeb et al. 2007). We used the current baseline 

(version 3.0) containing allele frequencies from 357 populations contributing to PST fisheries, ranging 

from the Situk River in Alaska to the Central Valley of California. Stock groupings were aligned with 

SRKW priority prey stocks (Southern Resident Killer Whale Priority Chinook Stocks Report (noaa.gov)) to 

the extent possible and summarized into three reporting groups: 1) high priority prey stocks (score > 2.5 

out of 5), 2) low priority prey stocks (score < 2.5 out of 5), and stocks that do not contribute as prey to 

SRKW (score of 0; Table 1). 

Harvest and Stock-specific Harvest 
Harvest data came from the ADF&G Mark Tag & Age Laboratory website 

(https://mtalab.adfg.alaska.gov/CWT/reports/comexpansion.aspx) summarized by fishery (winter, 

spring, and summer) and Quadrant. Stock composition proportions for each sampling strata were 

multiplied by the total harvest for each strata to determine the stock-specific harvest. Stock-specific 

harvests were aggregated to provide annual totals and seasonal averages across AY 2017–2021 
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Caveats 
This analysis does not include fish harvested in terminal areas in SEAK, as we assume they are all SEAK-

origin and do not typically analyze for GSI. 

There was an experimental mark-select fishery (MSF) in 2017 (harvest = 2,676). We represented these 

fish with GSI data from the summer troll fishery. 

Results 

SRKW High Priority Prey Stocks 
Chinook salmon from high priority SRKW prey stocks contributed an average of 76,603 fish annually to 

the SEAK troll harvest, ranging from a low of 50,394 fish in 2018 to a high of 103,756 fish in 2020 (Table 

2). 

The average harvest of high priority SRKW prey stocks was highest during the summer fishery in all years 

(Table 2). Harvest of these stocks was lowest in the spring fishery, which targets Alaskan hatchery-origin 

stocks. 

SRKW Low Priority Prey Stocks 
Chinook salmon from low priority SRKW prey stocks contributed an average of 34,715 fish annually to 

the SEAK troll harvest, ranging from a low of 25,620 fish in 2019 to a high of 43,761 fish in 2020 (Table 

3). 

The average harvest of low priority SRKW prey stocks was highest during the summer fishery in all years, 

except 2017 when harvest was highest in the winter fishery (Table 3).  

Stocks That Are Not SRKW Prey 
Chinook salmon from stocks that do not contribute to SRKW prey contributed an average of 22,676 fish 

annually to the SEAK troll harvest, ranging from a low of 20,859 fish in 2020 to a high of 26,354 fish in 

2018 (Table 4). 

The average harvest of stocks that do not contribute to SRKW prey was highest during the summer 

fishery in all years, except 2017 when harvest was highest in the winter fishery (Table 4).  
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Tables 
Table 1. Chinook stock groupings aligned with SRKW priority prey stocks (Southern Resident Killer Whale 
Priority Chinook Stocks Report (noaa.gov)). Sp = spring-run, Su = summer-run, Fa = fall-run stocks. Please 
see Supplemental Table 1 for a full list of populations included in each stock and priority group. 

SRKW Priority Chinook ESU/Stock Group SRKW Priority Group 

Puget Sound (Sp, Fa) High 

Lower Columbia (Fa) High 

Strait of Georgia High 

Middle/Upper Columbia (Fa) High 

Fraser (Sp; Su except S Thompson) High 

Lower Columbia (Sp) High 

WA Coast (Sp, Fa) High 

Middle/Upper Columbia (Sp, Su) High 

Fraser (Su; S Thompson only) High 

South OR Coast/California (Sp, Fa) High 

Willamette (Sp) Low 

North/Central OR Coast Low 

West Coast Vancouver Island Low 

Southeastern Alaska Not Prey 

Northern BC Not Prey 

Central BC Not Prey 
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Table 2. Stock-specific harvest of high priority SRKW prey Chinook salmon stocks in the SEAK troll fishery 
by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     15,690        5,290        49,440        70,420  

2018       4,872            657        44,865        50,394  

2019       3,713        1,111        55,276        60,100  

2020       7,340        4,073        92,343      103,756  

2021       5,868        3,656        88,822        98,346  

Average       7,497        2,957        66,149        76,603  

 

Table 3. Stock-specific harvest of low priority SRKW prey Chinook salmon stocks in the SEAK troll fishery 
by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     17,416        5,659        11,972        35,047  

2018       2,576        1,101        25,347        29,024  

2019       2,466        2,736        20,418        25,620  

2020       2,896        3,550        37,315        43,761  

2021       3,498        4,747        31,879        40,124  

Average       5,770        3,559        25,386        34,715  

 

Table 4. Stock-specific harvest of Chinook salmon stocks that are not prey for SRKW in the SEAK troll 
fishery by period, accounting years 2017-2021. 

  Fishery   

Accounting Year Winter Spring Summer Total 

 Stock-specific Harvest 

2017     10,758        6,437           5,687        22,882  

2018       4,520        5,204        16,630        26,354  

2019       6,188        6,520           8,245        20,953  

2020       5,575        4,513        10,771        20,859  

2021       5,704        6,047        10,579        22,330  

Average       6,549        5,744        10,382        22,676  
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Supplemental Tables 
Supplemental Table 1. GAPS v3.0 microsatellite genetic baseline populations and SRKW priority prey stock groupings used for this report. 

Population N Run time Origin Collection Date SRKW Priority Stock Group SRKW Priority Prey 

Situk River 127  W 1988, 1990, 1991, 1992 Southeastern Alaska Not Prey 

Blanchard River 349  W 2000, 2001, 2002, 2003 Southeastern Alaska Not Prey 

Goat Creek 62  W 2007, 2008 Southeastern Alaska Not Prey 

Klukshu River 238  W 1987, 1989, 1990, 1991, 2000, 2001 Southeastern Alaska Not Prey 

Takhanne River 196  W 2000, 2001, 2002, 2003, 2008 Southeastern Alaska Not Prey 

Big Boulder Creek 138  W 1992, 1995, 2004 Southeastern Alaska Not Prey 

Tahini River--Macaulay Hatchery 77  H 2005 Southeastern Alaska Not Prey 

Tahini River 119  W 1992, 2004 Southeastern Alaska Not Prey 

Kelsall River 153  W 2004 Southeastern Alaska Not Prey 

King Salmon River 143  W 1989, 1990, 1993 Southeastern Alaska Not Prey 

Dudidontu River 233  W 2002, 2004, 2005, 2006 Southeastern Alaska Not Prey 

Kowatua Creek 288  W 1989, 1990, 2005 Southeastern Alaska Not Prey 

Little Tatsamenie River 684  W 1999, 2005, 2006, 2007 Southeastern Alaska Not Prey 

Little Trapper River 74  W 1999 Southeastern Alaska Not Prey 

Upper Nahlin River 132  W 1989, 1990, 2004 Southeastern Alaska Not Prey 

Nakina River 428  W 1989, 1990, 2004, 2005, 2006, 2007 Southeastern Alaska Not Prey 

Tatsatua Creek 171  W 1989, 1990 Southeastern Alaska Not Prey 

Andrew Creek  131  W 1989, 2004 Southeastern Alaska Not Prey 

Andrew Creek–Crystal Hatchery 207  H 2005 Southeastern Alaska Not Prey 

Andrew Creek–Macaulay Hatchery 135  H 2005 Southeastern Alaska Not Prey 

Andrew Creek–Medvejie Hatchery 177  H 2005 Southeastern Alaska Not Prey 

Christina River 164  W 2000, 2001, 2002 Southeastern Alaska Not Prey 

Craig River 96  W 2001 Southeastern Alaska Not Prey 

Johnny Tashoots Creek 62  W 2001, 2004, 2005, 2008 Southeastern Alaska Not Prey 

Little Tahltan River 126  W 2001. 2004 Southeastern Alaska Not Prey 

Shakes Creek 164  W 2000, 2001, 2002, 2007 Southeastern Alaska Not Prey 
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Tahltan River 80  W 2008 Southeastern Alaska Not Prey 

Verrett River 482  W 2000, 2002, 2003, 2007 Southeastern Alaska Not Prey 

Chickamin River  126  W 1990, 2003 Southeastern Alaska Not Prey 

King Creek  136  W 2003 Southeastern Alaska Not Prey 

Butler Creek 190  W 2004 Southeastern Alaska Not Prey 

Leduc Creek 43  W 2004 Southeastern Alaska Not Prey 

Humpy Creek 124  W 2003 Southeastern Alaska Not Prey 

Chickamin River–Little Port Walter Hatchery 218  H 1993, 2005 Southeastern Alaska Not Prey 

Chickamin River–Whitman Hatchery 193  H 2005 Southeastern Alaska Not Prey 

Clear Creek 134  W 1989, 2003, 2004 Southeastern Alaska Not Prey 

Cripple Creek 141  W 1988, 2003 Southeastern Alaska Not Prey 

Gene's Lake 92  W 1989, 2003, 2004 Southeastern Alaska Not Prey 

Kerr Creek 151  W 2003, 2004 Southeastern Alaska Not Prey 

Unuk River–Little Port Walter Hatchery 149  H 2005 Southeastern Alaska Not Prey 

Keta River  200  W 1989, 2003, 2004 Southeastern Alaska Not Prey 

Blossom River 190  W 2004 Southeastern Alaska Not Prey 

Cranberry River 158  W 1996, 1997 Northern BC Not Prey 

Damdochax River 63 Su W 1996 Northern BC Not Prey 

Ishkheenickh River 192   2004, 2006 Northern BC Not Prey 

Kincolith River 220 Su W 1996, 1999 Northern BC Not Prey 

Kiteen River 54   2006 Northern BC Not Prey 

Kwinageese River 67 Su W 1996, 1997 Northern BC Not Prey 

Meziadin River 45   1996 Northern BC Not Prey 

Oweegie Creek 147 Su W 1996, 1997, 2004 Northern BC Not Prey 

Tseax River 198   1995, 1996, 2002, 2006, 2008 Northern BC Not Prey 

Yakoun River 131   1989, 1996, 2001 Central BC Not Prey 

Cedar River 112 Su W 1996 Northern BC Not Prey 

Ecstall River 149 Su W 2000, 2001, 2002 Northern BC Not Prey 

Exchamsiks River 106   1995, 2009 Northern BC Not Prey 

Exstew River 140   2009 Northern BC Not Prey 

Gitnadoix River 170   1995, 2009 Northern BC Not Prey 
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Kitsumkalum River (Lower) 449 Su W 1996, 1998, 2001, 2009 Northern BC Not Prey 

Kasiks River 60   2006 Northern BC Not Prey 

Zymagotitz River 119   2006, 2009 Northern BC Not Prey 

Zymoetz River (Upper) 54   1995, 2004, 2009 Northern BC Not Prey 

Kispiox River 88   1995, 2004, 2006, 2008 Northern BC Not Prey 

Kitseguecla River 258   2009 Northern BC Not Prey 

Kitwanga River 169   1996, 2002, 2003 Northern BC Not Prey 

Shegunia River 78   2009 Northern BC Not Prey 

Sweetin River 60   2004, 2005, 2008 Northern BC Not Prey 

Bear River 99   1991, 1995, 1996, 2005 Northern BC Not Prey 

Kluakaz Creek 98   2007, 2008, 2009 Northern BC Not Prey 

Kluayaz Creek 144   2007, 2008, 2009 Northern BC Not Prey 

Kuldo Creek 170   2008, 2009 Northern BC Not Prey 

Osti Creek 90   2009 Northern BC Not Prey 

Sicintine River 105  W 2009 Northern BC Not Prey 

Slamgeesh River 125   2004, 2005, 2006, 2007, 2008, 2009 Northern BC Not Prey 

Squingala River 259   2008, 2009 Northern BC Not Prey 

Sustut River 337 Su W 1995, 1996, 2001, 2002, 2005, 2006 Northern BC Not Prey 

Babine River 105 Su H 1996 Northern BC Not Prey 

Bulkley River (Upper) 206 Su W 1991, 1998, 1999 Northern BC Not Prey 

Morice River 105   1991, 1995, 1996 Northern BC Not Prey 

Suskwa River 85   2004, 2005, 2009 Northern BC Not Prey 

Atnarko Creek 142 Su H 1996 Central BC Not Prey 

Chuckwalla River 46   1999, 2001, 2005 Central BC Not Prey 

Dean River 175   2002, 2003, 2004, 2006 Central BC Not Prey 

Dean River (Upper) 176   2001, 2002, 2003, 2004, 2006 Central BC Not Prey 

Docee River 42   1999, 2002, 2007 Central BC Not Prey 

Kateen River 128   2004, 2005 Central BC Not Prey 

Kilbella River 50   2001, 2005 Central BC Not Prey 

Kildala River 197   1999, 2000 Central BC Not Prey 

Kitimat River 135 Su H 1997 Central BC Not Prey 
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Kitlope River 181   2004, 2006 Central BC Not Prey 

Takia River 46   2002, 2003, 2006 Central BC Not Prey 

Wannock River  129 F H 1996 Central BC Not Prey 

Capilano River 75   1999 Strait of Georgia High 

Cheakamus River 54 F  2006, 2007, 2008 Strait of Georgia High 

Devereux River 148 F W 1997, 2000 Strait of Georgia High 

Klinaklini River 198 F W 1997, 1998, 2002 Strait of Georgia High 

Phillips River 287   2000, 2004, 2006, 2007, 2008 Strait of Georgia High 

Squamish River 181 F H 2003 Strait of Georgia High 

Burman River 218   1985, 1989, 1990, 1991, 1992, 2000, 2002, 2003 West Coast Vancouver Island Low 

Conuma River 140 F H 1997 West Coast Vancouver Island Low 

Gold River 258   1983, 1985, 1986, 1987, 1992, 2002 West Coast Vancouver Island Low 

Kennedy River (Lower) 320   2005, 2007, 2008 West Coast Vancouver Island Low 

Marble River 136 F H 1996, 1999, 2000 West Coast Vancouver Island Low 

Nahmint River 43   2002, 2003 West Coast Vancouver Island Low 

Nitinat River 125 F H 1996 West Coast Vancouver Island Low 

Robertson Creek 123 F H 1996, 2003 West Coast Vancouver Island Low 

San Juan River 175   2001, 2002 West Coast Vancouver Island Low 

Sarita River 137 F H 1997, 2001 West Coast Vancouver Island Low 

Tahsis River 174 F W 1996, 2002, 2003 West Coast Vancouver Island Low 

Thornton Creek 158   2001 West Coast Vancouver Island Low 

Tlupana River 58   2002, 2003 West Coast Vancouver Island Low 

Toquart River 68   1999, 2000 West Coast Vancouver Island Low 

Tranquil Creek 227 F W 1996, 1999, 2004 West Coast Vancouver Island Low 

Zeballos River 148   2002, 2005, 2006, 2007, 2008 West Coast Vancouver Island Low 

Chemainus River 202   1996, 1999 Strait of Georgia High 

Nanaimo River (Fall) 122 F H 1996, 2002 Strait of Georgia High 

Nanaimo River (Summer) 166 Su H 1996, 2002 Strait of Georgia High 

Nanaimo River (Spring) 94 Sp W 1998 Strait of Georgia High 

Nanaimo River (Upper) 114   2003, 2004 Strait of Georgia High 

Nimpkish River 68   2004 Strait of Georgia High 
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Puntledge River (Fall) 279 F H 2000, 2001 Strait of Georgia High 

Puntledge River (Summer) 255 Su H 1998, 2000, 2006 Strait of Georgia High 

Qualicum River 79 F H 1996 Strait of Georgia High 

Quinsam River 143 F H 1996, 1998 Strait of Georgia High 

Harrison River 216 F  1999, 2002 Strait of Georgia High 

Big Silver Creek 54 Sp W 2004, 2005, 2006, 2007, 2008 Fraser (Sp; Su except S Thompson) High 

Birkenhead River 154 Sp W 1998, 1999, 2001, 2002, 2005, 2006 Fraser (Sp; Su except S Thompson) High 

Pitt River (Upper) 65 Sp W 2004, 2005, 2006, 2007, 2008 Fraser (Sp; Su except S Thompson) High 

Maria Slough 271 Su W 1999, 2000, 2001, 2002, 2005 Fraser (Sp; Su except S Thompson) High 

Baezaeko River 80   1984, 1985 Fraser (Sp; Su except S Thompson) High 

Bridge River 157   1996 Fraser (Sp; Su except S Thompson) High 

Cariboo River 76 Su W 1996, 2007, 2008 Fraser (Sp; Su except S Thompson) High 

Cariboo River (Upper) 166 Sp W 2001 Fraser (Sp; Su except S Thompson) High 

Chilcotin River 201 Sp W 1996, 1997, 1998, 2001 Fraser (Sp; Su except S Thompson) High 

Chilcotin River (Lower) 173 Sp W 1996, 2000, 2001 Fraser (Sp; Su except S Thompson) High 

Chilko River 144 Sp W 1995, 1999, 2001, 2002 Fraser (Sp; Su except S Thompson) High 

Cottonwood River (Upper) 118   2004, 2007, 2008 Fraser (Sp; Su except S Thompson) High 

Elkin Creek 190 Su W 1996 Fraser (Sp; Su except S Thompson) High 

Endako River 42   1997, 1998, 2000 Fraser (Sp; Su except S Thompson) High 

Nazko River 179   1983, 1984, 1985 Fraser (Sp; Su except S Thompson) High 

Nechako River 128 Su W 1992, 1996 Fraser (Sp; Su except S Thompson) High 

Portage Creek 138   2002, 2004, 2005, 2006, 2008 Fraser (Sp; Su except S Thompson) High 

Quesnel River 119 Su W 1996, 1997 Fraser (Sp; Su except S Thompson) High 

Stuart River 125 Su W 1996 Fraser (Sp; Su except S Thompson) High 

Taseko River 120   1997, 1998, 2002 Fraser (Sp; Su except S Thompson) High 

Bowron River 78 Sp W 1997, 1998, 2001, 2003 Fraser (Sp; Su except S Thompson) High 

Fontoniko Creek 46   1996 Fraser (Sp; Su except S Thompson) High 

Goat River 46   1997, 2000, 2001, 2002 Fraser (Sp; Su except S Thompson) High 

Holmes River 100   1996, 1999, 2000, 2001, 2002 Fraser (Sp; Su except S Thompson) High 

James Creek 53   1984, 1988 Fraser (Sp; Su except S Thompson) High 

McGregor River 119   1997 Fraser (Sp; Su except S Thompson) High 
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Morkill River 152 Su W 2001 Fraser (Sp; Su except S Thompson) High 

Salmon River (Fraser) 153 Sp W 1996, 1997 Fraser (Sp; Su except S Thompson) High 

Slim Creek 113 Sp W 1996, 1998, 2001 Fraser (Sp; Su except S Thompson) High 

Swift Creek 120 Sp W 1996, 2000 Fraser (Sp; Su except S Thompson) High 

Fraser River above Tete Jaune 183   2001 Fraser (Sp; Su except S Thompson) High 

Torpy River 135 F W 2001 Fraser (Sp; Su except S Thompson) High 

Willow River 37 Sp W 1997, 2002, 2004 Fraser (Sp; Su except S Thompson) High 

Coldwater River 109   1995, 1997, 1998, 1999 Fraser (Sp; Su except S Thompson) High 

Coldwater River (Upper) 69   2004, 2005, 2006 Fraser (Sp; Su except S Thompson) High 

Deadman River 256 Sp H 1997, 1998, 1999, 2006 Fraser (Sp; Su except S Thompson) High 

Lois River 259 Sp W 1997, 1999, 2001, 2006, 2008 Fraser (Sp; Su except S Thompson) High 

Nicola Hatchery 135 Sp H 1998, 1999 Fraser (Sp; Su except S Thompson) High 

Nicola River 88   1998, 1999 Fraser (Sp; Su except S Thompson) High 

Spius Creek 52   1998, 1999 Fraser (Sp; Su except S Thompson) High 

Spius Creek (Upper) 82   2001, 2006 Fraser (Sp; Su except S Thompson) High 

Spius Hatchery 95 Sp H 1996, 1997, 1998 Fraser (Sp; Su except S Thompson) High 

Blue River 57   2001, 2002, 2003, 2004, 2006, 2007 Fraser (Sp; Su except S Thompson) High 

Clearwater River 112 Su W 1997 Fraser (Sp; Su except S Thompson) High 

Finn Creek 174   1996, 1998, 2002, 2006, 2008 Fraser (Sp; Su except S Thompson) High 

Lemieux Creek 56   2001, 2002, 2004, 2006 Fraser (Sp; Su except S Thompson) High 

North Thompson River 77   2001 Fraser (Sp; Su except S Thompson) High 

Raft River 105 Su W 2001, 2002, 2006, 2008 Fraser (Sp; Su except S Thompson) High 

Adams River 76 Su H 1996, 2001, 2002 Fraser (Su; S Thompson only) High 

Bessette Creek 103   1998, 2002, 2003, 2004, 2006, 2008 Fraser (Su; S Thompson only) High 

Eagle River 76   2003, 2004 Fraser (Su; S Thompson only) High 

Shuswap River (Lower) 93   1996, 1997 Fraser (Su; S Thompson only) High 

Shuswap River (Middle) 149 Su H 1997, 2001 Fraser (Su; S Thompson only) High 

South Thompson River 73   1996, 2001 Fraser (Su; S Thompson only) High 

Salmon River 126   1997, 1998, 1999 Fraser (Su; S Thompson only) High 

Thompson River (Lower) 175 F W 2001, 2008 Fraser (Su; S Thompson only) High 

Dungeness River 123  W 2004 Puget Sound (Sp, Fa) High 
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Elwha Hatchery 209 F H 1996, 2004 Puget Sound (Sp, Fa) High 

Elwha River 139  W 2004, 2005 Puget Sound (Sp, Fa) High 

Upper Cascade River 43 Sp W 1998, 1999 Puget Sound (Sp, Fa) High 

Marblemount Hatchery 91 Sp H 2006 Puget Sound (Sp, Fa) High 

North Fork Nooksack River 137 Sp H,W 1998, 1999 Puget Sound (Sp, Fa) High 

North Fork Stilliguamish River 290 Su H,W 1996, 2001, 2004 Puget Sound (Sp, Fa) High 

Samish Hatchery 74 F H 1998 Puget Sound (Sp, Fa) High 

Upper Sauk River 120 Sp/Su W 1994, 1998, 1999, 2006 Puget Sound (Sp, Fa) High 

Skagit River (Summer) 99 Su W 1994, 1995 Puget Sound (Sp, Fa) High 

Skagit River (Lower; Fall) 95 F W 1998, 2006 Puget Sound (Sp, Fa) High 

Skagit River (Upper) 53 Su W 1998 Puget Sound (Sp, Fa) High 

Skykomish River 73 Su W 1996, 2000 Puget Sound (Sp, Fa) High 

Snoqualmie River 49  W 2005 Puget Sound (Sp, Fa) High 

Suiattle River 122 Sp W 1989, 1998, 1999 Puget Sound (Sp, Fa) High 

Wallace Hatchery 191 Su H 1996, 2004, 2005 Puget Sound (Sp, Fa) High 

Bear Creek 204 Su/F W 1998, 1999, 2003, 2004 Puget Sound (Sp, Fa) High 

Cedar River 170 Su/F W 1994, 2003, 2004 Puget Sound (Sp, Fa) High 

Nisqually River–Clear Creek Hatchery 132 F H 2005 Puget Sound (Sp, Fa) High 

Grovers Creek Hatchery 95 Su/F H 2004 Puget Sound (Sp, Fa) High 

Hupp Springs Hatchery 90 Sp H 2002 Puget Sound (Sp, Fa) High 

Issaquah Creek 166 Su/F H,W 1999, 2004 Puget Sound (Sp, Fa) High 

Nisqually River 94 Su/F W 1998, 1999, 2000, 2006 Puget Sound (Sp, Fa) High 

South Prairie Creek 78 F W 1998, 1999, 2002 Puget Sound (Sp, Fa) High 

Soos Creek 178 F H 1998, 2004 Puget Sound (Sp, Fa) High 

Univ of Washington Hatchery 125 Su/F H 2004 Puget Sound (Sp, Fa) High 

Voights Hatchery 93 F H 1998 Puget Sound (Sp, Fa) High 

White River 146 Sp H 1998 Puget Sound (Sp, Fa) High 

George Adams Hatchery 131 F H 2005 Puget Sound (Sp, Fa) High 

Hamma Hamma River 128 F W 1999, 2000, 2001 Puget Sound (Sp, Fa) High 

North Fork Skokomish River 87 F W 1998, 1999, 2000, 2004, 2005, 2006 Puget Sound (Sp, Fa) High 

South Fork Skokomish River 96 Su/F H,W 2005, 2006 Puget Sound (Sp, Fa) High 
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Forks Creek Hatchery 140 F H 2005 WA Coast (Sp, Fa) High 

Hoh River (Fall) 115 F W 2004, 2005 WA Coast (Sp, Fa) High 

Hoh River (Spring/Summer) 138 Sp/Su W 1995, 1996, 1997, 1998, 2005, 2006 WA Coast (Sp, Fa) High 

Hoko Hatchery 73 F H,W 2004, 2006 WA Coast (Sp, Fa) High 

Humptulips Hatchery 60 F H 1990 WA Coast (Sp, Fa) High 

Makah Hatchery 128 F H 2001, 2003 WA Coast (Sp, Fa) High 

Queets River 53 F W 1996, 1997 WA Coast (Sp, Fa) High 

Quillayute River 52 F W 1995, 1996 WA Coast (Sp, Fa) High 

Quinault River 54 F W 1995, 1997, 1998 WA Coast (Sp, Fa) High 

Quinault Hatchery 82 F H 2001, 2006 WA Coast (Sp, Fa) High 

Sol Duc Hatchery 94 Sp H 2003 WA Coast (Sp, Fa) High 

Cowlitz Hatchery (Spring) 124 Sp H 2004 Lower Columbia (Sp) High 

Kalama Hatchery 133 Sp H 2004 Lower Columbia (Sp) High 

Lewis Hatchery 116 Sp H 2004 Lower Columbia (Sp) High 

Sandy River (Spring) 63 Sp W 2006 Willamette (Sp) Low 

Abernathy Creek 89 F W 1995, 1997, 1998, 2000 Lower Columbia (Fa) High 

Abernathy Hatchery 91 F H 1995 Lower Columbia (Fa) High 

Coweeman River 109 F W 1996, 2006 Lower Columbia (Fa) High 

Cowlitz Hatchery (Fall) 116 F H 2004 Lower Columbia (Fa) High 

Elochoman River 88 F W 1995, 1997 Lower Columbia (Fa) High 

Green River 55 F W 2000 Lower Columbia (Fa) High 

Lewis River (Fall) 79 F W 2003 Lower Columbia (Fa) High 

Lewis River (Lower; Summer) 83 F W 2004 Lower Columbia (Fa) High 

Lewis River (Summer) 128 F W 2004 Lower Columbia (Fa) High 

Sandy River (Fall) 106 F W 2002, 2004 Lower Columbia (Fa) High 

Washougal River 108 F W 1995, 1996, 2006 Lower Columbia (Fa) High 

Big Creek Hatchery 95 F H 2004 Lower Columbia (Fa) High 

Elochoman Hatchery 94 F H 2004 Lower Columbia (Fa) High 

Spring Creek 194 F H 2001, 2002, 2006 Lower Columbia (Fa) High 

McKenzie Hatchery 127 Sp H 2002, 2004 Willamette (Sp) Low 

McKenzie River 90 Sp W 1997 Willamette (Sp) Low 
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North Fork Clackamas River 62 Sp W 1997 Willamette (Sp) Low 

North Santiam Hatchery 125 Sp H 2002, 2004 Willamette (Sp) Low 

North Santiam River 83 Sp W 1997 Willamette (Sp) Low 

Klickitat Hatchery 82 Sp H 2002, 2006 Middle/Upper Columbia (Sp, Su) High 

Klickitat River (Spring) 40 Sp W 2005 Middle/Upper Columbia (Sp, Su) High 

Shitike Creek 127 Sp H 2003, 2004 Middle/Upper Columbia (Sp, Su) High 

Warm Springs Hatchery 127 Sp H 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Granite Creek 54 Sp W 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

John Day River (upper mainstem)` 65 Sp W 2004, 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

Middle Fork John Day River 83 Sp W 2004, 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

North Fork John Day River 105 Sp W 2004, 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

American River 116 Sp W 2003 Middle/Upper Columbia (Sp, Su) High 

Upper Yakima Hatchery 179 Sp H 1998 Middle/Upper Columbia (Sp, Su) High 

Little Naches River 73 Sp W 2004 Middle/Upper Columbia (Sp, Su) High 

Yakima River (Upper) 46 Sp W 1992, 1997 Middle/Upper Columbia (Sp, Su) High 

Naches River 64 Sp W 1989, 1993 Middle/Upper Columbia (Sp, Su) High 

Carson Hatchery 168 Sp H 2001, 2004, 2006 Middle/Upper Columbia (Sp, Su) High 

Entiat Hatchery 127 Sp H 2002 Middle/Upper Columbia (Sp, Su) High 

Little White Salmon Hatchery (Spring) 93 Sp H 2005 Middle/Upper Columbia (Sp, Su) High 

Methow River (Spring) 85 Sp H 1998, 2000 Middle/Upper Columbia (Sp, Su) High 

Twisp River 122 Sp W 2001, 2005 Middle/Upper Columbia (Sp, Su) High 

Wenatchee Hatchery 43 Sp H 1998, 2000 Middle/Upper Columbia (Sp, Su) High 

Wenatchee River 62 Sp W 1993 Middle/Upper Columbia (Sp, Su) High 

Tucannon River 112 Sp/Su W 2003 Middle/Upper Columbia (Sp, Su) High 

Chamberlain Creek 45 Sp/Su W 2006 Middle/Upper Columbia (Sp, Su) High 

Crooked Fork Creek 100 Sp/Su W 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

Dworshak Hatchery 81 Sp/Su H 2005 Middle/Upper Columbia (Sp, Su) High 

Lochsa River 125 Sp/Su H 2005 Middle/Upper Columbia (Sp, Su) High 

Lolo Creek 92 Sp/Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Newsome Creek 75 Sp/Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Rapid River Hatchery 136 Sp/Su H 1997, 1999, 2002 Middle/Upper Columbia (Sp, Su) High 
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Rapid River Hatchery 46 Su H 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Red River/South Fork Clearwater 172 Sp/Su H 2005 Middle/Upper Columbia (Sp, Su) High 

Catherine Creek 111 Sp/Su W 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Lookingglass Hatchery 188 Sp/Su H 1994, 1995, 1998 Middle/Upper Columbia (Sp, Su) High 

Minam River  136 Sp/Su W 1994, 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Wenaha Creek 46 Sp/Su W 2002 Middle/Upper Columbia (Sp, Su) High 

Imnaha River  132 Sp/Su W 1998, 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Bear Valley Creek 45 Sp/Su W 2006 Middle/Upper Columbia (Sp, Su) High 

Johnson Creek 186 Sp/Su W 2001, 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Johnson Hatchery 92 Sp/Su H 2002, 2003, 2004 Middle/Upper Columbia (Sp, Su) High 

Knox Bridge 90 Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

McCall Hatchery 80 Su H 1999, 2001 Middle/Upper Columbia (Sp, Su) High 

Poverty Flat 88 Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Sesech River  115 Sp/Su W 2001, 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Stolle Meadows 91 Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Big Creek 142 Sp/Su W 2001, 2002, 2003 Middle/Upper Columbia (Sp, Su) High 

Big Creek (Lower) 74 Su W 1999, 2002 Middle/Upper Columbia (Sp, Su) High 

Big Creek (Upper) 87 Su W 1999, 2002 Middle/Upper Columbia (Sp, Su) High 

Camas Creek 42 Sp/Su W 2006 Middle/Upper Columbia (Sp, Su) High 

Capehorn Creek 51 Sp/Su W 2006 Middle/Upper Columbia (Sp, Su) High 

Marsh Creek 95 Su W 2001, 2002 Middle/Upper Columbia (Sp, Su) High 

Decker Flat 78 Su W 1999, 2002 Middle/Upper Columbia (Sp, Su) High 

Valley Creek (Lower) 94 Su W 1999, 2002 Middle/Upper Columbia (Sp, Su) High 

Valley Creek (Upper) 95 Su W 1999, 2002 Middle/Upper Columbia (Sp, Su) High 

East Fork Salmon River 141 Sp/Su W 2004, 2005 Middle/Upper Columbia (Sp, Su) High 

Pahsimeroi River 71 Sp/Su W 2002 Middle/Upper Columbia (Sp, Su) High 

Sawtooth Hatchery 260 Sp/Su H 2002, 2003, 2005, 2006 Middle/Upper Columbia (Sp, Su) High 

West Fork Yankee Fork 59 Sp/Su W 2005 Middle/Upper Columbia (Sp, Su) High 

Hanford Reach 163 Su/F W 1999, 2000, 2001 Middle/Upper Columbia (Fa) High 

Klickitat River (Summer/Fall) 149 Su/F W 1994, 2005 Middle/Upper Columbia (Fa) High 

Little White Salmon Hatchery (Fall) 94 Su/F H 2006 Middle/Upper Columbia (Fa) High 
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Marion Drain 131 Su/F W 1989, 1992 Middle/Upper Columbia (Fa) High 

Methow River (Summer) 115 Su/F W 1992, 1993, 1994 Middle/Upper Columbia (Sp, Su) High 

Okanagan River 72 Su/F W 2000, 2002, 2003, 2004, 2006, 2007, 2008 Middle/Upper Columbia (Sp, Su) High 

Priest Rapids Hatchery 181 Su/F H 1998, 1999, 2000, 2001 Middle/Upper Columbia (Fa) High 

Priest Rapids Hatchery 67 Su/F H 1998 Middle/Upper Columbia (Fa) High 

Umatilla Hatchery 90 F H 2006 Middle/Upper Columbia (Fa) High 

Umatilla Hatchery 94 Su/F H 2003 Middle/Upper Columbia (Fa) High 

Wells Dam Hatchery 128 Su/F H 1993 Middle/Upper Columbia (Sp, Su) High 

Wenatchee River 119 Su/F W 1993 Middle/Upper Columbia (Sp, Su) High 

Yakima River (Lower) 102 Su/F W 1990, 1993, 1998 Middle/Upper Columbia (Fa) High 

Deschutes River (Lower) 101 F W 1999, 2001, 2002 Middle/Upper Columbia (Fa) High 

Deschutes River (Upper) 128 Su/F W 1998, 1999, 2002 Middle/Upper Columbia (Fa) High 

Clearwater River 88 F W 2000, 2001, 2002 Middle/Upper Columbia (Fa) High 

Lyons Ferry 185 F H 2002, 2003 Middle/Upper Columbia (Fa) High 

Nez Perce Tribal Hatchery 123 F H 2003, 2004 Middle/Upper Columbia (Fa) High 

Alsea River 108 F W 2004 North/Central OR Coast Low 

Kilchis River 44 F Unk 2000, 2005 North/Central OR Coast Low 

Necanicum Hatchery 50 F H,W 2005 North/Central OR Coast Low 

Nehalem River 131 F W 2000, 2002 North/Central OR Coast Low 

Nestucca Hatchery 119 F H 2004, 2005 North/Central OR Coast Low 

Salmon River 83 F Unk 2003 North/Central OR Coast Low 

Siletz River 107 F W 2000 North/Central OR Coast Low 

Trask River 123 F W 2005 North/Central OR Coast Low 

Wilson River 120 F W 2005 North/Central OR Coast Low 

Yaquina River 113 F W 2005 North/Central OR Coast Low 

Coos Hatchery 58 F H 2005 North/Central OR Coast Low 

Coquille River 118 F W 2000 North/Central OR Coast Low 

Elk River 129 F H 2004 North/Central OR Coast Low 

South Coos Hatchery 73 F H 2005 North/Central OR Coast Low 

South Coos River 45 F W 2000 North/Central OR Coast Low 

South Umpqua Hatchery 128 F H,W 2002 North/Central OR Coast Low 
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Siuslaw River 105 F W 2001 North/Central OR Coast Low 

Sixes River 107 F W 2000, 2005 North/Central OR Coast Low 

Umpqua Hatchery 132 Sp W 2004 North/Central OR Coast Low 

Applegate Creek 110 F W 2004 South OR Coast/California (Sp, Fa) High 

Cole Rivers Hatchery 126 Sp H 2004 South OR Coast/California (Sp, Fa) High 

Klaskanine Hatchery 96 F H 2009 South OR Coast/California (Sp, Fa) High 

Chetco River 136 F W 2004 South OR Coast/California (Sp, Fa) High 

Klamath River  111 F W 2004 South OR Coast/California (Sp, Fa) High 

Trinity Hatchery (Fall) 144 F H 1992 South OR Coast/California (Sp, Fa) High 

Trinity Hatchery (Spring) 127 Sp H 1992 South OR Coast/California (Sp, Fa) High 

Eel River 122 F W 2000, 2001 South OR Coast/California (Sp, Fa) High 

Russian River 142 F W 2001 South OR Coast/California (Sp, Fa) High 

Battle Creek 99 F W 2002, 2003 South OR Coast/California (Sp, Fa) High 

Butte Creek 61 F W 2002, 2003 South OR Coast/California (Sp, Fa) High 

Feather Hatchery (Fall) 129 F H 2003 South OR Coast/California (Sp, Fa) High 

Stanislaus River 61 F W 2002 South OR Coast/California (Sp, Fa) High 

Butte Creek 101 Sp W 2002, 2003 South OR Coast/California (Sp, Fa) High 

Deer Creek 42 Sp W 2002 South OR Coast/California (Sp, Fa) High 

Feather Hatchery (Spring) 144 Sp H 2003 South OR Coast/California (Sp, Fa) High 

Mill Creek 76 Sp W 2002, 2003 South OR Coast/California (Sp, Fa) High 

Sacramento River (Winter) 95 Wi W, H 1992, 1993, 1994, 1995, 1997, 1998, 2001, 2003, 2004 South OR Coast/California (Sp, Fa) High 
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THE HONORABLE MICHELLE L. PETERSON  

 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 
__________________________________________  
       ) 
       ) 
WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 
       ) 
  Plaintiff,    ) THIRD DECLARATION OF  
       ) Lynne Barre, 
       ) National Marine Fisheries Service,  

v.       ) West Coast Region 
       )  
SCOTT RUMSEY, et al.,    )  
       )   

Defendants,    )  
       ) 
 and       ) 
       ) 
ALASKA TROLLERS ASSOCIATION,  )  
       ) 

Defendant-Intervenor   ) 
       ) 
 and       ) 
       ) 
STATE OF ALASKA,    )  
       ) 

Defendant-Intervenor.   ) 
)  

__________________________________________) 
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I, Lynne Barre, declare and state as follows: 

 

  Introduction 

 

1. I am currently a Branch Chief in the Protected Resources Division of the National 

Marine Fisheries Service (NMFS), West Coast Region (WCR) and my duties 

have included leading the recovery program for Southern Resident killer whales 

(SRKW) since 2002. My qualifications and expertise regarding SRKW and 

Endangered Species Act (ESA) consultations were documented in my previous 

declarations (First Declaration (2020) and Second Declaration (2021)).   

2. In preparation for this declaration I reviewed plaintiff’s Motion for a Final Order 

on Relief filed September 7, 2022 and declarations by Dr. Lacy and Dr. Giles. I 

am also familiar with the scientific literature that has recently become available 

regarding SRKW as cited by Dr. Lacy and Dr. Giles.  

The Effect of Plaintiff’s Remedies on Southern Resident Killer Whales. 

3. I was asked to provide my opinion on the effect of vacating portions of the 2019 

Opinion on Southeast Alaska (SEAK) salmon fisheries (2019 Opinion) and 

enjoining NMFS’s implementation of the prey increase program for SRKW. 

4. My previous declarations have addressed these topics in detail and summaries of 

key points are included here. While the recent Lacy Declaration cites an update to 

data used for modeling relationships of Chinook abundance and population 

trajectory for SRKW, I have the same objections to the model detailed in my First 

Declaration. The conclusions from the update are similar to those presented in 
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previous Lacy Declarations.  There is no substantial new information provided in 

the plaintiff’s motion or the recent declarations by Dr. Giles and Dr. Lacy that 

alter my conclusions and opinions in my first two declarations regarding the 

impacts on SRWKs of closing SEAK fisheries and enjoining the prey increase 

program.   

5. As previously stated in the 2019 Opinion and based on our analysis, the prey 

reductions from the SEAK troll fisheries, particularly in the most important 

locations and seasons for the whales, are small and, considered in concert with the 

prey increase program, will not jeopardize their survival or recovery. Closing the 

SEAK fishery will provide only a small benefit to SRKW. Enjoining the prey 

increase program will have a significant negative effect on SRKWs. The prey 

increase program, designed to support the prey base for SRKWs and as 

implemented over the last three years, provides a meaningful increase in prey 

abundance and benefits SRKWs. Closing the SEAK troll fisheries and enjoining 

the prey increase program will likely result in a net reduction in prey available to 

the whales.   

6. As described in my First Declaration, based on scientific review and guidance, 

uncertainties, and the complexity surrounding the relationship between SRKW 

and their prey, I find Dr. Lacy’s modeled relationship quantifying specific 

changes in reproduction or survival metrics from specific Chinook salmon 

abundances to be outdated and not based on the best available science. Although 

mentioned in Dr. Giles’ Declaration, Dr. Lacy did not include the most recent 

population updates, including two new calves born in early 2022. The primary 
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assumption in the Lacy Population Viability Analysis (PVA) model that drives 

the results reported in the recent Lacy Declaration is based on outdated 

correlations of coastwide Chinook abundance and survival or fecundity of 

SRKW.  

7. The Pacific Fishery Management Council (PFMC) formed an Ad Hoc 

Workgroup, which included a scientist with SRKW PVA modeling expertise, to 

evaluate the effects of Council-managed fisheries on SRKW and they made 

efforts to quantify these relationships. In their 2020 report to the Council the 

Workgroup described their analysis, results, and characterized the uncertainty 

(PFMC 2020). They found the previous relationships between Chinook salmon 

abundance and SRKW demographic rates, which Dr. Lacy relies on in his model, 

have weakened or are not detectable, and therefore we do not rely on them in our 

analysis. Prior to the Ad Hoc Workgroup an expert panel (Hilborn et al. 2012) 

also cautioned against overreliance on correlative studies or implicating any 

particular fishery in evaluating the status of SRKWs. The small SRKW 

population size limits the ability to detect a relationship to input into a PVA, the 

relationships are likely not constant over time, and we acknowledge that multiple 

factors, not just prey abundance, may be impacting the vital rates of the whales.     

8. Aside from the problematic quantitative relationship between Chinook salmon 

abundance and SRKW population parameters used in the Lacy model, his 

conclusions about the general benefits to the SRKW population from closing the 

SEAK winter and summer troll fisheries overstate the benefits that would likely 

be realized by the whales. Both the Chinook salmon prey and SRKW predators 
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are highly mobile.  Thus, not all of the Chinook salmon caught in SEAK troll 

fisheries would migrate south into SRKW habitat and those that would migrate 

south would not all survive or be intercepted by the whales.   

9. Dr. Lacy summarizes that there is an overall average 6% reduction in Chinook 

salmon abundance from all SEAK fisheries and assumes that closing those 

fisheries would equate to a 6% increase in available prey for SRKW or a 4.8% 

increase from closing the winter and summer troll fisheries. This is an 

oversimplification and overestimation. The analysis of SEAK fisheries effects on 

SRKW and conclusions in our 2019 Opinion considered overall average prey 

reductions, however, we gave weight to a more detailed seasonal and spatial 

analysis for three time periods in both coastal and inland habitat areas. When 

taking SRKW seasonal movements into consideration and times and locations 

when Chinook salmon are expected to become potential prey for SRKW (i.e., 

coastal areas during Oct-Apr, inland areas during July-Sep), we estimated that 

prey reductions from SEAK fisheries would be much lower: average of 0.5% in 

the coast during winter (up to 1.1%), and an average of 1.8% inland during 

summer (up to 2.5%).  AR 47440-41, 47505. 

10. NMFS concluded in the 2019 Opinion that SEAK fisheries would cause adverse 

effects to the whales by removing prey from their habitat, but not cause injury or 

mortality that would jeopardize the SRKW population.  The conclusions were 

based on our assessment of prey reductions for all SEAK fisheries, focused on the 

times and areas most important to the whales, and relied on multiple lines of 

evidence about the SRKWs’ diet, their energy needs, Chinook salmon abundance, 
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how the fisheries will reduce available prey, and how the whales might change 

their behavior. In addition to the magnitude of prey reductions, we considered the 

context of Chinook salmon abundance levels, including natural variability in 

ocean conditions, and also other actions that are being taken to improve the 

whales’ ability to survive and recovery. We also relied on the conservation 

funding program described in the 2019 Opinion.   

11. The conservation funding program considered in the 2019 Opinion included 

funding for hatchery production to benefit SRKW by increasing Chinook 

abundance (prey increase program), conservation hatchery programs, and habitat 

restoration projects to support vulnerable populations of Puget Sound Chinook 

salmon with the added benefit of increasing SRKW prey abundance. Hatchery 

produced Chinook salmon support the prey base for the whales since the whales 

do not distinguish between hatchery produced or wild fish. As described in the 

2019 Opinion, hatchery fish often contribute to the salmon stocks consumed by 

the whales (Hanson et al. 2010). The design of the prey increase program for 

SRKW focuses on achieving a “meaningful increase” in prey abundance with 

broad distribution to supplement prey where it is most important to whales (i.e. 

coastal areas during Oct-Apr, inland areas during July-Sep) as those times and 

areas were identified as most limiting for prey availability.  The level of increased 

hatchery production (20 million Chinook salmon smolts released annually) for 

prey increase funding levels of roughly $5 million, as described in a NMFS memo 

(Dygert et al. 2018), would be expected to increase Chinook salmon abundance 

by 4-5% in both inland waters in the summer and in coastal waters in the winter.   
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12. In the 2019 Opinion we acknowledged the initial delay in increased prey until 3-5 

years following the first years of implementation, while hatchery fish mature and 

then become available to the whales as prey in times and areas that overlap with 

and are important to the whales.  We also recognized that not every Chinook 

salmon produced would go directly to SRKWs, as there are other factors and 

predators driving salmon mortality, and in the 2019 Opinion we acknowledged 

that our ability to fully understand the efficacy and predict performance of the 

program was limited.  We are not able to assign increases in prey availability 

resulting from the hatchery funding as direct offsets for any particular fishery 

managed under the Pacific Salmon Treaty agreement (SEAK, U.S. West Coast or 

Puget Sound) because of the variability in annual reductions of available prey 

from those fisheries. However, even with these limitations, based on the best 

available science, we concluded that the prey increase program would provide a 

meaningful increase in prey abundance and benefit SRKWs. 

13. There has been significant progress on funding and implementation of the prey 

increase program for the benefit of SRKWs. The prey increase program 

considered in the 2019 Opinion is being implemented (see Third Purcell 

Declaration) and we anticipate increases in prey abundance are near to or being 

realized as we reach the 3-5 year maturation time frame following each year of 

implementation. We will continue monitoring the number of smolts produced by 

the hatchery programs funded by the prey increase program and other partners, as 

well as the estimated levels of adult Chinook salmon prey available to the whales, 
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to evaluate the efficacy of the program in achieving a meaningful increase in prey 

abundance.  

14. The overall abundance of Chinook salmon is variable and affected by ocean 

conditions and the realized percent increase in prey abundance will be dependent 

on estimates of the overall abundance of Chinook salmon each year.  The funded 

hatchery production may be most important in a year in which overall Chinook 

abundance is low, and in such a low abundance year, the percent increase 

resulting from the funded production may be higher.  Although the funded 

production would still make a contribution in a high Chinook salmon abundance 

year, the percent increase would be lower if overall Chinook salmon abundance is 

very high in any year.  Nevertheless, this program will provide meaningful 

benefits for Southern Resident killer whales.     

15. In the 2019 Opinion, and also in our recent biological opinion on West Coast 

salmon fisheries (Attachment A), which analyzes the effects of removing adult 

Chinook salmon prey that might otherwise be available to the SRKW, as well as 

in the Risk Assessment completed by the Council Ad Hoc Workgroup (PFMC 

2020, Second Purcell Decl. Att. B), we identify that reductions in prey are 

expected to have the greatest impacts on the whales in low Chinook salmon 

abundance years.  When prey are scarce, the SRKWs likely spend more time 

foraging compared to periods of high prey abundance.  Increased energy 

expenditure and prey limitation can result in nutritional stress, which has been 

linked to reduced body condition, and lower birth and survival rates.  The increase 

in abundance anticipated from the prey increase program will contribute to overall 
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Chinook abundance, and reduce the potential for SRKWs to experience low 

abundance conditions in general. 

16. Enjoining or disrupting the prey increase program will reduce the amount of food 

available to SRKWs and negatively impact their foraging behavior, energy 

balance, health and reproduction, particularly in years of low abundance. If the 

prey increase program for SRKWs is enjoined or disrupted, the hatchery 

production actions that have been funded by NMFS and implemented in 2020, 

2021, and 2022, as well as hatchery production funded by partners, particularly 

Washington State, as described in Allyson Purcell’s Third declaration, would still 

be expected to increase prey at some level through 2027 as those fish mature; 

however, additional hatchery production specifically targeted to benefit the 

SRKW could be compromised in later years.  Any disruption in funding would 

likely result in a gap in additional prey abundance.  In the absence of the intended 

prey increase, there would be lower overall abundance of Chinook salmon and 

there could be an elevated risk of Chinook salmon abundance falling to the low 

abundance levels associated with increased risk to the health of the SRKWs. 

17. Plaintiff’s declarants assert that prey abundance has the largest impact on the 

population growth rate of SRKWs and that increases in prey abundance are 

needed for SRKWs to recover, and yet enjoining or disrupting the prey increase 

program would result in reduced future abundance of prey for SRKWs.  

Plaintiffs’ request for relief is inconsistent with their declarants’ assertions.  The 

goal of the prey increase program is to help support increased prey available to 

SRKWs and support their recovery. It is difficult to precisely estimate the 
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increased risk to the health of SRKWs from disrupting the prey increase program 

if enjoined, but it could manifest in the whales foraging for longer periods, 

traveling to alternate locations, or abandoning foraging efforts. Changes to 

foraging behavior could result in SRKWs not consuming sufficient prey to meet 

their energetic needs, which could affect the health of individual whales, 

reproduction and the status and growth of the population, as cited in the Plaintiff’s 

declarations and our 2019 Opinion. 

18. As described in the Third Purcell Declaration, ESA consultations have been 

completed to evaluate the potential impacts on threatened and endangered salmon.  

Therefore, in addition to supporting recovery of SRKWs, we have concluded that 

the hatchery production will not jeopardize survival or recovery of listed salmon.  

19. In addition to the reductions in fisheries under the Pacific Salmon Treaty and the 

prey increase program, we continue to work on a comprehensive recovery 

program that addresses all of the primary threats to SRKW, including vessel 

disturbance and contaminants, and not only prey.  We also acknowledge that all 

of the threats are potential limiting factors, not just prey availability, and that they 

are interconnected, as vessels and sound can impact the whales’ ability to forage, 

access, and consume the prey that are available in their habitat. NMFS Recovery 

Plan and other documents such as the Washington State Orca Task Force (Task 

Force) 2018 and 2019 reports and recommendations, and the Canadian Recovery 

Plan for SRKW, also acknowledge the importance of and interactions between 

multiple threats. 
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20. Dr. Giles describes information on the status of the SRKWs, including the 

“vulnerable” status of specific individuals. The designation of “vulnerable” 

whales by Washington State is part of their Commercial Whale Watch Licensing 

system, which implements a recommendation from the Task Force and highlights 

the connection between vessel impacts and prey accessibility.  When whales are 

identified as “vulnerable” based on body condition or pregnancy, additional 

limitations on commercial whale watching are put into place.  Limiting whale 

watching activities for both “vulnerable” whales and young calves reduces 

acoustic and physical disturbance, including impacts on foraging behaviors.   

21. Dr. Giles cites multiple sources of information on Canadian fishery closures, 

which seems to imply that there is a direct benefit to the SRKW from all of them.  

This oversimplifies and overestimates the benefits to SRKW from Canadian 

fishery management actions.  Aside from the measures specifically designed to 

support SRKW, some of the other closures or fishery reductions Dr. Giles 

references take place in rivers (where there is no overlap with SRKW) or support 

salmon stocks that do not overlap with and are not part of the diet of SRKW.    

22.  Conservation and recovery of SRKW and their Chinook salmon prey is complex 

and challenging because there are multiple interacting threats over large 

geographic and transboundary landscapes and we have endangered predators 

relying on prey, some of which are also threatened or endangered.  Both species 

face impacts from many human activities, variable oceanographic conditions, and 

environmental change in their vast habitats.  Recovery programs for both SRKW 

and Chinook salmon include a variety of tools and actions that can have short-
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term or long-term benefits.  Significant actions have been taken that are effective 

in the short term and make the existing abundance of prey more available and 

accessible to SRKW, including reductions in fisheries to protect salmon and 

SRKW, and mandatory and voluntary vessel measures that reduce interference 

with SRKW foraging.  Other actions like cleaning up or reducing inputs of 

harmful contaminants or recovering runs of salmon have a longer-term outlook 

for realizing benefits to SRKWs.  As part of the action considered in the 2019 

Opinion, the conservation programs to aid Puget Sound Chinook salmon include 

continuing conservation hatchery programs and implementing habitat restoration 

projects.  It will likely take many years before ecosystem services of the habitat 

are restored and they support increased Chinook salmon productivity.  The prey 

increase program for SRKW, however, has already been implemented for 

multiple years and is increasing the prey available to SRKW now.  With three 

years of funding and implementation, effects evaluated for threatened and 

endangered salmon, and protections for salmon in place, it fills an important gap 

until other longer-term actions for salmon and SRKW are successful. NMFS and 

our Federal, State and Tribal partners recognize the importance of working on 

actions with both short-term and long-term benefits to the SRKW, including the 

prey increase program, to help stop the decline of the endangered SRKW 

population and support their recovery.   

23. Enjoining or disrupting the prey increase program would result in fewer Chinook 

salmon available to SRKW, and increase the risk for harm to SRKW through 

behavioral and physiological impacts.  Disruptions could affect the long-term 
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support and commitment needed to fund this program and provide benefits to 

SRKW over the next decade and could negatively impact the critical partnerships 

and momentum for recovery and conservation of SRKW and salmon.  The prey 

increase program is a critical tool to help address a primary threat to SRKW and 

without it there will be a negative impact on the recovery program for SRKW.    

 

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on October 3, 2022, in Seattle, WA. 

                                                                                               

________________________________ 
Lynne Barre 

BARRE.LYNNE.
M.1365828128

Digitally signed by 
BARRE.LYNNE.M.1365828128 
Date: 2022.10.03 14:07:03 
-07'00'

Case 2:20-cv-00417-RAJ-MLP   Document 133-2   Filed 10/03/22   Page 13 of 204

WFC_SER49

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 49 of 277
(81 of 309)



 

 

 

 

 

 

 

Third Barre Declaration 
Attachment A 

Case 2:20-cv-00417-RAJ-MLP   Document 133-2   Filed 10/03/22   Page 14 of 204

WFC_SER50

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 50 of 277
(82 of 309)



Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion and Conference Opinion 

 

Biological Opinion on the Authorization of the West Coast Ocean Salmon Fisheries Through 

Approval of the Pacific Salmon Fishery Management Plan Including Amendment 21 and 

Promulgation of Regulations Implementing the Plan for Southern Resident Killer Whales and 

their Current and Proposed Critical Habitat 

NMFS Consultation Number: WCRO-2019-04074 

 

Action Agency: National Marine Fisheries Service 

 

Affected Species and NMFS’ Determinations:  

ESA-Listed 

Species 

Status Is Action 

Likely to 

Adversely 

Affect 

Species?  

Is Action 

Likely To 

Jeopardize 

the Species? 

 

Is Action 

Likely to 

Adversely 

Affect 

Proposed 

or 

Designated 

Critical 

Habitat? 

Is Action 

Likely To 

Destroy or 

Adversely 

Modify 

Critical 

Habitat? 

 

  

Southern 

Resident Killer 

Whale (Orcinus 

orca) 

Endangered Yes No Yes No 

 

 

Consultation Conducted By: National Marine Fisheries Service, West Coast Region  

 

Issued By:  

  

Barry A. Thom, Regional Administrator 

  West Coast Region 

  National Marine Fisheries Service 

 

Date: April 21, 2021 

  

Case 2:20-cv-00417-RAJ-MLP   Document 133-2   Filed 10/03/22   Page 15 of 204

WFC_SER51

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 51 of 277
(83 of 309)



1 

 

 

1. INTRODUCTION 

This Introduction section provides information relevant to the other sections of this document and 

is incorporated by reference into Sections 2 and 3, below. 

1.1.  Background 

The National Marine Fisheries Service (NMFS) prepared the biological and conference opinion 

(opinion) and incidental take statement (ITS) portions of this document in accordance with 

section 7(b) of the Endangered Species Act (ESA) of 1973 (16 USC 1531 et seq.), and 

implementing regulations at 50 CFR 402, as amended. The conference opinion concerning 

proposed critical habitat for Southern Resident killer whales does not take the place of a 

biological opinion under section 7(a)(2) of the ESA unless and until the conference opinion is 

adopted as a biological opinion when the proposed critical habitat designation becomes final. 

Adoption may occur if no significant changes to the action are made and no new information 

comes to light that would alter the contents, analyses, or conclusions of this opinion. As a result, 

this consultation will analyze effects on both designated and proposed critical habitat. 

We completed pre-dissemination review of this document using standards for utility, integrity, 

and objectivity in compliance with applicable guidelines issued under the Data Quality Act 

(DQA) (section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 

2001, Public Law 106-554). The document will be available within two weeks at the NOAA 

Library Institutional Repository [https://repository.library.noaa.gov/welcome]. A complete 

record of this consultation is on file at the Protected Resources Division Seattle, WA office. 

1.2.  Consultation History 

 NMFS consulted on the effects of the fisheries managed by NMFS and the Pacific Fishery 

Management Council (PFMC or Council) under the Pacific Coast Salmon Fishery 

Management Plan (FMP) (“Council salmon fisheries”) under the ESA in 2009 (NMFS 2009) 

and concluded that the fisheries did not jeopardize the survival and recovery of the ESA-

listed Southern Resident killer whales (SRKWs) (Orcinus orca) Distinct Population Segment 

(DPS). Since NMFS completed the 2009 consultation, a substantial amount of new 

information has become available on SRKW’s status, diet, geographic distribution, and body 

condition and on their primary prey, Chinook salmon, such as stock abundance and 

distribution.  

 In a letter to the Council dated March 6, 2019, NMFS announced we were re-initiating ESA 

consultation on the Council salmon fisheries and invited the Council to help reassess the 

effects of Council salmon fisheries on SRKWs (Agenda Item D.1.a, Supplemental NMFS 

Report 4, March 2019) 

 On April 12, 2019, NMFS reinitiated consultation (NMFS 2019a) to consider the effects of 

Council-managed fisheries under the FMP on the SRKWs. 

 Because the reinitiation could not be completed prior to the start of the 2019 Council-

managed salmon fisheries, NMFS assessed the Council’s alternative sets of management 

measures for the 2019 fisheries with respect to their potential effects on SRKWs and 
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presented that assessment to the Council to inform its selection of a final recommended set of 

management measures (Agenda Item F.1.e, Supplemental NMFS Report 1, April 2019). 

NMFS considered the Council’s recommended set of management measures in conjunction 

with its approval and implementation of those measures and concluded implementation of the 

measures would not likely jeopardize SRKWs, and did not represent an irreversible or 

irretrievable commitment of resources (NMFS 2019b). 

o NMFS’ conclusion that the 2019 salmon fishery management measures were not 

likely to jeopardize SRKWs was based on the facts that (1) we did not anticipate 

relatively low coastwide Chinook salmon abundance coupled with relatively large 

percent reductions, and (2) we did not anticipate the Council fisheries to 

substantially reduce the availability of the vulnerable priority prey Chinook 

salmon stocks (i.e., relatively low abundance priority Chinook salmon stocks). 

 In April 2019, the Council formed the ad-hoc SRKW workgroup (Workgroup) to reassess the 

effects of Council-area ocean salmon fisheries on the Chinook salmon prey base of SRKWs, 

and depending on the results, potentially recommend conservation measure(s) or 

management tool(s) that limit PFMC salmon fishery impacts to Chinook salmon prey 

availability.  

 The Workgroup developed a draft risk assessment, which was presented to the Council in 

March 2020 (Agenda Items E.3.a, SRKW Workgroup Report 1 and Supplemental SRKW-

WG Presentation 1, March 2020), however it did not complete its task of recommending any 

conservation measures or management tools in time for the 2020 preseason planning process. 

To address the 2020 fisheries, at the March 2020 Council meeting, NMFS described its 

process for the 2020 consultation and provided guidance for the Council’s development of 

2020 fishery management measures. Among other recommendations in its guidance, NMFS 

recommended using a low Chinook salmon abundance threshold as a trigger for considering 

changes to fishery management in order to increase the certainty that the fisheries would not 

further exacerbate the weakened status of the whales for the 2020/2021 fisheries season 

(Agenda Item E.5.b, Supplemental NMFS Report 1, March 2020).  

 On April 29, 2020, NMFS issued a biological opinion on the implementation of the FMP in 

2020 for SRKWs and their current and proposed critical habitat (NMFS 2020a). NMFS used 

the best available science and relied heavily on the Workgroup’s draft risk assessment at the 

time and concluded the proposed action was likely to adversely affect but was not likely to 

jeopardize the continued existence of SRKWs. NMFS also concluded the action was likely to 

adversely affect the current or proposed critical habitat but not likely to destroy or adversely 

modify that habitat. 

 The Workgroup met numerous times during the course of 2019 and 2020. All meetings were 

noticed in the Federal Register (FR) notices and open to the public. The Workgroup finalized 

its risk assessment to help inform the Council of potential impacts on SRKWs as a result of 

implementing the FMP (Agenda Item E.2.a, SRKW Workgroup Report 1, June 2020; 

referenced throughout the remainder of this opinion as PFMC 2020a). The drafts and final 

version of the risk assessment report were available for public comment and were 

commented on by the PFMC Salmon Advisory Subpanel, the Salmon Technical Team, and 
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the Scientific and Statistical Committee subcommittees1. In September 2020, the Workgroup 

provided a report (Agenda Item H.3.a, SRKW Workgroup Report 1, September 2020) that 

included a purpose and need statement, scope of action, and a draft range of management 

measure alternatives and recommendations for Council consideration. The Council adopted 

the range of management measure alternatives for public review and asked the Workgroup to 

provide additional information—which they did at the Council meeting in November 2020 

(Agenda Item F.2.a, Workgroup Report 1; Agenda Item F.2.a, Workgroup Report 2; and 

Agenda Item F.2.a, Workgroup Report 3). 

 In November 2020, NMFS provided an analytical document that described combinations of 

the management measure alternatives described in the Workgroup’s September and 

November reports to the Council and assessed the effects of those alternatives on SRKWs 

and other resources (Agenda Item F.2.a, Supplemental NMFS Report 1, November 2020). 

 The Council took final action in November 2020 and adopted Amendment 21 to address the 

effect of Council-area ocean salmon fisheries on the Chinook salmon prey base of SRKWs. 

Amendment 21 is described in the proposed action, refer to Section 1.1.3 Amendment 21.  

1.3.  Proposed Federal Action  

Under the ESA, “action” means all activities or programs of any kind authorized, funded, or 

carried out, in whole or in part, by Federal agencies (50 CFR 402.02). The proposed action is the 

authorization of the ocean salmon fishery in the west coast Exclusive Economic Zone (EEZ) (3 

to 200 nautical miles off the coast of Washington, Oregon, and California) through approval of 

the fishery management plan (FMP) and promulgation of regulations implementing the plan, 

including approval and implementation of Amendment 21. NMFS has dual responsibilities as 

both the action agency that authorizes the fisheries under the Magnuson-Stevens Fishery 

Conservation and Management Act (MSA), and as the consulting agency under the authority of 

the ESA.   

The ocean fisheries in the EEZ are recreational and commercial troll fisheries that use hook-and-

line gear to catch salmon.  Chinook salmon (Oncorhynchus tshawytscha), coho or silver salmon 

(O. kisutch), and pink salmon (O. gorbuscha) are the main species caught in Council-managed 

ocean salmon fisheries and they are the species for which the FMP includes fishery management 

objectives. Salmon of U.S. and Canadian origin and caught in the EEZ are managed under the 

FMP except for species that are managed by another management entity with primary 

jurisdiction (i.e., sockeye and pink salmon by the Fraser River Panel of the Pacific Salmon 

Commission in the Fraser River Panel Area (U.S.) between 49°N latitude and 48°N latitude). 

Catches of other salmon species are inconsequential (low hundreds of fish or less each year) to 

very rare (PFMC 2016). The fisheries are mixed-stock fisheries, where fish encountered typically 

represent more than one stock2 or ESU of Chinook or coho.   

                                                
1 All public comments and subcommittee reports can be found in the PFMC briefing books on their website: 

https://www.pcouncil.org/category/briefing-book/ 
2 The NS1 Guidelines provide a structure for classifying stocks in and around the fishery, and organizing stock 

complexes (PFMC 2016). As described in the FMP, individual stocks can also be formed into stock complexes for 

management and assessment purposes. Stock complexes are groups of stocks that are sufficiently similar in geographic 

distribution, life history, and vulnerabilities to the fishery such that the impacts of management actions on the stocks 
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The FMP sets the framework under which the Council develops recommended annual 

management measures governing the ocean salmon fisheries. The annual management measures 

apply to the period from mid-May of the current year through April-May of the following year3.  

Under the FMP, each salmon stock or stock complex is managed subject to a specified 

conservation objective. If one stock in the mix of stocks in the ocean in a given year is at an 

abundance that is compatible with relatively high fishing pressure, but another weaker stock 

requires a lower fishing pressure, then the ocean fishery is managed to target the limiting rate for 

the weaker stock. This leaves some of the harvestable fish from the stronger stock uncaught 

(“weak stock management”). Some stocks and stock complexes are managed to annual catch 

limits, which are set annually using harvest control rules described in the FMP.  Others are 

managed under the Pacific Salmon Treaty with Canada, and have objectives related to that 

agreement.  For ESA-listed salmon, the conservation objectives are referred to as consultation 

standards; these equate to levels of take (in some cases combined with additional management 

measures) that NMFS has determined through ESA section 7 consultation are not likely to 

jeopardize the continued existence of the species (refer to Table 1). The FMP requires the PFMC 

to set management recommendations that ensure the impacts of the fishery are consistent with all 

of these conservation objectives.  

Table 1. NMFS ESA determinations regarding Evolutionarily Significant Units (ESUs) and DPSs affected 

by PFMC salmon directed fisheries and the duration of the 4(d) Limit determination or biological opinion 
(BO). (Only those decisions currently in effect are included.) 

Date  (Decision type) Duration Citation Species Covered 

March, 9 1996 (BO) until reinitiated NMFS 1996 Snake River spring/summer and fall Chinook, 

and sockeye  

April 28, 1999 (BO)  until reinitiated  NMFS 1999  S. Oregon/N. California Coasts coho  

Central California Coast coho  

Oregon Coast coho  

April 28, 2000 (BO)  until reinitiated  NMFS 2000  Central Valley Spring-run Chinook  

California Coastal Chinook  

April 30, 2001 (BO)  until reinitiated  NMFS 2001a  Upper Willamette River Chinook  

Columbia River chum  

Ozette Lake sockeye  

Upper Columbia River spring-run Chinook  

Ten listed steelhead DPSs  

September 14, 2001 

(BO, 4(d) Limit)  

until withdrawn  NMFS 2001b  Hood Canal summer-run chum  

April 29, 2004 (BO)  until withdrawn  NMFS 2004  Puget Sound Chinook  

                                                
are similar (PFMC 2016). Stock complexes may be formed to facilitate management requirements. Each stock 

complex has one or more indicator stocks to establish annual harvest constraints based on status of those indicator 
stocks. A detailed listing of the individual stocks and stock complexes managed under the FMP are provided in Table 

1-1 in PFMC 2016. 
3 At its September 2020 meeting, the Council adopted a final preferred alternative for Amendment 20 to the FMP.  

Amendment 20, if approved, would modify the preseason schedule for setting annual management measures, change 

a management area boundary, and bring language in several sections of the FMP up to date. Under Amendment 20, 

the effective date for the annual management measures would change from May 1 to May 16.  
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June 13, 2005 (BO)  until reinitiated  NMFS 2005  California Coastal Chinook  

April 27, 2012 (BO)  until reinitiated  NMFS 2012c  Lower Columbia River Chinook  

April 9, 2015 (BO)  until reinitiated  NMFS 2015c Lower Columbia River coho  

March 3, 2018 (BO)  until reinitiated  NMFS 2018e  Sacramento River winter-run Chinook  

 

The PFMC salmon fisheries are managed consistent with the provisions of the PST, which also 

governs fisheries in southeast Alaska (SEAK), those off the coast of British Columbia, and 

fisheries in Puget Sound, the Columbia River and the Oregon Coast. Canadian and SEAK 

salmon fisheries impact salmon stocks from the states of Washington, Oregon, and Idaho as well 

as salmon originating in SEAK and Canadian waters. Fisheries off the U.S. West Coast and in 

inland waters harvest salmon originating in U.S. West Coast and Canadian waters. The PST 

provides a framework for managing salmon fisheries in those waters of the U.S. and Canada that 

fall within the PST’s geographical scope. The overall purpose of the fishing regimens is to 

accomplish the conservation, production, and harvest allocation objectives set forth in the PST 

(https://www.psc.org/publications/pacific-salmon-treaty/). The PST provides for the U.S. and 

Canada to each manage their own fisheries to achieve domestic conservation and allocation 

priorities, while remaining within the overall limits agreed to under the PST. In 2018, U.S. and 

Canadian representatives reached agreement to amend versions of five expiring Chapters of 

Annex IV (Turner and Reid 2018); both countries have since executed this agreement.  

The 2019 - 2028 PST Agreement includes reductions in harvest impacts for all Chinook fisheries 

within its scope and refines the management of coho salmon caught in these areas. The 

Agreement includes reductions in the allowable annual catch of Chinook salmon in the SEAK 

and Canadian West Coast of Vancouver Island and Northern British Columbia fisheries by up to 

7.5 and 12.5 percent, respectively, compared to the previous agreement. The level of reduction 

depends on the Chinook abundance in a particular year. This comes on top of the reductions of 

15 and 30 percent for those same fisheries that occurred as a result of the prior 10-year 

agreement (2009 through 2018). Harvest rates on Chinook salmon stocks caught in southern 

British Columbia and U.S. salmon fisheries, including those under the jurisdiction of the PFMC 

are reduced by up to 15% from the previous agreement (2009 through 2018). Although 

provisions of the updated Agreement are complex, they were specifically designed to reduce 

fishery impacts in all fisheries to respond to conservation concerns for a number of U.S. and 

Canadian stocks.  

In 2019, NMFS consulted on impacts to ESA-listed species from several U.S. domestic actions 

associated with the 2019 - 2028 PST Agreement (NMFS 2019e) including federal funding of a 

conservation program for critical Puget Sound salmon stocks and SRKW prey enhancement. The 

2019 opinion (NMFS 2019e) included a programmatic consultation on the PST funding 

initiative, which is an important element of the environmental baseline in this opinion. In Fiscal 

Year 2020 Congress appropriated $35.1 million dollars for implementation of U.S. domestic 

activities associated with implementation of the new PST agreement, of which $5.6 million is 

being used for increased hatchery production to support prey abundance for SRKWs and $13.5 

million is being used in support of Puget Sound Critical Stock Conservation and Habitat 

Restoration and Protection, consistent with the funding initiative. The beneficial effects of these 

activities (i.e., increases in the abundance of Chinook salmon available as prey to SRKWs, 
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hatchery conservation programs to support critical Puget Sound Chinook populations, and 

improved habitat conditions for those populations) are expected to begin in 3 – 5 years following 

implementation. Subsequent specific actions (i.e., hatchery production programs) will undergo 

separate consultations, tiered from the programmatic consultations (NMFS 2019e) to assess 

effects for site-specific actions.  The harvest management provisions of the 2019 – 2028 

Agreement and the appropriations to initiate the conservation activities are in place now and will 

be taken into account in this biological opinion. The effects of the conservation activities will be 

important to the analysis of the impacts of PFMC salmon fisheries over the long term to SRKWs. 

Additional detail on the activities associated with the PST funding initiative are described in 

more detail in the Environmental Baseline. 

For purposes of this opinion, we assume that funding for the conservation program for Puget 

Sound Chinook salmon and SRKW will continue largely as described in this and the previous 

opinion associated with domestic actions related to the 2019 PST Agreement (NMFS 2019e) and 

the program will be implemented during the duration of the new Chinook salmon regime under 

the 2019 PST Agreement. Although the benefits from reduction in harvest in SEAK and other 

fisheries resulting from the new 2019 PST Agreement (as described in NMFS 2019e) were 

immediately effective, it is important to note that the effects assumed in the analysis related to 

the funding initiative will not take place for at least three to five years following implementation. 

As projects are implemented (such as those described hatchery and habitat projects described 

above), it will take several years for fish from increased hatchery production to reach maturity in 

the oceans and become prey for the whales and it may take even longer before productivity 

improvements are realized from the habitat restoration projects. Although funding for the 

conservation program has been provided as anticipated for FY2020 and FY2021, we recognize 

that there is a degree of uncertainty regarding whether Congress will continue to provide the 

funding, in whole or in part, that was agreed to by the U.S. Section in a timely manner. In the 

event the required funding is not provided in time for actions to take effect during the 

Agreement, or if the anticipated actions are not otherwise implemented through other means 

(e.g., non-fishing related restoration activities, other funding sources) this may constitute a 

modification to the proposed action that could result in effects on Puget Sound Chinook salmon 

and SRKWs not considered in this opinion. If so, reinitiation of consultation would therefore be 

required. See 50 CFR section 402.16(c). We expect this opinion and ITS to remain in place 

during the interim should reinitiation occur.  

It is important to emphasize that, although the funding initiative is relevant to NMFS’ 

consideration of the PFMC salmon fishery in this opinion, and it was relevant to NMFS’ 

consideration in the SEAK salmon fishery (NMFS 2019e), it will likewise be an essential 

element of our review of future fisheries in Puget Sound as well. For example, a new 10 year 

Puget Sound Chinook Harvest Resource Management Plan, currently under development, will be 

subject to ESA evaluation regarding the effects on salmon and SRKWs. Fundamentally, all U.S 

fisheries may be affected by decisions made in the event that funding is not provided. 

The Council develops fishery management measures annually to take account of annual 

abundance projections for the salmon stocks in the fishery, since abundance can vary 

significantly from one year to the next. At the beginning of the annual preseason planning 

process, the forecasts used for the various stocks used to set salmon fisheries for the coming 

fishing season become available and the Council uses them to develop alternative sets of 

management measures for further analysis and public review (see, e.g. PFMC 2020b). The 
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Council adopts its final management measures at its April meeting, based on analysis showing 

that all conservation objectives would be met given the abundance forecasts and proposed 

fisheries.  These measures include descriptions of open fishing periods and locations for the 

annual ocean salmon fishery (see, e.g. PFMC 2020c).  

The PFMC transmits its management measure recommendations to the Secretary of Commerce 

(Secretary), who promulgates the measures in a final rule if they are determined to be consistent 

with the MSA and other applicable law such as the ESA. NMFS takes inseason action to close 

fisheries when quotas are projected to be reached (50 CFR section 660.409(a)).  NMFS may take 

inseason action to modify fishery management measures such as quotas, fishing dates, and bag 

limits after consultation with state fishery managers and the Council chair (50 CFR 660.409(b)).  

Inseason actions in this latter category must be consistent with the FMP’s conservation 

objectives, treaty Indian fishing rights, and other applicable laws and FMP provisions.   

While the FMP and implementing regulations apply only in the EEZ, salmon fisheries in state 

waters (0-3 miles off the coast, hereinafter referred to as “state ocean waters,” does not include 

Puget Sound) are managed consistent with federal management.  Quotas established in federal 

regulations include Chinook and coho catch in state ocean waters, and catch in those waters is 

included in modeling exercises to determine if the objectives in the FMP are projected to be met 

given the annual fishery management measures.  The states have committed to coordinate with 

implementation of Amendment 21 as described below.  In short, state management of salmon 

fisheries in state ocean waters is closely coordinated with and largely mirrors federal 

management.  Even though state-managed fisheries would still occur, the specific management 

measures the states used as described in this opinion are caused by the proposed action. 

A detailed description of the specific fishery marine areas and historical catch and effort data is 

found in the Review of Ocean Salmon Fisheries document available at each year’s March PFMC 

meetings and also located on the PFMC website (e.g. Stock Assessment and Fishery Evaluation 

documents). Here we summarize the PFMC salmon fisheries season structure by spatial area (we 

relied heavily on PFMC 2020a for the summary below, see Figure 1). We follow with a 

summary description of the proposed Amendment 21. 
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Figure 1. Map of Pacific Coast showing major salmon management areas and conservation zones. Map 

does not reflect the recent Council-adopted new southern boundary of the Klamath Management Zone at 

latitude 40°10'00" N. lat. (previously Horse Mt.). The Council moved the boundary north to 40°10'00" N. 
lat. under Amendment 20 to the Pacific Coast Salmon FMP, which was adopted by the Council in 
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September 2020. 

1.3.1. North of Falcon (NOF) Salmon Fisheries 

As described in Section 4.4 in PFMC (2020a), the NOF management area encompasses the 

Washington coast and the northern Oregon coast. Harvest allocation and seasons may vary 

among the four ocean subareas the Council uses, which include the Columbia River subarea - 

Leadbetter Point to Cape Falcon, OR (WDFW Marine Area 1), the Westport subarea - Queets 

River to Leadbetter Point, WA (WDFW Marine Area 2), the La Push subarea - Cape Alava to 

Queets River, WA (WDFW Marine Area 3), and the Neah Bay subarea - U.S./Canada Border to 

Cape Alava, WA (WDFW Marine Area 4) (refer to Figure 2 and Figure 2). In some years, the 

Council may adopt regulations specific to subareas of these areas to manage impacts to stay 

within FMP objectives. 
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Figure 2. Coastal Washington Salmon Fishing Marine Areas (revised and reprinted from 

http://www.eregulations.com/washington/fishing/marine-area-rules-definitions/. 

Stocks that constrain NOF fisheries (i.e., stocks that require lower fishing pressure in a given 

year in order to meet the applicable conservation objective) vary annually depending on relative 

stock abundance and allocation of allowable impacts between the ocean salmon fisheries and 

marine and freshwater fisheries within inland waters of Washington (PFMC 2020a).  In recent 

years, fisheries have been structured to limit impacts on (a) ESA-listed Chinook salmon stocks 

Case 2:20-cv-00417-RAJ-MLP   Document 133-2   Filed 10/03/22   Page 29 of 204

WFC_SER61

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 61 of 277
(93 of 309)



11 

 

from the Columbia River and Puget Sound, (b) non-listed Chinook stocks in California, (c) ESA-

listed coho salmon from the Columbia River, (d) non-listed coho salmon stocks from the 

Washington Coast and Puget Sound; and (e) coho stocks from the Fraser River consistent with 

provisions of the PST Agreement.  

North of Falcon Coastal Non-Tribal Commercial and Recreational Ocean Fisheries 

As described in PFMC (2020a), Chinook and coho catch quotas are set preseason to manage 

these fisheries.  Fisheries are planned based on allocations between recreational and commercial 

sectors and between subareas as established in the FMP (PFMC 2020a).  The commercial non-

tribal troll fishery in NOF waters is typically open for a Chinook-only season between May 1 and 

June 30 and an all-species season July 1-September 30. For the recreational fishery in NOF 

waters in previous years, season opening dates, closing dates and daily retention limits vary by 

year and by subarea. The goal for these fisheries described in the FMP is to provide coho salmon 

for an all-species recreational fishery from late June through early September and, if possible, a 

minimal Chinook-only fishery prior to the all-species season.  

Because the July-September season operates with one quota for Chinook salmon and another 

quota for coho salmon, reaching one quota before the fishery catches the other would result in 

closure for the season. In-season management focuses on managing the fishery throughout the 

season to maximize attainment of the quota, respond to changes in catch distribution across 

management areas and sectors, and address safety concerns. To achieve these goals, occasionally 

quota is transferred inseason between subareas, sectors and/or species in a manner that does not 

change the overall impacts on the affected stocks (“impact neutral”). Impact neutrality is 

assessed for limiting stocks (identified annually at the end of the preseason process) and requires 

that based on modeling, total fishery impacts to these stocks with an in-season action are equal to 

or less than originally planned for in that specific year.  

Management boundaries and control zones (areas that may be closed) are used to manage the 

fishery; many of these can be changed from year to year to achieve management goals, others are 

defined in the FMP and are quite stable (PFMC 2016). Control zones that have been designated 

in recent years in NOF are the Cape Flattery Control (CFC) Zone4, the Columbia River Control 

(CRC) Zone5, and the Grays Harbor Control (GHC) Zone6 (Figure 1). In general, control zones 

are closed to limit impacts on stocks of concern passing through those areas or staging before 

                                                
4 The area from Cape Flattery (48º23'00" N. lat.) to the northern boundary of the U.S. EEZ; and the area from Cape 

Flattery south to Cape Alava (48º10’00" N. lat.) and east of 125º05'00" W. long. (as described in annual 

management measures). 
5 An area at the Columbia River mouth, bounded on the west by a line running northeast/southwest between the red 

lighted Buoy #4 (46°13'35" N. lat., 124°06'50" W. long.) and the green lighted Buoy #7 (46°15'09' N. lat., 

124°06'16" W. long.); on the east, by the Buoy #10 line which bears north/south at 357° true from the south jetty at 

46°14'00" N. lat.,124°03'07" W. long. to its intersection with the north jetty; on the north, by a line running 

northeast/southwest between the green lighted Buoy #7 to the tip of the north jetty (46°15'48" N. lat., 124°05'20" W. 

long.), and then along the north jetty to the point of intersection with the Buoy #10 line; and, on the south, by a line 

running northwest/southeast between the red lighted Buoy #4 and tip of the south jetty (46°14'03" N. lat., 

124°04'05" W. long.), and then along the south jetty to the point of intersection with the Buoy #10 line. (as 

described in 2020 annual management measures). 
6 The area defined by a line drawn from the Westport Lighthouse (46° 53'18" N. lat., 124° 07'01" W. long.) to Buoy 

#2 (46° 52'42" N. lat., 124°12'42" W. long.) to Buoy #3 (46° 55'00" N. lat., 124°14'48" W. long.) to the Grays Harbor 

north jetty (46° 55'36" N. lat., 124°10'51" W. long.) (as described in 2020 annual management measures). 
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entering a terminal area7. For example, the CRC has typically been used to eliminate fishing in 

an area thought to contain a high proportion of sublegal Chinook salmon. This control zone 

closure allows fish undisturbed access to the river (see Section 6.1 in PFMC 2016).  

Washington Coast Treaty Ocean Troll Fishery 

Treaty Indian tribes have a legal entitlement to take up to 50 percent of the harvestable surplus of 

fish which pass through their usual and accustomed fishing areas. Within Council waters, the 

Makah, Quileute, Hoh, and Quinault tribes exercise their treaty rights to harvest salmon in their 

respective usual and accustomed fishing areas off Washington (Marine Areas 2, 3, and 4; Figure 

2). In addition, Makah, Lower Elwha Klallam, Jamestown S'Klallam, and Port Gamble S'Klallam 

tribes exercise their treaty rights to harvest salmon in their respective usual and accustomed 

fishing areas in Marine Area 4B, the entrance to the Strait of Juan de Fuca. Treaty (or tribal) troll 

quotas are set through the Council’s annual pre-season process. During the May through 

September time period treaty-tribal salmon harvest in Area 4B is attributed to the treaty troll 

quotas (PFMC 2020a).  

Similar to the non-tribal commercial troll fishery, the treaty troll fishery consists of a Chinook-

only season between May 1 and June 30 and an all-species season July 1 – September 30. 

Chinook remaining from the May through June treaty troll quota may be transferred to the July 

through September quota on an impact-neutral basis for limiting stocks. Treaty tribes may apply 

in-season effort controls, such as days open per week, vessel landing limits, fishery closures, etc., 

when necessary to ensure tribal harvest does not exceed the Chinook or coho treaty troll quotas.  

1.3.2. South of Falcon (SOF) to California Border Salmon Fisheries 

Fishery management in the South of Falcon (SOF) area is generally based on fishery seasons 

rather than quotas in contrast to the NOF area. 

Oregon Coast  

This area includes the major management areas of Oregon (Cape Falcon to Humbug Mt.) and the 

Oregon portion of the Klamath Management Zone (KMZ; Humbug Mt. to the OR/CA border; 

Figure 1; PFMC 2020a). 

As described in PFMC (2020a), in the Cape Falcon to Humbug Mt. area, the commercial season 

is typically open from mid-March/early-April through October, with various mid-season closures 

to reduce impacts on limiting stocks.  The Oregon KMZ season typically opens in mid-

March/early-April, with monthly quotas beginning in June. These quotas may run through 

September in some years, but late-summer/fall fisheries do not occur every year. Constraining 

Chinook salmon stocks for commercial troll fisheries in the Oregon areas are most often those 

originating in California rivers (e.g. Klamath River fall Chinook salmon and Sacramento River 

fall Chinook salmon), which are managed for escapement goals as specified in the Council’s 

FMP.  Coho retention has been prohibited in commercial troll fisheries SOF since 1993 with the 

exception of limited fisheries in 2007, 2009, and 2014. 

In the Oregon Coast area (Cape Falcon to OR/CA border area, PFMC 2020a), the large majority 

                                                
7 Portions of the existing and proposed control zones occur in state waters, 0-3 miles offshore, thus closures in those 

waters are implemented by the states.  
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of the catch and effort in the recreational salmon fishery is directed at coho salmon.  Various 

coho salmon quota fisheries occur from June through the summer (depending on quota) and into 

September, overlapping with the ongoing recreational Chinook salmon season. The Oregon 

KMZ recreational fishery is usually open for Chinook salmon (with some years of limited 

summer coho salmon fishing in the Oregon KMZ), early-May through early-September, 

although mid-season closures are common.  

California Coast 

Commercial and recreational fisheries targeting Chinook salmon along the California coast are 

managed within four major catch/port areas (north to south, Figure 1): (1) the California portion 

of the Klamath Management Zone (CA-KMZ), which extends from the OR-CA border to Horse 

Mountain (to be changed to 40°10'00" N. lat. assuming approval of Amendment 20), (2) Fort 

Bragg (Horse Mountain to be changed to 40°10'00" N. lat. assuming approval Amendment 20 to 

Point Arena), (3) San Francisco (Point Arena to Pigeon Point), and (4) Monterey (Pigeon Point 

to the US-Mexico border). Within each area, fisheries are shaped annually to provide harvest 

opportunity and to achieve stock conservation objectives and annual catch limits defined in the 

salmon FMP. Retention of coho has been prohibited off California since 1996. 

As described in PFMC (2020a), both commercial and recreational opportunity tend to be greatest 

in the Fort Bragg and San Francisco areas. To the south and north, protracted early (Monterey) or 

late (CA-KMZ) seasons or quotas (CA-KMZ troll) are often adopted to reduce impacts on ESA-

listed Sacramento River Winter Run Chinook salmon and California Coastal Chinook. 

Management objectives for Sacramento Fall and Klamath River Fall Chinook stocks also often 

play a role in limiting opportunity in the SOF area; fishing in the Fort Bragg and CA-KMZ is 

most constrained by objectives for Klamath River Fall Chinook, or by California Coastal 

Chinook in years with high Klamath River Fall Chinook abundance. In a year with high Klamath 

River Fall Chinook or Sacramento River Fall Chinook abundance, commercial troll fisheries 

may be open from May 1 through the middle of October, with earlier or later seasons precluded 

by limits to protect Sacramento winter run Chinook south of Point Arena. Recreational fisheries 

may be open from the first Saturday in April through the second Sunday in November, again 

with earlier or later seasons constrained or shaped to limit impacts on Sacramento River winter 

run Chinook south of Point Arena. Commercial and recreational seasons in the Monterey 

management area are typically further restricted than the end dates in the Fort Bragg and CA-

KMZ (October and November for commercial and recreational, respectively) due to limits on the 

projected impact rate allowable for Sacramento River winter run Chinook.  

1.3.3. Amendment 21 

The FMP framework for purposes of this consultation includes proposed Amendment 21, 

adopted by the Council at its November 2020 meeting. This proposed Amendment is intended to 

limit the effects that the fisheries have on SRKWs by way of reduced prey availability and 

accessibility in years when Chinook abundance in the NOF area is particularly low.  As 

described above, the areas within the EEZ that are open to salmon fishing and the lengths of time 

the areas are open in any one year depends on salmon stock abundances relative to the 

conservation objectives and the spatial distribution of constraining stocks.  Amendment 21 

would add provisions to address the overall impact on availability of Chinook prey for SRKWs 
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from PFMC fisheries, in addition to the existing measures to address impacts to specific salmon 

stocks.   

The proposed Amendment would establish a threshold representing a low pre-fishing Chinook 

salmon abundance in the NOF area (including abundance in the EEZ and state ocean waters), 

below which the Council and states would implement specific management measures. The NOF 

abundance threshold is equal to the arithmetic mean of the seven lowest years of time step 1 

(TS1) starting abundance from the Fishery Regulation and Assessment Model (FRAM) (1994 – 

1996, 1998 – 2000 and 2007, updated for validated run size abundance estimates). Time step 1 is 

defined as the abundance of Chinook salmon in the NOF area starting on October 1 (time step8 1, 

TS1) before the PFMC salmon fisheries start (hereafter referred to as “TS1 projected 

abundance”). For the years used to set this threshold, SRKW status varied, with two relatively 

good status years (1994 and 2007) and the remaining five consecutive years with fair or poor 

SRKW status. The threshold based on these years is currently estimated at 966,000 Chinook 

salmon. This threshold is the arithmetic mean of the seven lowest years of pre-fishing Chinook 

salmon abundance estimated to be present on October 1 in the area North of Cape Falcon (1994-

1996, 1998-2000, and 2007). Should updates or changes occur to models that affect these 

historic estimates of abundance, the threshold should be recalculated using the same approach.   

Proposed Amendment 21 includes a review schedule for possible updates to model parameters 

(e.g. if the models used by the Workgroup need to be recalibrated) if new science becomes 

available. The threshold would be updated accordingly using the same methodology (e.g. the 

arithmetic mean of the TS1 projected abundance in the seven years identified). 

Each year, the preseason estimate of Chinook salmon abundance for TS1 for the upcoming 

fishing year would be compared to the threshold. The preseason estimate of TS1 projected 

abundance would be obtained by taking a weighted sum across modeled stocks of the stock-

specific preseason projections of total ocean abundance on October 1. The weights are the 

estimated proportions of each stock’s ocean abundance in the NOF area according to the time-

invariant distribution estimates for that time period obtained from the Shelton et al. (2019) 

model, or according to the proxies identified in the final Workgroup report (PFMC 2020a) for 

stocks not included in Shelton et al. (2019) that do not have time-invariant distribution estimates. 

In years when the TS1 projected abundance falls below the threshold, the Council would 

implement the following: 

1. Further limit NOF non-tribal Chinook salmon quotas– Non-tribal quota limits would be 

defined using a regression relationship between NOF TS1 projected abundance and non-

tribal Chinook salmon quotas. This would ensure that fisheries in years of low abundance 

could not have disproportionately high removals from the aggregate abundance relative 

to other years in the data series. 

2. Attain the NOF non-tribal commercial troll quota incrementally over time 

(spring/summer split) – NOF non-tribal commercial troll fisheries occur during 

spring/summer seasons with a specified split of quota, which is typically two-thirds of the 

quota allocation going to the May-June time period. Under this management response the 

proportion of the non-tribal commercial troll quota assigned to the spring time period 

                                                
8 Time steps are seasonal breakpoints which fishery aggregates data for modeling purposes.  See PFMC 2020a for 

further explanation. 
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(May through June) would be reduced to no more than 50 percent of the non-tribal 

commercial troll Chinook salmon quota. 

3. Closure of NOF Area Control Zones – NMFS, the Council, and the states of Washington 

and Oregon, have periodically implemented closed areas or “control zones” in the NOF 

area over time including during the past five years (2016 – 2020). These closures have 

included: the Cape Flattery Control Zone9  which has been closed to non-tribal 

commercial troll fisheries year-round, the Columbia River Control Zone which has been 

closed to non-tribal commercial troll and recreational fisheries year-round, and the Grays 

Harbor Control Zone which has been closed to non-tribal commercial troll and 

recreational fisheries beginning the second Monday in August through the remainder of 

the fishery (refer to Figure 1 for a map of major salmon management areas and 

conservation zones). Under this management measure, these closures would be 

automatically implemented, and in addition, spatial and/or temporal expansions to the 

closures would occur as described below: 

a. Columbia River Control (CRC) Zone10 - the CRC would be closed to non-treaty 

commercial troll and recreational fisheries year-round inside from Buoy 10 out to the end 

of each Jetty (Buoy 4 to Buoy 7) similar to 2016 – 2020.  The CRC Zone would be 

spatially expanded to extend to a line running northwest/southeast between Buoy 1 and 

Buoy 2  (refer to Figure 3) from January 1 - June 15.  

b. Grays Harbor Control Zone11 – The closure of this area would be extended in time to 

include January 1 - June 15.   

4. In Oregon coastal waters south of Cape Falcon: 

a. Delay opening Oregon SOF commercial troll  (Cape Falcon to Humbug Mountain) until 

April 1; 

b. Close the Oregon Klamath Management Zone (KMZ) beginning October 1 through 

March 31 of the following year   

5. Management responses in California coastal waters would include: 

                                                
9 The area from Cape Flattery (48º23'00" N. lat.) to the northern boundary of the U.S. EEZ; and the area from Cape 

Flattery south to Cape Alava (48º10’00" N. lat.) and east of 125º05'00" W. long. (as described in 2020 annual 

management measures). 
10 An area bounded on the west by a line running northwest/southeast between green entrance lighted bell buoy #1 

(46°13’24” N. lat., 124°11’00” W. long.) and red entrance lighted whistle buoy #2 (46°12’46” N. lat., 124°08’03” W. 

long.); on the east, by the Buoy #10 line which bears north/south at 357° true from the south jetty at 46°14'00" N. 

lat.,124°03'07" W. long. to its intersection with the north jetty; on the north, by a line running northeast/southwest 

from green entrance lighted bell buoy #1 to the green lighted Buoy #7 (46°15'09' N. lat., 124°06'16" W. long.) to the 

tip of the north jetty (46°15'48" N. lat., 124°05'20" W. long.), and then along the north jetty to the point of intersection 

with the Buoy #10 line; on the south, by a line running northeast/southwest from red entrance lighted whistle buoy 

#2  to the red lighted Buoy #4 (46°13'35" N. lat., 124°06'50" W. long.) to the tip of the south jetty (46°14'03" N. lat., 

124°04'05" W. long.), and then along the south jetty to the point of intersection with the Buoy #10 line. 
11 The area defined by a line drawn from the Westport Lighthouse (46° 53'18" N. lat., 124° 07'01" W. long.) to Buoy 

#2 (46°12’46” N. lat., 124°08’03” W. long.) to Buoy #3 (46° 55'00" N. lat., 124°14'48" W. long.) to the Grays Harbor 

north jetty (46° 55'36" N. lat., 124°10'51" W. long.) (as described in 2020 annual management measures). 
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a. From October 1 through March 31 of the following year close the CA Monterey (Pigeon 

Point to U.S./Mexico border) and the CA KMZ, which extends from OR/CA border to 

Horse Mountain (40°10’00’’, as defined in Amendment 20, currently with NMFS for 

consideration of approval) fishing areas, 

b. As in the past five years, the Klamath River Control Zone12 would be closed to salmon 

fishing. In addition the closed area would be expanded to 6 miles beyond the northern 

and southern boundaries of the recently closed area and 12 miles seaward of the western 

boundary of the recently closed area. The State of California would also ensure closure of 

other California control zones13 are in effect year-round (Smith, Eel, Klamath rivers). 

 

                                                
12 The ocean area at the Klamath River mouth bounded on the north by 41°38'48" N. lat. (approximately 6 nautical 

miles north of the Klamath River mouth); on the west by 124°23'00" W. long. (approximately 12 nautical miles off 

shore); and on the south by 41°26'48" N. lat. (approximately 6 nautical miles south of the Klamath River mouth).  

(from 2020 annual management measures). 
13 California salmon closure zones includes: 1) the Smith River mouth bounded on the north by 41°59’36” N. lat. 

(approximately 3 nautical miles north of the Smith River mouth), on the west by 124°16’24” W. long. 
(approximately 3 nautical miles offshore), and on the south by 41°53’30” N. lat. (approximately 3 nautical miles 

south of the Smith River mouth); 2) in ocean waters at the Klamath River mouth; 3) in ocean waters at the Eel River 

mouth bounded on the north by 40°40’24” N. lat. (approximately 2 nautical miles north of the Eel River mouth), on 

the west by 124°21’24” W. long. (approximately 2 nautical miles offshore), and on the south by 40°36’24” N. lat. 

(approximately 2 nautical miles south of the Eel River mouth). The Klamath mouth closure that exists for the rest of 

the year is: No salmon may be taken at any time in ocean waters at the Klamath River mouth bounded on the north 

by 41°53’30” N. lat. (approximately 3 nautical miles north of the Klamath River mouth), on the west by 124°08’54” 

W. long. (approximately 3 nautical miles offshore), and on the south by 41°29’24” N. lat. (approximately 3 nautical 

miles south of the Klamath River mouth) (from https://wildlife.ca.gov/Fishing/Ocean/Regulations/Sport-

Fishing/General-Ocean-Fishing-Regs). 
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Figure 3.Detailed map of the Columbia River Control (CRZ) Zone and extension. The diagonally shaded 
area represents the previous Control zone, and the solid dark shaded area represents the new expanded area. 

The control zones and geographic extensions identified above are located partially in the EEZ, 

and partially in state waters, 0-3 miles offshore.  Under Amendment 21, in years when the 

abundance of Chinook is below the threshold described above, the portions of those control 

zones and extensions located in the EEZ would be closed through the annual management 

measures for the salmon fishery recommended by the Council and implemented by NMFS.     

During the Council discussion on November 16, 2020, the states indicated that in such low 

abundance years, they intend to implement closures in the portions of the control zones and 

extensions that occur in state waters.  

We considered, under the ESA, whether or not the proposed federal action would cause any 

other activities and determined that the states’ fishery management in state ocean waters, zero to 

three miles off the coast, and including closures in state waters as described above are such 

activities. As discussed above, the states typically manage their ocean fisheries to mirror federal 

management, thus federal and state management are linked in a causal connection.  The states 

would implement the closures proposed in low abundance years consistent with and in response 

to the Council and NMFS’ implementation of proposed Amendment 21.  
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2.8.  Conclusion 

After reviewing and analyzing the current status of the listed species and critical habitat, the 

environmental baseline within the action area, the effects of the proposed action, the effects of 

other activities caused by the proposed action, and cumulative effects, it is NMFS’ biological 

opinion that the proposed action is not likely to jeopardize the continued existence of the 

Southern Resident killer whale DPS or destroy or adversely modify its designated or proposed 

critical habitat. 

2.9. Incidental Take Statement  

Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the 

take of endangered and threatened species, respectively, without a special exemption. “Take” is 

defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt 

to engage in any such conduct. “Harm” is further defined by regulation to include significant 

habitat modification or degradation that actually kills or injures fish or wildlife by significantly 

impairing essential behavioral patterns, including breeding, spawning, rearing, migrating, 

feeding, or sheltering (50 CFR 222.102). “Incidental take” is defined by regulation as takings 

that result from, but are not the purpose of, carrying out an otherwise lawful activity conducted 

by the Federal agency or applicant (50 CFR 402.02). Section 7(b)(4) and section 7(o)(2) provide 

that taking that is incidental to an otherwise lawful agency action is not considered to be 

prohibited taking under the ESA if that action is performed in compliance with the terms and 

conditions of this ITS. 

2.9.1. Amount or Extent of Take 

In the biological opinion, NMFS determined that incidental take is reasonably certain to occur as 

follows: 

 

The harvest of salmon that may occur under the proposed action is likely to result in some level 

of harm constituting take to SRKWs by reducing prey availability, which may cause animals to 

forage for longer periods, travel to alternate locations, or abandon foraging efforts. All 

individuals of the SRKW DPS have the potential to be adversely affected in the action area. 

However, K and L pods are known to use coastal waters off Washington, Oregon, and California 

more than J pod, and greater prey reduction attributed to the PFMC salmon fisheries occurs in 

the coastal waters than in inland waters of the Salish Sea where J pod primarily occurs. There are 

no data available to help NMFS quantify impacts to foraging behavior or any changes to health 

of individual killer whales in the population from a specific amount of removal of potential prey 

resulting from the PFMC salmon fisheries, as quantitative regression analyses have limitations 

(as discussed in Section 2.5, Effects of the Action). Therefore, NMFS will use surrogates for the 

extent of take.   

NMFS’ analysis above concluded that the amount of harm or take from the proposed fisheries to 

SRKWs is in part related to the proportion of Chinook abundance removed by the fisheries on an 

annual basis, particularly in years when Chinook salmon abundance is below the threshold 

established under Amendment 21. The proposed action is designed to meet the conservation 

objectives for salmon stocks managed under the FMP, while incorporating SRKW needs under 

Amendment 21, at both the coastwide and NOF area levels.  In years when pre-fishing Chinook 
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salmon abundance in the NOF area is below the threshold, under Amendment 21 the specified 

spring (May/June) required quota cap will be established during the pre-season management 

process and fisheries will be managed to keep catch levels within the overall NOF non-tribal 

Chinook salmon quotas. Because we can quantify and monitor catches relative to overall quotas 

inseason, NMFS will use the NOF non-tribal overall quotas implemented under Amendment 21 

as a surrogate for incidental take of SRKWs. If the overall NOF non-tribal Chinook salmon catch 

exceeds the overall NOF non-tribal Chinook salmon quota, this will constitute an exceedance of 

take. 

NMFS will also monitor the percent reduction of Chinook salmon coastwide attributed to the 

PFMC salmon fisheries as a surrogate for incidental take of SRKWs. We can quantify this value, 

and it represents the extent of effects on prey availability.  As described in the Effects section, 

due to weak stock management in Council salmon fisheries, a relatively large portion of the 

overall Chinook salmon abundance goes unharvested. The proportion that goes unharvested has 

been increasing over the time period 1992 – 2016 (PFMC 2020a; Figure 24). Future years that 

have average coastwide abundance levels similar to those estimated for 1992 – 2016 would 

likely see restrictions similar to the most recent decade given the pattern of generally more 

constraining harvest control rules, conservation objectives, and Pacific Salmon Treaty 

obligations. The extent of take NMFS expects for SRKWs in future years is expected to vary but 

be within the range of prey reductions coastwide that occurred during the most recent decade 

(2007 to 2016) (described in Section 2.5.1, Table 6). Therefore, NMFS will use percent 

reductions in coastwide Chinook salmon abundance attributable to the PFMC fisheries as another 

measure of expected take in addition to the surrogate described above. Over the most recent 

decade, coastwide percent reductions is estimated to have ranged from 0.9 – 12.2%. If the 

percent reduction in coastwide abundance in any one year exceeds the maximum of the range of 

percent reduction in coastwide abundance estimated for 2007 to 2016 this will constitute an 

exceedance of take.  We will estimate the expected prey reductions coastwide based on post-

season estimates of pre-fishing abundance to estimate the amount of annual take and evaluate if 

it is within the range we analyzed.   

As described above, NMFS anticipates PFMC salmon fisheries occurring in future seasons will 

be implemented and managed to meet limits on impacts to salmon stocks (both ESA-listed and 

non-ESA-listed) through updates to harvest control rules, updated conservation objectives, and 

with the provisions of the Pacific Salmon Treaty. Fisheries will be managed and we will confirm 

they are consistent with Amendment 21 in years of low Chinook abundance, and keep percent 

reductions from exceeding recent levels. 

2.9.2. Effect of the Take 

In the biological opinion, NMFS determined that the amount or extent of anticipated take, 

coupled with other effects of the proposed action, is not likely to result in jeopardy to the species 

or destruction or adverse modification of critical habitat.  

2.9.3. Reasonable and Prudent Measures  

“Reasonable and prudent measures” are nondiscretionary measures that are necessary or 

appropriate to minimize the impact of the amount or extent of incidental take (50 CFR 402.02).  
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1. The consistency of implementation of the action with SRKW take surrogates shall be 

monitored and shall be reviewed using the best available measures. In years when Chinook 

abundance is below the low abundance threshold included in Amendment 21, catch will be 

monitored to determine if it is within the NOF overall non-treaty quota and within the non-

treaty commercial quota for spring (May/June).  Percent prey reductions will be assessed 

with respect to the range of reductions from 2007-2016. 

2. NMFS will conduct continued monitoring to support the PFMC’s Chinook abundance 

models, validate assumptions in the effects analysis, and provide annual forecasts and 

estimates needed to evaluate take surrogates.  Although NMFS is the federal agency 

responsible for carrying out this reasonable and prudent measure, monitoring includes 

coordination with other entities. In practical terms, it is the states and tribes that monitor 

Chinook salmon catch impacts.  

2.9.4. Terms and Conditions  

The terms and conditions described below are non-discretionary, and the NMFS or any applicant 

must comply with them in order to implement the RPMs (50 CFR 402.14). The NMFS or any 

applicant has a continuing duty to monitor the impacts of incidental take and must report the 

progress of the action and its impact on the species as specified in this ITS (50 CFR 402.14). If 

the entity to whom a term and condition is directed does not comply with the following terms 

and conditions, protective coverage for the proposed action would likely lapse.  

1. The following terms and conditions implement reasonable and prudent measure 1: 
 

1a. NMFS shall monitor Chinook salmon catch when preseason abundance levels are estimated 

to be below the NOF area low abundance threshold as defined in Amendment 21, to ensure 

the NOF overall non-treaty quota is not exceeded. Implementation of the FMP through 

annual regulations for the fisheries will be tracked in the annual Preseason Report III 

available at the conclusion of each season planning process and just prior to the 

beginning of each fishery season. The preseason forecast of Chinook salmon abundance 

will be compared with the low abundance threshold for incorporating measures specified 

in Amendment 21. 
 

1b. NMFS, in coordination with the PFMC, shall estimate annual fishery abundance reductions 

(in percent reduction) of age 3+ Chinook salmon when post-season data becomes available.  

The annual estimated reduction in Chinook attributable to the fishery represent the difference 

between end of year abundances absent fishing and end of year abundances after PFMC 

fisheries occur (e.g., total mortalities resulting from fisheries across the entire management 

year). This shall be done using the methodology developed by the PFMC’s Ad Hoc 

Workgroup for the stratifications defined by the PFMC SRKW Ad Hoc Workgroup: 

Coastwide, NOF, Oregon coast, California coast, Salish, and SWCVI. The resulting percent 

reductions will be calculated from the annual estimated reduction attributable to fishing 

mortality.  

 

1c. Annual estimated percent Chinook age 3+ reductions coastwide will be compared to the 

ranges of percent reductions described in Section 2.5.1, Table 6, which occurred during the 

most recent decade (2007 to 2016).  NMFS will consider the percent reductions to be within 
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the range of effects analyzed and consistent with the ITS if coastwide percent reductions do 

not exceed the high end of the range (12.2%).   

 

2. The following terms and conditions implement reasonable and prudent measure 2: 

 
2a. NMFS, in cooperation with the affected states and tribes, shall ensure monitoring of catch in 

the PFMC commercial and recreational salmon fisheries occur at levels that are at least 

comparable to those used in recent years to provide estimates of the catch of salmon to the 

extent possible. The catch monitoring program shall be stratified by time, and management 

area. NMFS shall ensure this information is provided in the following year after a 

management cycle has been completed. 

 
2b. Given that harvest of salmon may result in some level of harm constituting take to SRKW by 

reducing prey availability, which may cause animals to forage for longer periods, travel to 

alternate locations, or abandon foraging efforts, NMFS shall continue to review and monitor 

the SRKW status, which includes diet, spatial and temporal geographic distribution, and 

SRKW body condition and health when new data are available. NMFS will provide any new 

information to the PFMC and in NMFS’ 5-year reviews on the ESA-listing of the SRKW 

DPS under Section 4(c)(2)(A) of the ESA. 

2c. NMFS, in coordination with the PFMC, shall periodically review and report findings to the 

PFMC:  

 the performance of models and model inputs used to assess preseason pre-fishing 

Chinook abundance estimates as described in 1b; and 

 whether any substantive updates have occurred to the models that result in changes to the 

pre-fishing abundance time series used to determine the Chinook low abundance 

threshold or changes to the estimates of coastwide percent reduction of Chinook salmon 

for the most recent decade (2007 to 2016).  

2.10. Conservation Recommendations  

Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the 

purposes of the ESA by carrying out conservation programs for the benefit of the threatened and 

endangered species. Specifically, conservation recommendations are suggestions regarding 

discretionary measures to minimize or avoid adverse effects of a proposed action on listed 

species or critical habitat or regarding the development of information (50 CFR 402.02). 

 

NMFS has broad authority that can be used to further the survival and recovery of SRKWs and 

their prey. We recommend that NMFS implements the following measures to reduce the risks of 

the proposed action and provide information for future consultations involving the 

implementation of fisheries regulations that may affect SRKWs, as well as reduce the adverse 

effects associated with fishing activities:  

1. Improve information on whale distribution along the U.S. west coast throughout the year 

as a spatial and temporal scale to provide better information on the overlap of salmon 

fisheries and SRKWs. 
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UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 
 
      Defendants, 
 
and 
 
ALASKA TROLLERS ASSOCIATION, and 
STATE OF ALASKA, 
 
      Defendant-Intervenors. 
 

 
Case No. 2:20-cv-00417-RAJ-MLP  
 
THIRD DECLARATION OF DR. 
ROBERT LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I previously prepared a declaration that was submitted in this matter on April 16, 

2020—Declaration of Dr. Robert Lacy, Ph.D, Dkt. No. 14-3 (“First Lacy Declaration”). I also 

previously prepared a declaration that was submitted in this matter on May 5, 2021—Second 
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KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

THIRD LACY DECLARATION - 2 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

Declaration of Dr. Robert Lacy, Ph.D, Dkt. No. 91-4 (“Second Lacy Declaration”). The First 

Lacy Declaration and Second Lacy Declaration described my professional qualifications and the 

work that I had performed and opinions that I had developed in this matter up to that point. I do 

not repeat those efforts here, but instead incorporate them with this reference. 

3. In preparing this Third Lacy Declaration, I have considered the following 

additional materials not addressed in the First Lacy Declaration and Second Lacy Declaration: 

a. 2021 demographic data provided by Wild Orca on births, deaths, and current age 

structure (as of 1 March 2022) of the Southern Resident Killer Whale population; 

b. A published report that documents further the dependency of the Southern 

Resident Killer Whales on Chinook salmon prey for individual health and 

survival of the whales (Stewart, J. D., J. W. Durban, H. Fearnbach, L. G. Barrett-

Lennard, P. K. Casler, E. J. Ward, and D. R. Dapp. 2021. Survival of the fattest: 

linking body condition to prey availability and survivorship of killer whales. 

Ecosphere 12(8):e03660); 

c. The 2020 annual report of the Pacific Salmon Commission that provides estimates 

of the numbers of Chinook harvested from Southeastern Alaska (SEAK) waters 

due to each component of the SEAK fisheries (Pacific Salmon Commission Joint 

Chinook Technical Committee Report, Annual Report of Catch and Escapement 

for 2020. Report TCCHINOOK (21)-03). 

4. Since the First Lacy Declaration and Second Lacy Declaration, I have conducted 

further modeling efforts that use the most recent Southern Resident Killer Whale demographic 

data and that look at the predicted impact to Southern Resident Killer Whales from removing 

commercial troll fisheries in Southeast Alaska. This declaration is intended to supplement the 

Case 2:20-cv-00417-RAJ-MLP   Document 127-2   Filed 09/07/22   Page 2 of 7

WFC_SER74

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 74 of 277
(106 of 309)



 

 
 
 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

THIRD LACY DECLARATION - 3 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

opinions expressed in the First Lacy Declaration and Second Lacy Declaration to describe those 

new efforts. Except as expressly stated herein, I continue to hold the opinions described in the 

First Lacy Declaration and Second Lacy Declaration. 

5. In the 12 months since the Second Lacy Declaration, there have been 3 deaths and 

no live births in the population. The last birth occurred in early 2021. The additional year of data 

were added to the data on births and deaths since 1976 to update estimates of mean birth and 

death rates over the past 46 years. Population projections with current demographic rates and 

assuming that Chinook availability remains as it has been on average over recent decades now 

show a marginally worse projection than what I estimated a year ago – with a projected mean 

decline of 0.5% per year compared to the 0.4% decline per year that was reported in the Second 

Lacy Declaration. This slightly faster decline is due to the lack of successful reproduction in the 

past 12 months (thereby pulling down the long-term average by a little), an aging population 

(mean age = 21.8 years compared to 21.4 years a year ago), and a smaller current population size 

(now down to N = 72). I now project a 28% probability of decline below N = 30 during the next 

100 years, vs the 21% that was estimated in the Second Lacy Declaration. Thus, the somewhat 

better demographic performance of the population that was observed in 2020 was reversed in 

2021, as might be expected with year-to-year fluctuations in individual fates and population 

consequences. The long-term population trend continues to be a slide toward extinction. 

6. The small changes in mean demographic rates and current population size do not 

measurably affect my prediction in the Second Lacy Declaration that Chinook prey availability 

would need to increase by about 5% in order to stop the decline of Southern Resident Killer 

Whales, with much greater increases in prey availability or the addition of other protective 

measures (such as reductions in noise disturbance) required to achieve good population growth 
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toward recovery.  

7. My statements in the Second Lacy Declaration remain valid that if the strength of 

the relationship between Chinook prey and Southern Killer Whale survival and reproduction has 

been overestimated or is decreasing, then greater increases in Chinook or other conservation 

measures would be required to stop the decline of Southern Resident Killer Whales. A recent 

publication by researchers working for NOAA and colleagues (Stewart et al., 2021) provides 

further evidence of the importance of Chinook prey availability to the Southern Resident Killer 

Whales, but sample sizes were not adequate to provide the direct quantitative relationship 

between prey availability and demographic rates that would be needed for updated population 

projections. I am aware of ongoing studies by other researchers who are seeking to refine and 

update the estimates of the relationship between Chinook prey stocks and the survival and 

reproduction of Southern Resident Killer Whales. Until those studies are completed and 

published, I continue to rely on the same earlier published estimates that I used in the earlier 

analyses. 

8. I was asked by the Wild Fish Conservancy to calculate the expected effect on 

Southern Resident Killer Whale population stability and growth if the commercial troll 

component of the SEAK Chinook fishery was removed from the current levels of harvest of 

Chinook. As in the First and Second Lacy Declarations, based on data provided in the NMFS 

2019 Biological Opinion (“2019 SEAK BiOp”), we can estimate that there is about a 6% 

reduction in prey available to the Southern Resident Killer Whales caused by the Southeast 

Alaska fishery as a whole (the 6% being an approximate middle value from the many estimates 

made in the 2019 SEAK BiOp), but with considerable uncertainty around this number. The 

Pacific Salmon Commission Annual Report of Catch and Escapement for 2020 provides data 
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showing that 80.8% of the overall PST Treaty catch of Chinook from 2009 to 2020 was taken by 

the commercial troll fishery (PSC Report, Table A1). Thus, we can estimate that closing of the 

SEAK commercial troll fishery would result in an increase of 80.8% x 6% = 4.848% in Chinook 

availability to the Southern Resident Killer Whales. 

9.  Applying the above estimates to the current population model results in a 

projection that closing the SEAK commercial troll fishery of Chinook would provide just enough 

benefit to the Southern Resident Killer Whales to allow the population to stabilize – that is, the 

projected long-term mean population growth rate would be 0.00%.  

10. Given the uncertainty in the impact of the current SEAK fisheries on the 

availability of Chinook to the Southern Resident Killer Whales, I tested also the benefit if the 

Chinook availability were only half or were double the 6% estimate. If the SEAK fisheries 

currently reduce Chinook availability by 3%, then I estimate that the decline of the Southern 

Resident Killer Whale population would be slowed to -0.3% per year if the commercial troll was 

closed. If the SEAK fisheries currently reduce Chinook availability by 12%, then I estimate that 

the Southern Resident Killer Whale population could start to recover at a mean rate of +0.4% per 

year following a closure of the commercial troll fishery. 

11. The above projections are illustrated in the following graph. The bottom (blue) 

line shows the projection under current conditions. The other lines show the projections expected 

if the SEAK commercial troll fisheries were closed under various estimates of the proportion of 

prey available to Southern Resident Killer Whales harvested by SEAK fisheries as follows: 

a. the black line shows the projection if the SEAK fisheries currently reduce 

Chinook availability by 12%; 

b. the purple line shows the projection if the SEAK fisheries currently reduce 
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Chinook availability by 9%; 

c. the green line shows the projection if the SEAK fisheries currently reduce 

Chinook availability by 6%; and 

d. the red line shows the projection if the SEAK fisheries currently reduce Chinook 

availability by 3%; 

12. The changing growth rate shown in the graph in the first few decades is due to the 

currently aging population with few recent births. The expected long-term trends are better 

reflected in the later decades of the model projection. 

 

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and accurate. 
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 Executed this 24th day of March 2022. 

 

        
   Robert Lacy, Ph.D. 
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HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 

WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
SCOTT RUMSEY, et al., 
 
      Defendants. 
 
__________________________________ 
 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

 
 
 
Case No. 2:20-cv-00417-RAJ-MLP 
 
THIRD DECLARATION OF DR. 
DEBORAH GILES, Ph.D. 
 
 
 

 

I, Deborah Giles, declare the following: 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I previously prepared the Declaration of Dr. Deborah Giles, Ph.D. submitted to 

the Court on April 16, 2020 as Dkt. No. 14-2 (“First Giles Declaration”). I also previously 

prepared the Declaration of Dr. Deborah Giles, Ph.D. submitted to the Court on May 5, 2021 as 

Dkt. No. 91-3 (“Second Giles Declaration”). The First Giles Declaration and the Second Giles 

Declaration described my professional qualifications and the work I performed and the opinions 

I had developed for this matter up until the dates they were submitted. Instead of repeating those 

efforts, I incorporate them herein with this reference. Except where expressed otherwise below, I 
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continue to hold the opinions expressed in the First Giles Declaration and Second Giles 

Declaration. 

3. In preparing this declaration, in addition to drawing on my knowledge and 

experience, I have considered the following materials since submitting the First Giles 

Declaration and the Second Giles Declaration: 

a. State of Washington, Washington Department of Fish and Wildlife, Rule-

Making Order, Emergency Rule, Wash. State Reg. 22-14-068 (June 30, 2022), attached hereto as 

Exhibit A; 

b. Government of Canada, News Release: Minister Jordan Announces Long-

Term Commercial Closures and License Retirement Program in Effort to Save Pacific Salmon, 

https://www.canada.ca/en/fisheries-oceans/news/2021/06/minister-jordan-announces-long-term-

commercial-closures-and-licence-tetirement-program-in-effort-to-save-pacific-salmon.html 

(June 29, 2021), attached hereto as Exhibit B;  

c. Government of Canada, 2022 Management Measures to Protect Southern 

Resident Killer Whales, https://www.pac.dfo-mpo.gc.ca/fm-gp/mammals-mammiferes/whales-

baleines/srkw-measures-mesures-ers-eng.html#overview, attached hereto as Exhibit C; 

d. Wasser SK, Lundin JI, Ayres K, Seely E, Giles D, Balcomb K, et al. 

(2017) Population growth is limited by nutritional impacts on pregnancy success in endangered 

Southern Resident killer whales (Orcinus orca). PLoS ONE 12(6): e0179824. 

https://doi.org/10.1371/journal.pone.0179824; 

e. Nielsen, MLK, Ellis, S, Towers, JR, et al. A long postreproductive life 

span is a shared trait among genetically distinct killer whale populations. Ecol Evol. 2021; 

11:9123–9136. https://doi.org/10.1002/ece3.7756; 

f. Stewart, J. D., Durban, J. W., Fearnbach, H., Barrett-Lennard, L. G., 

Casler, P. K., Ward, E. J., and Dapp, D. R. 2021. Survival of the fattest: linking body condition 
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to prey availability and survivorship of killer whales. Ecosphere 12(8):e03660. 

10.1002/ecs2.3660; and 

g. Couture F, Oldford G, Christensen V, Barrett-Lennard L, Walters C 

(2022) Requirements and availability of prey for northeastern pacific southern resident killer 

whales. PLoS ONE 17(6): e0270523. https://doi.org/10.1371/journal.pone.0270523. 

4. As of September 2, 2022, there are just 73 members of the endangered Southern 

Resident killer whale (“SRKW”) population, down from a high of 98 in 1995. Despite their 

Endangered Species Act listing in 2005, the ongoing population decline continues—

notwithstanding the National Marine Fisheries Service’s (“NMFS”) SRKW Recovery Plan goal 

of 2.3% population growth per year. 

5. A healthy population of killer whales should produce six to seven new calves per 

year. Since 2019 just seven calves have been born in total to the SRKW. 

6. Only two new calves have been born since the Second Giles Declaration was filed 

nearly one and a half years ago—J59 and K45. At least five additional pregnancies have been 

identified over the last two years with no evidence of calves being born, with the other five 

calves assumed to have been lost. 

7. As mentioned in the First Giles Declaration and Second Giles Declaration, in 

2017, I co-authored a research paper that showed that 69% of these pregnancies are aborted due 

to insufficient Chinook salmon. This alarming trend appears to continue, and given that a 

significant number of these losses are late stage pregnancies, I cannot overstate the adverse 

effects of both physical and emotional stress on the mothers’ health from insufficient food. Some 

of these females can be described as chronically pregnant—carrying a fetus for over a year, and 

then becoming pregnant again the following year after miscarrying their previous fetus. This 

burden is likely contributing to premature deaths of females in their forties. The premature death 

of females in their forties is significant because this population relies heavily on these 

postmenopausal “grandmother” whales. In fact, a grandmother’s presence in a pod increases the 
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likelihood of her daughter’s offspring surviving because she helps with maternal care, food 

sharing, and more. This benefit has been calculated at over four times greater in a pod with a 

living grandmother, than in one without. 

8. Since my previous declarations, the Center for Whale Research has identified two 

whales—L89, known as Solstice, and K44, known as Ripple—as missing. As neither have been 

seen with their families since November 2021, I believe we must presume these whales died last 

year, when considering the current population health issues due to the ongoing impacts of 

insufficient Chinook salmon. 

9. L89, a 29-year-old male, is considered prime age, and is important for future 

breeding success, as females selectively choose older, larger males. K44 conversely is an 11-

year-old male, not yet sexually mature, but every whale lost in this population matters. Neither of 

these whales had previously shown any indication of illness through observations and were not 

flagged as whales of concern in 2021. 

10. On June 30, 2022, the Washington Department of Fish and Wildlife (“WDFW”) 

issued an emergency order preventing vessels from coming within 0.5 nautical miles of the 

SRKW, as WDFW had designated 13 members of the population as “vulnerable.” WDFW 

designated these members as “vulnerable” based on observations and analysis of J and L pods 

collected by the SeaLife Response Rehabilitation and Research (“SR3”) team between 

September 2021 and April 2022. K pod was not witnessed during this time frame, so their body 

condition could not be assessed. See Ex. A. 

11. This year, one pregnant whale is on the vulnerable list—L72, known as Racer, 

and WDFW also designated 12 whales as vulnerable whose body condition is assessed as falling 

into the lowest 20% of measurements for age and sex, including showing signs of emaciation. 

Specifically, SR3 researchers found that six females and six males from J and L pod fit this 

“poor condition” classification, and noted that, “the best available science suggests that whales 

measured to be in [this] state had a significantly increased (two to three times higher) probability 
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of subsequent mortality.” See Ex. A. Further, one of the whales designated as vulnerable because 

of her poor condition, L83, is also pregnant. 

12. The six females range in age from 3-year-old J56, known as Tofino, to 45-year-

old L54, known as Ino. Of concern is that four of these females have calves, including L83 who 

is also currently pregnant. This is of concern because the loss of mothers has a devastating 

impact on the rest of the family, as they nurse the young and share food with family members, 

even including fully mature adult males. This ensures all family members, but especially males 

are fit for breeding. 

13. The six males range in age from 10-year-old J49, known as T'ilem I'nges, to 31-

year-old J27, known as Blackberry. J27 is one of three males of this age cohort, and they are 

currently the oldest males surviving whales in this population. Males were previously expected 

to live into their 50s, but in recent years, 30 is now considered old. Yet paternity tests show that 

males over the age of 40 have been sires of calves in the past. Of particular concern is that five of 

the males in poor condition are under 15 years old, similar in age to K44 who is currently 

missing. This is alarming because losing males before they get to reproductive age shrinks the 

gene pool, thereby increasing risks associated with inbreeding. It is also of concern because 

losing so many males that are around the same age can create a gap in the cohort of males to 

mature to the age and size large and desirable for breeding. When that happens, females will 

need to mate with less desirable males, which can adversely impact population health. 

14. In addition to the 13 whales classified as vulnerable, SR3 flagged two seven-year-

olds as underdeveloped, and small for their age, thus creating concern for over 15 individuals in 

total: that is 20% of the population and is simply unprecedented. What is more concerning is that 

this statistic does not even consider or designate whales of concern for members of K pod 

because they had not been in inland waters in recent months and therefore could not be assessed 

by SR3. Based on current conditions and K44 being missing, it is my opinion that well over 20% 

of the SRKW population may qualify as being classified as vulnerable. 
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15. On June 29, 2021, Fisheries and Oceans Canada—NMFS’s agency counterpart—

announced long-term commercial fisheries closures and a fishery license retirement program to 

reduce fishing pressure on stocks of conservation concern in an effort to save Pacific salmon 

pursuant to the Pacific Salmon Strategy Initiative, which has an allocated funding of $647.1 

million. See Ex. B. 

16. In 2021, this corresponded with Fisheries and Oceans Canada ordering the 

closures of nearly 60% of its commercial salmon fisheries. To mitigate economic impacts, a 

voluntary salmon license retirement program was made available to commercial fisheries to 

retire their licenses at fair market value, with a goal also to transition to a smaller commercial 

fishing sector. See Ex. B. 

17. This announcement came in tandem with Canada’s first implementation of a new 

pilot program of management measures to protect the SRKW by closing selected Gulf Island 

fisheries after the first confirmed presence of the SRKW in these waters. On July 1, 2021, 

members of K pod briefly returned to the Salish Sea, triggering closures from July 4 until 

October 31. In 2022, these area-based fishery closures for commercial and recreational salmon 

are in place again since the arrival of J pod in the Salish Sea on May 27 and will be in force until 

October 31. See Ex. C. 

18. It is my professional opinion that SRKW, under existing conditions, are not 

getting enough Chinook salmon throughout their entire range. Overall conditions appear to have 

worsened as Chinook returns through the Salish Sea, but also to the Columbia River Basin, have 

been insufficient to maintain their daily prey energy requirements throughout the past few years. 

I believe SRKW need an immediate increase in the abundance of Chinook available to them to 

avoid functional extinction, as the current low birth rate, with high early mortality is simply 

unsustainable. 

 

Case 2:20-cv-00417-RAJ-MLP   Document 127-1   Filed 09/07/22   Page 6 of 31

WFC_SER85

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 85 of 277
(117 of 309)



Case 2:20-cv-00417-RAJ-MLP   Document 127-1   Filed 09/07/22   Page 7 of 31

WFC_SER86

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 86 of 277
(118 of 309)



Exhibit A
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RULE-MAKING ORDER 
EMERGENCY RULE ONLY 

CODE REVISER USE ONLY 

CR-103E (December 2017) 
(Implements RCW 34.05.350 

and 34.05.360) 

Agency: Washington Department of Fish and Wildlife (WDFW) 

Effective date of rule: 
Emergency Rules 

☒ Immediately upon filing.

☐ Later (specify)

Any other findings required by other provisions of law as precondition to adoption or effectiveness of rule? 

☐ Yes     ☒ No     If Yes, explain: 

Purpose: The Southern Resident killer whales (SRKW) are a distinct population segment of North Pacific killer 

whales. The SRKW have a high risk of extinction and are classified as endangered under the Endangered Species 

Act, and their listing was reaffirmed by NOAA in January of 2022. They also are listed as endangered at the State 

level, and orca are identified as a Species of Greatest Conservation Need under the State Wildlife Action Plan. The 

SRKW are comprised of three family groups (pods): J pod, K pod, and L pod. Each individual whale has an alpha-

numeric identifier that corresponds with its pod and birth order. Because individual whales are identifiable and 

documented, the health and status of each whale can be measured and tracked over time. 

In June of 2022, the SeaLife Response Rehabilitation and Research (SR3) team contracted by WDFW to monitor 

Southern Resident killer whale (SRKW) body condition concluded their analysis of SRKW observations collected 

between September 2021 and April 2022. 

Body Condition: SR3 uses measurements taken from drone photographs and statistical analyses detailed in Stewart 

et al. (2021) to identify whales in poor condition, which means the orca’s body condition falls in the lowest 20% of 

measurements for their age and sex compared to comparable measurements from 2016-2022. This lowest body 

condition state is classified as “BC1.” The best available science suggests that whales measured to be in the “poor 

condition” state had a significantly increased (2-3 times higher) probability of subsequent mortality. 

There were 12 whales in the BC1 state from J and L pods, including one calf (C), one adult male (M), five adult 

females (F), one juvenile (J) and four sub-adult males (S): J27(M), J36(F), J44(S), J49(J), J56(C), L54(F). L83(F), 

L90(F), L94(F), L110(S), L116(S), and L117(S). 

This includes six whales that were measured to be in BC1 in both September 2021 and fall-spring 2022, plus an 

additional L pod female (L94) that was not imaged in September. Additionally, there were four whales which have 

declined into poor condition since September and are now listed as BC1 (J27, J44, J49, L90). L54 was not imaged 

in the fall-spring 2022 period, but is on the list because she was measured to be BC1 when last imaged in 

September 2021. Typically, when the Southern Residents return to the Salish Sea in the spring, they are 

significantly leaner than in the fall (Fearnbach et al. 2019), and thus we have no reason to believe that L54’s 

condition has improved. No K pod whales were imaged in the fall-spring 2022 period, but none were measured to 

be in BC1 in September 2021 when all were imaged. 

Late-Stage Pregnancy: There is a high rate of failed pregnancies in SRKW (Wasser et al. 2017), and failed 

pregnancy can be lethal (Raverty et al. 2020). Late-stage pregnancy requires more food, as much as 25% in the 

final month of gestation (Kriete 1995). Vessels compound food stress, particularly for females (Holt et al. 2021). 

SR3 analyzed all of the female SRKW of reproductive age (33 whales, ages >8 and <50) to identify any whales 

that may be pregnant, and particularly any in the latter half of pregnancy (p>0.75 probability of being within 9 
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months of birth, out of an approximately 17-month gestation period). Four females were determined to fall in this 

classification when last measured: K12, K20, K27, and L72. Recent online videos show a young calf traveling with 

K pod, and most likely one of K12, K20, or K27 is the mother. These K pod whales were last measured in 

September 2021, so we expect these pregnancies may have ended as of late June 2022. However, if these whales 

are encountered and still exhibit signs of late-stage pregnancy, an emergency rule at that time will be warranted. 

Currently, we expect L72 remains in late-stage pregnancy, meriting vulnerable status. As a reminder, calves and 

their mothers receive extra protection via WAC 220-460-110, which prohibits motorized commercial whale 

watching vessels from approaching within one-half nautical mile of a group of SRKW that contains a calf of under 

one year of age. 

Other Factors: Beyond the factors described here, WDFW may determine a whale is vulnerable based on other 

criteria. For example, whales showing signs of illness or injury (emaciated appearance, collapsed dorsal fin, 

lacerations, entanglement, vessel strike, etc.) would merit extra protection. Additionally, whales that exhibit a 

dramatic or sudden decline in body condition (for example, dropping two body condition states over a short period 

of time) or calves that show constrained growth may raise cause for alarm and merit a vulnerable status 

designation. At this time, no whales beyond those described above are being designated as vulnerable.  

Per WAC 220-460-110, the department is adopting an emergency rule to designate J27, J36, J44, J49, J56, L54, 

L83, L90, L94, L110, L116, L117, and L72 as vulnerable and thereby prevent commercial whale watching 

operators from approaching these individuals or a group containing any of these individuals within 0.5 nautical 

mile. This designation and the additional distance is necessary to ensure that the ability of these whales to survive 

is not hindered by the presence of vessels. 

Citation of rules affected by this order: 
New:     WAC 220-460-110D 
Repealed: 
Amended: 
Suspended:   

Statutory authority for adoption:  RCW 77.65.620 

Other authority: 

EMERGENCY RULE 
   Under RCW 34.05.350 the agency for good cause finds: 

☒ That immediate adoption, amendment, or repeal of a rule is necessary for the preservation of the public health,

safety, or general welfare, and that observing the time requirements of notice and opportunity to comment upon
adoption of a permanent rule would be contrary to the public interest.

☐ That state or federal law or federal rule or a federal deadline for state receipt of federal funds requires immediate

adoption of a rule.

Reasons for this finding: The imminent risk to an endangered species requires additional protection immediately.  

This emergency action is necessary to protect the public’s interest in the preservation of a vulnerable endangered 

animal.  

Note:   If any category is left blank, it will be calculated as zero. 
No descriptive text. 

Count by whole WAC sections only, from the WAC number through the history note. 
A section may be counted in more than one category. 

The number of sections adopted in order to comply with: 

Federal statute: New Amended Repealed 

Federal rules or standards: New Amended Repealed 

Recently enacted state statutes: New Amended Repealed 
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The number of sections adopted at the request of a nongovernmental entity: 

New  Amended Repealed 

The number of sections adopted on the agency’s own initiative: 

New    1   Amended Repealed 

The number of sections adopted in order to clarify, streamline, or reform agency procedures: 

New       Amended Repealed 

The number of sections adopted using: 

Negotiated rule making: New Amended Repealed 

Pilot rule making: New Amended Repealed 

Other alternative rule making: New Amended Repealed 

Date Adopted: June 30, 2022 

Name:  Kelly Susewind  

Title: Director, WDFW 

Signature:
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NEW SECTION 

WAC 220-460-110D Southern Resident Killer Whales J27, J36, J44, J49, J56, L54, L83, 

L90, L94, L110, L116, L117, and L72 

In conjunction with WAC 220-460-110(2), the department designates the Southern Resident 

Killer Whales J27, J36, J44, J49, J56, L54, L83, L90, L94, L110, L116, L117, and L72 as 

vulnerable individuals.  
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Exhibit B
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Canada.ca
 

Fisheries and Oceans Canada>

Minister Jordan announces long-term
commercial closures and Licence
Retirement Program  in effort to save
Pacific Salmon   
From: Fisheries and Oceans Canada

News release
June 29, 2021

Vancouver, British Columbia – Pacific salmon are in a long-term decline, with
many runs on the verge of collapse. The Government of Canada is taking
decisive steps under the Pacific Salmon Strategy Initiative (PSSI) to combat
these steep declines and give salmon a fighting chance at survival. The
decades-long declines are due to a complex combination of climate change,
habitat degradation, and harvesting impacts, and bold action is needed now to
stabilize and rebuild the stocks before it is too late.  

Today, the Honourable Bernadette Jordan, Minister of Fisheries, Oceans and
the Canadian Coast Guard, announced an initial step towards longer-term
reductions in fishing pressure on stocks of conservation concern with
significant commercial salmon closures for the 2021 season. These closures,
affecting Commercial salmon fisheries and First Nations Communal
Commercial fisheries, will further reduce pressure on salmon stocks and will
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be included in the 2021-22 Pacific Salmon Integrated Fisheries Management
Plan. These conservation-driven management decisions will provide strong
protection for the most fragile stocks of concern across the Pacific region.

New data from the North Pacific Anadromous Fish Commission (NPAFC), for
which Canada is a member, shows that the global catch of Pacific salmon in
2020 was the lowest since 1982. Strong management measures will be in place
for all salmon fishing sectors in 2021, and are in line with a precautionary
approach based on conservation and sustainability. These plans are outlined
in the 2021-2022 Salmon Integrated Fisheries Management Plan and will result
in closures to nearly 60 per cent of commercial salmon fisheries for the 2021
season. 

Understanding that stocks may need multiple generations to stabilize and
rebuild, and that these closures will have an economic impact on harvesters,
the Minister is also announcing the Pacific Salmon Commercial Transition
Program. This voluntary salmon licence retirement program will provide
harvesters with the option to retire their licences for fair market value and will
facilitate the transition to a smaller commercial harvesting sector.
Permanently removing fishing effort will support the economic viability of the
fishery in the long term, while closures will protect salmon stocks and give
them an opportunity to stabilize.

For First Nations communal-commercial harvesters, the Department will
meaningfully consult on options to shift to more selective fishing gear or,
where available, to licences for other non-salmon species. These mitigation
measures allow for continued economic opportunity agreements under the
communal-commercial licence, while helping reduce interactions with at-risk
stocks.
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Indigenous partners, harvesting groups and stakeholders have been calling
for change. Fisheries and Oceans Canada has been listening – the many
proposed projects in the PSSI answer that call for change. DFO has already
begun consultations, using the vast knowledge that already exists on how best
to bring about these changes and make the greatest impact on Pacific salmon
sustainability.

The Department will also be engaging immediately with First Nations,
harvesters, industry members and partners across the Pacific region on the
impacts of the commercial closures and the collaborative development of the
mitigation program. These much needed steps towards a new, modernized
commercial salmon management system are part of the Harvest
Transformation pillar under the $647.1 million PSSI – the largest, most
transformative investment Canada has ever made to save wild salmon.

The loss of salmon populations would be disastrous not just for the people
and wildlife that depend on them as a food source, but also for the many BC
communities whose jobs and ways of life depend on salmon. That’s why the
Government of Canada has taken, and will continue to take urgent and
concrete actions to ensure that salmon are protected for future generations.

Quotes
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“What cannot be debated is that most wild Pacific salmon stocks
continue to decline at unprecedented rates – we are pulling the
emergency brake to give these salmon populations the best chance at
survival. The decisions to implement new long term closures and
permanently remove effort from the commercial salmon fishery were
not easy, as they impact people, communities, and livelihoods. But
with fewer and fewer returning every year – disappearing before our
eyes – we have to act now. We will continue working closely with
industry, Indigenous communities, and partners as we move forward
with these initiatives and do everything in our collective power to save
pacific salmon and ensure a sustainable future. Together, we will turn
the corner.”

The Honourable Bernadette Jordan, Minister of Fisheries, Oceans and
the Canadian Coast Guard

Quick facts
The Government of Canada's $647.1-million Pacific Salmon Strategy
Initiative investment  is the largest-ever government investment in
efforts to save Pacific salmon. Through this investment, Canada will
guide a strategic and coordinated long-term response, rooted in
collaborative action, to stabilize and protect Pacific salmon for the
ecosystems, people, and communities that depend upon their
sustainability.

The 2021-2022 Salmon Integrated Fishery Management Plans will be
available soon, and a fishery notice will be released with further
information once they are posted on the DFO library.
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Management measures in recreational fisheries implemented in recent
years to protect salmon stocks of conservation concern continue to be
required.  Further details will be provided in final salmon IFMPs. 
(Recreational harvesters are requested to refer to the DFO website for
current regulations in the area they plan to fish) 

Many salmon species migrate back to their natal rivers at the same
time. In some marine areas larger commercial fisheries cannot
selectively fish for abundant stocks without potentially catching at-risk
stocks.

In 2019, DFO published a State of Pacific Salmon report that outlined
how salmon are responding to climate and habitat changes. Many key
indicators show Pacific salmon stocks are declining to historic lows. For
instance, 50 Pacific salmon populations are currently under
consideration for potential listing under the Species at
Risk Act, or pending assessment by the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC). 

Pacific salmon have social, cultural, and economic significance for
many Canadians. After conservation, the Department has a legal
obligation to provide priority access for First Nations food, social and
ceremonial (FSC) and treaty fisheries, but in recent years many have
not been able to meet their harvest allocations because of low salmon
returns.

Associated links
Backgrounder

Fishery closure Information

Pacific Salmon Strategy Initiative
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Pacific Salmon Facts

State of Pacific Salmon Report

Contacts
Jane Deeks 
Press Secretary 
Office of the Minister of Fisheries, Oceans and the Canadian Coast Guard 
343-550-9594 
Jane.Deeks@dfo-mpo.gc.ca

Media Relations 
Fisheries and Oceans Canada 
613-990-7537 
Media.xncr@dfo-mpo.gc.ca

Stay connected
Follow Fisheries and Oceans Canada on Twitter, Facebook, Instagram
and YouTube.
Follow the Canadian Coast Guard on Twitter, Facebook, Instagram and
YouTube.
Subscribe to receive our news releases and more via RSS feeds. For
more information or to subscribe, visit http://www.dfo-
mpo.gc.ca/media/rss-eng.htm

Search for related information by keyword: EC Economics and Industry |
NE Nature and Environment | Fisheries and Oceans Canada | Canadian
Coast Guard | British Columbia | Environment and natural resources |
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Business and industry | general public | news releases | Hon. Bernadette
Jordan

Date modified:
2022-06-22
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2022 management measures to protect
Southern Resident killer whales

Area-based �shing closures for commercial and recreational salmon
are in place in around Swiftsure Bank (portions of  Subareas 20-1, 121-
1 and 121-2) from July 15 until October 31, 2022; and a portion of the
Juan de Fuca Strait (Subarea 20-5) from August 1 until October 31,
2022; and near the mouth of the Fraser River (Subarea 29-3) from
August 1 to September 30, 2022. Speci�c coordinates can be found in
FN0730. More information below.

The decline of the endangered Southern Resident killer whale population is
linked to threats such as noise and disturbance from boats, and reduced
availability of their preferred prey, chinook salmon, as well as chum and
coho salmon. Chinook salmon are a vital food source for Southern Resident
killer whales but wild populations have declined dramatically in recent
years. To address these threats, we are implementing management
measures to protect salmon and to minimize disturbance from vessels. We
have also initiated actions to reduce the threat of contaminants.

Maps of management measures
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Overview of management measures

Overview of management measures

Download alternate format (.PDF)

Description: Overview of management measures to protect
Southern Resident killer whales

Mouth of the Fraser River

Mouth of the Fraser River management measures

Download alternate format (.PDF)
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Description: Mouth of the Fraser River management measures

Gulf Islands

Gulf Islands management measures

Download alternate format (.PDF)
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Description: Gulf Islands management measures

Juan de Fuca

Juan de Fuca management measures

Download alternate format (.PDF)
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Description: Juan de Fuca management measures

Swiftsure Bank

Swiftsure Bank management measures

Download alternate format (.PDF)
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Area-based fishing closures
Fishery management measures include closures to help increase the
availability of salmon and decrease vessel disturbance in key Southern
Resident killer whale foraging (feeding) areas o� the west coast of
Vancouver Island (Swiftsure Bank), the Juan de Fuca Strait, the Gulf Islands,
and at the mouth of the Fraser River within Southern Resident killer whale
critical habitat.

Description: Swiftsure Bank management measures
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Area-based �shing closures for commercial and recreational salmon are in
place in around Swiftsure Bank (portions of Subareas 20-1, 121-1 and 121-
2) from July 15 (following the expiry of the chinook non-retention measures)
until October 31, 2022; and a portion of the Juan de Fuca Strait (Subarea 20-
5) from August 1 (following the expiry of the chinook non-retention
measures) until October 31, 2022. New in 2022, area-based �shing closures
will be in place at the mouth of the Fraser River (Subarea 29-3) from August
1 to September 30, 2022.

Similar to 2021, a �shing closure protocol is in e�ect for the Southern Gulf
Islands recreational and commercial salmon �sheries where �shery
closures are triggered to be implemented by the �rst con�rmed presence
of Southern Resident killer whales in the area. The Vancouver Fraser Port
Authority Enhancing Cetacean and Observation (ECHO) Program, working
closely with its local partners, and our Whale Tracking Network began
monitoring the area on May 5, 2022, and con�rmed Southern Resident
killer whale presence which initiated the closures from May 27 to October
31, 2022.

Fishers are also asked to voluntarily stop �shing (do not haul gear) within
1000m of killer whales as a best practice to reduce competition for their
food and disturbance in their presence.

Interim Sanctuary Zones
To further reduce acoustic and physical disturbance from vessels in key
portions of Southern Resident killer whale foraging areas, Interim
Sanctuary Zones are in e�ect from June 1 to November 30, 2022.
Speci�cally, vessel tra�c will be prohibited o� North Pender and Saturna
Islands as per the Interim Order enacted under the Canada Shipping Act.
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Some exceptions will apply, for example vessels involved in Indigenous
�shing for food, social or ceremonial purposes and vessels involved in
emergency response.

Seasonal Slowdown Areas
2 new Seasonal Slowdown Areas are being piloted near Swiftsure Bank
from June 1 until November 30, 2022. All vessels are required to slow down
to a maximum of 10 knots while in the areas with limited exceptions. The
�rst area is in the Protected Fisheries Management Area 121-1 and the
second Seasonal Slowdown Area is located near the mouth of the Nitinat
River from Carmanah Point to Longitude 125 degrees west. This measure is
separate from the voluntary slowdowns coordinated by the ECHO Program.

Voluntary large commercial vessel
measures
The Vancouver Fraser Port Authority ECHO Program is continuing the
voluntary large Commercial Slowdown in Haro Strait and Boundary Pass, as
well as Swiftsure Bank (inbound and outbound), as well as the lateral
displacement in Juan de Fuca Strait.

Avoiding whales
To address vessel disturbance of killer whales, a mandatory vessel
approach distance of never closer than 400m for all killer whales, as per the
Interim Order enacted under the Canada Shipping Act, will remain in e�ect
until May 31, 2023 in southern BC coastal waters between Campbell River
and just north of Ucluelet.
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The Marine Mammal Regulations remain in e�ect year-round. This requires
staying:

200 metres away from all killer whales in Canadian Paci�c waters other
than those described above
200 metres away from all whales, porpoises and dolphins when in
resting position or with a calf
100 metres for other whales, porpoises and dolphins

Boating around whales
When out on the water, there are additional actions you can take voluntarily
to protect killer whales, as well as other marine mammals:

Stop �shing (do not haul gear) within 1000m of killer whales
Reduce speed to less than 7 knots when within 1000m of the nearest
whale
When safe to do so, turn o� echo sounders and �sh �nders
Place engine in neutral idle and allow animals to pass if your vessel is
not in compliance with the approach distance regulations
For more information on the best ways to help whales while on the
water, on both sides of the border, please visit: Be Whale Wise

Contaminants
The Government of Canada continues to address the threat of
contaminants by strengthening regulations, developing guidelines, and
increasing research and monitoring. As part of the Government’s e�ort to
share information and data, the Pollutants A�ecting Whales and their Prey
Inventory Tool (PAWPIT), an interactive mapping tool, is now available
online. The tool shows estimates of pollutant releases by all identi�ed
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sources within the habitats of Northern and Southern Resident killer
whales and chinook salmon. The tool also displays estimated ambient
contaminant loads in the Fraser River Basin, and indicates where
environmental quality guidelines were exceeded.

Related links
Watching marine wildlife
Parks Canada: Southern Resident killer whale outreach
Reducing the threat of contaminants to Southern Resident killer whales
Reports, publications and videos related to the protection of Southern
Resident killer whales
Interim Order for the Protection of the Killer Whale (Orcinus orca) in
the Waters of Southern British Columbia, 2022
Summary of input provided on management measures to address key
threats to Southern Resident Killer Whales

Date modi�ed:
2022-07-28
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HONORABLE MICHELLE L. PETERSON 

 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 
__________________________________________  
       ) 
       ) 
WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 
       ) 
  Plaintiff,    ) DECLARATION OF Lynne Barre,  
       ) National Marine Fisheries Service,  

v.       ) West Coast Region 
       )  
BARRY THOM, et al.,    )  
       )   

Defendants,    )  
       ) 
 and       ) 
       ) 
ALASKA TROLLERS ASSOCIATION,  )  
       ) 

Defendant-Intervenor   ) 
       ) 
 and       ) 
       ) 
STATE OF ALASKA,    )  
       ) 

Defendant-Intervenor.   ) 
)  

__________________________________________) 
  

  

I, Lynne Barre, declare and state as follows: 
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  Introduction 

 

1. I am currently a Branch Chief in the Protected Resources Division of the National 

Marine Fisheries Service (NMFS), West Coast Region (WCR). NMFS is a part of 

the National Oceanic and Atmospheric Administration, in the U.S. Department of 

Commerce. I received a Bachelor of Science from Georgetown University in 

Biology in 1992 and a Master of Science in Animal Behavior from San Diego 

State University in 1994. I have been employed by NMFS since 2000, where I 

worked in the Office of Protected Resources in Silver Spring, MD for two years 

before joining the West Coast Region in 2002 in the Protected Resources 

Division.  I have held my current position as Branch Chief since 2011. 

2. My responsibilities in my current and previous positions with NMFS have 

included implementation of the Endangered Species Act (ESA) and Marine 

Mammal Protection Act (MMPA). My duties include leading the recovery 

program for endangered Southern Resident killer whales (SRKW).  Since 2002 I 

have worked on the endangered listing of the SRKW, designated SRKW critical 

habitat, finalized a SRKW Recovery Plan and implemented actions to conserve 

and recover SRKW, including vessel regulations put in place in 2011. Since 

SRKWs were listed under the ESA in 2005, I have worked on ESA section 7 

consultations for a variety of projects, including fisheries actions, analyzing 

effects on SRKW and their designated critical habitat.  In 2018-2019 I served as a 

member of the Washington State Orca Task Force, participating in Task Force 
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meetings and threat-based workgroup meetings on prey, vessels/noise and 

contaminants.  I am currently part of working groups established to implement 

actions from the Task Force reports. These include a governmental advisory 

group for a commercial whale watch licensing program and an effort to develop a 

program to address noise from shipping similar to the Canadian Enhancing 

Cetacean Habitat and Observation (ECHO) program.  I sit on the Advisory 

Working Group for ECHO, and have also participated in a variety of Canadian 

working groups supporting SRKW recovery.   

3. In my current role as a Branch Chief, I oversee a team of employees working on 

implementation of a variety of MMPA and ESA programs, including coordination 

of the marine mammal stranding network, completing section 7 ESA 

consultations for SRKW and other listed species, developing and implementing 

recovery and regulatory programs for two species of ESA-listed rockfish in Puget 

Sound, close collaboration with NMFS science centers and other research 

partners, and coordinating with internal and external salmon recovery and 

management programs. 

4. In preparation for this declaration and as part of NMFS ESA section 7 clearance 

process, I have reviewed the 2019 Biological Opinion on the Consultation on the 

Delegation of Management Authority for Specified Salmon Fisheries to the State 

of Alaska (2019 Opinion).  I also reviewed plaintiff’s Motion for Summary 

Judgement filed May 5, 2021.  

The Effect of Plaintiff’s Remedies on Southern Resident Killer Whales. 
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5. I was asked to provide my opinion on the effect of vacating the 2019 Opinion on 

Southeast Alaska (SEAK) salmon fisheries (2019 Opinion) and enjoining 

NMFS’s hatchery production program to increase prey available to SRKW. 

6. In the 2019 Opinion, we evaluated three actions—the delegation of salmon 

fishery management in the federal waters of SEAK, funding to the State of Alaska 

to implement the Pacific Salmon Treaty (PST), and establishment of a 

conservation program funding framework for habitat improvement and hatchery 

production—and their effects on ESA listed species. We concluded that the 

proposed actions were not likely to jeopardize the continued existence of SRKW 

or their ESA-listed Chinook salmon prey or destroy or adversely modify critical 

habitat for SRKW and the listed salmonids.  

7. The conservation funding framework considered in the 2019 Opinion included 

funding for hatchery production (prey increase program) and habitat restoration 

programs. The design of the prey increase program focuses on achieving a 

“meaningful increase” in prey abundance with broad distribution to supplement 

prey in Puget Sound in the summer and offshore coastal areas in the winter, which 

are the times and areas identified as most limiting.  The level of increased 

hatchery production (20 million Chinook salmon smolts released annually) for 

funding levels of $5 million, as described in a NMFS memo (Dygert et al. 2018), 

would be expected to increase Chinook salmon abundance by 4-5% in both inland 

waters in the summer and in coastal waters in the winter.  In the 2019 Opinion we 

acknowledge the delay in increased prey until 3-5 years following 

implementation, while hatchery fish mature and then become available to the 
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whales as prey in times and areas important to the whales.  We also recognized 

that not every Chinook salmon produced would go directly to Southern Resident 

killer whales, as there are other factors in salmon mortality, and in the 2019 

Opinion we acknowledged that our ability to fully understand the efficacy and 

predict performance of the program was limited. We are not able to assign these 

increases as direct offsets for any particular fishery under the PST agreement 

(SEAK, coastal or Puget Sound) because of the variability in annual reductions of 

available prey from those fisheries. However, based on the best available science, 

we concluded that the prey increase program would provide a meaningful 

increase in prey abundance and benefit Southern Resident killer whales. 

8.  The 2019 Opinion did not rely on meeting the recovery criteria identified in 

NMFS 2008 SRKW Recovery Plan to determine that the proposed action was not 

likely to jeopardize the continued existence of SRKW or destroy or adversely 

modify its critical habitat, as that is not the standard evaluated in ESA Section 7 

consultations.  In the SRKW Recovery Plan, NMFS identified a demographic 

criteria for delisting SRKW under the ESA as an average growth rate of 2.3% per 

year for the population over 28 years. In addition to demographic criteria, the 

Recovery Plan also includes threats criteria to ensure the SRKW have reached the 

point where they no longer need the protection of the ESA.  The threats criteria 

and the entire SRKW recovery program highlight the need to address multiple 

threats to the whales, primarily contaminants, disturbance from vessels and sound, 

and prey availability, and also address additional potential threats, such as oil 

spills.      
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9. There has been significant progress on funding and implementation of the prey 

increase program for the benefit of SRKW. The prey increase program is being 

implemented consistent with the expectations and timelines considered in the 

2019 Opinion (see Purcell Declaration) and we anticipate 4-5% increases in prey 

abundance will be realized in the 3-5 year time frame following each year of 

implementation.  We will continue monitoring the number of smolts produced at 

the hatchery programs funded by the prey increase program, as well as the levels 

of adult Chinook salmon prey available to the whales to evaluate the efficacy of 

the program in achieving a meaningful increase in prey abundance.  The overall 

abundance of Chinook salmon is variable and affected by ocean conditions and 

the estimated percent increase in prey abundance will be dependent on estimates 

of the overall abundance of Chinook salmon.  Nevertheless, this program will 

provide meaningful benefits for Southern Resident killer whales.     

10. As described in our recent biological opinion on West Coast salmon fisheries 

(NMFS 2021), which analyzes the effects of removing adult Chinook salmon prey 

that might otherwise be available to the SRKW, and in the Risk Assessment 

completed by an Ad Hoc Workgroup created by the Pacific Fishery Management 

Council (PFMC 2020), reductions in prey are expected to have the greatest 

impacts on the whales in low Chinook salmon abundance years.  When prey are 

scarce, the SRKWs likely spend more time foraging compared to periods of high 

prey abundance.  Increased energy expenditure and prey limitation can result in 

nutritional stress, which has been linked to reduced body condition, and lower 

birth and survival rates.  The 4-5% increase in abundance anticipated from the 
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prey increase program will contribute to overall Chinook abundance, and reduce 

the potential for SRKWs to experience low abundance conditions in general. 

11. If the prey increase program for Southern resident killer whales is enjoined or 

disrupted, the intended 4-5% increase in the prey base may not be fully realized in 

the future.  The hatchery production actions that have been funded by NMFS and 

implemented in 2020 and 2021, as well as hatchery production by partners 

including Washington State and Tribes, described in Allyson Purcell’s 

declaration, would still be expected to increase prey at some level in 2023-2026; 

however, additional hatchery production specifically targeted to benefit the 

SRKW would be compromised.  After the initial 3-5 year period, any disruption 

in funding would result in a gap in additional prey abundance and could 

negatively influence future funding and implementation of the program.  In the 

absence of the 4-5% prey increase, there would be lower overall abundance of 

Chinook salmon and there could be an elevated risk of Chinook salmon 

abundance falling to the low abundance levels associated with increased risk to 

the health of the SRKWs. 

12. Plaintiff’s declarants assert that prey abundance has the largest impact on the 

population growth rate of SRKW and that increases in prey abundance are needed 

for SRKW to recover, and yet enjoining or disrupting the prey increase program 

would result in reduced future abundance of prey for SRKW. The goal of the prey 

increase program is to help support increased prey available to SRKW and 

support their recovery.  It is difficult to precisely estimate the increased risk to the 

health of SRKW from ending or disrupting the prey increase program, but it could 
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manifest in the whales foraging for longer periods, traveling to alternate locations, 

or abandoning foraging efforts.  Changes to foraging behavior could result in 

SRKW not consuming sufficient prey to meet their energetic needs, which could 

affect the health of individual whales, reproduction and the status and growth of 

the population, as cited in the Plaintiff’s declarations and our 2019 Opinion. 

13. In addition to the prey increase program, we continue to work on a comprehensive 

recovery program that addresses all of the primary threats, including vessel 

disturbance and contaminants, and not only prey.  We also acknowledge that all 

of the threats are potential limiting factors, not just prey availability, and that they 

are interconnected, as vessels and sound can impact the whales ability to forage, 

access, and consume the prey that are available in their habitat. NMFS Recovery 

Plan and other documents such as the Washington State Orca Task Force 2018 

and 2019 reports and recommendations, and the Canadian Recovery Plan for 

SRKW, also acknowledge the importance of and interactions between multiple 

threats. 

14.  Conservation and recovery of SRKW and their Chinook salmon prey is complex 

and challenging because there are multiple interacting threats over large 

geographic and transboundary landscapes and we have endangered predators 

relying on prey, some of which are also threatened or endangered.  Both species 

face impacts from many human activities, variable oceanographic conditions, and 

environmental change in their vast habitats.  Recovery programs for both SRKW 

and Chinook salmon include a variety of tools and actions that can have short-

term or long-term benefits.  Significant actions have been taken that are effective 
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in the short term and make the existing abundance of prey more available and 

accessible to SRKW, including reductions in fisheries to protect salmon and 

SRKW, and mandatory and voluntary vessel measures that reduce interference 

with SRKW foraging.  Other actions like cleaning up or reducing inputs of 

harmful contaminants or recovering runs of salmon have a longer-term outlook 

for realizing benefits to SRKW.  As part of the action considered in the 2019 

Opinion, the conservation programs to aid Puget Sound Chinook salmon include 

continuing conservation hatchery programs and habitat restoration projects.  It 

will likely take many years before ecosystem services of the habitat are restored 

and support increased Chinook salmon productivity.  The prey increase program 

for SRKW, however, has a time frame of 3-5 years to increase the prey available 

to SRKW. The prey increase program is already underway, with two years of 

funding and implementation, and fills an important gap until other longer-term 

actions are successful.  NMFS and our Federal, State and Tribal partners 

recognize the importance of working on actions with both short-term and long-

term benefits to the SRKW, including the prey increase program, to help stop the 

decline of the endangered SRKW population and support their recovery.  

Enjoining or disrupting the prey increase program would result in fewer Chinook 

salmon available to SRKW, and increase the risk for harm to SRKW through 

behavioral and physiological impacts.  Disruptions could affect the long-term 

support and commitment needed to fund this program and provide benefits to 

SRKW over the next decade and could negatively impact the critical partnerships 

and momentum for recovery and conservation of SRKW and salmon.  The prey 
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increase program is a critical tool to help address a primary threat to SRKW and 

without it there will be a negative impact on the recovery program for SRKW.    

 

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on May 26, 2021, in Seattle, WA. 

                                                                                               

________________________________ 
Lynne Barre 

BARRE.LYNNE.
M.1365828128

Digitally signed by 
BARRE.LYNNE.M.1365828128 
Date: 2021.05.26 09:45:35 
-07'00'
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KAMPMEIER & KNUTSEN PLLC 
1300 S.E. Stark Street, Suite 202 

Portland, Oregon 97214 
(503) 841-6515 

SECOND LACY DECLARATION - 1 
Case No. 2:20-cv-00417-RAJ-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY, 
 
      Plaintiff, 
 
v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator for the National 
Marine Fisheries Service, et al., 
 
      Defendants, 
 
and 
 
ALASKA TROLLERS ASSOCIATION, and 
STATE OF ALASKA, 
 
      Defendant-Intervenors. 
 

 
Case No. 2:20-cv-00417-RAJ-MLP  
 
SECOND DECLARATION OF DR. 
ROBERT LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I previously prepared a declaration that was submitted in this matter on April 16, 

2020—Declaration of Dr. Robert Lacy, Ph.D, Dkt. No. 14-3 (“First Lacy Declaration”). The 

First Lacy Declaration described my professional qualifications and the work that I had 
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performed and opinions that I had developed in this matter up to that point. I do not repeat those 

efforts here, but instead incorporation them with this reference. 

3. In preparing this Second Lacy Declaration, I have considered the following 

additional materials not addressed in the First Lacy Declaration: 

a. 2020 demographic data provided by the Center for Whale Research on births, 

deaths, and the current age structure of the Southern Resident Killer Whale population; 

b. A report of new analyses by Fisheries & Oceans Canada on the impacts of 

Chinook abundance and other threats on Southern and Northern Resident Killer Whales that has 

been accepted by the scientific journal Biological Conservation and will be available as an on-

line publication within the next week or two (Murray, C.C., et al. 2021. “A cumulative effects 

model for population trajectories of resident killer whales in the Northeast Pacific” Biological 

Conservation); 

c. Published analysis from a research team led by National Marine Fisheries 

Services (“NMFS”) scientists of the species and stock composition of the prey used by the 

Southern Resident Killer Whales (Hanson, M.B., et al. 2021. “Endangered predators and 

endangered prey: Seasonal diet of Southern Resident killer whale” PlosOne 16:e0247031). 

4. I have conducted further analyses using these subsequently developed data. This 

declaration is intended to supplement the opinions expressed in the First Lacy Declaration to 

describe those new efforts. Except as expressly stated herein, I continue to hold the opinions 

described in the First Lacy Declaration. 

5. This declaration also responds to various remarks on the First Lacy Declaration 

contained in the Declaration of Lynne Barre, Dkt. No. 43-3 (“Barre Declaration”). 

6. In summary, the opinions I express herein are as follows: 
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a. Analyses that make use of the most recent data on the Southern Resident Killer 

Whale population reinforce my earlier conclusions that the population is projected to be in slow 

decline and that increases in Chinook prey availability could stop the decline and allow the 

population to recover.  

b. Using the most recent killer whale demographic data, I now estimate that a 5% 

increase in Chinook abundance, which is the maximum increase that NMFS claims could result 

if the proposed increases in hatchery production were fully implemented, would be sufficient to 

stop the decline, but would not be sufficient to support the growing population called for in the 

Recovery Plan. Therefore, reductions or modifications of Chinook harvest would be necessary to 

provide the level of increase in abundance of the preferred prey of the Southern Resident Killer 

Whales that is needed to allow growth and recovery of the killer whale population.  

c. If recent estimates of weaker relationships of Resident Killer Whale birth and 

death rates on Chinook abundance are incorporated into the population projections, I would then 

estimate that the Chinook available to the killer whales would need to increase by more than 

10% to stop the decline of the Southern Resident Killer Whales. 

d. The Barre Declaration incorrectly states that the analyses of effects of changing 

abundance of Chinook depend on an assumption that all Chinook that escape from the fishery 

would be consumed by Southern Resident Killer Whales. 

e. The Barre Declaration incorrectly asserts that the analyses presented in the First 

Lacy Declaration include the effect of Chinook prey as the only factor influencing the Southern 

Resident Killer Whale population growth and recovery. 

f. The Barre Declaration criticizes the population analyses in the First Lacy 

Declaration for using outdated estimates of the correlation between prey abundance and killer 
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whale birth and death rates and asserts that newer analyses show weaker effects. The Barre 

Declaration did not identify any such revised analyses available in peer-reviewed scientific 

publications as of the time of the First Lacy Declaration. However, as this Second Lacy 

Declaration was being prepared, a report based on recent analyses of the Fisheries and Oceans 

Canada (to which I was a contributor) was formally accepted by the journal Biological 

Conservation and will be published this month. That report found relationships of Southern 

Resident Killer Whale birth and death rates to Chinook abundance that are weaker than had been 

reported previously, but the report notes again that Chinook abundance has the largest effect of 

those factors that have been identified as possible threats to the Southern Resident Killer Whale 

population. As noted in paragraph 6.c, above, if the relationship of killer whale demography to 

Chinook abundance is weaker than previously estimated, then actions that result in greater 

increases in Chinook available to Southern Resident Killer Whales will be required to achieve 

population recovery. 

Updated Population Viability Analyses 

7. The analyses presented in First Lacy Declaration were based on the long-term, 

detailed records of births and deaths in the Southern Resident Killer Whale population from 1976 

through December 2019. Those years of monitoring include periods of population growth (e.g., 

1984-1994) as well as periods of decline (e.g., 1995-2001, and most recently 2016-2019). 

Projections were made of population growth expected for the population as it existed at the 

beginning of 2020, under a variety of scenarios of possibly improved levels of the Chinook prey 

abundance. Fortunately, since those analyses were completed, the population has increased by 

one in 2020, due to two births (a male and a female that are still living) and one death (a 43-year-

old male). Another birth has occurred in early 2021.  
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8. I have added those recent demographic events to the data and re-calculated the 

long-term mean birth and death rates for the years 1976 through the end of 2020. (The 2021 birth 

was not included in these calculations of birth and death rates because it is not yet known if it 

will survive into the next year, and we do not yet have data on the full 2021 year of 

reproduction.) I then repeated the same population projections as were presented in First Lacy 

Declaration, but now with the updated birth and death rates and projecting forward from the 

population as it exists as of March 2021. With these updated analyses, I now project an average 

rate of decline of 0.4%. This is slightly slower than the 1% annual decline projected a year 

earlier in the First Lacy Declaration. I now estimate that the probability of the population 

becoming functionally extinct with fewer than 30 animals during the next 100 years is 21%, 

compared to the 59% estimated a year ago. These changes result from the available data now 

including the better calf survival of the past year, no deaths of females in 2020, and a slightly 

larger current population. The current projections fall between prior estimates made from data 

through 2015 and the estimate made from data through 2019, as expected since the population 

declined in the years 2016-2019, but slightly recovered in 2020. I caution, however, that 

fluctuations in births and deaths from year to year are expected, and short-term changes in the 

population should not be assumed to be indicative of long-term trends. An advantage of the 

population viability analysis models that I and others use is that the models can indicate the long-

term consequences of historic patterns and known or projected changes to the habitat. A common 

definition of endangerment used in Endangered Species designations by the U.S. Fish & Wildlife 

Service is that there is a greater than 5% probability of extinction within 100 years. The current 

risk to the Southern Resident Killer Whale far exceeds this threshold, even with the small 

improvement observed in 2020.  
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9. I repeated the analyses of population projections with several levels of increased 

Chinook salmon abundance. With the newest demographic data included, I now estimate that 

prey availability would need to increase about 5% relative to the long-term (1976-2020) average 

in order to stop the long-term decline of the Southern Resident Killer Whale (i.e., to achieve zero 

population growth), and Chinook would need to increase about 30% to result in the 2.3% growth 

specified for delisting in the species’ Recovery Plan. These estimates are marginally more 

optimistic than the estimated 10% and 35% more Chinook that were calculated a year ago for 

halting the decline and achieving recovery, respectively. 

10. The 2019 biological opinion on Southeast Alaska salmon fisheries (“2019 SEAK 

BiOp”) discussed possible mitigation measures that would attempt to increase the prey 

availability for Southern Resident Killer Whales. The 2019 SEAK BiOp estimates the newly 

negotiated 2019 Pacific Salmon Treaty will reduce the Southeast Alaska fishery annual harvest 

of Chinook by up to 7.5% relative to the harvest under the 2009 Treaty. A proposed increase in 

hatchery production mitigation seeks to provide 4% to 5% increase in prey available to the 

Southern Resident Killer Whales. The increase in hatchery production is not yet funded, so I 

would expect a delay of at least 5 to 10 years to account for allocation of funds, construction of 

any new facilities, increased programs of production, and then growth of hatchery-raised 

Chinook to the size preferred by killer whales as prey.   

11. I applied these estimates from the 2019 SEAK BiOp to the population viability 

analysis (“PVA”) model, with the updated estimates of demographic rates. The estimated 7.5% 

(maximum) reduction in the Southeast Alaska fishery, applied to a typical 6% reduction in prey 

available to the Southern Resident Killer Whales caused by the Southeast Alaska fishery as a 

whole (the 6% being an approximate middle value from the many estimates made in the SEAK 
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BiOp), results in a less than 0.5% increase in the Southern Resident Killer Whale prey. This is 

only 1/10th of the 5% increase that is now projected to be needed to achieve even a cessation of 

the decline in Southern Resident Killer Whale population.  

12. To estimate the possible reductions in threats to the Southern Resident Killer 

Whale that might be achieved with greater reductions in Chinook fisheries, I used the updated 

estimates to project the Southern Resident Killer Whale population growth with an immediate 

6% increase in Chinook prey, and a 3% and a 12% increase in prey (half and double the middle 

estimate, covering most of the range of values reported in the 2019 SEAK BiOp for specific 

stocks and years). As shown in the following graph, with the existing baseline in red (bottom 

line), the PVA projections for these scenarios show that the 3% increase in Chinook results in a 

mean 0.1% decline in Southern Resident Killer Whale population per year (blue line), the 6% 

increase in Chinook results in a slow 0.2% increase of the Southern Resident Killer Whale 

population (green line), and the 12% increase results in 0.7% positive growth annually (top, 

black line). Thus, adequate prey to support growth of the Southern Resident Killer Whale 

population could be achieved by reductions in harvest of Chinook, whether from the SEAK 

fishery or other fisheries that impact Chinook stocks utilized by the killer whales.  
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13. With the updated demographic calculations, if the proposed hatchery expansion 

identified by NMFS in the 2019 SEAK BiOp were fully implemented and achieved the 

maximum increase in prey predicted by NMFS of 5%, Chinook available to the Southern 

Resident Killer Whale might be just sufficient to halt the decline, but still not allow recovery, of 

the Southern Resident Killer Whale. NMFS predicts a delay of 5 to 10 years in achieving the 

increase in prey through hatchery production due to time required to implement programs and for 

the released Chinook to mature. The Southern Resident Killer Whale population is predicted to 

lose about 2 or 4 whales over the 5 or 10 years, respectively, during that period. 

Responses to Statements Made in the Barre Declaration 

14. The Barre Declaration contains statements about the modeling and conclusions in 

the First Lacy Declaration that are misleading, inaccurate, or actually under-cut NMFS’s position 
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that refined analyses would not support my conclusions. 

15. It is stated in several places in the Barre Declaration that the changes in the 

abundance of Chinook salmon available to Southern Resident Killer Whales would have a 

smaller effect than projected because “the SRKW would not intercept and consume all of those 

fish,” “the fish are subject to other predators and sources of mortality,” and “not all the fish 

escaping the fishery and migrating south would be intercepted by or consumed by the whales.” 

However, no one claims that all the fish escaping the fishery would be consumed by the whales, 

and it is illogical to assert that such an assumption is necessary in order to estimate the impacts 

on killer whales of a change in overall abundance of the primary prey. A given percent change in 

the Chinook available to Southern Resident Killer Whales (for example, a 5% increase) will 

result in the same percent change in the Chinook eaten by the Southern Resident Killer Whales, 

regardless of whether the killer whales consume 1%, 10%, 25%, or any particular proportion of 

the total prey abundance, unless other factors (such as the efficiency with which killer whales 

can catch salmon) also change. Moreover, the demographic calculations on which the population 

projections are based estimate the relationships between the demographic rates experienced by 

the Southern Resident Killer Whales and indices of the overall Chinook abundance, not 

relationships to the unknown number of Chinook salmon actually consumed by Southern 

Resident Killer Whales. Importantly, the multiple analyses that have shown impacts of Chinook 

abundance on Southern Resident Killer Whale birth and death rates – including the most recently 

published analyses – demonstrate that the killer whales do not adjust their feeding behavior in a 

way that fully offsets the effect of changes in Chinook abundance.  

16. The Barre Declaration incorrectly states that my analyses focus “on SEAK 

fisheries alone as the only factor influencing recovery of the Southern Resident Killer Whale 
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population.” As acknowledged in the 2019 SEAK BiOp, my population projections specifically 

include impacts of boat disturbance and PCBs, the two other factors identified by NMFS and 

others as primary threats to the Southern Resident Killer Whale. For example, with the structure 

of the model and the parameter estimates that I used, a delay or slowing of reproduction by 

females will be predicted to lead to greater accumulation of PCBs in their tissues and therefore 

reduced survival of their calves. Conversely, increased reproduction will lead to reduced PCB 

loads in adult females (due to depuration via lactation) and therefore improved calf survival. A 

powerful advantage to the Population Viability Analysis modeling approach that I and others 

have used is that it can incorporate such cumulative and interacting impacts of multiple threats 

and allow statistical analysis of the relative role of each threat in influencing population growth 

and recovery. My multiple papers and reports on the factors influencing Southern Resident Killer 

Whales and the benefits of various possible management actions all take this approach and 

conclude that the impact of Chinook abundance is greater than that of the other identified threats. 

The First Lacy Declaration focuses on the Chinook availability because that is the factor being 

addressed in the 2019 SEAK BiOp and in this case. I have at other times and for other agencies 

presented findings from my analyses related to impacts of other factors such as PCBs, boat 

disturbance, and oil spills when those factors were being addressed in resource management and 

recovery plans, and I have shown that a strategy that combines improvements to Chinook 

abundance with reductions in noise and PCBs can achieve faster recovery than would a focus on 

Chinook prey abundance alone (Lacy et al. 2017).  

17. The Barre Declaration states “their conclusion that prey is most important is 

highly dependent on the assumptions and inputs to the model and their reliance on outdated 

correlations between prey abundance and whale vital rates.” However, all models and all 
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analyses, including those of NMFS, are necessarily dependent on the assumptions and inputs. 

What is relevant is whether the analyses use the best, documented sources of data to provide 

those inputs. At the time of the First Lacy Declaration and the Barre Declaration, I used the 

estimated relationships between prey abundance and Southern Resident Killer Whale 

demographic rates that had been published in peer-reviewed scientific literature. A report of 

Fisheries and Oceans Canada had presented new analyses of a working group, in which I 

participated (Murray et al. 2019. Cumulative Effects Assessment for Northern and Southern 

Resident Killer Whale Populations in the Northeast Pacific. DFO Can. Sci. Advis. Sec. Res. Doc. 

2019/056. x. + 88 p). That report found weaker relationships of Chinook abundance to Resident 

Killer Whale birth and deaths rates in recent years, but again concludes that “prey availability 

was the most important threat for these populations [the Northern and Southern Resident Killer 

Whales] followed by vessel noise/presence” and that the findings “strongly support the 

significant role of prey availability in determining the population trajectory of these populations, 

and are consistent with previous work.” However, that document acknowledges in its Foreword 

that it is “not intended as definitive statements on the subjects addressed but rather as progress 

reports on ongoing investigations.” Therefore, I did not incorporate those provisional estimates 

of impacts of prey availability into my analyses for the First Lacy Declaration.  

18. The findings in the report of Fisheries and Oceans Canada (after some corrections 

to the tabular display of calculations) have recently been accepted (on 2 April 2021) and will be 

published this month (Murray et al. 2021. Biological Conservation). These recent estimates of 

impacts of prey availability would have no effect on the projections for the Southern Resident 

Killer Whale population under current conditions, because that projection of slow decline is 

based on the long-term average birth and death rates and an assumption that the availability of 
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Chinook to the killer whales will remain, on average, as it has been in recent decades (1976-

2020). However, if we use the weaker relationships reported in Murray et al. (2021), rather than 

the relationships estimated in other scientific studies on which I relied previously, then 

projections of Southern Resident Killer Whale population growth under improved stocks of 

Chinook will necessarily show lesser benefits would be achieved by any given percent increase 

in Chinook. If I use the estimates of reduced prey effects, I calculate that at least a 10% 

improvement in the mean abundance of Chinook available to the Southern Resident Killer 

Whales would be necessary to stop the long-term decline in the killer whale population. This is 

about the same as was estimated in the First Lacy Declaration, and it again indicates that the 

management actions proposed by NMFS are not projected to be adequate to stop the decline in 

the population. With these revised model inputs, I calculate that a 12% improvement in Chinook 

abundance would be required to reduce the probability of extinction from the currently estimated 

21% to the 5% that would indicate escape from endangerment. 

19. The Barre Declaration notes that “correlation does not mean causation” and 

suggests therefore that changing Chinook abundance might not affect the Southern Resident 

Killer Whales. This assertion is counter to prior statements by NMFS, and it overlooks that 

multiple studies using varied methodologies and data sets, including the most recent analysis by 

Fisheries and Oceans Canada, have found both that Chinook abundance influences Southern 

Resident Killer Whale demography and that the Chinook abundance has the largest effect of 

those factors that have been identified as possible threats to the population. Moreover, virtually 

all species recovery plans are based on the logical conclusion that when other documented 

possible causes of responses have been removed through statistical analysis, then observed 

correlations are our best indication that a causal relationship exists and should be the focus of 
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management action. Otherwise, no actions to protect and recover the Southern Resident Killer 

Whale (or any endangered species) would ever be taken, because it is not possible to do the 

experimental manipulations (with adequate sample size, replication, and controls) that would be 

necessary to definitively prove causation.  

20. The Barre Declaration also asserts that “more recent data shows that the 

correlations have weakened.” However, those findings were not yet available in peer-reviewed 

scientific literature at the time of the First Lacy Declaration, the Barre Declaration did not 

present any such revised statistical analyses, and each study of which I am aware comes to the 

conclusion that the prey availability is the factor with the largest impact on the Southern 

Resident Killer Whale. As noted above (paragraph 18), using the results from the pending 

publication of a study that show weaker (but not zero) correlations does not change the overall 

conclusion that improving Chinook abundance can achieve recovery of the Southern Resident 

Killer Whale population, but only if the Chinook abundance is increased by more than NMFS 

estimates will be achieved by the actions described in the 2019 SEAK BiOp.  

21. Moreover, in March 2021 NMFS scientists and other scientists published an 

extensive analysis of the seasonal diet of Southern Resident Killer Whales (Hanson et al. 2021). 

Regarding the statistical association between prey abundance and killer whale fecundity, Hanson 

and colleagues cite the same documents (Ward et al. 2009 and Ford et al. 2010) that provided the 

correlations between Chinook abundance and killer whale demography that Barre dismisses as 

“outdated.” Hanson et al. go on to state “… our finding that Chinook salmon prominently 

appeared in the diet year-round suggests this relationship may be causal.” Dr. Barre was a co-

author of this paper, and it neither provides nor relies upon any more recent data. 

22. Published analyses of the correlations between prey abundance and killer whale 
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demography all note that it is difficult to know which salmon stocks are most important to the 

Southern Resident Killer Whale. Those studies concur, however, that aggregate indices of 

multiple stocks of Chinook provide the best predictor of Southern Resident Killer Whale 

demographic rates. To the extent that these statistical analyses failed to identify the specific mix 

of Chinook stocks that are most important to the Southern Resident Killer Whales, the analyses 

would under-estimate the strength of the true relationships. Importantly, if the correlations have 

recently become weaker, revised analyses show that greater increases in prey abundance will be 

needed in order to stop the decline and achieve recovery. The arguments made in the Barre 

Declaration for a weaker correlation would suggest that the projections I made are overly 

optimistic and that prey availability would need to increase more that I estimated in order for the 

Southern Resident Killer Whale population to stabilize or achieve recovery.  

23. The Barre Declaration asserts that the better forecasted salmon abundance in 2020 

shows that the Southeast Alaska exclusive economic zone “fishery would not have any 

meaningful effect on the health or status of any individual SRKW” and states “[i]n the 2019 

biological opinion NMFS concluded the SEAK fisheries would not appreciably reduce 

reproduction or survival and would not jeopardize the SRKW. This finding remains valid in light 

of our recent analysis for 2020.” Given the acknowledged high variability and unpredictability of 

salmon abundance in any given year, the expectation for a single year cannot provide strong 

support for any conclusions. However, the improved demography of the Southern Resident 

Killer Whale in 2020, compared to the prior four years, coincided with that forecasted better 

abundance of prey, which would support the contention that the Southern Resident Killer Whales 

are significantly affected by prey abundance.  
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I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and accurate. 

 Executed this 3rd day of May, 2021. 

 

 
           
   Robert Lacy, Ph.D. 
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HONORABLE MICHELLE L. PETERSON 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 

Plaintiff, 

v. 

BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al., 

Defendants. 

Case No. 2:20-cv-00417-MLP 

DECLARATION OF DR. DEBORAH 
GILES, Ph.D. 

I, Deborah Giles, state and declare as follows; 

1. I have been retained by Plaintiff Wild Fish Conservancy, by and through counsel,

to provide my expert evaluation and opinion regarding the Southern Resident killer whale 

population. This declaration provides my opinions and conclusions, including scientific 

information regarding Southern Resident killer whales and their physiological health. I have actual 

knowledge of the matters stated herein and could and would so testify if called as a witness. 

2. I received my PhD from the University of California Davis in 2014. My master’s

thesis and PhD dissertation both focused on Southern Resident killer whales. Currently, I am a 

killer whale scientist in the Center for Conservation Biology, and resident scientist and lecturer at 
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the University of Washington, where I teach Marine Mammals of the Salish Sea and Marine 

Biology. In addition, I am the science and research director for the nonprofit Wild Orca, translating 

science and engaging with the public and policy makers to prevent the extinction of the critically 

endangered Southern Resident killer whales. I was formerly the killer whale research director at 

the Center for Whale Research. 

3. My professional background, experience, and publications are detailed in my 

curriculum vitae, a true and accurate copy which is attached as Exhibit A to this declaration.  

4. Since 2009, I’ve worked with Dr. Samuel Wasser and the University of 

Washington’s Conservation Canine team, utilizing detection dogs to locate floating killer whale 

fecal matter to monitor the physiological health of Southern Resident killer whales.  Southern 

Resident killer whale feces can be genotyped to determine which whale the fecal sample came 

from, and they can be examined for stress, nutrition and pregnancy hormones, toxicants, 

microbiome, parasites, bacteria, and microplastics found in the whales. Analysis of fecal samples 

confirms that Chinook salmon are the dominant fish species eaten by these whales.   

5. Since 2010, I have worked with the National Oceanic and Atmospheric 

Administration’s National Marine Fisheries Service (NMFS) on a project deploying acoustic 

suction-cup recording tags on killer whales, to measure received noise levels by whales. In 2018-

2019, I served on Washington State Governor Inslee’s Southern Resident Killer Whale Recovery 

Task Force on the prey and vessel working groups, and was an invited panelist for Governor 

Inslee’s Lower Snake River Dams Stakeholder Engagement workgroup.  

NMFS listed the Southern Resident killer whales as endangered under the Endangered 

Species Act (ESA) in 2005, when the population numbered 88 whales. Despite almost fifteen years 

of federal protection, the population has continued to decline from a high census count in 1995 of 
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98 whales, to a near historic low of only 75 whales today, with three calves under a year old. 

NMFS has recognized the Southern Resident killer whales as one of eight marine species most at 

risk of extinction, and considers them a recovery priority number one, which is defined as “a 

species whose extinction is almost certain in the immediate future because of a rapid population 

decline or habitat destruction.” By NMFS’ own assessment, the population must increase by an 

average 2.3 percent per year for 28 years in order to be removed from the Endangered Species list, 

which is NMFS’ goal. Since listing in 2005, the average annual increase is -0.97 percent, with 

births and deaths almost equal in many years.  
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As the independent governmental agency Marine Mammal Commission explained, a 

primary cause of this well-documented population decline has been a steep decline in the number 

of pregnancies, and a lack of live births in those whales that do become pregnant.  At the height 

of the population in 1995, there were 98 whales. Between 1995 and 2020, there were between 

zero and seven births each year, with an average of 3.15 births per year. Yet, of the 82 calves 

born in that 26-year time span, 36 died. Of these, 17 died within minutes or months of birth; 11 

calves died under the age of 10, and eight died between 10 and 21 years old. Between 2005 (ESA 

listing) and 2020, 47 whales were born and only 29 of those are currently alive. From 2013 to 

2020, 17 calves were born, only nine of which are still living. Of the eight deceased, five deaths 

occurred within minutes or months, two died before the age of two, and one lived into her fourth 

year. Unfortunately, no calves were born in 2017, and the one calf born in late September of 

2018 died shortly after its birth (as did the one calf born 2013, one of the two calves born in 2014 

and both calves born in 2016). Two calves were born in 2019 and 2020 with another addition on 

February 17th, 2021; as of April 28, 2021, these 5 most recent calves are thought to be still living.   
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Over the last decade, there has been an unsustainable loss of prime breeding age animals, as well 

as high calf mortality of animals under five years of age. When coupled with the high pregnancy 

failure rate, and high new-natal death rate, this population struggles to stabilize. Since the last ESA 

review in 2015, the average annual population growth has fallen to -1.22 percent, despite the 

addition of  new calves. 

 

6. Like the other fish-eating killer whale populations in the North Pacific, the Southern 

Residents are dietary specialists on fish, and particularly Chinook salmon. This diet must support 

daily life activities (e.g., foraging, traveling, socializing, resting), in addition to gestation, lactation, 

and growth. To maintain this high energy balance, Southern Resident killer whales preferentially 

consume older Chinook salmon (>3 years). A recently published NOAA-funded study from 2007-

2014 found the average age ~4.5 years. Chinooks’ large size, relatively high fat and energy content, 

and year-round occurrence from multiple sources within the Southern Resident killer whales’ 

range contributes to this preference—and the preference persists despite a steep decline in the 

abundance of Chinook salmon.  According to the Environmental Protection Agency, “Steep 

decline in Chinook salmon is associated with three main factors: habitat change, harvest rates and 
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hatchery influence,” and not insignificantly, damming of rivers below historical spawning sites.   

7. In 2017, I co-authored an article titled “Population growth is limited by nutritional 

impacts on pregnancy success in endangered Southern Resident killer whales” in which we 

discussed the results of our research. As we explained, Southern Resident population growth is 

constrained by low offspring production for the number of reproductive females in the population. 

Lack of prey, increased toxins and vessel disturbance have been listed as potential causes of these 

whales’ decline but partitioning these pressures has been difficult. We validated and applied 

temporal measures of progesterone and testosterone metabolites to assess occurrence, stage and 

health of pregnancy from genotyped killer whale feces, collected using detection dogs. Thyroid 

and glucocorticoid hormone metabolites were measured from these same samples to assess 

physiological stress. These methods enabled us to assess pregnancy occurrence and failure, as well 

as how pregnancy success was temporally impacted by nutritional and other stressors, from 2008-

2014. Southern Residents have a 17-18-month gestation period and their nutritional health depends 

on the relative timing of multiple, seasonal and abundant fish runs (e.g., spring Columbia River 

Chinook and summer Fraser River Chinook), as well as food availability in between those periods, 

each of which vary markedly between years. The increasingly common occurrence of births 

outside the typical winter calving period may also be an indication of the increased unpredictability 

of diminishing Chinook runs, along with the corresponding high rate of late reproductive loss in 

Southern Residents, including the more costly late spontaneous abortions. Our study concluded 

that up to 69% of all detectable pregnancies were unsuccessful; of these, up to 33% failed relatively 

late in gestation, or immediately post-partum, when the cost is especially high.  
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Low availability of Chinook salmon appears to be an important stressor among these fish-eating 

whales as well as a significant cause of late pregnancy failure, including unobserved perinatal loss.  

We concluded the primary solution to drive their population growth is by promoting Chinook 

salmon recovery. A true and correct copy of this article is attached as Exhibit B to my declaration.  

8. The decline in available prey has also led to substantial behavioral changes. The 

Southern Residents are spending less and less time in the formerly prey-rich Salish Sea, their 

designated summer core critical habitat, and are being forced to forage further afield, with 

unknown success, such as in West Coast zones proposed by NMFS as Critical Habitat, but as yet 

undesignated by NOAA, despite evidence from the Hanson et al, 2021 study confirming the 

importance of these feeding grounds, and the diversity of Chinook stocks these whales rely on 

from California Central Valley, to the Columbia Basin.  
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The following graphic shows the correlation between the decline in available Chinook salmon and 

the days the Southern Residents spent in the Salish Sea during traditional summer hunting periods.   

 

9. Our research has determined that each Southern Resident killer whale needs around 

20 full-bodied Chinook salmon per day to survive. In other words, just to maintain the existing 

population, over 525,000 fully mature Chinook salmon are needed annually for these whales to 

survive. To date, fisheries management decisions have not been made with the recovery of the 

Southern Resident killer whales in mind, fish runs are historically low, and all evidence—including 

increased death rates, low fecundity, and the physical appearance of the Southern Resident killer 

whales (see photo below)—indicate that there is a substantial lack of sufficient Chinook available 

as prey to the Southern Resident killer whales.   
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Aerial photographs of Southern Resident “J17’ over a 3-and-a-half-year period, depicting 

substantial weight loss and onset of “peanut head,” indicating extreme nutritional distress. She 

died shortly after this final image, leaving a young calf. Images obtained by Holly Fearnbach (SR3) 

and John Durban (NOAA Fisheries’ Southwest Fisheries Science Center) using a remotely piloted 

drone under NMFS Research Permit #19091 (available at https://crosscut.com/2019/05/orca-j17-

starving-death-isnt-inevitable).  

10. Currently, up to 97% of Chinook caught in the Southeast Alaska fishery are fish 

that originated in BC Canada, Washington, Oregon and Idaho rivers. Under the quotas set by the 

Pacific Salmon Treaty and approved by NMFS, the amount of Chinook salmon available as prey 

to the Southern Residents has decreased in real terms, despite the decline in their population size. 

Given that the Southern Residents are already substantially nutritionally deprived, this additional 

reduction will further decrease the possibility that this population can successfully reproduce in 

sufficient numbers to maintain, let alone grow, the population. It is essentially impossible to meet 

NMFS’ recovery goal of an average growth rate of 2.3% in the Southern Resident killer whale 

population without increasing the abundance of Chinook available to the Southern Residents as 

prey.  

I am aware that some mitigation measures, such as increased hatchery production, habitat 

restoration, and developing fish passage structures at dams, may over time help to increase 
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Chinook population available to the Southern Residents. However, these mitigation measures, 

even if implemented immediately, will have no measurable effect for at least three years, and likely 

much longer. In the interim, the Southern Resident killer whale population may decline to a point 

where recovery is impossible due to the limited number of whales capable of reproduction. 

Moreover, the vagueness of the proposed mitigation measures makes it impossible to assess what, 

if any, positive impact they would have on the abundance of Chinook available to the Southern 

Resident killer whales.  

11. There is no question that the Southern Resident killer whales, under existing 

conditions, are not getting enough food to eat throughout their entire range. Without an increase 

in the abundance of Chinook, not only will NFMS’ population growth goal not be met, but this 

population will likely go extinct.  

I declare under penalty of perjury under the laws of the United States of America that the 

foregoing is true and accurate. 

Executed this 30th day of April 2021. 

 

 

    

   Deborah Giles, Ph.D. 
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Deborah	A.		Giles	Ph.D.	
KILLER	WHALE	BIOLOGIST	

	

giles@wildorca.org 	(360)	378-0353	 Friday	Harbor,	WA	
	
	

Profile	
	

Dr.	Deborah	Giles	is	one	of	the	world's	leading	experts	on	the	Southern	Resident	killer	whales	of	the	
Pacific	Northwest.	 First	 studying	 this	 endangered	population	 as	 a	 research	 assistant	 in	 2005,	 they	
were	 the	 subject	 of	 her	 subsequent	 graduate	 studies	 and	 her	main	 research	 focus	 since,	making	
Giles	one	of	the	few	scientists	to	have	concentrated	almost	exclusively	on	this	iconic	population.	
	
Current	Employment	
	

Research	Scientist,	Center	for	Conservation	Biology,	University	of	Washington	
2009-present	
	

Research:	Southern	Resident	killer	whale	health	monitoring:	
• Train	and	handle	scent	detection	canine	to	locate,	collect	whale	feces	samples	
• Captain	research	vessel	to	locate,	collect	samples	to	assess	stress,	nutrition,	hormones	and	toxicants	
• Conduct	killer	whale	behavioral	research	
• Develop	and	procure	funding	
	
Science	&	Research	Director,	Wild	Orca	
2018-present	
	

• Collaborate	with	state	and	federal	partners,	NGOs	and	advocacy	organizations	
• Develop,	coordinate	and	facilitate	research	projects	focused	on	Southern	Resident	killer	whales	
• Present/lecture	at	local,	state,	federal	and	NGO	workshops,	meetings	and	hearings	
• Serve	as	primary	media	contact,	interpreting	latest	scientific	research	as	"the	voice	of	the	whales"	
• Organize,	participate	in	education	&	outreach	opportunities	to	engage	the	public	and	policymakers		

	
Killer	Whale	Research	Scientist,	NOAA/NMFS	
2018-present	(also	2010-2014)	
	

Utilize	specialized	equipment	to	record	whale	and	vessel	location	data,	to	assess	underwater	acoustics	as	
recorded	by	a	suction-cup	tag	attached	to	a	Southern	Resident	killer	whale.		
	
Resident	Scientist	&	Lecturer,	Friday	Harbor	Labs,	University	of	Washington	
2017-present				
	

Marine	Mammals	of	the	Salish	Sea	&	Marine	Biology	
	
Other	Community	Engagement	&	Outreach	
	

• Co-organizer:	Southern	Resident	killer	whales	Community	Action-	Look	Forward	(CALF)	workshop	series	
• Coordinator:	Intertwined	Fates:	The	Orca-Salmon	Connection	
• Founder	&	Senior	Coordinator:	San	Juan	Island	Naturalist	Program	
	
Recent	and	Ongoing	Advisory	
					

• Governor	Inslee’s	Southern	Resident	Killer	Whale	Recovery	Task	Force:	Prey	&	Vessel	Working	Groups	
• Governor	Inslee’s	Lower	Snake	River	Dams	Stakeholder	Engagement	Process	
• Science	Advisor,	Orca	Salmon	Alliance	(OSA)	
• Science	Advisor,	Killer	Whale	Tales	
• Science	Advisor,	Orca	Network	
• Steering	Committee,	Salish	Sea	Ecosystem	Advocates	
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Employment	History	
	

Research	Director,	Center	for	Whale	Research	
2015-2017			
	

• Collaborate	with	state,	federal	and	NGO	partners	
• Develop,	procure	and	administer	grants		
• Manage	staff	and	research	vessels		
• Present	data	for	local,	state,	federal	and	NGO	workshops	
• Serve	as	primary	media	contact,	author	press	releases	
• Facilitate	annual	photo	ID	and	demography	on	Southern	Resident	killer	whales	
	
Research	Assistant:	Marine	Mammal	Stranding	Network,	The	Whale	Museum	
2005-2014	
	

Respond	to	alert	calls	and	assist	with	assessing	condition	of	potentially	stranded	marine	mammals.	
Collect	remains	for	necropsy	at	University	of	Washington	Friday	Harbor	Labs.	
	
Killer	Whale	Research	Assistant,	Cascadia	Research	Collective	
2005-2010	
	

Research:	Focal	Behavioral	Observations	of	Fish-Eating	Killer	Whales:		Improving	Our	Understanding	of	
Foraging	Behavior	and	Prey	Selection.	Assist	with	spotting,	identifying,	and	tracking	whales.	Retrieve	field	
samples	(fish	scales,	prey	tissue),	process	for	analysis.	
	
Research	Assistant:	Soundwatch,	The	Whale	Museum	
2005-2008	
	

Boater	Education	Program:	Captain	vessel	conducting	patrols	to	educate	boaters	on	best	practices	
around	marine	wildlife.	Collect	data	on	vessels	quantities	and	activities	around	whales.	
	
Killer	Whale	Research	Assistant,	NOAA/NMFS	
2007	
	

Research:	Southern	Resident	Killer	Whale	Winter	Range	Tracking.	Deploy,	retrieve	and	monitor	acoustic	
and	CTD	(conductivity,	temperature,	depth)	equipment.	Conduct	and	process	plankton	tows	and	water	
samples	for	salinity,	nutrients,	and	toxins.	Locate,	record	marine	mammals	sightings.	
	
Killer	Whale	Research	Assistant,	University	of	Washington	
2006-2007	
	

Research:	Effects	of	Vessels	on	Behavior	of	Southern	Resident	Killer	Whales.	Assist	with	spotting,	
identifying,	and	tracking	individual	killer	whales	from	land-based	field	sites.	
	
Biological	Science	Technician,	NOAA/NMFS	
2006	
	

Research:	Behavior	of	Southern	Resident	Killer	Whales	in	the	Presence	of	Vessels	in	San	Juan	Islands.	
Collect	vessel	density	and	attribute	data.	Locate,	identify	individual	whales,	monitor	movements,	and	
identify	group	social	behaviors.	
	
Research	Assistant,	Cascadia	Research	Collective	
2005-2007	
	

• The	Northeast	Minke	Whale	Project:	On-the-water	surveys	for	minke	whales	in	the	Northeast	Pacific.	
• Research:	Trends	in	Contaminants	in	Puget	Sound	Harbor	Seals.	Record	field	data,	photograph	
deceased	pups,	bag	and	label	biopsy	specimens	for	lab	analysis	of	toxicity	levels.	
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Education	
			
Ph.D.	Geography,	Biogeography,	Conservation	Biology,	University	of	California,	Davis		 2014			

M.A.	Geography,	Conservation	Biology,	University	of	California,	Davis		 	 	 2007			

B.A.	Philosophy,	minor	in	Nature	and	Culture,	University	of	California,	Davis			 	 2004			

Publications	
					

• Holt,	Marla	M.,	M.B.	Hanson,	C.K.	Emmons,	D.K.	Hass,	D.A.	Giles,	J.T.	Hogan,	2019.	Sounds	associated	
with	foraging	and	prey	capture	in	individual	fish-eating	killer	whales,	Orcinus	orca.	Journal	of	the	
Acoustical	Society	of	America	146,	3475		

• Holt,	Marla	M.,	J.B.	Tennessen,	M.B.	Hanson,	C.K.	Emmons,	D.A.	Giles,	J.T.	Hogan,	B.M.	Wright,	S.	
Thornton,	2019.	How	acoustics	informs	understanding	of	foraging	behavior	and	effects	of	vessels	and	
noise	on	killer	whales.	Journal	of	the	Acoustical	Society	of	America	146,	2897	

• Tennessen,	J.B.,	M.	Holt,	E.J.	Ward,	B.	Hanson,	C.	Emmons,	D.A.	Giles,	Jeffrey	Hogan,	2019.	Hidden	
Markov	models	reveal	temporal	patterns	and	sex	differences	in	killer	whale	behavior.	Scientific	Reports	
9,	14951	

• Tennessen,	J.B.,	M.	Holt,	B.	Hanson,	C.	Emmons,	D.A.	Giles,	Jeffrey	Hogan,	2019.		Kinematic	signatures	
of	prey	capture	from	archival	tags	reveal	sex	differences	in	killer	whale	foraging	activity.	Journal	of	
Experimental	Biology.	Journal	of	Experimental	Biology	(2019)	222	

• Ellis,	S.,	D.W.	Franks,	S.	Nattrass,	T.E.	Currie,	M.A.	Cant,	D.A.	Giles,	K.	C.	Balcomb,	D.	P.	Croft,	2018.		
Analysis	of	ovarian	activity	reveal	repeated	evolution	of	post-reproductive	lifespans	in	toothed	whales.	
Scientific	Reports	8,	No.	12833	

• Lundin,	Jessica,	Gina	M.	Ylitalo,	Deborah	A.	Giles,	et	al.,	2018.	Pre-oil	spill	baseline	profiling	for	
contaminants	in	Southern	Resident	killer	whale	fecal	samples	indicated	possible	exposure	to	vessel	
exhaust.	Marine	Pollution	Bulletin	136	(448–453)	

• S.	Ellis,	D.	W.	Franks,	S.	Nattrass,	M.A.	Cant,	D.L.	Bradley,	D.A.	Giles,	K.	C.	Balcomb,	D.	P.	Croft,	2018.	
Post-reproductive	lifespans	are	rare	in	mammals.	Ecology	and	Evolution	Vol.	8,	(5)	

• S.	Ellis,	D.	W.	Franks,	S.	Nattrass,	M.A.	Cant,	M.	N.	Weiss,	D.	Giles,	K.	C.	Balcomb,	D.	P.	Croft,	2017.		
Mortality	risk	and	social	network	position	in	resident	killer	whales:	sex	differences	and	the	importance	
of	resource	abundance.	Proc.	R.	Soc.	B	2017	284	20171313;	DOI:	10.1098/rspb.2017.1313.	

• Lacy,	Robert	C.,	Rob	Williams,	Erin	Ashe,	Kenneth	C.	Balcomb,	Lauren	J.N.	Brent,	Christopher	W.	Clark,	
Darren	P.	Croft,	Deborah	A.	Giles,	Misty	McDuffee,	Paul	Paquet,	2017.	Evaluating	anthropogenic	
threats	to	endangered	killer	whales	to	inform	effective	recovery	plans.	Scientific	Reports	7,	
Article	number:	14119	

• Wasser,	SK,	Jessica	Lundin,	Katherine	Ayres,	Elizabeth	Seely,	Deborah	Giles	et	al.,	2017.		Population	
growth	is	limited	by	nutritional	impacts	n	pregnancy	success	in	endangered	Southern	Resident	Killer	
Whales.	PLoS	ONE	12(6)	

• Lundin,	J.,	et	al.,	2016.	Modulation	in	Persistent	Organic	Pollutant	Concentration	and	Profile	by	Prey	
Availability	and	Reproductive	Status	in	Southern	Resident	Killer	Whale	Scat	Samples.	Environ.	Sci.	
Technol.,	2016,	50	(12)	

• Houghton,	J.,	Marla	Holt	&	Deborah	Giles,	2015.	The	relationship	between	vessel	traffic	and	noise	
levels	received	by	killer	whales	(Orcinus	orca).	PLoS	ONE	10(12)	

• Giles,	D.A.,	and	Kari	Koski,	2012.		From	Voluntary	Guidelines	to	Regulations:	The	Evolution	of	Adaptive	
Management	Practices	for	Vessel-based	Whale	Watching	in	the	Trans-Boundary	Waters	of	British	
Columbia	and	Washington	State.		Journal	of	International	Wildlife	Law	and	Policy,	15(1)		

• Giles,	Deborah	A.,	Rose	Cendak,	and	Kari	Koski,	2010.	Measuring	vessel	compliance	with	Washington	
State	boating	laws	and	regional	“Be	Whale	Wise	Boating	Guidelines”	in	the	presence	of	Southern	
Resident	Killer	Whales	(2007–2009).	NMFS	Contract	Report	No.	AB133F07SE3026	

• Giles,	Deborah	A.	and	Rose	Cendak,	2009.	An	Assessment	of	Vessel	Effects	on	the	Spatial	Structure	of	
Southern	Resident	Killer	Whale	groups	and	Measuring	Vessel	Compliance	with	Boating	Guidelines.		
NMFS	Contract	Report	No.	AB133F07SE3026	
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Population growth is limited by nutritional

impacts on pregnancy success in endangered
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Abstract

The Southern Resident killer whale population (Orcinus orca) was listed as endangered in

2005 and shows little sign of recovery. These fish eating whales feed primarily on endan-

gered Chinook salmon. Population growth is constrained by low offspring production for the

number of reproductive females in the population. Lack of prey, increased toxins and vessel

disturbance have been listed as potential causes of the whale’s decline, but partitioning

these pressures has been difficult. We validated and applied temporal measures of proges-

terone and testosterone metabolites to assess occurrence, stage and health of pregnancy

from genotyped killer whale feces collected using detection dogs. Thyroid and glucocorticoid

hormone metabolites were measured from these same samples to assess physiological

stress. These methods enabled us to assess pregnancy occurrence and failure as well as

how pregnancy success was temporally impacted by nutritional and other stressors,

between 2008 and 2014. Up to 69% of all detectable pregnancies were unsuccessful; of

these, up to 33% failed relatively late in gestation or immediately post-partum, when the cost

is especially high. Low availability of Chinook salmon appears to be an important stressor

among these fish-eating whales as well as a significant cause of late pregnancy failure,

including unobserved perinatal loss. However, release of lipophilic toxicants during fat

metabolism in the nutritionally deprived animals may also provide a contributor to these

cumulative effects. Results point to the importance of promoting Chinook salmon recovery

to enhance population growth of Southern Resident killer whales. The physiological mea-

sures used in this study can also be used to monitor the success of actions aimed at promot-

ing adaptive management of this important apex predator to the Pacific Northwest.
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1. Introduction

The Southern Resident killer whales (SRKW; Orcinus orca) represent the southern population

of the fish-eating ecotype inhabiting the northeast Pacific Ocean [1]. From late May through

October, the three SRKW pods, termed J, K and L, frequent the inshore waters of Washington

State and British Columbia, commonly known as the Salish Sea. Following a near 20% decline

in their population during the late ‘90’s, the population was listed as endangered under the

Canadian Species at Risk Act in 2001 [2] and the U.S. Endangered Species Act in 2005 [1].

Only 78 individuals (J pod = 24 individuals; K pod = 19 individuals; L pod = 35 individuals)

remain in the current population as of December, 2016 [3]. Reduced availability of their pre-

ferred prey, threatened and endangered Chinook salmon, appears to be at the core of the

SRKW decline [4–7], although exposure to toxicants [8], and pressure from vessel disturbance

may also contribute to these cumulative effects [9].

Reduced fecundity appears to be a particularly important contributor to the SRKWs failure

to recover [4]. The rate of successful pregnancy in the wild population is unknown since, to

date, pregnancy is only confirmed by observation of a newborn calf. SRKW typically give birth

every 5.3 years [10]. However, holding age structure and survivorship constant, fecundity rates

of SRKW (0.21) are significantly lower than those of Northern Resident (0.26;) [11] or South-

east Alaskan Resident killer whales (0.27) [12], neither of which are listed as at risk. Assuming

a median peak fecundity rate of 0.21, the 31 potentially reproductive females in the SRKW

population should have had 48 births between 2008–2015. Yet, only 28 births were recorded

during that period. The 7 adult females in K pod have not had a birth since 2011, and just two

births since 2007. The 24 females in the remaining two pods (J and L) have averaged < 1 birth

per pod since 2011, with no births in 2013, but had 7 births in 2015. One of the two offspring

born in 2014 died [3]. This study addresses causes of the low reproductive rate in SRKWs in

an effort to recommend management decisions that can enhance population growth and long-

term sustainability of this endangered population.

We examine determinants of pregnancy success and failure in the SRKWs from 2008

through 2014 based on hormone measures of pregnancy occurrence and health as well as phys-

iological stress from genotyped feces. SRKW fecal samples are located with high efficiency by

specially trained detection dogs, with detection rates over five times that by trained human

observers [5,13,14]. Progesterone and testosterone collectively provide reliable indices of

pregnancy occurrence, timing and health in killer whales. Concentrations of both P4 and T

increase several-fold during gestation, although the increase is more gradual for T. Both hor-

mones sharply decline to pre-conception levels around parturition [15,16]. We develop and

validate a noninvasive endocrine measure of pregnancy occurrence and loss in the killer

whales using metabolites of progesterone (P4) and testosterone (T) excreted in their feces.

Fecal glucocorticoid (GC) and thyroid (T3) hormone metabolite measures are used to moni-

tor nutritional and disturbance stress within and between years. These two endocrine systems

work closely together to regulate energy availability and utilization to meet nutritional, growth

and thermoregulatory demands [17]. GCs rapidly rise in response to poor nutrition, cold temper-

ature and disturbance stressors, mobilizing glucose to provide energy to deal with the immediate

emergency [18,19]. GC concentrations over time are particularly informative for distinguishing

nutritional from boat stress since abundances of both Chinook and whale-watching boats have

very similar temporal patterns. Chinook and boat abundance are both relatively low in spring,

peak in mid- to late August and then decline. Yet, the GC signal from nutritional stress should be

lowest when fish abundance is at its peak while highest when boat density is at its peak [5].

Thyroid hormone (triiodothyronine, T3), on the other hand, produces a more conservative

response to nutritional and thermal stress, functioning by adjusting metabolism. It is also

Nutrition limits killer whale population growth
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important to promote fetal brain growth during gestation [20]. While T4 is the most abundant

thyroid hormone, it is directly converted to T3, which has many times the biological activity of

T4 [20,21]. T3 levels are relatively slow to change when food shortages are first encountered,

allowing the body to use all available fuel to search for food. If poor food conditions persist, T3

abruptly declines, lowering metabolism to prevent the body from exhausting its remaining fuel

stores [21–24]. T3 may also be blunted under good food conditions when a low metabolism is

needed to increase growth (e.g., to accumulate blubber stores in fall, in preparation for the rel-

atively lean winter; [20]). In dolphins, T3 is lower in failed versus successful pregnancies at all

stages of gestation [25]. T3 is relatively unresponsive to disturbance stress.

This study uses temporal patterns in P4 and T to predict pregnancy outcomes among the

SRKWs and T3, GC and the T3/GC ratio to index the importance of nutritional and other

stressors in their reproductive decline.

1.1 SRKW natural history

Mean reproductive maturity (age at first conception) in female SRKWs occurs at 9.8 years of

age in captivity 12.1 years in the wild [10,26]. Maximum fecundity (probability of becoming

pregnant in a single estrous cycle) of SRKW occurs between ages 20–22, increasing quickly

during the first four years after sexual maturity, slowly declining from age 22 to 39, and then

precipitously declining thereafter [4,10]. Gestation is approximately 18 months, making the

prior year’s salmon availability particularly important to fecundity [11,27].

During our late May through October study period, the SRKWs primarily feed on Chinook

salmon, increasingly dominated by Fraser River Chinook (FRC) returning to spawn in nearby

rivers [28,29]. SRKWs generally spend the remainder of the year outside the Salish Sea, moving

up and down the Pacific Coast, from CA to Southeast AK [6]. K and L pods tend to spend

more time further south than does J pod in winter, while J pod frequents the Salish Sea more

than does K and L pods in summer and winter. Nutritional demands on SRKW are presumed

to be greatest in winter when their salmonid prey are more widely dispersed, smaller in size

and other non-salmonid prey appear to be a larger fraction of the diet [6,29,30]. Thermoregu-

latory demands may also influence nutritional demands during winter. SRKW then transition

to spring, eventually subsisting on a diminishing number of spring/summer run adult Chi-

nook salmon approaching river mouths inside and outside the Salish Sea until the Fraser River

Chinook (FRC) runs peak in mid- to late-August.

Temporal patterns in fecal GC and T3 concentrations [5], combined with radio-tagging

data [28], suggest that early spring interior race Columbia River Chinook (CRC) runs are also

important to SRKW nutrition. The CRC run increases from mid-March to the end of May

based on estimates at the Bonneville dam [31] and have some of the highest fat content of any

adult salmon to support their extremely long freshwater spawning migration [32,33]. Foraging

on the fat rich Columbia River Chinook in early spring was hypothesized to replenish the killer

whales after the long winter and sustain them until the temporally and quantitatively variable

mid to late August peak in Fraser River Chinook (FRC) occurs (S1 Fig). T3 concentrations in

fecal samples collected between 2007 and 2009 were consistently at their highest when the

SRKW first arrived in the Salish Sea in late spring [5]. Presumably, this occurred because the

whales arrived after feeding on the fat rich Columbia River Chinook. SRKW were detected

twice as frequently at the Columbia River in early spring than expected by chance [28]. This

argument is further supported by increases in serum thyroid stimulating hormone, T4 and T3

in fasting humans and rats in response to leptin injections [20]. With FRC runs still quite low,

T3 levels then fell precipitously. GC concentrations when the SRKWs first arrive in the Salish

Sea in late spring were also relatively high, further reflecting the comparatively low FRC

Nutrition limits killer whale population growth
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abundance at that time, and consistent with the precipitous decline in T3 shortly following

SRKW arrival [5].

2. Methods

2.1 Ethics statement

Fecal samples were collected in United States waters under National Marine Fisheries Service

permits 532-1822-00, 532–1822, 10045 and 17344. Samples were collected in Canadian waters

under Marine Mammal License numbers 2008–16, 2009–08, 2010–09 and 2012–08, as well as

Species at Risk Act permits numbered 91, 102, 109 and 155. Sample collection methods were

approved by the University of Washington’s Institutional Animal Care and Use Committee

(IACUC) under protocol 2850–08.

2.2 Scat (fecal) sampling using detection dogs

Scat sampling occurred in the Salish Sea between late May and October, from 2008–2014,

coinciding with the time the SRKWs frequent the study area. Whenever possible, we aimed to

evenly sample each pod by starting at the front of the pod’s direction of travel, continuing to

sample until the pod passes and then returning again to the front of the pod.

Scat samples are located by detection dogs trained to locate SRKW scat floating on the

water’s surface [5,13,14]. The use of detection dogs greatly increases sample size due to their

remarkable ability to smell SRKW scats at distances up to one nautical mile away, even in fast

moving currents. The detection dog rides on the bow of the boat, driven perpendicular to the

wind, beginning at least 200 yards downwind from an area where the whales have just traveled.

As the boat approaches the edge of the scent cone emanating from the sample, the dog’s behav-

ior suddenly changes from resting to actively perched far over the bow of the boat, anticipating

its reward for sample detection. As the boat passes through the center of the scent cone, where

the odor is strongest, the dog leans heavily over the windward side of the boat, following the

strongest scent, informing the handler to direct the boat driver to turn into the wind. Subtle

cues by the dog, relative to wind direction, allow the driver to stay on the scent line until the

sample is reached. The dog typically becomes restless, often whining at that point because the

scent surrounds the boat and thus no longer has a clear direction. If at any time the boat travels

out of the scent cone, the dog changes position and looks back to where the scent was stron-

gest. The handler then directs the driver to circle back into the scent cone until the dog’s

change in behavior once again alerts the handler it has redetected the scent.

As soon as the sample is visually located, a 1-liter polypropylene beaker fastened to a 3–6 foot

pole is used to scoop the sample by skimming the surface just under the sample. The first sample

out of the water is presented to the dog, which is followed immediately by the toy reward and a

few minutes of play. Meanwhile, the crew continues to scoop all remaining sample pieces from

the water’s surface. The majority of water is carefully poured off the sample, and the sample pieces

are collected into a 50 mL polypropylene tube, centrifuged, and the remaining seawater is de-

canted. The sample is placed on dry ice until stored frozen at -20˚C that evening and remains at

that temperature until processed in the lab. Fecal samples range in size from 0.5 to 300 mls, but a

typical sample collection volume is 2 mls. Fortunately, the consistency of SRKW scat makes the

hormones fairly evenly distributed even in small samples (Ayres and Wasser, unpublished data).

2.3 Fecal DNA and hormone measures

Once thawed for hormone extraction, the homogenized sample is swabbed for DNA using a

synthetic tip. The swab is then kept frozen at -20˚C until being genotyped for species, sex, pod,

Nutrition limits killer whale population growth
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and individual identification by NOAA NW Fisheries Science Center [34]. 76% of all individu-

als are currently genotyped to the individual, and 88% of all adult females. Fecal hormone

metabolites of glucocorticoid (GC), thyroid (triiodothyronine, T3), testosterone (T) and pro-

gesterone (P4) are extracted using methods described in [21] and measured using assays in

Wasser et al. [35] (P4), [36] (GC), [21] (T3)] and Vellosa et al. [37] (T). Briefly, each sample is

thawed once and centrifuged (2,200 rpm for 20 minutes), allowing any excess salt-water to be

decanted. Samples are lyophilized (48 hours in a Labconco FreeZone Freeze Dry System),

thoroughly mixed and up to 0.1g weighed, transferred to a 50 ml polypropylene screw-top

tube and extracted once in 15ml of 70% ethanol using a Multi-Tube Pulse Vortexer (Terre

Haute, IN). Extracts are then stored at -200 C until assayed for hormone concentrations. Hor-

mone concentrations are expressed per gram dry weight to control for inter-sample variation

due to diet and variable moisture [38]. Wasser et al. [38] showed that expressing fecal hor-

mones per gm dry weight controls for diet related changes in fecal bulk. Because fecal hor-

mones are hydrophobic, removing all water from the sample removes the majority of variation

in fecal bulk, significantly improving the blood-fecal hormone correspondence (see also [5] for

killer whales). Samples smaller than 0.02 g dried weight were excluded from analysis to avoid

inflation effects of low sample mass on hormone concentrations [39].

Radioimmunoassay was performed to measure fecal hormone metabolites using 125I corti-

costerone RIA kits (#07–120103; MP Biomedicals, Costa Mesa, CA) and MP Biomedicals’

Total T3 coated tube RIA kits (#06-B254216) for GC metabolites and T3, respectively. The T3

assay was previously validated for killer whales [21]. The GC assay [36] was validated for killer

whales in Ayres et al [5]. Fecal pools as well as commercial controls from each assay kit were

used to assess inter-assay coefficients of variation. Commercial T3 controls were prepared as

previously described [21]. P4 and T were measured using an in house 3H progesterone RIA

assay using antibody CL425 [35,40], and an in-house 3H testosterone RIA assay using antibody

#250 [37,40]. All other hormone assays were validated in the present study.

All five hormone assays exhibited parallelism; slopes of serially diluted SRKW fecal extracts

were not significantly different from the slopes of the standard curves (GC: F1,7 = 0.41, p =

0.54; T3: F1,9 = 2.89, p = 0.12; P4: F1,10 = 0.80, p = 0.3925; T: F1,9 = 3.65, p = 0.09). Fifty percent

binding of the radioactively labeled hormone occurred at target dilutions of 1:60 for GC, 1:30

for T3,1:60 for P4 and 1:10 for T metabolites. All five hormones also exhibited good accuracy

at their target dilutions (GC: slope = 1.2, r2 = 0.98; T3: 1.09, 1.00; P4: 1.07, 0.98; T: 0.68, 0.99),

indicating that substances in SRKW fecal extract do not interfere with hormone binding.

Inter-assay coefficients of variation were 7.8% for T3, 7.6% for GC; 17% for P4, and 19% for T.

Intra-assay coefficients of variation (calculated as the percent of the mean divided by the stan-

dard deviation) were 1.9% for T3, 3% for GC, 3.1% for P4; and 3.2% for T. Antibody cross-

reactivities are published in Wasser et al ([35], P4; [36], GC; [21], T3) and Velloso et al ([37],

T).

2.4 Pregnancy assignment

All whales are photo-identified each day they are observed in the study area, making it unlikely

that a newborn would be missed if present when the population is being observed [3]. This

enabled us to establish temporal pregnancy profiles using fecal P4 and T concentrations for all

pregnant females that subsequently gave birth, approximating gestational age at the time of

sample collection based on the estimated birth date of the female’s calf. All birth dates in our

study (Table 1) were estimated by two independent observers from the Center for Whale

Research, respectively with 40 and 30 years experience, using close range photographs taken of

each calf at the time of first observation. Features used to assess calf age included: shape of
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cranial crest (lumpy at birth), flopped over dorsal fin (apparent in first 1–2 days), fetal folds,

fattening after first month, jaundice coloration, skin molting at 3–5 months, date of previous

observed photo of pregnant females without a calf. The Center for Whale Research (unpub-

lished data) developed these criteria by compiling a time-stamped folder of known-age calf

photos that illustrate these age-dependent morphological differences.

A fecal P4 concentration threshold was then established to indicate pregnancy by compar-

ing P4 concentrations across all known sex and reproductive classes, and demonstrating that

all gestating SRKW females, subsequently confirmed to have been pregnant by a live birth, sur-

passed this threshold and sustained it until the end of their 18 month gestation period (see also

Table 1. Sex, date of first observation, estimated age, birthdate and survival status for each calf whose mother was sampled during her pregnancy

or lactation of that calf.

Calf Data Mother of Calf data

Year Calf

ID

Calf

Sex

Date Calf was first

photographed

Assigned Calf

Birthday

Estimated age of

Calf

Calf age at

death

Mother of

Calf

Birth year of

Mother

Age of

Mother

2007 J42 F 5/2/2007 5/2/2007 Alive J16 1972 35

2008 K42 M 6/3/2008 4/3/08 1–3 mo Alive K14 1977 31

2008 L111 F 8/12/2008 7/30/2008 2 wk <1 month L47 1974 34

2009 L112 F 2/6/2009 1/24/2009 2 wk 3 years L86 1991 18

2009 J44 M 2/6/2009 1/1/2009 1 mo + Alive J17 1977 32

2009 J45 M 3/3/2009 2/15/2009 2 wk Alive J14 1974 (died

2016)

35

2009 L113 F 10/10/2009 10/1/2009 1–2 wk Alive L94 1995 14

2009 J46 F 11/11/2009 10/28/2009 2 wk Alive J28 1993 (died

2016)

16

2010 J47 M 1/3/2010 12/9/2009 < 1 mo (12/5 no calf) Alive J35 1998 12

2010 K43 F 2/21/2010 1/31/2010 3 wk Alive K12 1972 38

2010 L115 M 8/6/2010 7/31/2010 1 wk Alive L47 1974 36

2010 L116 M 10/13/2010 10/3/2010 1–2 wk Alive L82 1990 20

2010 L117 M 12/6/2010 11/30/2010 1 wk Alive L54 1977 33

2010 L114 U 2/21/2010 2/16/2010 < 1 wk 4 months L77 1987 23

2011 K44 M 7/6/2011 7/3/2011 3 days (No calf 3

days prior)

Alive K27 1994 17

2011 L118 F 2/10/2011 1/20/2011 3 wk? Alive L55 1977 34

2011 J48 U 2/17/2011 1/29/2011 � 3 wk <1 month J16 1972~ 39

2012 J49 M 8/6/2012 8/6/2012 1 day, saw 1st day Alive J37 2001 11

2012 L119 F 5/29/2012 5/15/2012 2 wk Alive L77 1987 25

2013 unk U 1/7/2013 1/7/2013 1 day <1 month J28 1993 20

2014 J50 F 12/23/2014 12/15/2014 2 wk? (12/12 no

calf)

Alive J16 1972~ 42

2015 L123 M 11/7/2015 10/15/2015 < 1 Mo (10/11 no

calf)

Alive L103 2003 12

2015 J53 F 10/24/2015 10/14/2015 1–2 wk (10/03 no

calf)

Alive J17 1977 38

2015 L122 M 9/7/2015 8/24/2015 2 wk Alive L91 1995 20

2015 J52 M 3/30/2015 3/16/2015 2 wk (no calf 02/18) Alive J36 1999 16

2015 L121 M 2/25/2015 2/18/2015 ~ 1 wk Alive L94 1995 20

2015 J51 M 2/12/2015 2/5/2015 1 wk Alive J41 2005 10

Maternal age at time of sampling is also included.

? = best guess.

https://doi.org/10.1371/journal.pone.0179824.t001
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[15]). No samples from genotyped males, or from lactating, non-cycling, immature or post-

reproductive females approached this P4 threshold. Comparisons of T concentrations were

similarly used to separate pregnancies into early and late stages of gestation. T rises during

pregnancy, albeit more slowly than P4. By mid-gestation, T concentrations in pregnant

females are comparable to, if not higher than those observed only in adult males (but without a

comparable rise in P4) [16] (see also results). Thus, high P4, low T samples were classified as

from females in early gestation and high P4, high T samples were classified as from females in

mid- to late-gestation. All samples from genotyped adult females at or above these P4 and T

concentrations were classified as pregnant. Pregnancies were classified as successful if the

female was subsequently observed with a live birth before 18 months from the time of sample

collection. Otherwise, the pregnancies were classified as unsuccessful, representing a spontane-

ous abortion or an unobserved perinatal mortality.

2.5 Statistical analyses

All statistical analyses were performed using the software, JMP (SAS Institute, 2010). Log-

transformed values were used for all hormone analyses. A general linear model (GLM) was

used to distinguish reproductive and non-reproductive groups of each sex based on P4, T, T3,

GC and T3/GC concentrations. Differences between groups were then tested using a chi-

square contrast test.

The abundance and timing of Fraser River Chinook (FRC) was determined from 2008–

2014 by Albion Test Fishery CPUE data (Catch Per Unit Effort, [41]), collected on a daily basis

by an independent observer during spring, summer, and fall months. All correlations between

hormone concentrations and fish abundance used Albion Test Fishery CPUE data lagged by

12 days from the time a sample was collected; the 12 day lag was derived from estimates of Chi-

nook swim time from the study area to the test fishery, which was also in agreement with the

lag time that resulted in the best fit model between prey abundance and nutritional hormones

[5,8]. The CPUE data were log10 transformed to achieve normality. Early spring Columbia

River Chinook abundance was also estimated from daily counts at the Bonneville dam [31] by

calculating the area under the curve from Julian Day 100 to 140.

Vessel counts were taken every half hour (within 5 minutes of the half hour). Any vessels

outside the 5 minute grace period were not counted. All boats within 0.5 mile of the killer

whales were recorded by type (commercial whale watch, recreational, cargo, ferry, commercial

fishing, enforcement, research, monitoring, and kayak or paddleboard) and activity (e.g., tran-

siting, whale watching, fishing (lines in the water), acoustic, enforcing). A second (B) count

was taken when a second nearby whale group was present (1–2 miles away) but outside of our

initial count area, providing that the vessels and their activity could be clearly identified.

The correspondence between fish abundance and Julian date (i.e., the consecutive day of

the year, ranging from 1 to 365) and vessel abundance and Julian date, across years, was estab-

lished with a GLM, which allowed us to then use Julian date as proxies for fish and boat abun-

dance in subsequent analyses. A GLM was used to separately predict T3 and GC by Julian date

for all sampled individuals. The relation between early spring Columbia River salmon abun-

dance and subsequent T3 and GC concentrations during that same year was also tested in

those regressions. Finally, GLM was used to separately predict T3, GC and the T3/GC ratio,

using Julian date as a polynomial and pregnancy type as independent variables. GC was

included as a covariate whenever predicting T3, and vice versa, since both hormones respond

to other in the regulation of energy balance. For T3, this was done by fitting T3 by GC, saving

the residuals, and then using the residuals of that analysis in the final regression. For GC, the
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residuals for GC fit by T3 were used. In all cases, forward stepwise model selection was used to

identify the best model in our GLM analyses, based on Akaike’s Information Criterion (AIC).

Raw Data are provided in S1 Appendix.

3. Results

In total, there were 348 samples from known (genotyped) individuals, in the final analytic

dataset representing 79 unique whales (Supplemental Information-raw data), including 11

successful and 24 unsuccessful pregnancies (Table 2). Each year included a representative sam-

pling by pod, sex and reproductive class.

3.1 Changes in fish abundance, vessel density, T3 and GC

concentrations over time

Based on delta AIC, the Albion Test Fishery Abundance of FRC, measured in CPUE, was best

predicted by a 4th order polynomial using Julian date (i.e., consecutive day of the year, P<

0.0001) across years (Fig 1A), with a peak in CPUE at day 228 (Aug 16). CPUE significantly

declined across years, when examined as a continuous variable (P < 0.0001). The lowest FRC

CPUE occurred in 2013, followed by 2012 (for both, p< 0.0001 compared to all prior years,

and p<0.004 compared to 2014) and then 2014 (p< 0.04 compared to 2008–2011) (see also

S1 Fig). Vessel density was similarly predicted by a 4th order polynomial using Julian date

(p< 0.0001) with a peak at day 222 (Fig 1B). Vessel density significantly increased across

years, when examined as a continuous variable (P < 0.0001).

We next separately predicted T3 and GC concentrations based on Julian date (Fig 1C and

1D, respectively), given the close association of Julian date with both fish and vessel abun-

dance. Spring Columbia River Chinook (CRC) abundance was also included as a covariate in

these analyses since the relatively slow responding T3 was hypothesized to still be influenced

by spring CRC abundance at the time of SRKW early summer arrival in the Salish Sea. T3 con-

centration was best predicted by a 5th order polynomial of Julian date (p< 0.0001) and was

also positively correlated with CRC (p< 0.0001). For all years of study, T3 was at its peak

Table 2. Pod composition and samples per unique successful and unsuccessful pregnancy from

genotyped females per year.

SRKW Pod Reproductive Age Class Unsuccessful

Pregnancy+:

unique whales/

total samples

Confirmed

pregnancies+*:

unique whales/

total samples

Year J K L Juvenile RM RF PRF Low T High T Low T High T

2008 13 5 7 7 6 7 5 0/0 0/0 1/1 1/1

2009 24 10 14 9 18 13 8 1/2 2/2 0/0 1/2

2010 14 6 12 3 6 13 10 1/1 0/0 1/2 1/1

2011 25 17 23 15 16 24 10 0/0 3/4 2/2 1/1

2012 32 11 8 6 13 24 8 5#/9 1#/2 0/0 0/0

2013 17 7 21 6 12 23 4 4†/4 1†/1 0/0 0/0

2014 36 18 6 19 10 27 4 5/6 1/1 1/4 2/2

RM = reproductive male, RF = reproductive female, PRF = Post-reproductive female.

*Not all samples between years are unique pregnancies
† Includes 2 samples from one pregnancy, one with Low T and one with High T
+ Includes only samples from females with P4 concentrations� 2000 ng/g
# Observed birth, reclassified at unsuccessful due to early perinatal mortality

https://doi.org/10.1371/journal.pone.0179824.t002
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when the SRKWs arrived in early summer, presumably after feeding on the early spring CRC.

T3 sharply declined shortly thereafter, presumably because FRC abundance was still low, pla-

teauing around the time that FRC CPUE begins to rise. T3 concentrations then slightly

declined again in September, just after the FRC peak.

GC concentration was best predicted by the quadratic of Julian date (p = 0.004), showing

the U-shaped pattern indicative of nutritional stress, with the trough at day 220, near the FRC

peak. GC was not correlated with CRC, supporting the hypothesis that the GC response

reflects more immediate conditions compared to T3.

3.2 Pregnancy occurrence and loss indices

Twelve females sampled during pregnancy were subsequently confirmed to give birth (37% of

detected pregnancies) by photo-identification between 2008 and 2015. However, one of those

females (J28) was subsequently reclassified as a High T unsuccessful pregnancy because her

Fig 1. A) Fraser River Chinook (FRC) Salmon Run abundance (CPUE: catch per unit effort), B) mean vessel count (all boats observed with 0.5 m

of the whales) plotted by Julian date across years, C) Change in SRKW fecal thyroid hormone (triidothyronine, T3 ng/g dry feces) by Julian date

(left panel) and early spring Columbia River Chinook abundance (right panel), and D) Change in SRKW fecal glucocorticoid (GC ng/g dry feces)

hormone concentration by Julian date. Dashed blue lines represent the standard error surrounding each curve. Vertical red line in left panel, Fig C

indicates the mean peak in FRC abundance and the mean peak in boat abundance in Fig B and D.

https://doi.org/10.1371/journal.pone.0179824.g001
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calf died immediately post-partum.) In all samples, P4 was well above the 2000 ng/g pregnancy

threshold by 2.5 months gestation, and remained so for the next 15.5 months until parturition.

One sample collected on a confirmed pregnant female during her first month of gestation

had P4 levels below the 2000 ng/g threshold (Fig 2A). By contrast, no male, or immature,

non-cycling, lactating or post-reproductive female whale ever approached that P4 threshold

(Table 3). The majority of samples from confirmed pregnant females were well above 18,000

ng by 10 months gestation. All samples from confirmed pregnant females exhibited a precipi-

tous decline below 2000 ng/g P4 immediately following parturition (Fig 2A).

T concentrations of all samples from confirmed pregnant females clearly remained below

50 ng/g until mid-gestation (Fig 2B). Thus, pregnancy samples (i.e., samples above the 2000

ng/g P4 threshold) were divided into low (� 50 ng/g) and high (> 50 ng/g) T groups, respec-

tively, corresponding to early, and mid-to-late stages of gestation (Fig 2A and 2B). The only

other age-sex class that showed significantly elevated T concentrations, above the 50 ng/g

threshold, was adult males, but their P4 concentrations never approached 2000 ng/g (see

Table 3). T was above the 20 ng/g by 2.5 months gestation in all confirmed pregnant females,

with the majority above 100 ng/g by 10 months gestation (Fig 2B). Low T confirmed pregnant

females had a mean fecal P4 of 6206 ng/g ± 2565) and a mean T concentration of 21 ng/g ±
5.8, whereas High T confirmed pregnant females had a mean fecal P4> 25587 ng/g ± 5116)

and a mean T concentration of 215 ng/g ± 43 (Table 3). With the exception of one early lacta-

tion sample, testosterone concentrations declined well below the 50 ng/g threshold after partu-

rition (Fig 2B). Multiple scat samples were obtained from the same pregnancy event in 4 of the

11 pregnancies and three lactation events; all multiple samples exhibited these same P4 and T

patterns over time.

None of the post-reproductive females were ever recorded to be pregnant nor did they

show any sign of ovarian activity (Table 3). These results support the assertion that the “post-

reproductive” adult females (>40 years of age) in this population have undergone reproductive

senescence [42].

Samples from genotyped reproductive age adult females with P4 concentrations above the

2000 ng/g pregnancy threshold that were not followed by a live calf within the 18-month gesta-

tion period were assumed to be from females that experienced a spontaneous abortion (in

utero mortality), or early perinatal death prior to calf’s first observation, collectively termed

an unsuccessful pregnancy (UPg). Among the females classified as reproductive adults, we

characterized 24 unique unsuccessful pregnancy (UPg) events from 12 different females with

genotyped samples collected between 2008–2014—up to 69% of all confirmed pregnancies

(Table 2). All samples from the 22 apparent UPg’s had significantly elevated progesterone con-

centrations well above 2000 ng/g. Yet, no observations of those females over the next 18

months included a new calf. As with confirmed pregnancies, the presumed UPg samples were

separated into two distinct groups: one with T concentrations above 50 ng/g feces (mean

T = 198.6±40; P4 = 37,425±12,820), hereafter termed “high T UPg” samples (7 unique females,

7 presumed late spontaneous abortions and one early perinatal loss), and the other with T con-

centrations below 50 ng/g feces (mean T = 11.3±3.2; P4 = 6618±2014), termed “low T UPg”

samples (4 females, 16 presumed early spontaneous abortions; Table 2; Fig 3A). Multiple sam-

ples from 6 of the 24 unsuccessful pregnancy samples (4 low T, 2 high T, plus 1 low T that tran-

sitioned to high T) were all within the pregnancy range (i.e., P4 < 2000 ng/g). Thirty three

percent of the UPg samples (8 out of 24) identified here were high T UPg (up to 23% of all

recorded pregnancies). The high T UPg samples were likely from the second half of gestation,

based on their high P4 and T concentrations relative to temporal profiles for those hormones

in whales with a confirmed pregnancy (see Fig 2).
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Fig 2. A) Progesterone (P4) and B) testosterone (T) concentrations across gestation and lactation, for

all successful pregnancies (Pg), subsequently confirmed by observed births. Each unique pregnancy
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T3 and GC concentrations also varied across all sex, age and reproductive classes (Table 3).

T3 was highest in juvenile and pubescent individuals compared to adults, with the exception

of Low and High T successful pregnant and low T UPg females. All of those individuals also

had a relatively high T3/GC ratio (> 0.3), indicative of relatively good nutrition (Table 3).

By contrast, T3 in the High T UPg samples was comparable to that of non-pregnant adults

(Table 3), and notably lower than the concentrations from successful pregnant and low T UPg

females (Fig 3B). These High T UPg samples also had the highest GC concentrations of any

reproductive class, was significantly higher than the GC concentrations in High T successful

pregnancies. The T3/GC ratio in High T UPg females was lower than that of another other

reproductive class (Table 3), indicative of nutritional stress (Table 3), and nearly 7 times lower

than that among High T successful pregnancies. Indeed, the T3/GC ratio in High T successful

pregnancies was higher than that for any other reproductive class, with the exception of lactat-

ing females (Table 3, Fig 3B).

3.3 Changes in T3 and GC concentrations relative to fish abundance

over time across pregnancy groups

T3 and GC concentrations, along with the T3/GC ratios were separately compared among

High T successful pregnant and UPg samples, across Julian date. (Low T samples were not

included in these comparisons because their T3 and GC concentrations were not significantly

different from those of confirmed pregnant females.) All three dependent variables were best

predicted by a 3rd order polynomial of Julian date (p< 0.01). Similar to the overall population

trend, T3 concentrations were highest in early summer, followed by a precipitous decline.

is indicated by its own symbol, along with the associated female’s ID. The vertical dashed black line in Fig A

and B indicate estimated day of parturition. The 2000 ng pregnancy threshold is indicated by the horizontal

dashed red line in Fig A, as is the 50 ng/g T cut-off for High and Low T samples in Fig B. The left vertical line in

red indicates the Julian day where both P4 and T show sharp elevations.

https://doi.org/10.1371/journal.pone.0179824.g002

Table 3. Mean hormone concentration (ng/g dry feces) and (standard error) by sex and reproductive class for each hormone measured during the

study.

Reproductive Hormones

Sex and Reproductive Class Thyroid (T3) Glucocorticoid (GC) Progesterone Testosterone T3/GC Ratio

Juv F 248.40 (40.06) 610.73 (200.17) 794.40 (268.84)b,k,u,C,J 3.38 (1.14)a,j,v,F 0.69 (.24)a,f

Juv M 229.98 (26.98)a,f 501.03 (158.82) 800.96 (73.99)a,j,t,B,K,O 30.11 (7.84)a-i 0.44 (.05)b,f

Pub F 264.19 (47.49)d,i 955.08 (286.02) 305.90 (95.0)g,q,y,F,H,J-N 3.80 (1.90)h,p,y,D,H 0.70 (.31)d

Pub M 230.99 (29.34)e 1244.21 (310.87) 258.11 (42.15)h,r,z,G,I,O-R 19.32 (6.08)q,A-E 0.71 (.35)

Ad M 167.07 (10.63)a-e 1073.14 (114.92) 579.57 (38.14)I,s,H-I 126.67 (17.73)I,r,u,w,z,E-H 0.32 (.044)e,f

Ad F no-calf 169.97 (14.13) 1004.21 (135.15) 651.83 (68.28)d,m,w,A,D,M,Q 5.12 (1.60)c,l,x,B 0.35 (.057)

LoT Conf 250.78 (35.63)c,h 1127.81 (233.66) 6205.89 (2564.93)g,o,B-G 21.28 (5.78)n,x-z 0.37 (.14)

LoT Upg 252.56 (27.06)b,g,i 1288.23 (228.05) 6618.20 (2014.13)e,n,t-z,A 11.32 (3.2)e,m,s-u 0.82 (0.46)

HiT Conf 218.05 (45.6) 1057.31 (477.75)a 25587.17 (5116.49)a-i 215.34 (42.87)f,t,v,w 1.11 (.42)c,e

HiT Upg 177.1 (26.98) 1787.20 (467.83)a 37425.73 (12819.62)j-s 197.95 (39.7)d,j-r 0.16 (.035)a-d

Lactating 165.02 (24.70)f-i 1094.36 (270.03) 650.12 (84.68)c,l,v,C,L,P 22.71 (13.33)b,k,s,A,G 2.05 (1.59)

Post-Reprod F 199.01 (19.82)j 1039.2 (133.11) 662.30 (66.62)f,p,x,y,E,N,R 7.88 (1.89)c,o,C 0.36 (.068)

Significant differences between means in any two cells within the same column are indicated by the same italicized letter in both cells.

F = female, M = male, Juv = juvenile; Pub = pubescent, Ad = adult, T = testosterone, Conf = confirmed pregnant female by subsequent observation of a live

calf; UPg = unsuccessful pregnancy.

https://doi.org/10.1371/journal.pone.0179824.t003
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Fig 3. A) Mean P4 and T concentrations and B) mean tri-iodothyronine (T3) and glucocorticoid (GC)

concentrations, along with the T3/GC ratio, for Low and High T successful (SPg) and unsuccessful

Nutrition limits killer whale population growth

PLOS ONE | https://doi.org/10.1371/journal.pone.0179824 June 29, 2017 13 / 22

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 28 of 37

WFC_SER163

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 163 of 277
(195 of 309)

https://doi.org/10.1371/journal.pone.0179824


However, the initial T3 decline was longer in duration than that observed for the overall popu-

lation, lasting until day 190. T3 concentrations in the pregnant females then increased until

day 250 (Fig 4A), which was near the time when the FRC run reached it back (Fig 1A). While

the pattern was the same in High T successful and unsuccessful pregnancies, T3 in High T

UPg samples remained significantly lower than that in High T successful pregnant females

(p = 0.004), consistent with relatively higher nutritional stress in the High T UPg females (Fig

4A). Change in GC concentrations among pregnancy females were the exact opposite of T3,

showing a steep rise until day 190 followed by a decline until day 250, and significantly higher

in High T UPg compared to High T successfully pregnant females (p< 0.002) throughout this

period (Fig 4B). Change in the T3/GC ratio followed the same pattern as T3, also remaining

significantly higher in HighT successful pregnancies (p< 0.003) (Fig 4C).

4. Discussion

Reproductive failure in response to conditions that jeopardize offspring survival has been

described as an adaptive response if conditions are likely to improve in the foreseeable future.

This environmentally-mediated loss most commonly occurs early in reproduction (conception

and early pregnancy) when the cost of suppression (e.g., lost time and energy; impacts on

maternal health) is relatively low [43,44]. However, failure at later stages of reproduction is

expected when cues indicating poor fetal or neonatal conditions present themselves late in the

reproductive event. The longer the span between conception and birth the more likely later

suppression is to occur. Premature birth is a relatively low risk way to suppress reproduction

because the reproductive failure occurs post-partum with reduced chance of infection. How-

ever, its occurrence should still depend on when harsh conditions present themselves. If fetal

demise occurs or environmental conditions become especially harsh (e.g., risk of sepsis from

starvation induced ketoacidosis during pregnancy; [45]), spontaneous abortion is expected.

Thus, spontaneous abortion, premature birth, still birth, and perinatal and neonatal mortality

are all part of a continuum of reproductive suppression that present with harsh conditions, on

balance with risk of reproductive loss at that stage of reproduction [44,46].

SRKWs have an 18 month gestation period and their nutritional health depends on the rela-

tive timing of multiple, seasonal fish runs (e.g., spring CRC and summer FRC), as well as food

availability in between those periods, each of which vary markedly between years (S1 Fig). The

increasingly common occurrence of SRKW births outside the typical winter calving period

may well be an indication of the increased unpredictability of diminishing fish runs along with

the corresponding high rate of late reproductive loss in SRKWs, including more costly late

spontaneous abortions. The SRKWs had a 69% pregnancy failure rate during our study and an

unprecedented half of those occurred at later stages of reproduction when the energetic cost of

failure and physiological risk to the mother was relatively high. Temporal patterns in T3 and

GC hormone profiles suggest that the SRKWs are experiencing periodic nutritional stress,

partly caused by variation in the relative timing and strength of seasonal FRC and CRC runs

(Fig 1). This nutritional stress is significantly associated with unsuccessful pregnancies in

SRKWs (Figs 3 and 4), impairing the potential for population recovery through low recruit-

ment as well as risk to the health and survival of the limited number of reproductive-age

females.

pregnancies (UPg). Corresponding values for all sex and reproductive classes of SRKWs, including

significant differences between classes, are presented in Table 3. Note: T3 Concentrations are multiplied by 4

in Fig B to scale its concentrations to those of GC in order to present a double Y graph for 3 related metrics,

each with different value ranges. Bars with the same letter are significantly different from each other.

https://doi.org/10.1371/journal.pone.0179824.g003
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Fig 4. A) T3 and B) GC concentrations, along with (C) the T3/GC ratio, by Julian day for High T successful

pregnancies (SPg) versus High T unsuccessful pregnancies (UPg).

https://doi.org/10.1371/journal.pone.0179824.g004
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High T (mid-to-late gestation) females with successful pregnancies in our study had signifi-

cantly higher T3 and lower GC concentrations, as well as a substantially higher T3/GC ratio

over time, compared to High T unsuccessful pregnancies (Figs 3 and 4). This indicates that

successfully pregnant females arrived in the Salish Sea in significantly better nutritional condi-

tion, and remained so compared to UPg females that experienced pregnancy loss some time

after mid-pregnancy. West et al [25] similarly found significantly higher total T3 concentra-

tions among adult females in successful compared to unsuccessful pregnancies at all stages of

gestation among captive dolphins.

Only 4 detected pregnancies between 2011–2013 resulted in live births when Fraser River

Chinook and early spring Columbia River Chinook runs were both exceedingly low. Just one

of those births occurred in 2013, when both FRC and CRC abundances were at their lowest,

and that animal died almost immediately post-partum. By contrast, there were up to 9 early

gestation (Low T) and 5 mid to late gestation (High T) unsuccessful pregnancies detected dur-

ing that same 3 year period, with almost half of these early-term and one of the mid to late

term unsuccessful pregnancies occurring in 2013. That trend reversed in 2014, with relatively

high CRC returns and early onset of FRC returns in 2014 and 2015 (S1 Fig, Appendix) that

was followed by 8 new births between December of 2014 and October 2015; however, up to 6

unsuccessful pregnancies still occurred that year, five of which occurred early in gestation

(Low T Upg).

High T UPg samples were either from late spontaneous abortions (also known as intrauter-

ine fetal demise), or undocumented perinatal or neonatal deaths where the infant disappeared

prior to first observation. The lack of observed perinatal or neonatal deaths when most suc-

cessful births during our study were observed within 2 weeks of parturition (Table 1), led us to

estimate that a substantial portion of the High T UPg samples represented late spontaneous

abortions. Although the negative effect of these later reproductive losses on SRKW population

growth is roughly the same, infection from a failed or incomplete abortion likely poses a

greater risk of removing a reproductive female from the breeding population. At least one

SRKW stranding was confirmed to be a pregnant female with infection from a retained fetus

listed as the cause of maternal death (J32, December 2014).

Reproductive loss among women during the well-documented 1945 Dutch Famine may

exemplify the kinds of impacts expected in response to severe nutritional stress among

SRKWs, since: both humans and SRKWs have relatively long interbirth intervals (gestation

length and extended lactation amenorrhea), starvation was acute and the Dutch Famine out-

comes were not biased by interventions from modern health care [44,47,48]. The Nazis closed

off the borders of Holland between October 1944 and May 1945, causing massive starvation

over a 5–8 month period, with good food conditions before and after. There was a one-third

decline in the expected number of births among confirmed pregnant woman during the

under-nutrition period. Conceptions during the hunger period were very low. However,

women who conceived during the hunger period had higher rates of abortion, premature and

stillbirths, neonatal mortality and malformation. Nutrition had its greatest impact on birth

weight and length for mothers experiencing hunger during their second half of gestation,

when the fetus is growing most rapidly [47].

Many of the unsuccessful pregnancies in our study were based on single genotyped samples,

and it is possible that pregnancy failure rates could be somewhat overestimated. For example,

we cannot rule out that some portion of the singleton Low T samples were actually from post-

ovulatory luteal phase females that did not produce a detectable conception. Some low T sam-

ples could also be from pseudo-pregnancies, although those are rare, have only been reported

in captivity [49], and could be an artifact of captive husbandry where males and females are

housed separately. It is unlikely that any post-ovulatory luteal phase samples were misclassified
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as High T UPg samples because both P4 and T concentrations in the High T samples were all

well above those expected for luteal phase samples (Table 3, Fig 2). Moreover, Robeck et al

[15,16] clearly distinguished luteal phase samples from pregnant samples by 4 weeks of gesta-

tion. This is consistent with our findings from Fig 2, indicating pregnancy detection among

females by 100 days of gestation. Given the above, we consider only a small portion of the 8

singleton, low T UPg samples with P4 above the 2000 ng/g pregnancy threshold to be possibly

misclassified as early abortions. However, the consistency of these patterns on multiple endo-

crine and temporal measures, across years, strengthens the assertion that pregnancy failure is a

major constraint on killer whale population growth, triggered by insufficient prey.

The rise in fecal P4 concentrations that we observed among successful pregnancies was

somewhat delayed compared to that observed in serum from captive killer whales [15]. This

could suggest that our estimated birth dates, and hence our projected conception dates, actu-

ally occurred earlier than expected, increasing the likelihood that some perinatal mortalities

were misclassified as late spontaneous abortions. However, the delayed P4 peak in feces of

pregnant SRKWs compared to Robeck et al [15] most likely resulted from differences in the P4

metabolites measured in feces versus serum. The predominant P4 metabolite measured by our

antibody is 5α-DHP [35]. Using an EIA version of the P4 antibody we used in our study,

Robeck et al [15] found that 5α -DHP did not become the predominant progesterone metabo-

lite in captive killer whale serum until 161–360 days of gestation, and remained secondarily so

from 361 days gestation to term. Fecal progesterone metabolites spiked around mid-pregnancy

in our study, consistent with the time when 5α -DHP predominated in serum [15]. It is also

noteworthy that our testosterone antibody [37,40] followed a similar temporal pattern in

SRKW to that described for captive whales by [16]. That also supports the reliability of our

projected conception dates and occurrences of spontaneous abortion.

Exposure to persistent organic pollutants (POPs)—lipophilic compounds with established

adverse health effects—in response to food stress add yet another cumulative risk of fetal

demise and/or perinatal and neonatal mortality. Lundin et al. [8,50] showed that POPs, namely

PCBs, DDTs, and PBDEs, increase in circulation in SRKWs when Fraser River Chinook abun-

dance is lowest, presumably due to increased fat metabolism in response to nutritional stress.

Mobilization of contaminants into circulation also occurs during the energetic demands of lac-

tation, with an estimated 70–90% lactation transfer of maternal toxicant burden in primipa-

rous females [51]. High POP burden has specifically been associated with disruption of

reproduction success and reduced calf survival in marine mammals [52–55]. Most notably,

Lundin et al. [8] found increased Persistent PCBs, the group of PCBs considered more persis-

tent and more toxic [56], in the female whales classified with UPg’s (73%; 95% CI, 61–85) com-

pared to all other female reproductive groups (range 43–56%). Further evidence in support of

the occurrence of UPg in this population is the unexpected inverse in bioaccumulation of

POPs with age in “nulliparous” mature females (3 of 4 nulliparous whales had an unsuccessful

pregnancy defined by fecal hormone measures). This occurrence is likely explained by toxicant

offloading from an undocumented pregnancy or neonate loss.

Both poor nutrition and increased POP loads have each been demonstrated to suppress T3,

which negatively impacts fetal brain growth [22,57,58]; immunosuppression may also occur,

increasing risk of infection [53,59–61]. Salmon are the Southern Resident killer whales pre-

dominant prey and main source of toxic exposures [62,63]. This relation of reduced food sup-

ply and increased exposure to lipophilic POPs could be similarly impacting coastal Native

American communities that depend on this same seasonal salmon resource and also appear to

be experiencing high rates of reproductive loss [64,65].

Results of the SRKW study strongly suggest that recovering Fraser River (FRC) and Colum-

bia River Chinook (CRC) runs should be among the highest priorities for managers aiming to
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recover this endangered population of killer whales. SRKW are suffering significant reproduc-

tive loss due to lack of Chinook prey and associated effects (e.g., release of lipophilic toxins

into circulation). The FRC run is a major prey source for the SRKW population during sum-

mer and early fall, and appears to be key to providing the needed reserves to carry the whales

through the subsequent winter [6]. The early spring CRC runs likely serve to replenish ener-

getic reserves expended during the previous winter as well as help sustain the whales until the

occurrence of the subsequent late summer peak in the FRC runs. The relative importance of

the early spring Columbia River Chinook run likely became all the more critical to the SRKWs

as historic FRC runs that peaked earlier in summer became depleted from overfishing and

habitat destruction [6]. Other species, including people, also appear to be impacted by these

conditions.

Without steps taken to remedy the situation, we risk losing the endangered SRKW, an

extraordinarily important and iconic species to the Pacific Northwest. Since strengthening rel-

evant Chinook runs should significantly decrease physiological stress and increase pregnancy

success rates in SRKW during the same year that fish runs increase, the physiological indices

used in this study could also provide rapid assessment tools for guiding adaptive management

of SRKW populations. Historical and modern dependence on fish as an essential food source

for coastal communities with limited resources, in conjunction with growing food shortages

and increased risk of toxicant exposure, has international implications.

Supporting information

S1 Fig. Timing and abundance of Columbia River (orange) and Fraser River (blue) Chi-

nook runs based on DART (2015) and Albion Test fisheries (Catch Per Unit Effort, Albion
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55. Murphy S, González AF, Guerra A. Assessing the effect of persistent organic pollutants on reproductive

activity in common dolphins and harbour porpoises. J Northw. Atl. Fish. Sci. 2010; 42: 153–173.

56. Boon JP, Oostingh I, van der Meer J, Hillebrand MT. ’A model for the bioaccumulation of chlorobiphenyl

congeners in marine mammals’, Eur J Pharmacol. 1994; 270: 237–51. PMID: 8039553

57. Brouwer A, Morse DC, Lans MC, Schuur AG, Murk AJ, Klasson-Wehler E, et al. ’Interactions of persis-

tent environmental organohalogens with the thyroid hormone system: mechanisms and possible conse-

quences for animal and human health.’, Toxicol Ind Health 1998; 14: 59–84. https://doi.org/10.1177/

074823379801400107 PMID: 9460170

58. Costa LG, Giordano G, Tagliaferri S, Caglieri A, Mutti A, 2008. ’Polybrominated diphenyl ether (PBDE)

flame retardants: environmental contamination, human body burden and potential adverse health

effects’, Acta Biomed. 2008; 79: 172–83. PMID: 19260376

59. de Swart RL, Ross PS, Vos JG, Osterhaus AD. Impaired immunity in harbour seals (Phoca vitulina)

exposed to bioaccumulated environmental contaminants: review of a long-term feeding study. Environ

Health Perspect. 1996; 104 Suppl 4: 823–8.

60. Jepson PD, Bennett PM, Deaville R, Allchin CR, Baker JR, Law RJ., 2005. Relationships between poly-

chlorinated biphenyls and health status in harbor porpoises (Phocoena phocoena) stranded in the

United Kingdom. Environ Toxicol Chem, 2005; 24: 238–48. PMID: 15683190

Nutrition limits killer whale population growth

PLOS ONE | https://doi.org/10.1371/journal.pone.0179824 June 29, 2017 21 / 22

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 36 of 37

WFC_SER171

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 171 of 277
(203 of 309)

https://doi.org/10.1016/j.ygcen.2005.02.002
http://www.ncbi.nlm.nih.gov/pubmed/15935157
https://doi.org/10.1016/j.cub.2015.01.037
http://www.ncbi.nlm.nih.gov/pubmed/25754636
https://doi.org/10.1155/2014/906283
https://doi.org/10.1155/2014/906283
http://www.ncbi.nlm.nih.gov/pubmed/7367878
https://doi.org/10.1007/s00244-015-0218-8
http://www.ncbi.nlm.nih.gov/pubmed/26298464
http://www.ncbi.nlm.nih.gov/pubmed/12463575
http://www.ncbi.nlm.nih.gov/pubmed/11453294
http://www.ncbi.nlm.nih.gov/pubmed/8039553
https://doi.org/10.1177/074823379801400107
https://doi.org/10.1177/074823379801400107
http://www.ncbi.nlm.nih.gov/pubmed/9460170
http://www.ncbi.nlm.nih.gov/pubmed/19260376
http://www.ncbi.nlm.nih.gov/pubmed/15683190
https://doi.org/10.1371/journal.pone.0179824


61. Lahvis G.P, Wells RS, Kuehl DW, Stewart JL, Rhinehart HL, Via CS. Decreased lymphocyte responses

in free-ranging bottlenose dolphins (Tursiops truncatus) are associated with increased concentrations

of PCBs and DDT in peripheral blood. Environ Health Perspect 1995; 103: Suppl 4: 67–72.

62. Cullon DL, Yunker MB, Alleyne C, Dangerfield NJ, O’Neill S, Whiticar, et al. ’Persistent organic pollut-

ants in chinook salmon (Oncorhynchus tshawytscha): implications for resident killer whales of British

Columbia and adjacent waters’, Environ Toxicol Chem. 2009; 28: 148–61. https://doi.org/10.1897/08-

125.1 PMID: 18702563

63. Alava JJ, Ross PS, Lachmuth C, Ford JK, Hickie BE, Gobas FA. ’Habitat-based PCB environmental

quality criteria for the protection of endangered killer whales (Orcinus orca)’, Environ Sci Technol. 2012;

46: 12655–12663. https://doi.org/10.1021/es303062q PMID: 23098163

64. Shukovsky P. Tribe sounds alarm over fetal deaths: 13 pregnancies in two years; 1 baby survives. Seat-

tle Post-Intelligencer, Feb 22, 1999, p. A1.

65. Canadian Press. First Nations exposed to pollutants in ’chemical valley’. http://www.cbc.ca/news/

canada/windsor/first-nations-exposed-to-pollutants-in-chemical-valley-1.2438724, 2013.

Nutrition limits killer whale population growth

PLOS ONE | https://doi.org/10.1371/journal.pone.0179824 June 29, 2017 22 / 22

Case 2:20-cv-00417-RAJ-MLP   Document 91-3   Filed 05/05/21   Page 37 of 37

WFC_SER172

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 172 of 277
(204 of 309)

https://doi.org/10.1897/08-125.1
https://doi.org/10.1897/08-125.1
http://www.ncbi.nlm.nih.gov/pubmed/18702563
https://doi.org/10.1021/es303062q
http://www.ncbi.nlm.nih.gov/pubmed/23098163
http://www.cbc.ca/news/canada/windsor/first-nations-exposed-to-pollutants-in-chemical-valley-1.2438724
http://www.cbc.ca/news/canada/windsor/first-nations-exposed-to-pollutants-in-chemical-valley-1.2438724
https://doi.org/10.1371/journal.pone.0179824


 

          

          

           

Case No. 2:20-CV-417-RAJ-MLP         

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

 

HONORABLE MICHELLE L. PETERSON 

 

 

 

 

 

 

 

 

 

UNITED STATES DISTRICT COURT 

FOR THE WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

 

__________________________________________  

       ) 

       ) 

WILD FISH CONSERVANCY,    )  Case No. 2:20-cv-417-RAJ-MLP 

       ) 

  Plaintiff,    ) DECLARATION OF Lynne Barre,  

       ) National Marine Fisheries Service,  

v.       ) West Coast Region 

       )  

BARRY THOM, et al.,    )  

       )   

Defendants,    )  

       ) 

 and       ) 

       ) 

ALASKA TROLLERS ASSOCIATION,  )  

       ) 

Defendant-Intervenor.   ) 

)  

__________________________________________) 

  

  

I, Lynne Barre, declare and state as follows: 

 

  Introduction 
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1. I am currently Branch Chief in the Protected Resources Division of the National 

Marine Fisheries Service (NMFS), West Coast Region (WCR). NMFS is a part of the 

National Oceanic and Atmospheric Administration, in the U.S. Department of 

Commerce. I received a Bachelor of Science from Georgetown University in Biology 

in 1992 and a Master of Science in Animal Behavior from San Diego State University 

in 1994. I have been employed by NMFS since 2000, where I worked in the Office of 

Protected Resources in Silver Spring, MD for two years before joining the West 

Coast Region in 2002 in the Protected Resources Division.  I have held my current 

position as Branch Chief since 2011. 

2. My responsibilities in my current and previous positions with NMFS have included 

implementation of the Endangered Species Act (ESA) and Marine Mammal 

Protection Act (MMPA). My duties included leading the recovery program for 

endangered Southern Resident killer whales (SRKW).  Since 2002 I have worked on 

the endangered listing of the SRKW, designated SRKW critical habitat, finalized a 

SRKW Recovery Plan and implemented actions to conserve and recover SRKW, 

including vessel regulations put in place in 2011. Since SRKWs were listed under the 

ESA in 2005, I’ve worked on ESA section 7 consultations for a variety of projects, 

including fisheries actions, analyzing effects on SRKW and their designated critical 

habitat.  In 2018-2019 I served as a member of the Washington State Orca Task 

Force, participating in Task Force meetings and threat-based workgroup meetings on 

prey, vessels/noise and contaminants.  I am currently part of working groups 

established to implement actions from the Task Force reports, such as a governmental 

advisory group for a commercial whale watch licensing program and an effort to 
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develop a program to address noise from shipping similar to the Canadian Enhancing 

Cetacean Habitat and Observation (ECHO) program.  I sit on the Advisory Working 

Group for ECHO, and have also participated in a variety of Canadian working groups 

supporting SRKW recovery.   

3. In my current role as a Branch Chief, I oversee a team of employees working 

on implementation of a variety of MMPA and ESA programs, including coordination 

of the marine mammal stranding network, completing section 7 ESA consultations for 

SRKW and other listed species, developing and implementing recovery and 

regulatory programs for two species of ESA-listed rockfish in Puget Sound, close 

collaboration with NMFS science centers and other research partners, and 

coordinating with internal and external salmon recovery and management programs. 

4. In preparation for this declaration and as part of NMFS ESA section 7 clearance 

process, I have reviewed the 2019 Biological Opinion on the Consultation on the 

Delegation of Management Authority for Specified Salmon Fisheries to the State of 

Alaska (2019 opinion).  I also reviewed plaintiff’s motion for a preliminary injunction 

and the declarations filed in support of the motion by Dr. Deborah Giles and Dr. 

Robert Lacy.  

The Effect of Southeast Alaska Fisheries on Southern Resident Killer Whales in 

2020. 

5. I was asked to provide my opinion on the effect of the Southeast Alaskan (SEAK) 

fisheries on SRKW, in particular the effect of the of the 2020 summer troll fishery 

that occurs in the Exclusive Economic Zone (EEZ).  As explained below, if fishing 
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were prohibited in the SEAK EEZ fishery this summer, we estimate that SEAK 

fishery catches could be reduced by approximately 21,142 Chinook salmon.  Based 

on Chinook salmon stocks caught in that fishery, only some (approximately 13,899) 

of those fish removed by the fishery would have migrated south and become available 

as SRKW prey in their habitat along the coasts of California to British Columbia or in 

the inland waters of Washington and British Columbia.  We estimate that the effect of 

the 2020 SEAK EEZ fishery could reduce available prey for the SRKW by 0.6% (in 

coastal areas) and 0.2% (in inland waters).  These are extremely small reductions.  

These reductions are also likely an overestimate of the effects of the fishery because 

the whales and salmon are highly mobile, there are other salmon predators in the 

environment, and the SRKW would not intercept or consume all of those fish.  In 

addition, the Chinook salmon abundance forecast for 2020 is above low abundance 

levels, which have been associated with poor whale survival and reproduction in the 

past.  In light of the anticipated extremely small change in available prey and 

forecasted abundance over the low abundance levels, in my opinion the 2020 SEAK 

EEZ fishery would not impact foraging behavior in a measurable or detectable way or 

be a limiting factor for the whales.  If there is very little or almost no impact to 

foraging behavior, the 2020 SEAK EEZ summer troll fishery would not have any 

meaningful effect on the health or status of any individual SRKW and therefore I do 

not believe this fishery would cause irreparable harm to the population. 

6. To arrive at my opinions, we first looked at the estimated changes in available prey 

for the SRKW if the EEZ fishery were closed in 2020.  Using similar methods as in 

the 2019 opinion, staff from NMFS WCR Sustainable Fisheries Division examined 
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the difference between available prey with and without the fishing based on the 2020 

Chinook salmon abundance forecast and the expected levels of SEAK fishing.  The 

estimated reductions of available prey estimated for 2020 were assigned to the same 

locations (coastal and inland habitat) as in the 2019 opinion.  We noted that almost all 

of the fishing in the EEZ is troll fishing and it would all occur in summer (i.e. July-

September).   Based on analysis in the Declaration of Glenn Merrill, we estimated 

that 14% of the troll fishery catch in 2020 would occur in the EEZ, which is the 

average amount for the last nine years.  For 2020, 14% of the troll catch would be 

approximately 21,142 adult Chinook salmon.  Of the assumed foregone catch, only 

some of those fish would be expected to migrate south where they would overlap with 

and be available as prey for the whales.  Based on the stocks of Chinook salmon 

caught in the summer EEZ troll fishery and their migration patterns we estimated that 

12,417 of the 21,142 fish would be expected to migrate south and become available to 

the whales in their coastal range and 1,482 would be expected to migrate south and 

become available to the whales in inland waters. 

7. In our analysis we found that fewer fish migrating south to the range of 

SRKW because of SEAK EEZ fisheries would reduce available prey by 0.6% 

(coastal) and 0.2% (inland) which are extremely small changes to Chinook salmon 

abundance.  The fishery is far away from the range of the whales and during Chinook 

salmon migrations the fish are subject to other predators and sources of mortality, so 

the actual change to the available prey is likely to be even smaller.  The Chinook 

salmon prey and SRKW predators are also highly mobile and not all of the fish 
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escaping the fishery and migrating south would be intercepted by or consumed by the 

whales.  

8. In the 2019 biological opinion, to better understand the impact of reductions in the 

prey available to the whales from SEAK fisheries, we compared the amount of energy 

(i.e., calories) from available prey to the energy the whales would need to meet their 

metabolic needs and maintain their life functions.  This comparison of available prey 

energy and metabolic needs gives us what we call a prey ratio.  We evaluated how the 

prey ratios would change when fish are removed by the SEAK fisheries.  We used 

energy available form Chinook salmon (in kilocalories) instead of numbers of fish 

because this takes into account the different sizes and caloric content for different 

runs of salmon.  The prey ratios tell us that with a prey ratio of 10, we expect that 

there are 10 times the number of kilocalories available in an area compared to how 

many kilocalories the whales need when they are in that area.  There is, however, a 

data gap about how efficient the whales are at capturing and consuming the prey in 

their habitat.  The ratios do not provide information on density or pulses of prey that 

could influence foraging opportunities and efficiency and we do not know how many 

fish need to be present in certain places and times in order for the whales to capture 

and consume enough fish to meet their needs.  Experts have cautioned that we should 

not  use the prey ratio to show there is enough or more than enough prey energy 

available to ensure the whales are getting all the energy they need, but the prey ratios 

are informative to compare prey abundance and needs in different areas and times 

(Hilborn et al. 2012). 
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9. Based on forecasted Chinook salmon abundance for 2020 we estimated prey ratios of 

64.8 in coastal waters and 11.7 in inland waters during July-September.  With 

summer troll EEZ fisheries in place in 2020 the ratio for coastal waters would be 

slightly lower at 64.2 and the inland ratio would remain the same.  Similar to the 2019 

biological opinion we use caution in interpreting these results because we have low 

confidence in and put low weight on these ratios; however, they provide another line 

of evidence to confirm that the reductions of available prey from the SEAK EEZ 

fisheries are very small in a time and place with a relatively high prey ratio (coastal) 

and so small that they do not change the prey ratio in a time and place where the 

ratios are lower (inland).   

10. The next step in our analysis looked at overall abundance of Chinook salmon 

forecasted for 2020 and whether it is below a level that has coincided with poor 

reproduction and survival of SRWK in some past years.  Comparing these low 

abundance levels to projected abundance provides context for the magnitude of 

reductions in available prey expected from the 2020 SEAK fisheries and if those 

reductions are occurring in a year when the whales could be particularly vulnerable. 

We compared expected Chinook salmon abundances for 2020 to abundance levels we 

identified as “low” (i.e., “lower quartile” (from Table 96 of NMFS 2019) in the 2019 

biological opinion, with low years indicating increased concern for the whales.   

Abundance estimates for 2020 in the habitat of the SRKW (2,019,193 Chinook 

salmon in coastal July-September and 892,422 in inland July-September) are above 

the “low” levels in the 2019 biological opinion, particularly in coastal waters (low 

abundance quartile for coastal July-September = 1,690,008 Chinook and inland July-

Case 2:20-cv-00417-RAJ-MLP   Document 43-3   Filed 05/11/20   Page 7 of 17

WFC_SER179

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 179 of 277
(211 of 309)



 

          

          

           

Case No. 2:20-CV-417-RAJ-MLP         

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

September = 826,710).  In addition, for all the time periods in inland and coastal 

waters, the 2020 abundance estimates are expected to be above the “low” abundance 

conditions.  The Chinook salmon abundance levels predicted for 2020 indicate that 

we would not expect to see the low levels of reproduction or high mortality associated 

with past Chinook salmon abundance patterns, however, we note that there are other 

threats that could be limiting factors for the whales (contaminants, vessels and sound, 

and genetic inbreeding) and Chinook salmon abundance is not always an accurate 

predictor of the status of the whales. 

11. Reductions in available prey could cause the whales to forage for longer 

periods, travel to alternate locations, or abandon foraging efforts.  Changes to 

foraging behavior could result in the whales not consuming sufficient prey to meet 

their energetic needs, which could affect the health of individual whales and the status 

and growth of the population.  At this time we cannot quantify impacts to foraging 

behavior or any changes to health of individual killer whales in the population from a 

specific amount of removal of potential prey.  Our assessment of reductions in 

available prey from the 2020 SEAK EEZ fisheries is, therefore, qualitative.  Even so, 

in my opinion there would not be any detectable or measurable change in the whales 

foraging behavior from such a small change in prey availability as a result of the 

SEAK EEZ fishery.  

12. In addition we consider protective measures and conservation actions that will 

occur in 2020 that are intended to improve the ability of the whales to find and 

consume their prey.  In the U.S. (WA) and Canada (BC) there are measures in place 

to limit vessel operations that can impair foraging and apply wherever the whales go 
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(approach distance and speed rules), as well as voluntary or mandatory areas with no 

vessels or fishing (i.e., interim sanctuary zones in Canada), which reduce interference 

in finding and catching the Chinook salmon in their habitat.  In addition, a variety of 

measures addressing multiple threats for salmon (e.g. reduced fishing under the new 

Pacific Salmon Treaty and habitat restoration) and efforts to produce and increase 

hatchery fish are also expected to provide greater numbers of fish available to the 

whales in 2020 and into the future.  Any extremely small changes that could change 

foraging behavior of individual whales would not rise to the level of impacting the 

health, reproduction or survival of individuals or changing the population status.   

13. In our analysis for 2020 we also considered impacts for all SEAK fisheries.  We 

estimated that a closure of all SEAK fisheries (troll, net and sport) for the entire 

fishing year would result in a reduction to July-September prey availability of 5.2% in 

coastal waters and 2.0% in inland waters with smaller reductions in other seasons.   

As described above, these are likely overestimates because not all of the fish caught 

in SEAK would escape other predators during their migration or be available to the 

SRKW as both the whales and salmon are highly mobile.  These reductions in 

available prey are within the range (closer to average and not at the high end) of what 

we analyzed in the 2019 biological opinion and they would occur in a year with 

Chinook salmon abundance above “low” levels.  In the 2019 biological opinion 

NMFS concluded the SEAK fisheries would not appreciably reduce reproduction or 

survival and would not jeopardize the SRKW.  This finding remains valid in light of 

our recent analysis for 2020.    

Survival and Recovery of Southern Resident Killer Whales 
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14. In my opinion, the 2020 SEAK EEZ fisheries will not reduce the likelihood 

that the SRKW will survive and recover.   The EEZ fishery is a subset of all SEAK 

fisheries and this opinion is consistent with NMFS conclusion in the 2019 biological 

opinion that all SEAK fisheries would cause some harm to the whales by removing 

prey from their habitat, but not cause injury or mortality that would jeopardize the 

SRKW population.  The conclusions for both levels of fishing effects (SEAK EEZ 

and all SEAK) are based on multiple lines of evidence about the SRKWs’ diet, their 

energy needs, the Chinook salmon abundance, how the fisheries will reduce available 

prey, and how the whales might change their behavior.  In addition to the magnitude 

of prey reductions, we consider the context of Chinook salmon abundance levels, 

including natural variability in ocean conditions, and also other actions that are being 

taken to improve the whales’ ability to survive and recovery.  The relationship of 

SRKW with their Chinook salmon prey is complex, as is the broader food web. Both 

whales and salmon are influenced by multiple limiting factors in their changing 

environment.   We do not rely on only one factor or action to evaluate the whales’ 

ability to survive and recover, which contrasts with the Giles and Lacy declarations 

that focus on prey availability exclusively.  

15. Plaintiff’s declarants assert that prey abundance has the largest impact on 

population growth rate of the whales.   We cited similar references in the 2019 

opinion (Wasser et al 2017 and Lacy et al 2017), but NMFS also includes references 

regarding other threats, such as vessel disturbance and contaminants, and noted that 

available data suggests that all of the threats are potential limiting factors, not just 

prey availability.  The Lacy Population Viability Analysis (PVA) model attempts to 
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quantify and compare the level of impact of the three primary threats to the whales 

(prey, vessels and contaminants), however, their conclusion that prey is most 

important is highly dependent on the assumptions and inputs to the model and their 

reliance on outdated correlations between prey abundance and whale vital rates.  The 

NMFS 2008 Recovery Plan for Southern Resident killer whales and other efforts such 

as the Washington State Orca Task Force 2018 report and recommendations also 

acknowledge the importance of and interactions between multiple threats.  The task 

force report references the Lacy PVA model and specifically mentions a scenario in 

the publication that relies not only on adjustments to prey abundance, but also on 

reducing human-created noise and disturbance from vessels, to achieve recovery.  

The importance of other threats is also acknowledged in the Giles declaration.   

16. The Lacy declaration takes a simplistic approach, attempting to use correlations of 

prey and vital rates of the whales and focusing on SEAK fisheries alone as the only 

factor influencing recovery of the SRKW population.  The relationship between the 

whales and their Chinook salmon prey is more complex than that simple relationship 

and it is important to note that Chinook salmon are not the only component of the 

SRKWs diet.  Limitations on prey are not the only factor affecting the SRKW and 

fisheries are not the only factor affecting the abundance of Chinook salmon in marine 

waters.   Environmental conditions and ocean productivity can have much larger 

impacts on salmon abundance than fisheries.  As we explain in the 2019 biological 

opinion, the panel report (Hilborn et al. 2012) cautioned against overreliance on 

correlative studies or implicating any particular fishery in evaluating the status of 

SRKWs. The primary input and assumption in the Lacy PVA model that drives all of 
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the results in the Lacy declaration relates to past correlations of coastwide Chinook 

abundance and survival or fecundity of SRKW, the same correlations that panel 

cautioned against.  Lacy’s model (Lacy et al. 2017) relies on published correlations 

using older data (1979-2008 salmon abundance index in Lacy et al. 2017) or (1979-

2003 data for salmon abundance and whales in Ford et al. 2009), or subsets of data 

(1987-2011 whale demographic data in Velez-Espino).   These past studies found 

differing correlations between Chinook salmon abundance indices and SRKW 

demographic rates using these different data sets and methodologies.  The Lacy et al. 

(2017) model draws on findings from multiple studies, assumes their correlations 

represent a causative relationship, and models SRKW population status assuming that 

the relationship is constant over time.  In addition to the criticism by the expert panel 

(i.e., correlation does not mean causation), the small population size of SRKW limits 

the ability to detect a relationship to input into a PVA, the relationships are not 

constant over time, and multiple factors may be impacting the vital rates of the 

whales.  Even if the outdated correlations found in past studies were indicative of a 

causal relationship, more recent data shows that the correlations have weakened.   

17. The most recent review of these relationships was done by an Ad Hoc 

Workgroup formed by the Pacific Fishery Management Council (PFMC) to evaluate 

the effects of Council-managed fisheries on SRKW, which revisited the efforts to 

describe the relationship and in their 2020 report to the Council described their 

analysis, results, and characterized the uncertainty (PFMC 2020).  Using approaches 

similar to, but updated from past studies, and more recent data for the whales and 

salmon abundance, the Workgroup found the relationships between Chinook salmon 
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abundance and SRKW demographic rates have weakened or are not detectable (e.g. 

in more recent years SRKW status continues to decline with varying levels of 

Chinook abundance) and they recommend cautious interpretation of their results 

because of considerable uncertainty remains (PFMC 2020).  Based on best available 

data, scientific review and guidance, the uncertainties, and the complexity 

surrounding the relationship between SRKW and their prey, NMFS does not rely on 

outdated, weakened, or not detectable quantitative relationships to estimate specific 

changes in reproduction or survival from specific Chinook salmon abundance.  Thus, 

I believe that Plaintiff’s declarants’ opinions are not based on the best available 

science and data.     

18. Contrary to the plaintiff’s assertions, the reductions in SEAK fisheries under 

the new 2019 PST agreement do represent a reduction in removals from the Chinook 

prey based due to fisheries compared to fishing in the last decade under the previous 

PST agreement. In most cases, catch in SEAK will be reduced 7.5% relative to what 

was allowed under the previous 2009 PST agreement.  There are also reductions to 

fishing in British Columbia and the PST agreement also sets limits that apply to 

fisheries off the coasts of WA, OR, CA and within inland waters of WA.  The 

declarations claim the level of reduction in SEAK fishing will have little to no impact 

on prey available to the whales, however, they do not acknowledge the reductions in 

fisheries in other locations managed under the treaty that will result in additional prey 

available to the whales.   

19. There are also additional benefits associated with the fishery reductions under 

the new PST agreement.  The 2019 biological opinion considered conservation 
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measures for U.S. domestic actions related to implementation of the PST, including 

hatchery and habitat programs. The level of increased hatchery production described 

in a memo (Dygert et al. 2018) would be expected to increase Chinook salmon 

abundance in inland and coastal waters by 4-5%.  We are not able to assign these 

increases as direct offsets for any particular fishery under the PST agreement (SEAK, 

PFMC or Puget Sound) because of the variability in annual reductions of available 

prey from those fisheries.  In the 2019 biological opinion we acknowledge the delay 

for 3-5 years while hatchery fish mature and then become available to the whales as 

prey, however we noted it is unlikely that during this time period proportionately high 

fishery reductions would overlap with multiple years of low Chinook abundance. The 

analysis of 2020 SEAK fisheries confirms that our assumption was correct.  The 

forecast abundance is not “low” and we do not expect a year of high reductions in 

available prey. We also consider other mitigation measures that could provide 

benefits over the short and long term, such as vessel measures or fishery closures in 

Canada although we could not quantify changes in availability of Chinook salmon, as 

is possible for evaluating domestic fishery removals.  In addition, several measures, 

such as those identified in the Washington State Orca Task Force 2018 report, which 

were uncertain at the time of the 2019 biological opinion have been implemented, 

included increased hatchery production in Washington State.  Progress was reported 

in the 2019 Task Force Report and additional details on Washington State hatchery 

production increases are included in the declaration by Allyson Purcell. 

20. The 2019 biological opinion and the more recent analysis on the 2020 SEAK 

EEZ fishery take into account reductions in available prey from the fisheries, 
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Chinook salmon abundance levels compared to past years, as well as other actions 

that are in place or being implemented that also support increased abundance of prey 

or mitigate impacts to SRKW foraging.  We also acknowledge that the whales do not 

exclusively eat Chinook salmon and their diet includes other prey, particularly in the 

winter in coastal areas.  In contrast to these considerations, the Giles and Lacy 

declarations focus entirely on potential impacts of the SEAK fisheries, using 

correlations based on older Chinook salmon datat, and in some cases limited years of 

whale data, and do not consider the forecast Chinook salmon abundance levels 

anticipated in 2020 or other factors that could influence the whales foraging or 

availability of prey in their declarations.  Their assertion that further reductions in 

fisheries or additional mitigation are needed to stop SRKW decline or achieve 

recovery goals fail to take all of the relevant considerations into account and is not 

relevant to the standards applicable to a consultation under section 7 of the ESA.  

21. Plaintiff’s declarants claim there is irreparable harm because the whales will go 

extinct without further reductions in fisheries or that if benefits of mitigation are not 

realized more quickly, individual whales will be lost or the population will decline to 

“a point where recovery is impossible.”  I disagree.  These claims are not supported 

by the PVA analysis in the Lacy declaration over the timeframes presented 

(probability of extinction over 100 years).  For example, the model presented assumes 

reductions in available prey from SEAK fisheries is the only factor influencing 

overall coastwide Chinook salmon abundance.  They also fail to look at the 

abundance projected for 2020 or consider how that relates to the index of salmon 

abundance, based on past years of data, used in their model.  In addition, their model 

Case 2:20-cv-00417-RAJ-MLP   Document 43-3   Filed 05/11/20   Page 15 of 17

WFC_SER187

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 187 of 277
(219 of 309)



 

          

          

           

Case No. 2:20-CV-417-RAJ-MLP         

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

assumes the relationships between Chinook salmon and whales would all continue 

unchanged as they project out 3-5 years or over 100 years, which fails to allow for 

fluctuations in salmon abundance from factors such as ocean conditions and different 

levels of fisheries implemented every year, as well as variable reproduction and 

survival in the whales.  

22. As stated above Lacy’s predictions about how fishery reductions or mitigation would 

impact the number of whales in the population are based on outdated correlations 

between coastwide salmon abundance indices and survival or fecundity, which we do 

not support or use in our analysis.  We do not have confidence that there is a 

quantitative tool currently available to identify specific Chinook salmon abundance 

levels that result in reliable measurable changes in reproduction or survival of 

SRKW.  Based on the uncertainties surrounding the relationship between Chinook 

abundance and whale survival and fecundity and all the other factors at play, we 

consider multiple factors in our assessments of fishery impacts.   It is my opinion that 

Dr. Giles and Dr. Lacy have not taken these factors into consideration, rely on an 

outdated correlation, and therefore overstate their conclusions.   

 

I declare under penalty of perjury that the foregoing is true and correct.  

Executed on May 11, 2020, in Seattle, WA. 

       

_________________________________ 

Lynne Barre 

BARRE.LYNNE.
M.1365828128

Digitally signed by 
BARRE.LYNNE.M.1365828128 
Date: 2020.05.11 14:58:05 
-07'00'
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KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LACY DECLARATION - 1 
Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

 
 

HONORABLE MICHELLE L. PETERSON 
 
 
 
 
 
 
 
 
 
 
 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 
 
WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 
 

Plaintiff, 
 

v. 
 
BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al, 
 

Defendants. 
 

 
Case No. 2:20-cv-00417-MLP  
 
DECLARATION OF DR. ROBERT 
LACY, Ph.D. 

 
 I, Robert Lacy, state and declare as follows; 

1. I am over eighteen years of age. I have personal knowledge of the facts contained 

in this declaration and am otherwise competent to testify to the matters in this declaration. 

2. I received my B.A. and M.A. in Biology from Wesleyan University in 1977, 

where I graduated summa cum laude. I received my Ph.D. in Evolutionary Biology with minors 

in Genetics and Ecology from Cornell University in 1982. I serve on the faculty of the 

Committee on Evolutionary Biology at University of Chicago. I was a Conservation Scientist for 

the Chicago Zoological Society from 1985, until my recent retirement and appointment as a 

Conservation Scientist Emeritus. Although “retired” I still work actively with the Species 
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KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LACY DECLARATION - 2 
Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

Conservation Toolkit Initiative, a team that develops, distributes, and supports software for 

species risk assessments and wildlife population management.  

3. My qualifications, including publications, is contained in my Curriculum Vitae, 

which is attached as Exhibit B to this declaration.  

4. I have been retained by Wild Fish Conservancy, through its counsel, to provide 

expert opinions in this matter on issues related to the Southern Resident Killer Whale population 

and the implications of the National Marine Fisheries Service’s (“NMFS”) conclusions in the 

Biological Opinion issued with regard to the 2019 Pacific Salmon Treaty. This declaration 

describes my opinions and the bases therefor. 

5. In addition to drawing upon my knowledge and expertise, I have reviewed the 

materials cited throughout this declaration and those identified in the list of cited materials 

attached to this declaration as Exhibit A in developing my opinions expressed herein. 

6. In summary, the opinions I express herein are as follows: 

a. Analyses conducted in 2015 projected that the Southern Resident Killer Whale 

population would decline slowly at a rate of about 0.2% per year if environmental 

conditions and the demographic responses to threats remained as they had been 

over the previous few decades. Updated analyses on the current population now 

project about a 1% annual decline, leading to eventual extinction of the 

population as demographic and genetic problems become worse with the ongoing 

decline in the breeding population. The numbers of Southern Resident Killer 

Whales increased from 1976 to a peak in 1993-1996, and has subsequently 

declined. The 2015 prediction of approximately zero population growth 

accurately reflected the lack of growth in numbers over the entire time period 
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from 1976 to 2020, while the more pessimistic current prediction accurately 

mirrors the 1% average annual decline that has occurred since 1993. Since 2014, 

the Southern Resident Killer Whale population has declined at an even faster rate 

of about 2% per year. Although the difference between a 0.2% annual decline and 

a 1% annual decline might not seem large, the cumulative effect of the faster rate 

of decline compounds to become considerable damage across the years. The 

following graph shows the mean projected number of Southern Resident Killer 

Whales, using the data from 2015 (upper, black line) and the mean projected 

number using the current (2020) data (lower, red line).  In 2015, we estimated a 

9% probability that the population would become functionally extinct with fewer 

than 30 animals within the next 100 years. With updates to reflect the current 

situation, I now estimate a 59% probability that the population will drop below 30 

animals sometime in the next 100 years, becoming functionally extinct.  

 

Case 2:20-cv-00417-MLP   Document 14-3   Filed 04/16/20   Page 3 of 48

WFC_SER192

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 192 of 277
(224 of 309)



 

 
 
 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LACY DECLARATION - 4 
Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

b. The abundance of Chinook prey influences the reproductive rate and the survival 

rates of the Southern Resident Killer Whale. Analyses indicate that prey 

abundance is the factor that has the largest impact on Southern Resident Killer 

Whale population growth or decline. Using published estimates of the effect of 

prey abundance on demographic rates, we calculate that Chinook total abundance 

available as prey to the Southern Resident Killer Whale needs to increase by 

about 10% over the mean levels of the last few decades for the decline of the 

Southern Resident Killer Whale to be halted. Recovery of the Southern Resident 

Killer Whale population at the rate (2.3% growth) specified for delisting in the 

species’ Recovery Plan will require an increase in the Chinook prey abundance of 

about 35%.  

c.  The NMFS 2019 Biological Opinion (“2019 SEAK BiOp”) proposes several 

actions aimed at increasing the number of Chinook salmon available to the 

Southern Resident Killer Whales. The reduction in the Southeast Alaska salmon 

fishery of up to 7.5% in the 2019 Pacific Salmon Treaty relative to the preceding 

agreement, which is described in the 2019 SEAK BiOp, results in very little 

change in the Chinook available to the Southern Resident Killer Whales, and 

therefore would not have a measurable benefit for the endangered Southern 

Resident Killer Whale. 

d. A proposed hatchery expansion aims to increase Chinook available to the 

Southern Resident Killer Whales by 4-5%. That increase in prey can be estimated 

to reduce the annual rate of decline of the Southern Resident Killer Whale 

population from about 1% to about 0.5%, but this would not be sufficient to stop 
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the slide toward extinction. 

e. The benefits to the Southern Resident Killer Whales of other possible mitigation 

measures are not quantified in the 2019 SEAK BiOp, and those actions would 

need to amount to a further increase (above that achieved from the two above 

mentioned measures) of at least another 5% in the Chinook abundance available 

as prey to Southern Resident Killer Whales in order for me to predict that the 

decline of Southern Resident Killer Whales would stop. 

f. More aggressive management actions would be required to start the Southern 

Resident Killer Whale population on a reasonably secure path toward recovery or 

to meet NMFS’ annual population growth rate goal of 2.3%.  

7. My career has focused on building the capacity of the world to be much more 

effective in ensuring the long-term sustainability of species. I have done this via advancing the 

basic science that must underlie successful programs for sustaining species; providing the 

accessible tools to enable others to apply the science to species assessments, conservation 

planning, and population management; training students and colleagues in the use of the tools; 

and – when necessary – doing the analyses that inform and guide conservation for individual 

species. 

8. Over my career I have developed, freely distributed, and supported software tools 

for guiding species conservation and population management. My approach has always been to 

provide tools for powerful and flexible analyses, within user interfaces that are accessible to 

wildlife managers, students, and others who might not have expertise with computer languages 

and systems. Consequently, the tools are now used globally to guide population management in 

nature reserves and zoos, viability analyses and recovery planning by wildlife agencies, and 

Case 2:20-cv-00417-MLP   Document 14-3   Filed 04/16/20   Page 5 of 48

WFC_SER194

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 194 of 277
(226 of 309)



 

 
 
 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

KAMPMEIER & KNUTSEN PLLC 
221 S.E. 11th Avenue, Suite 217 

Portland, Oregon 97214 
(503) 841-6515 

LACY DECLARATION - 6 
Case No. 2:20-cv-00417-MLP 

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900 

Seattle, Washington 98154 
(206) 625-8600 

integrated assessment of threats to species. The software is used also to teach students about 

population biology and conservation in many universities. 

Population Viability Analysis 

9. Population viability analysis (PVA) is a class of scientific techniques that uses 

demographic modeling to assess risks to wildlife populations and evaluate the likely efficacy of 

protection, recovery, or restoration options (Shaffer 1990; Boyce 1992; Burgman et al. 1993; 

Sjögren-Gulve and Ebenhard 2000; Beissinger and McCullough 2002; Morris and Doak 2002). 

(All references cited in this Declaration are listed in Exhibit A.) PVA usually starts with standard 

demographic analysis (“life table analysis”) to make deterministic projections of the expected 

population growth rate from the mean birth and death rates (Ricklefs 1990; Caswell 2001). PVA 

then extends the standard demographic projections in two important ways: (1) the impacts of 

forces external to the population (e.g., changing habitat quality, extent, and configuration; 

interactions with other species in the community; impacts of disease or contaminants; harvest, 

incidental killing, or other direct human impacts) on the demographic rates are explicitly 

considered and evaluated, and (2) uncertainty in the population trajectory caused by intrinsic 

(e.g., demographic stochasticity, limitations in local mate availability or other density dependent 

feedbacks, inbreeding impacts) and extrinsic (e.g., environmental variation, occasional 

catastrophes) factors can be explicitly modeled, usually through the use of simulation modeling. 

The outputs of PVA include any desired measure of population performance, but commonly 

assessed metrics include projected mean population size (N) over time, population growth rates 

(r), expected annual fluctuations in both N and r, probability of population extinction, and 

probabilities of quasi-extinction (the likelihood of N falling below any specified number within a 

specific number of years). These outputs are used to assess risk (e.g., for listing under the 
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Endangered Species Act or other protective regulations), assess vulnerability to possible threats, 

determine sustainable harvest in the context of uncertainty, and determine the suites of actions 

that would be needed to achieve stated resource protection or restoration goals. 

10.  A requirement for any PVA model to provide sufficiently accurate and robust 

projections to allow estimation of population performance is the availability of detailed 

demographic data. Model input is required from the focal population or comparable reference 

populations for mortality rates, aspects of reproduction (e.g., age of breeding, age of reproductive 

senescence, inter-birth intervals, and infant survival), population size, and habitat carrying 

capacity – as well as the natural fluctuations in these rates. The difficulty in obtaining sufficient 

demographic data on endangered or protected species is a common challenge to the usefulness of 

PVA models, and many practitioners consequently recommend that PVA models be used only to 

provide assessments of relative risk and relative value of management options, rather than 

absolute measures of population trajectories. In the case of the Southern Resident Killer Whale 

population, however, demographic data are available from studies by the Center for Whale 

Research and others that are unprecedented in duration and detail of data collection. This 

exceptional data set provides a complete census of the total abundance as well as the age and sex 

composition of the Southern Resident Killer Whale population from 1976 to 2020. This allows 

for much more accurate projections of population performance and the ability to compare 

predicted trajectories to the precisely documented fate of the population. 

11. PVA models were developed initially for quantifying future risk to populations 

that are vulnerable to collapse due to a combination of threatening processes (Shaffer 1990). 

They were soon recognized to be more reliable for assessing relative risk than absolute 

probabilities of decline or extinction (Beissinger and McCullough 2002; but see Brook et al. 
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2000 for evidence that even absolute predictions of population trends can be accurate), and have 

become most useful in the identification of conservation actions that are most likely to achieve 

conservation goals (Sjögren-Gulve and Ebenhard 2000). The same methods can be used to 

quantify injury caused by an externally imposed stress, by comparing measures of population 

performance in the presence vs. absence of the stress, and to determine what actions would be 

needed to reverse the impact, restore the population to pre-injury health, and compensate for 

interim losses. The PVA forecasts can then be used to set the targets for expected performance 

under proposed restoration plans. 

12. The Vortex PVA model that I developed (Lacy and Pollak 2020) is what is known 

as an individual-based model that projects the fate of each individual in a population. It simulates 

the effects of both deterministic forces and demographic, environmental and genetic stochastic 

(or random) events on wildlife populations. Vortex models population dynamics as sequential 

events that are determined for each individual in a population with probabilities determined from 

user-specified distributions. Vortex simulates a population by stepping through a series of events 

that describe an annual cycle of a sexually reproducing  organism: mate selection, reproduction, 

mortality, dispersal, incrementing of age by one year, any managed removals from, or 

supplementation to, the populations, and limitation of the total population size (habitat “carrying 

capacity”). The simulations are iterated to generate the distribution of fates that the population 

might experience. Vortex tracks the sex, age, and parentage of each individual in the population 

as demographic events (birth, sex determination, mating, dispersal, and death) are simulated. A 

detailed description of the program structure is provided in Lacy (1993; 2000) and details about 

the use of Vortex are provided in the manual (Lacy et al. 2020).  

13. The Vortex PVA modeling software is well-suited for the analyses of threats to 
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the Southern Resident Killer Whale population, as Vortex is the most widely used, tested, and 

validated individual-based PVA model, and it is publicly accessible so that anyone can re-

examine and repeat published analyses. It is highly flexible in allowing all input demographic 

parameters to be specified optionally as functions of external forces or as rates that change over 

time. Vortex has been used for modeling population dynamics of various marine mammal 

species (including bottlenose dolphins, Indo-Pacific bottlenose dolphins, baiji, manatees, 

dugongs, Hawaiian monk seals, and Mediterranean monk seals), as well as thousands of other 

species. Vortex has been shown to produce projections that accurately forecast dynamics of well-

studied populations (Brook et al. 2000). Both NMFS in its 2019 SEAK BiOp (e.g., pp. 86, 90, 

311) and Fisheries and Oceans Canada (Murray et al. 2019, e.g., pp. 3-5, 30, 33, 44, 62) have 

relied on analyses completed with Vortex for assessing the status of the Southern Resident Killer 

Whales.  

Southern Resident Killer Whales 

14. In 2015, at the request of Canada’s National Energy Board (“NEB”), I led a team 

of six scientists conducting a PVA of the risk associated with aspects of the proposed Trans 

Mountain Expansion Project (Project) on the endangered Southern Resident Killer Whales. In 

that analysis, the PVA model was used to estimate the increased risk to the Southern Resident 

Killer Whales from three threats associated with the marine shipping component of the Project: 

an oil spill, increased acoustic and physical disturbance from ships, and ship strikes. The report 

also examined the possible effects of decreased Chinook salmon prey base that might result from 

climate change or human activities, and evaluated those impacts in comparison to the more 

immediate threats of the proposed Project and as the environmental context within which the 

impacts of the Project are likely to occur. The report to NEB (Lacy et al. 2015), including 
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detailed descriptions of the methods and the data used in the PVA, is publicly available at 

http://docs.neb-one.gc.ca/fetch.asp?language=E&ID=A4L9G2. The analyses were extended and 

published in a peer-reviewed scientific paper (Lacy et al. 2017). Further updating of analyses 

using demographic data on the population through 2018 (Lacy et al. 2018) was submitted to 

NEB and is available at https://apps.cer-rec.gc.ca/REGDOCS/Search?txthl=A96429-

3%20A%20-%20Expert%20Report%20of%20Lacy%20et%20al%20-%202018%20-

%20Final%20-%20A6L5R2. 

15. As of 2015 and 2017, based on status quo conditions, we projected the Southern 

Resident Killer Whale population would remain about at its current size or continue a very slow 

decline (estimated at a mean annual decline of 0.2%). We projected a 9% chance of quasi-

extinction within the next 100 years, where the population falls below 30 whales and is no longer 

viable. 

16. I have now updated the PVA model again, using fecundity and survival rates 

calculated from the detailed records from 1976 through 2018 and applying those rates to the 

current population of 72 Southern Resident Killer Whales. The following graph shows the mean 

projected population size (heavier, middle line) and the uncertainty in the trajectory (upper and 

lower lines showing + 1 standard deviation among independent repeated simulations of the 

population).  
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17. With current data, and if the Chinook availability remains at the mean level of the 

past few decades, the model projects a mean annual decline in the population of Southern 

Resident Killer Whales of about 1.0%. This is close to what has been occurring recently, and it 

compares to our 2018 projection of a smaller decline of 0.6% per year (Lacy et al. 2018). About 

half of difference between the 2018 and 2020 projections is due to the fact that the population is 

aging (with the mean age of living whales now just over 22 years, whereas it was just over 21 

years in 2018), and more animals are now post-reproductive or nearing post-reproductive age. 

The other half of the difference is due to the fact that we now have parentage data for more of the 

animals, and that allows us to have more complete estimates of kinships among animals, and that 

in turn leads to slightly higher estimates of current and future inbreeding. 

18. For our model, we obtained estimates of the impact of Chinook prey abundance 

on the reproductive rates and survival rates of the Southern Resident Killer Whales from 

published scientific reports (Ward et al. 2009; Velez-Espino et al. 2015; Ford et al. 2010). We 
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scaled the numerical relationships so that the mean demographic rates observed in the Southern 

Resident Killer Whales from 1976 through 2015 were correctly predicted. (The details of the 

methodology are documented in Lacy et al. 2015 and Lacy et al. 2017 publications.) We then use 

these relationships to project the Southern Resident Killer Whale population trajectory in several 

scenarios that tested the impact of prey availability, expressed as a percent change in the annual 

abundance of Chinook salmon available as prey to the Southern Resident Killer Whales from the 

mean level over the last three decades.  

19. The abundance of Chinook varies over time, and that variation in prey can be 

entered into the PVA model. However, as documented in the 2019 SEAK BiOp, the extent of 

that variation is very dependent on which stocks of Chinook are assessed, and it is not known 

precisely what proportion of the Southern Resident Killer Whale diet is composed of salmon 

from each stock. I examined the model projections with the Chinook abundance varying 

randomly across years around the long-term mean values being tested. I found that such an 

elaboration of the model had very little effect on the long-term projections for the Southern 

Resident Killer Whale population. This occurs because killer whales are very long-lived and 

slow breeders, so year to year fluctuations in demography will average out over their lifespans.  

Therefore, as was done in our prior PVA reports, the results from analyses presented in this 

declaration assume that the abundance of Chinook is at a fixed level each year and does not vary 

randomly around that value.  

20. Also included in the model are the current estimates of both PCBs and noise 

disturbance, based on published estimates of the current magnitudes and effects of these threats 

(Hall et al. 2011; Hall and Williams 2015; Lusseau et al. 2009). These threats are part of the 

current environment for the Southern Resident Killer Whale, and they interact with the effect of 
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prey limitation. (The documented impact of noise disturbance is via a reduction in time that the 

Southern Resident Killer Whales spend feeding. The primary impact of PCBs is on survival of 

calves, compounding the reduction in survival that occurs with low prey availability.) Only with 

these effects of PCB and noise disturbance in the model do we accurately predict the recent 

observed rate of decline of the population. However, even if these other threats were completely 

eliminated—which is not possible in the near term and unlikely in the long term—our modeling 

shows that there would not be adequate prey available to achieve the population growth goal 

established in the Recovery Plan for the Southern Resident Killer Whale (Lacy et al. 2017).  

21. By applying the published relationships of Southern Resident Killer Whale 

reproductive and survival rates to Chinook abundance, and then testing the benefits to Southern 

Resident Killer Whales of incremental improvements in the abundance of Chinook prey, the 

model shows that to achieve a mean zero population growth (i.e., to stop the decline), there 

would need to be a sustained 10% increase (relative to the 1976-2015 average) in the mean 

abundance of the Chinook stocks available as prey to the Southern Resident Killer Whales.  

22. The analyses conducted in 2015, 2017, and 2018 estimated that a 30% increase in 

Chinook could achieve the 2.3% growth called for in the Southern Resident Killer Whale 

Recovery Plan. With the further decline that has occurred in the population in the last few years, 

our analysis of the 2020 population now projects that a 30% increase in Chinook would result in 

about 2% growth per year, and a 35% increase in prey would be necessary to meet the recovery 

goal. The graph below shows the expected Southern Resident Killer Whale population growth 

across a range of levels of Chinook abundance. The two horizontal lines indicate zero population 

growth and the 2.3% growth goal of the Recovery Plan. 
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NMFS’ Biological Opinion and Impact on Southern Resident Killer Whale Population 

23. I was provided with NMFS’ 2019 SEAK BiOp for Southeast Alaska salmon 

fisheries at issue in this matter. I reviewed it closely. In the 2019 SEAK BiOp, NMFS 

acknowledges that the Southern Resident Killer Whale population is declining, and that is at 

least partly and maybe mostly due to inadequate prey availability. The 2019 SEAK BiOp cites 

my previous work (p. 311) as evidence that the biggest threat is that lack of prey, although other 

factors such as noise, PCBs, oil spills, and other environmental factors all make things worse.  

24. In several places, and in various ways, the 2019 SEAK BiOp estimates the 

reduction in prey available for Southern Resident Killer Whales caused by the Southeast Alaska 

fisheries (e.g., Tables 41, 42, and 97) as between 2-15% in coastal fisheries and 1-2% in inland 

fisheries. However, there is significant uncertainty depending on which salmon stocks and for 

which years the calculations are based. Importantly, the BiOp does not explain how the various 

percentage reductions mentioned translate to corresponding changes in the total mean abundance 

of Chinook that provide potential prey for Southern Resident Killer Whales, which is what is 
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required for accurate projections of the benefits expected from reductions in the fisheries. The 

2019 SEAK BiOp directly states (p. 94) “the impact of reduced Chinook salmon harvest on 

future availability of Chinook salmon to the Southern Residents is not clear.” 

25. The 2019 SEAK BiOp also discusses possible mitigation measures, which could 

increase the prey availability for Southern Resident Killer Whales. The 2019 SEAK BiOp 

estimates the newly negotiated 2019 Pacific Salmon Treaty will reduce the Southeast Alaska 

fishery annual harvest of Chinook by up to 7.5% relative to the harvest under the 2009 Treaty. A 

proposed increase in hatchery production mitigation seeks to provide 4 to 5% increase in prey 

available to the Southern Resident Killer Whales. The increase in hatchery production is not yet 

funded, so I would expect a delay of at least 5 to 10 years to account for allocation of funds, 

construction of any new facilities, increased programs of production, and then return of hatchery 

raised Chinook as mature adults.   

26. I applied these estimates from the 2019 SEAK BiOp to the Vortex PVA model, in 

order to project the consequences of the possible scenarios described in the 2019 SEAK BiOp. 

The estimated 7.5% (maximum) reduction in the Southeast Alaska fishery, applied to a typical 

6% reduction in prey available to the Southern Resident Killer Whales caused by the Southeast 

Alaska fishery as a whole (the 6% being an approximate middle value from the many estimates 

made in the BiOp), results in a less than 0.5% increase in the Southern Resident Killer Whale 

prey. This is only 1/20th of the 10% increase that is needed to achieve even a cessation of the 

decline in Southern Resident Killer Whale population.  
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27. To estimate the possible reductions in threats to the Southern Resident Killer 

Whale that might be achieved with greater reductions in the Chinook fisheries, I projected a 

Southern Resident Killer Whale population growth with an immediate 6% increase in Chinook 

prey, and a 3% and a 12% increase in prey (half and double the middle estimate, covering most 

of the range of values reported in the 2019 SEAK BiOp for specific stocks and years). As shown 

in the following graph, with the existing baseline in blue (bottom line), the PVA projections for 

these scenarios show that the 3% increase in Chinook results in a mean 0.7% decline in Southern 

Resident Killer Whale population per year (green line), the 6% increase in Chinook results in a 

mean 0.4% decline of the Southern Resident Killer Whale population (purple line), and the 12% 

increase results in 0.3% positive growth annually (top, black line). 

28. The impacts on Southern Resident Killer Whales of other estimates of prey 

increases that could be achieved by reductions in the fisheries can be extrapolated from the 

projections of Southern Resident Killer Whale population growth across a range of levels of 

Chinook abundance, as shown in the graph in paragraph 22, above. 
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29. I projected the benefits to the Southern Residents of possible (but not yet funded) 

hatchery projects assuming a 5% increase in Chinook, beginning either 5 years or 10 years in the 

future. With either time scale for implementation and return of the hatchery-produced Chinook, 

the mean long-term consequence is a slowing of the decline in Southern Resident Killer Whales 

from 1.0% to 0.5% per year; therefore, not enough improvement to completely halt the decline. 

The difference between a 5-year delay and a 10-year delay in enhancement is that by year 10, the 

slower implementation will result in the Southern Resident Killer Whale population having 

declined by about 2 more whales before the improvement can begin to take effect. The following 

graph shows the projections if the mitigation measures achieve a 5% increase in Chinook (as 

estimated from the proposed hatchery expansion) instantly (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). As this graph plainly demonstrates, delays in 

implementation of these theoretical mitigation measures have a very real and lasting impact on 

the Southern Resident population. Notably, it also shows that the proposed measure – even if 

implemented immediately – is not enough to stop the decline of Southern Residents.  
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30. Combining the actions of reducing the Southeast Alaska Chinook fishery and 

increasing abundance to the Southern Resident Killer Whale of hatchery-raised Chinook, and 

possibly other mitigating actions as well (such as additional reductions in additional fisheries 

managed under the Pacific Salmon Treaty), could achieve the 10% increase in prey necessary for 

stabilization of the Southern Resident Killer Whale population or even greater increases in prey 

that would allow for recovery of the Southern Resident Killer Whales. Importantly, however, 

none of the scenarios proposed in the 2019 SEAK BiOp are projected to achieve this 10% 

increase in prey abundance. The analyses described above in paragraph 22 document the long-

term growth in the Southern Resident Killer Whale population that could be achieved if Chinook 

abundance is increased by 35% above the mean levels of the last three decades.  

31. Implementing mitigation measures, however, will likely require time. To examine 

responses of the Southern Resident Killer Whale population to delayed implementation, I tested 

models with increases in the prey abundance starting either 5 years or 10 years from now. The 

following graph shows the mean projected Southern Resident Killer Whale population size when 

a 10% increase in Chinook is implemented immediately (top, blue line), after 5 years (middle, 

orange line), or after 10 years (bottom, red line). The long-term population growth rates after 

implementation again show that a 10% increase in prey is needed to stop the decline of Southern 

Resident Killer Whales. However, before that positive result is achieved, the population will 

have lost 4 whales if implementation takes 5 years, or 8 whales if implementation takes 10 years, 

relative to the expected population size if the increase in prey were achieved immediately. With 

positive growth of Southern Resident Killer Whale numbers after implementation of sufficient 

mitigation measures, a delay in implementation results in a loss of the potential initial years of 

recovery, and that lack of growth for those initial years leaves the population at a deficit in 
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numbers throughout the subsequent recovery compared to what could have been. A 20% increase 

in Chinook allows for a long-term population growth of about 1% annually, but a delay of 5 or 

10 years results in a loss of 8 or 16 whales before the growth begins, respectively, relative to the 

expected population size if growth had started in 2020. 

32. In summary, although the 2019 SEAK BiOp does not provide management targets 

for slowing, stopping, or reversing the decline of the Southern Resident Killer Whale population, 

and it does not give specific estimates of the benefits to the Southern Resident Killer Whales of 

the proposed mitigation measures, for the above analyses I extracted from the 2019 SEAK BiOp 

what I could regarding the expected benefits of proposed actions. The 2019 SEAK BiOp 

provides various estimates of changes to Chinook stocks that might be expected from two of the 

mitigation measures – a reduction in the Southeast Alaska Chinook fishery as specified in the 

2019 Pacific Salmon Treaty, and a proposed hatchery expansion – and it mentions other possible 

actions, such as habitat improvements, for which there is no quantification of expected results. 

Only if the additional, as yet unquantified, mitigation measures can boost Chinook abundance by 
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another 5%, would the combined effect of the proposed actions yield the 10% increase in 

Chinook that is necessary to halt the decline of the Southern Resident Killer Whales. The 

following graph summarizes the expected trajectory of the Southern Resident Killer Whale 

population if no changes are made from current conditions (bottom, red line), if a 0.5% increase 

in overall Chinook available to Southern Resident Killer Whales is produced by the reduced 

Chinook harvest in the 2019 Pacific Salmon Treaty (black line), if a 5% increase in Chinook is 

achieved by the hatchery mitigation (orange line), or if sufficient actions can be taken to achieve 

a 10% increase in Chinook (top, green line).  

Conclusions 

33. Based on previously published analyses, the results of updated models, my 

professional experience, and the information contained in the 2019 SEAK BiOp, I make the 

following conclusions with a reasonable degree of certainty: 
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a. The Southern Resident Killer Whale population is in decline, and the projected 

status has deteriorated in just the past few years. The PVA models, using the latest 

available data on the current numbers, reproduction, and survival, project 

accurately the recent population changes. 

b. The abundance of Chinook salmon prey available to the Southern Resident Killer 

Whales is a critical determinant of Southern Resident Killer Whale reproductive 

success and survival. 

c. The mean Chinook abundance over recent years is not enough to allow 

reproduction by the Southern Resident Killer Whales sufficient to offset 

mortalities. An increase of about 10% in Chinook abundance would be required to 

stop the decline of Southern Resident Killer Whales, and an increase of about 

35% in Chinook abundance would be required to achieve the healthy population 

growth rate of 2.3% that is the stated goal in the Southern Resident Killer Whale 

Recovery Plan. 

d. The proposed mitigation measures in the 2019 SEAK BiOp have not been shown 

to be adequate to protect the future of the Southern Resident Killer Whale 

population – a short-coming that is admitted even within the 2019 SEAK BiOp. 

The quantitative estimates made in the 2019 SEAK BiOp would account for, at 

best and after full implementation, a reduction of half in the rate of decline in 

numbers of Southern Resident Killer Whales.  

e.  Full closure of the Southeast Alaska Chinook fishery, especially if combined 

with other mitigation measures, could result in enough prey to sustain a growing 

population of Southern Resident Killer Whales. Further enhancement measures 
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would be required to achieve the recovery goals set in the Recovery Plan for the 

Southern Resident Killer Whale. The last graph, below, shows projected Southern 

Resident Killer Whale numbers under current environmental conditions and 

management (bottom, red line), with the 5% increase in Chinook prey after 5 

years, projected to result from the proposed hatchery enhancements (orange line), 

with a 6% increase in Chinook prey as might be achieved if the Southeast Alaska 

Chinook fishery is immediately closed (black line), with both the proposed 

hatchery project plus an additional 6% increase in Chinook abundance (blue line), 

or if a 12% increase in prey is achieved by the closure of the Southeast Alaska 

Chinook fishery (top, green line). The amount of increase in Chinook abundance 

as a result of reductions or closure of fishery harvests and other measures is 

uncertain, so responses of both the Chinook abundance and then the Southern 

Resident Killer Whale demography should be monitored closely, with adaptive 

management adjusting mitigation and enhancement measures as needed. 
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Professional Societies 
Association of Zoos and Aquariums 
American Genetic Association 
Society for Conservation Biology 
Society for the Study of Evolution 
 
Professional Service 
Journal advisory boards: Zoo Biology, Conservation Genetics, International Zoo Yearbook 
Species Conservation Strategic Planning Task Force, chair (2005-2008), IUCN SSC 
Conservation Planning Specialist Group, IUCN SSC (Chair, 2003-2011) 

Recent activities include advising US Fish and Wildlife Service, state wildlife agencies, 
wildlife agencies of other nations (Australia, Canada, Spain, Brazil, Kenya, Indonesia, 
Malaysia, India, Chile, Peru, Ecuador, South Africa) and international conservation 
organizations on the management of Florida panther, whooping crane, Sumatran 
rhinoceros, lion tamarins, lion-tailed macaque, black rhinoceros, Iberian lynx, Humboldt 
penguin, African penguin, grizzly bear, lowland tapir, and many other species. 

Member of IUCN SSC Conservation Genetics Specialist Group 
Member of AZA Small Population Management Advisory Group 
Advisor to AZA Field Conservation Committee 
Conservation Fellow, St Louis Zoo WildCare Institute 
 
Honors 
Peirce Award for Excellence in the Sciences, Wesleyan University, 1977 
Phi Beta Kappa, 1976 
Sigma Xi, 1978 
Outstanding Service Awards, American Zoo & Aquarium Assoc (AZA), 1988, 1989, 2001, 2011 
President’s Award, Chicago Zoological Society, 2007  
IUCN Species Survival Commission Chair’s Citation of Excellence Award, 2008 
George B Rabb Award for Conservation Innovation, IUCN Species Survival Commission, 2012 
Ulysses S Seal Award for Innovation in Conservation, IUCN Conservation Breeding Specialist 

Group, 2012 
Devra Kleiman Scientific Advancement Award, AZA, 2019 
EAZA Lifetime Achievement Award, 2019  
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Grants 
Predoctoral Fellowship. NSF, 1977 - 1980 
Doctoral Dissertation - Research in Population Biology. NSF, 1979 – 1981 
Faculty research grants. Franklin & Marshall College, 1982 - 1985 
Studies of inbreeding depression in Peromyscus mice. Institute of Museum Services 

(IMS), 1985 - 1987, $22,775 
Electrophoretic analysis of zoo populations. IMS, 1986 - 1988, $24,995 
Studies of outbreeding depression in Peromyscus mice. IMS, 1987 - 1989, $25,000 
Electrophoretic analyses of endangered species. IMS, 1988 - 1990, $25,000 
Chromosomal analysis of endangered species. IMS, 1989 - 1991, $101,347 
Predictability of inbreeding depression in insular and mainland populations. NSF, 1991-1994, 
 $182,683 
Population Management 2000 software development. AZA Conservation Endowment Fund,  

1999, $20,540 
Biocomplexity: Models and meta-networks for interdisciplinary research in biodiversity risk  

assessment. NSF, 2000-2002, $98,000 (with P Nyhus, F Westley, P Miller, and G Ness) 
An experimental test of the effects of breeding strategies used in AZA conservation programs. 

AZA Conservation Endowment Fund, 2001, $42,926 
Experimental tests of the effects of captive breeding of wildlife. IMLS, 2002-2005, $75,000. 
Pedigree reconstruction to sustain populations. IMLS, 2005-2007, $200,293 (with J. Dubach) 
Meta-models as an approach to understanding biocomplexity. Private donor to Chicago  

Zoological Society, 2006-2010, $100,000 
Linking behavioral types and animal "job performance" with population management in zoos.  

2009 IMLS National Leadership Planning Grant, $22,535 (with J. Watters and D. 
Powell) 

Incorporating mate choice into breeding recommendations. 2009 IMLS National Leadership  
Planning Grant, $48,997 (with C. Asa and K. Traylor-Holzer) 

RCN: Using metamodels to enable transdisciplinary research for the study of dynamic biological 
systems under global change. NSF, 2012-2017, $490,905 (with H R Akcakaya, Stony 
Brook University) 

LCP NRDA Dolphin Assessment, sub-contract with Industrial Economics on contract from  
 NOAA. 2014-2015. $118,000 (co-PI with R. Wells) 
Building capacity in population modeling for species conservation. Chicago Board of Trade 

Endangered Species Fund, 2014, $3,000 
Assessing conservation strategies for the Panamanian Golden frog. Chicago Board of Trade  
 Endangered Species Fund, 2014, $4,250 
Species Conservation Toolkit Initiative, a partnership to design, develop, disseminate, and  

support software for species risk assessments and conservation planning. Funding from 
15 institutions, 2015-2020, $800,000 

Impact of allowing mate choice on reproductive success and animal welfare. Association of  
Zoos & Aquariums, 2016-2017, $11,280 (with L. Miller, T. Snyder, C. Asa, and C. 
Kozlowski) 

 
Presentations and international workshop participation in 2015 
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Workshop on computer modeling of disease risk in amphibians, Smithsonian Tropical Research 

Institute, Panama (organizer and instructor) 
Workshop on the use of epidemiological models for wildlife conservation, Auckland, New 

Zealand (organizer and instructor). 
Workshop on the use of metamodels for species conservation assessments and planning, Sydney, 

Australia (organizer and instructor).  
CBSG Strategic Committee, Al Ain, UAE 
CBSG Annual Meeting, Al Ain, UAE 
Presented paper and led session on “Species Conservation Toolkit Initiative”, Association of 

Zoos and Aquariums (AZA). 
Working session, Small Population Management Advisory Group, AZA. 
Workshop on the design on ZIMS (Zoological Information Management System) R3, 

Minneapolis. 
Workshop on the effects of plague on the dynamics of prairie dogs and black-footed ferrets, 

National Black-footed Ferret Conservation Center. 
Training on Outbreak model of infectious disease, Chicago Zoological Society (organizer and 

instructor). 
Training on MetaModel Manager software for integrated conservation assessments, Chicago 

Zoological Society (organizer and instructor). 
 
Presentations and international workshop participation in 2016 
Invited presentation on “The what, why, who, where, and when of sustainabilities”, Joint TAG 

Chairs Meeting, World Association of Zoos and Aquariums. 
Led workshop on “Computer simulations aren’t just for games!” King Scholars Program, 

Brookfield Zoo. 
Led workshop on “Integrating molecular genetic data into pedigree analyses”, Chicago 

Zoological Society.  
Invited presentation on “Using Population Viability Analysis to explore impacts of noise on 

cetaceans”, Scientific Committee, International Whaling Commission, Bled, Slovenia. 
Workshop on assessing injury to bottlenose dolphins due to PCB contamination of an estuarine 

system, NOAA and Georgia Dept of Natural Resources, Atlanta, Georgia.  
Invited plenary presentation on “Considering human impacts – if not yet the humans – in species 

risk assessments”, IUCN SSC Conservation Breeding Specialist Group, Puebla, Mexico. 
Led workshop on “MetaModels for interacting species (multi-species PVAs and conservation 

planning)”, IUCN SSC Conservation Breeding Specialist Group, Puebla, Mexico. 
Dept of Fisheries and Oceans Canada, presentation on “Predicting responses of St. Lawrence 

beluga to environmental change and anthropogenic threats to orient effective recovery 
actions”. 

University of Maine – Machias, invited talk on “Building tools for wildlife conservation”. 
 
Presentations and international workshop participation in 2017 
Tools for managing island populations. Presented to New Zealand Department of Conservation. 
One Plan Approach: Working together for species conservation. Presented at Latin America Zoo  
 Association (ALZPA) annual conference. Havana, Cuba  
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Training in advanced techniques for population modeling with Vortex. Presented at AZA  
 Reproductive Management Center, St Louis, Missouri 
Overview of Species Conservation Toolkit Initiative. IUCN SSC Conservation Planning 

Specialist Group annual meeting, Berlin, Germany 
Outbreak software for modeling infectious disease. Presented at Disease Risk Assessment  
 Workshop. IUCN Conservation Planning Specialist Group, Sao Paulo, Brazil  
 
Presentations and international workshop participation in 2018 
Training in advanced techniques for population modeling with Vortex. Seattle, WA 
Workshop on “Using Outbreak software for modeling infectious disease in wildlife populations”.  
 Prague, Czech Republic  
Synthesis workshop on “Using metamodels to enable transdisciplinary research for the study of 

dynamic biological systems under global change.” White Oak, Florida 
 
Presentations and international workshop participation in 2019 
Population and Habitat Viability Assessment for the Humboldt penguin. Lima, Peru 
Workshop projecting the possible outcomes and mitigation strategies if Ebola infects Mountain  

Gorilla populations. Washington, DC 
Population Viability Analysis of the Florida ScrubJay. Archbold Biological Station and Kennedy  

Space Center, Florida 
EAZA (European Association of Zoos and Aquaria) annual meeting, Valencia, Spain 
Strategic Planning, IUCN SSC Conservation Planning Specialist Group, Minneapolis, Minnesota 
Strategic Planning, Species Conservation Toolkit Initiative, Brookfield, Illinois 
 
Publications  
Lacy, R.C., C.B. Lynch and G.R. Lynch. 1978. Developmental and adult acclimation 

effects of ambient temperature on temperature regulation of mice selected for high and 
low levels of nest-building. Journal of Comparative Physiology B 123:185-192. 

Lacy, R.C. 1978. Dynamics of t-alleles in Mus musculus populations: Review and 
speculation. The Biologist 60:41-67. 

Lacy, R.C. 1979. The adaptiveness of a rare male mating advantage under heterosis.  
Behavior Genetics 9:51-54. 

Lacy, R.C. and C.B. Lynch. 1979. Quantitative genetic analysis of temperature regulation in 
Mus musculus. I. Partitioning of variance. Genetics 91:743-753. 

Lacy, R.C. 1980. The evolution of eusociality in termites: A haplodiploid analogy?  
American Naturalist 116:449-451. 

Lacy, R.C. 1981. Taxonomic and distributional notes on some fungus-feeding North 
American Drosophila (Diptera, Drosophilidae). Entomological News 92:59-63. 

Lacy, R.C. 1982. Niche breadth and abundance as determinants of genetic variation in 
populations of mycophagous drosophilid flies (Diptera:Drosophilidae). Evolution 
36:1265-1275. 

Lacy, R.C. 1983. Structure of genetic variation within and between populations of 
mycophagous Drosophila. Genetics 104:81-94. 

Lacy, R.C. and P.W. Sherman. 1983. Kin recognition by phenotype matching. American 
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Naturalist 121:489-512. 
Lacy, R.C. 1984. Ecological and genetic responses to mycophagy in Drosophilidae (Diptera). 

Pages 286-301 in Q. Wheeler and M. Blackwell (eds.), Fungus/Insect Relationships: 
Perspectives in Ecology and Evolution. Columbia University Press, New York. 

Lacy, R.C. 1984. Predictability, toxicity, and trophic niche breadth in fungus-feeding 
Drosophilidae (Diptera). Ecological Entomology 9:43-54. 

Lacy, R.C. 1984. The evolution of termite eusociality: Reply to Leinaas. American 
Naturalist 123:876-878. 

Hayssen, V. and R.C. Lacy. 1985. Basal metabolic rates in mammals: Taxonomic 
differences in the allometry of BMR and body mass. Comparative Biochemistry and 
Physiology 81A:741-754. 

Hayssen, V., R.C. Lacy and P.J. Parker. 1985. Metatherian reproduction: Transitional or 
transcending?  American Naturalist 126:617-632. 

Lacy, R.C. 1985. Evidence that group selection counters the evolution of sexual dimorphism. 
Evolutionary Theory 7:173-177. 

Lacy, R.C. 1985. Some genetic considerations for the management of captive populations 
suggested by computer simulations. AAZPA 1985 Annual Proceedings, 627-630. 

Lacy, R.C. and C.E. Bock. 1986. The correlation of range size and local abundance of some 
North American birds. Ecology 67:258-260. 

Lacy, R.C. 1987. Loss of genetic diversity from managed populations: Interacting effects  
of drift, mutation, immigration, selection, and population subdivision. Conservation 
Biology 1:143-158. 

Lacy, R.C. 1987. Further genetic and demographic analyses of small rhino populations. 
Pachyderm (Newsletter of the African Elephant and Rhino Specialist Group) No. 9, pp. 
16-19. 

Lacy, R.C. 1988. A report on population genetics in conservation. Conservation Biology 
2:245-247. 

Lacy, R.C. 1988. Genetic variability in captive stocks: Assessing past loss, present status, 
and future outlook. AAZPA 1988 Annual Proceedings 113-121. 

Lacy, R.C., M.L. Foster, and the Primate Department Staff. 1988. Determination of pedigrees 
and taxa of primates by protein electrophoresis. International Zoo Yearbook 27:159-168. 

Lacy, R.C. 1988. Conservation genetics at Brookfield Zoo and the Brookfield-Melbourne 
genetics research programme. Bulletin of Zoo Management 26:27-29. 

Lacy, R.C. and T.W. Clark. 1989. Genetic variability in black-footed ferret populations: Past, 
present, and future. Pages 83-103 in U.S. Seal, E.T. Thorne, M.A. Bogan, and S.H. 
Anderson (eds.), Conservation Biology and the Black-Footed Ferret. Yale University 
Press, New Haven. 

Lacy, R.C. 1989. How many pairs are needed on the ark?  Bison 4:24-28. 
Lacy, R.C. 1989. Analysis of founder representation in pedigrees: Founder equivalents and 

founder genome equivalents. Zoo Biology 8:111-124. 
Lacy, R.C, Flesness, N.R., and Seal, U.S. 1989. Puerto Rican parrot population viability 

analysis. Report to the U.S. Fish and Wildlife Service. IUCN SSC Captive Breeding 
Specialist Group, Apple Valley, Minnesota. 

Seal, U.S. and R.C. Lacy. 1989. Florida panther population viability analysis. Report to the 
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U.S. Fish and Wildlife Service. IUCN SSC Captive Breeding Specialist Group, Apple 
Valley, Minnesota. 

Paine, F.L., J.D. Miller, G. Crawshaw, B. Johnson, R. Lacy, C.F. Smith III, and P.J. Tolson. 
1990. Status of the Puerto Rican crested toad. International Zoo Yearbook 28:53-58. 

Maguire, L.A. and R.C. Lacy. 1990. Allocating scarce resources for conservation of endangered 
subspecies: Partitioning zoo space for tigers. Conservation Biology 4:157-166. 

Brewer, B.A., R.C. Lacy, M.L. Foster, and G. Alaks. 1990. Inbreeding depression in  
insular and central populations of Peromyscus mice. Journal of Heredity 81:257-266. 

Maguire, L.A., R.C. Lacy, R.J. Begg, and T.W. Clark. 1990. An analysis of alternative 
strategies for recovering the eastern barred bandicoot in Victoria. Pages 147-164 in T.W. 
Clark and J.H. Seebeck (eds.), The Management and Conservation of Small Populations. 
Chicago Zoological Society, Brookfield, Illinois. 

Lacy, R.C. and T.W. Clark. 1990. Population viability assessment of the eastern barred 
bandicoot in Victoria. Pages 131-146 in T.W. Clark and J.H. Seebeck (eds.), The 
Management and Conservation of Small Populations. Chicago Zoological Society. 

George, G.G., J. Dixon, G. Challis, and R.C. Lacy. 1990. Taxonomy and palaeontology 
of the eastern barred bandicoot. Pages 33-46 in T.W. Clark and J.H. Seebeck (eds.), The 
Management and Conservation of Small Populations. Chicago Zoological Society.  

Seal, U.S. and R.C. Lacy. 1990. Florida Key Deer (Odocoileus virginianus clavium) 
population viability assessment. Report to the U.S. Fish and Wildlife Service. IUCN SSC 
Captive Breeding Specialist Group, Apple Valley, Minnesota. 

Lindenmayer, D.B., V.C. Thomas, R.C. Lacy, and T.W. Clark. 1991. Population Viability 
Analysis (PVA):  The concept and its applications, with a case study of Leadbeater's 
Possum, Gymnobelideus leadbeateri McCoy. Report to the Forest and Timber Inquiry 
(Resource Assessment Commission), Consultancy Series No. FTC91/18, Canberra, 
Australia. 170 pp. 

Clark, T.W., G.N. Backhouse, and R.C. Lacy. 1991. The population viability assessment 
workshop: A tool for threatened species management. Endangered Species Update 8:1-5. 

Clark, T.W., G.N. Backhouse, and R.C. Lacy. 1991. Report of a workshop on population 
viability assessment as a tool for threatened species management and conservation. 
Australian Zoologist 27:28-35. 

Lacy, R.C. 1991. Zoos and the surplus problem: An alternative solution. Zoo Biology 
10:293-297. 

Johnston, L.A. and R.C. Lacy. 1991. Utilization of sperm banks to maintain genetic diversity in 
captive populations of wild cattle. Pages 107-118 in D.L. Armstrong and T.S. Groves 
(eds.), Wild Cattle Symposium Proceedings. Henry Doorly Zoo, Omaha, Nebraska. 

Seal, U.S., R.C. Lacy, K. Medley, R. Seal, and T.J. Foose. 1991. Tana River Primate 
Reserve Conservation Assessment Workshop Report. IUCN SSC Captive Breeding 
Specialist Group, Apple Valley, Minnesota. 

Mirande, C., R. Lacy, and U. Seal. 1991. Whooping crane (Grus americana) conservation 
viability assessment workshop report. IUCN SSC Captive Breeding Specialist Group, 
Apple Valley, Minnesota. 

Foose, T.J., R.C. Lacy, R. Brett, and U.S. Seal. 1991. Kenya black rhinoceros metapopulation 
workshop report. IUCN SSC Captive Breeding Specialist Group, Apple Valley, 
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Minnesota.  
Lacy, R.C. 1992. The effects of inbreeding on isolated populations: Are minimum viable 

population sizes predictable?  Pages 277-296 in P.L. Fiedler and S.K. Jain (eds.), 
Conservation Biology: The Theory and Practice of Nature Conservation, Preservation 
and Management. Chapman and Hall, New York.  

Lacy, R.C. and T. Kreeger. 1992. VORTEX Users Manual. A stochastic simulation of the 
extinction process. IUCN SSC Captive Breeding Specialist Group, Apple Valley, 
Minnesota. 

Seal, U.S., R.C. Lacy, et al. 1992. Genetic management strategies and population viability 
of the Florida panther (Felis concolor coryi). Report to the U.S. Fish and Wildlife 
Service. IUCN SSC Captive Breeding Specialist Group, Apple Valley, Minnesota. 

Ellis, S., K. Hughes, C. Kuehler, R. Lacy, and U. Seal. 1992. `Alala, Akohekohe, and 
Palila Population and Habitat Viability Assessment Reports. IUCN SSC Captive 
Breeding Specialist Group, Apple Valley, Minnesota. 

Ellis, S., C. Kuehler, R. Lacy, K. Hughes, and U. Seal. 1992. Hawai`ian forest birds 
conservation assessment and management plan. IUCN SSC Captive Breeding Specialist 
Group, Apple Valley, Minnesota. 

Lacy, R.C. 1993. Impacts of inbreeding in natural and captive populations of vertebrates: 
Implications for conservation. Perspectives in Biology and Medicine 36:480-496. 

Lacy, R.C. 1993. VORTEX: A computer simulation model for Population Viability 
Analysis. Wildlife Research 20:45-65. 

Lacy, R.C. 1993. GENES: A computer program for the analysis of pedigrees and genetic  
management of populations. Chicago Zoological Society, Brookfield, Illinois. 

Lacy, R.C. and T.W. Clark. 1993. Simulation modeling of American marten populations: 
Vulnerability to extinction. Great Basin Naturalist 53:282-292. 

Lacy, R.C., A.M. Petric, and M. Warneke. 1993. Inbreeding and outbreeding depression in 
captive populations of wild species. Pages 352-374 in N.W. Thornhill (ed.), The Natural 
History of Inbreeding and Outbreeding. University of Chicago Press. 

Lindenmayer, D.B., R.C. Lacy, V.C. Thomas, and T.W. Clark. 1993. Predictions of the impacts 
of changes in population size and environmental variability on Leadbeater's Possum, 
Gymnobelideus leadbeateri McCoy (Marsupialia: Petauridae) using Population Viability 
Analysis: an application of the computer program VORTEX. Wildlife Research 20:67-
86. 

Lindenmayer, D.B., T.W. Clark, R.C. Lacy, and V.C. Thomas. 1993. Population viability  
analysis as a tool in wildlife conservation policy: With reference to Australia. 
Environmental Management 17:745-758. 

Lindenmayer, D.B. and R.C. Lacy. 1993. Using a computer simulation package for PVA to  
model the dynamics of sub-divided populations: An example using hypothetical meta-
populations of the mountain brushtail possum. International Congress on Modelling and 
Simulation. Proceedings. 2:615-620. 

Lacy, R.C. 1993/1994. What is Population (and Habitat) Viability Analysis? Primate 
Conservation 14/15:27-33. 

Lacy, R.C. 1994. Review of Hartl, G.B. and Markowski, J. (eds.) Ecological genetics in 
mammals. Journal of Mammalogy 75:1090-1093. 
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Jiménez, J.A., K.A. Hughes, G. Alaks, L. Graham, and R.C. Lacy. 1994. An experimental 

study of inbreeding depression in a natural habitat. Science 266:271-273. 
Lacy, R.C. 1994. Managing genetic diversity in captive populations of animals. Pages 63-89 

in M.L. Bowles and C.J. Whelan (eds.), Restoration and Recovery of Endangered Plants 
and Animals. Cambridge University Press, Cambridge. 

Lacy, R.C. 1995. A sibling is as valuable as an offspring: Reply to Xia. American Naturalist 
145:480-482. 

Lindenmayer, D.B. and R.C. Lacy. 1995. Metapopulation viability of Leadbeater's Possum, 
Gymnobelideus leadbeateri, in fragmented old-growth forests. Ecological Applications 
5:164-182. 

Lindenmayer, D.B. and R.C. Lacy. 1995. Metapopulation viability of arboreal marsupials in 
fragmented old-growth forests: comparison among species. Ecological Applications 
5:183-199.  

Lacy, R.C., J.D. Ballou, F. Princée, A. Starfield, and E. Thompson. 1995. Pedigree 
analysis. Pages 57-75 in J.D. Ballou, M. Gilpin, and T.J. Foose (eds.), Population 
Management for Survival & Recovery. Analytical Methods and Strategies in Small 
Population Conservation. Columbia University Press, New York. 

Ballou, J.D. and R.C. Lacy. 1995. Identifying genetically important individuals for 
management of genetic diversity in pedigreed populations. Pages 76-111 in J.D. Ballou, 
M. Gilpin, and T.J. Foose (eds.), Population Management for Survival & Recovery. 
Analytical Methods and Strategies in Small Population Conservation. Columbia 
University Press, New York.  

Johnston, L.A. and R.C. Lacy. 1995. Genome resource banking for species conservation: 
Selection of sperm donors. Cryobiology 32:68-77. 

Lacy, R.C. 1995. Culling surplus animals for population management. Pages 187-194 in B.G. 
Norton, M. Hutchins, E.F. Stevens, and T.L. Maple (eds.) Ethics on the ark: Zoos, animal 
welfare, and wildlife conservation. Smithsonian Institution Press, Washington, DC. 

Lindenmayer, D.B. and R.C. Lacy. 1995. A simulation study of the impacts of population 
subdivision on the mountain brushtail possum, Trichosurus caninus Ogilby 
(Phalangeridae: Marsupialia), in south-eastern Australia. I. Demographic stability and 
population persistence. Biological Conservation 73:119-129. 

Lacy, R.C. and D.B. Lindenmayer. 1995. A simulation study of the impacts of population 
subdivision on the mountain brushtail possum, Trichosurus caninus Ogilby 
(Phalangeridae: Marsupialia), in south-eastern Australia. II. Loss of genetic variation 
within and between subpopulations. Biological Conservation 73:131-142. 

Lindenmayer, D.B., M.A. Burgman, H.R. Akçakaya, R.C. Lacy, and H.P. Possingham. 1995.  
A review of the generic computer programs ALEX, RAMAS/space and VORTEX for 
modelling the viability of wildlife metapopulations. Ecological Modelling 82:161-174.  

Lacy, R.C. 1995. Clarification of genetic terms and their use in the management of captive 
populations. Zoo Biology 14:565-577. 

Lacy, R.C. 1995. Conservation geneticists make their case. (Book review.) Ecology  
76:1684-1685. 

Lacy, R.C., K.A. Hughes, and P.S. Miller. 1995. VORTEX Version 7 users manual. A  
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stochastic simulation of the simulation process. IUCN/SSC Conservation Breeding 
Specialist Group. Apple Valley, Minnesota.  

Altmann, J., S.C. Alberts, S.A. Haines, J. Dubach, P. Muruthi, T. Coote, E. Geffen, D.J. 
Cheesman, R.S. Mututua, S.N. Saiyalel, R.K. Wayne, R.C. Lacy, and M.W. Bruford. 
1996. Behavior predicts genetic structure in a wild primate group. Proc. Nat. Acad. Sci. 
USA 93:5797-5801. 

Lacy, R. 1996.  Further population modelling of northern white rhinoceros under various  
management scenarios.  Appendix 3 in T.J. Foose (ed.). Summary – Northern White 
Rhinoceros Conservation Strategy Workshop. International Rhino Foundation, 
Cumberland, Ohio. 

Lacy, R.C. and B.E. Horner. 1996. Effects of inbreeding on skeletal development of Rattus 
villosissimus. Journal of Heredity 87:277-287. 

Lacy, R.C., G. Alaks, and A. Walsh. 1996. Hierarchical analysis of inbreeding depression in 
Peromyscus polionotus. Evolution 50:2187-2200. 

Hedrick, P.W., R.C. Lacy, F.W. Allendorf, and M.E. Soulé. 1996. Directions in 
conservation biology: Comments on Caughley. Conservation Biology 10:1312-1320. 

Lacy, R.C. 1996.  Review of J.C. Avise and J.L. Hamrick (eds.). Conservation Genetics: Case  
histories from nature. Quarterly Review of Biology 71:566. 

Lacy, R.C. 1997. Importance of genetic variation to the viability of mammalian populations. 
Journal of Mammalogy 78:320-335. 

Lacy, R.C. and B.E. Horner. 1997. Effects of inbreeding on reproduction and sex ratio of Rattus 
villosissimus. Journal of Mammalogy 78:877-887. 

Ballou, J.D., R.C. Lacy, D. Kleiman, A. Rylands, and S. Ellis. 1998. Leontopithecus II.  
The second Population and Habitat Viability Assessment for Lion Tamarins 
(Leontopithecus). IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, 
MN. 

Lindenmayer, D.B., R.C. Lacy, and K.L. Viggers. 1998. Modelling survival and capture  
probabilities of the mountain brushtail possum (Trichosurus caninus) in the forests of 
south-eastern Australia using trap-recapture data. Journal of Zoology 245:1-13. 

Lacy, R.C. and J.D. Ballou. 1998. Effectiveness of selection in reducing the genetic load in  
populations of Peromyscus polionotus during generations of inbreeding. Evolution 
52:900-909. 

Miller, P.S. and R.C. Lacy. 1999. VORTEX Version 8 users manual. A stochastic simulation of  
the simulation process. IUCN/SSC Conservation Breeding Specialist Group. Apple 
Valley, Minnesota.  

Brook, B.W., J.R. Cannon, R.C. Lacy, C. Mirande, and R. Frankham. 1999. Comparison of the  
population viability analysis packages GAPPS, INMAT, RAMAS and VORTEX for the 
whooping crane (Grus americana). Animal Conservation 2:23-31. 

Araya, B., D. Garland, G. Espinoza, A. Sanhuesa, A. Simeone, A. Teare, C. Zavalaga, R. Lacy,  
and S. Ellis. (eds.) 1999. Taller Análisis de la Viabilidad del Hábitat y de la Población del 
Pinguino Humboldt (Spheniscus humboldti). Informe final. IUCN/SSC Conservation 
Breeding Specialist Group, Apple Valley, MN. 

Cooper, J., D. Oschadleus, L. Shannon, M. Thornton, P. Whittington, R. Lacy, and S. Ellis (eds.)  
1999. African Penguin Population and Habitat Viability Assessment. IUCN/SSC 
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Conservation Breeding Specialist Group, Apple Valley, MN. 
Lindenmayer, D.B., R.C. Lacy, H. Tyndale-Biscoe, A.C. Taylor, K.L. Viggers, and M.L. Pope.  

1999. Integrating demographic and genetic studies of the Greater Glider Petauroides 
volans in fragmented forests: predicting movement patterns and rates for future testing. 
Pacific Conservation Biology 5:2-8. 

Ellis, S., R.C. Lacy, S. Kennedy-Stoskopf, D.E. Wildt, J. Shillcox, O. Byers, and U.S. Seal. 
1999. Florida panther population and habitat viability assessment and genetics workshop 
report. IUCN/SSC Conservation Breeding Specialist Group, Apple Valley, MN. 

Lindenmayer, D.B., R.C. Lacy, and M.L. Pope. 2000. Testing a simulation model for Population  
 Viability Analysis. Ecological Applications 10:580-597. 
Lacy, R.C. 2000. Management of limited animal populations. Pages 75-93 in D. Duffield and T.  

Robeck (eds.). Bottlenose dolphin reproduction workshop. Report. AZA Marine Mammal 
Taxon Advisory Group, Silver Spring, MD. 

Pergams, O.R.W., R.C. Lacy, and M.V. Ashley. 2000. Conservation and management of  
Anacapa Island Deer Mice. Conservation Biology 14:819-832. 

Penn, A.M., W.B. Sherwin, G. Gordon, D. Lunney, A. Melzer, and R.C. Lacy. 2000. 
Demographic forecasting in koala conservation. Conservation Biology 14:629-638. 

Lacy, R.C. 2000. Should we select genetic alleles in our conservation breeding programs? Zoo  
Biology 19:279-282. 

Land, E.D., and R.C. Lacy. 2000. Introgression level achieved through Florida Panther genetic 
restoration. Endangered Species Update 17:100-105. 

Lacy, R.C. 2000. Considering threats to the viability of small populations. Ecological Bulletins  
 48:39-51. 
Lacy, R.C. 2000. Structure of the VORTEX simulation model for population viability analysis.  
 Ecological Bulletins 48:191-203. 
Pollak, J. P., R. C. Lacy and J. D. Ballou.  2000.  Population Management 2000, version 1.175.   

Chicago Zoological Society, Brookfield, IL. 
Lacy, R.C., and J.D. Ballou. 2001. Population Management 2000 User’s Manual. Chicago  

Zoological Society, Brookfield, IL. 
Lindenmayer, D.B., and R.C. Lacy. 2002. Small mammals, habitat patches and PVA models: a  

field test of model predictive ability. Biological Conservation 103:247-265. 
Lacy, R.C., and P.S. Miller. 2002. Incorporating human populations and activities into  

population viability analysis. Pages 490-510 in S.R. Beissinger  and D.R. McCullough 
(eds.), Population Viability Analysis. University of Chicago Press, Chicago. 

Maehr, D.S., R.C. Lacy, E.D. Land, O.L. Bass, and T.S. Hoctor. 2002. Evolution of Population  
Viability Assessments for the Florida panther: A multiperspective approach. Pages 284-
311 in S.R. Beissinger and D.R. McCullough (eds.), Population Viability Analysis. 
University of Chicago Press, Chicago. 

Hosack, D.A., P.S. Miller, J.J. Hervert, and R.C. Lacy. 2002. A population viability analysis for  
the endangered Sonoran pronghorn, Antilocapra americana sonoriensis. Mammalia 
66:207-229. 

Nyhus, P.J., F.R. Westley, R.C. Lacy, and P.S. Miller. 2002. A role for natural resource social  
science in biodiversity risk assessment. Society and Natural Resources 15:923-932.  

Jones, K.L., T.C. Glenn, R.C. Lacy, J.R. Pierce, N. Unruh, C.M. Mirande, F. Chavez-Ramirez.  
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2002. Refining the whooping crane studbook by incorporating microsatellite DNA and 
leg banding analyses. Conservation Biology 16:789-799 

Maehr, D.S., and R. C. Lacy. 2002. Avoiding the lurking pitfalls in Florida panther recovery.  
Wildlife Society Bulletin 30:971-978. 

Ryan, K.K., R.C. Lacy, and S.W. Margulis. 2002. Impacts of inbreeding on components of  
reproductive success. Pages 82-96 in: W. V. Holt, A. R. Pickard, J. C. Rodger, and D. E. 
Wildt, eds. Reproductive Science and Integrated Conservation. Cambridge University 
Press, Cambridge, UK. 

Ryan, K.K., and R.C. Lacy. 2003. Monogamous male mice bias behaviour towards females  
 according to very small differences in kinship. Animal Behaviour 65: 379-384. 
Lindenmayer, D. B., H. P. Possingham, R. C. Lacy, M. A. McCarthy and M. L. Pope. 2003.  

How accurate are population models? Lessons from landscape-scale tests in a fragmented 
system. Ecology Letters 6:41-47. 

Miller, P.S., and R.C. Lacy. 2003. VORTEX: A Stochastic Simulation of the Extinction Process. 
Version 9 User’s Manual. Conservation Breeding Specialist Group (SSC/IUCN), Apple 
Valley, Minnesota. 

Miller, P.S., and R.C. Lacy. 2003. Integrating the human dimension into endangered species risk  
assessment. Pages 41-63 in: F.R. Westley and P.S. Miller, eds. Experiments in 
Consilience: Integrating Social and Scientific Responses to Save Endangered Species. 
Island Press, Washington, DC. 

Miller, P.S., and R.C. Lacy.  2003. Metamodels as a tool for risk assessment. Pages 333-351 in:  
F.R. Westley and P.S. Miller, eds. Experiments in Consilience: Integrating Social and 
Scientific Responses to Save Endangered Species. Island Press, Washington, DC. 

Westley, F., P.S. Miller, and R.C. Lacy.  2003. Far from land: Further explorations in 
consilience. Pages 352-361 in: F.R. Westley and P.S. Miller, eds. Experiments in 
Consilience: Integrating Social and Scientific Responses to Save Endangered Species. 
Island Press, Washington, DC. 

Singleton, I., S. Wich, S. Husson, S. Stephens, S. Utami Atmoko, M. Leighton, N. Rosen, K.  
Traylor-Holzer, R. Lacy, and O. Byers (eds.). 2004. Orangutan Population and Habitat 
Viability Assessment: Final Report. IUCN/SSC Conservation Breeding Specialist Group, 
Apple Valley, MN. 

Lacy, R.C., and A. Vargas. 2004. Informe sobre la gestión genética y demográfica del programa  
de cría para la conservación del lince ibérico: escenarios, conclusiones y 
recomendaciones. Ministerio de Medio Ambiente, Madrid, Spain. 

Heinsohn, R., R. C. Lacy, D. B. Lindenmayer, H. Marsh, D. Kwan, and I.R. Lawler. 2004.  
Unsustainable harvest of dugongs in Torres Strait and Cape York (Australia) waters: two 
case studies using population viability analysis. Animal Conservation 7:417-425. 

Lacy, R.C., M. Borbat, and J.P. Pollak. 2005. VORTEX: A Stochastic Simulation of the  
 Extinction Process. Version 9.57. Chicago Zoological Society, Brookfield, Illinois, USA. 
Margulis, S.W., M. Nabong, G. Alaks, A. Walsh, and R.C. Lacy. 2005. Effects of early  

experience on subsequent parental behaviour and reproductive success in oldfield mice, 
Peromyscus polionotus. Animal Behaviour 69:627-634. 

Traylor-Holzer, K., R. Lacy, D. Reed, and O. Byers (eds.). 2005. Alabama Beach Mouse 
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Population and Habitat Viability Assessment: Final Report. IUCN/SSC Conservation 
Breeding Specialist Group, Apple Valley, MN. 

Mendelson, J.R. III, et al. (50 co-authors, including R.C. Lacy). 2006. Confronting amphibian  
 declines and extinctions. Science 313:48. 
Mendelson, J.R. III, et al. (18 co-authors, including R.C. Lacy). 2006. Responding to amphibian  
 loss. Response. Science 314:1541-1542. 
Matamoros, Y., H. Vargas, R. C. Lacy, O. Byers, E. Travis, G. Montoya. (Editores). 2006. Taller  

para Anàlisisde Viabilidad de Poblaciòny Hàbitatpara el Pingüino de Galápagos. Informe 
Final. Parque Nacional Galápagos, Puerto Ayora, Santa Cruz, Galápagos, Ecuador. 8-11 
de febrero, 2005. 

Zippel, K., R. Lacy, and O. Byers (eds.) 2006. CBSG/WAZA Amphibian Ex Situ Conservation  
Planning Workshop Final Report. IUCN/SSC Conservation Breeding Specialist Group, 
Apple Valley, MN. 

Vargas, F.H., R.C. Lacy, P.J. Johnson, A. Steinfurth, R.J.M. Crawford, P.D. Boersma, and D.W.  
MacDonald. 2007. Modelling the effect of El Niño on the persistence of small 
populations: The Galápagos penguin as a case study. Biological Conservation 137:138-
148. 

Miller, P.S., F.R. Westley, A.P. Byers, and R.C. Lacy. 2007. An experiment in managing the 
human animal: The PHVA process and its role in conservation decision-making. Pages 
173-188 in T.S. Stoinski, H.D. Steklis, and P.T. Mehlman. Conservation in the 21st 
century: Gorillas as a case study. Springer, New York.  

Nyhus, P.J., R. Lacy, F.R. Westley, P.S. Miller, H. Vredenburg, P. Paquet, and J. Pollak. 2007.  
Tackling biocomplexity and meta-models for species risk assessment. Ecology & Society 
12: 31 [online] URL: 
http://www.ecologyandsociety.org/vol12/iss1/art31/ 

Lacy, R.C. 2007. Understanding inbreeding depression: 20 years of experiments with  
Peromyscus mice. Pages 327-329 in F.W. Allendorf and G. Luikart. Conservation and the 
Genetics of Populations. Wiley-Blackwell, New York. 

Pergams, O.R.W. and R.C. Lacy. 2008. Rapid morphological and genetic change in  
 Chicago-area Peromyscus. Molecular Ecology 17:450-463. 
Dasmahapatra, K.K., R.C. Lacy, and W. Amos. 2008. Estimating levels of inbreeding using  
 AFLP markers. Heredity 100:286-295. 
Wich, S.A., E. Meijaard, A.J. Marshall, S. Husson, M. Ancrenaz, R.C. Lacy, C.P. van Schaik,  

J. Sugardjito, T. Simorangkir, K. Traylor-Holzer, B.M.F. Galdikas, M. Doughty, J. 
Supriatna, R. Dennis, M. Gumal, C.D. Knott, and I. Singleton. 2008. Distribution and 
conservation status of the orang-utan (Pongo spp.) on Borneo and Sumatra: How many 
remain? Oryx 42:329-339. 

Rudnick, J.A., and R.C. Lacy. 2008. The impact of assumptions about founder relationships on  
 the effectiveness of captive breeding strategies. Conservation Genetics 9:1439-1450.  
Lacy, R.C. 2008. Conservation breeding – a global view. Pages 381-398 in B.R. Sharma, N. 

Akhtar, B.K. Gupta (eds.). India’s Conservation Breeding Initiative, Central Zoo 
Authority, New Delhi. 

Lacy, R.C. 2008. Conservation breeding – challenges and protocols. Pages 263-289 in B.R.  
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Sharma, N. Akhtar, B.K. Gupta (eds.). India’s Conservation Breeding Initiative, Central 
Zoo Authority, New Delhi. 

IUCN/SSC. 2008. Strategic Planning for Species Conservation: A Handbook. Version 1.0. 
Gland, Switzerland: IUCN Species Survival Commission. 104pp. (R Lacy was one of the 
writers and co-editors, and chaired the task force that developed the handbook.) 

Lacy, R.C. 2009. Stopping evolution: Genetic management of captive populations. Pages 58-81  
in: G. Amato, R. DeSalle, O.A. Ryder, and H.C. Rosenbaum. Conservation genetics in 
the age of genomics. Columbia University Press, New York. 

Lacy, R.C. and R. Wells. 2009. Population Viability Analysis (PVA). Pages 25-29 in R.R.  
Reeves, and R.L. Brownell, Jr., eds. Indo-Pacific bottlenose dolphin assessment 
workshop report: Solomon Islands case study of Tursiops aduncus. Occasional Paper of 
the Species Survival Commission, No. 40, IUCN, Gland, Switzerland. 53 pp. 

Marshall, A.J., R. Lacy, M. Ancrenaz, O. Byers, S.J. Husson, M. Leighton, E. Meijaard, N. 
Rosen, I. Singleton, S. Stephens, K. Traylor-Holzer, S.S.U. Atmoko, C.P. van Schaik, 
and S.A. Wich. 2009. Orangutan population biology, life history, and conservation. Pages 
311-326 in: S.A. Wich, S.S.I. Atmoko, T.M. Setia, and C.P. van Schaik, eds. Orangutans. 
Oxford University Press, Oxford, UK.  

Ivy, J.A., A, Miller, R.C. Lacy, and J. A. DeWoody. 2009. Methods and prospects for using 
molecular data in captive breeding programs: an empirical example using parma 
wallabies (Macropus parma). Journal of Heredity 100:441-454.  

Leus, K., and R.C. Lacy. 2009. Genetic and demographic management of conservation 
breeding programs oriented towards reintroduction. Pages 74-84 in: A. Vargas, C. 
Breitenmoser, and U. Breitenmoser (eds.) Iberian Lynx Ex Situ Conservation: An 
Interdisciplinary Approach. Fundación Biodiversidad / IUCN Cat Specialist Group, 
Madrid.  

Ivy, J.A., and R.C. Lacy. 2010. Using molecular methods to improve the genetic management of  
captive breeding programs for threatened species. Pages 267-295 in: J.A. DeWoody, J.W. 
Bickham, C.H. Michler, K.M. Nicols, O.E. Rhodes, and K.E. Woeste, eds. Molecular 
Approaches in Natural Resource Conservation and Management. Cambridge University 
Press, Cambridge. 

Malo, A.F., F. Martinez-Pastor, G. Alaks, J. Dubach, and R.C. Lacy. 2010. Effects of genetic 
captive-breeding protocols on sperm quality and fertility in the white-footed mouse. 
Biology of Reproduction 83:540-548. 

Ballou, J.D., R.C. Lacy, and J.P. Pollak. 2010. PMx: software for demographic and genetic  
analysis and management of pedigreed populations. Chicago Zoological Society, 
Brookfield, Illinois, USA. 

Lacy, R.C. 2011. Re-thinking ex situ vs. in situ species conservation. Pages 25-29 in: G. Dick,  
ed.  Biodiversity is Life. Proceedings of the 65th Annual Conference of the World 
Association of Zoos and Aquariums. WAZA, Gland, Switzerland. 

Asa, C.S., K. Traylor-Holzer, and R.C. Lacy. 2011. Can conservation-breeding programmes be 
 improved by incorporating mate choice? International Zoo Yearbook 45:203-212. 
Leus, K., K. Traylor-Holzer, and R.C. Lacy. 2011. Genetic and demographic population 

management in zoos and aquariums: recent developments, future challenges and 
opportunities for scientific research. International Zoo Yearbook 45:213-225. 
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Asa, C.S., K. Traylor-Holzer, and R.C. Lacy. 2011. Mate choice as a potential tool to increase 
 population sustainability. WAZA Magazine 12: 23-25. 
Baker, A.M., R.C. Lacy, K. Leus, and K. Traylor-Holzer. 2011. Intensive management of  
 populations for conservation. WAZA Magazine 12: 40-43.  
Frankham, R., J.D. Ballou, M.D. Eldridge, R.C. Lacy, K. Ralls, M.R. Dudash, and C.R. Fenster.  

2011. Predicting the probability of outbreeding depression: critical information for 
managing fragmented populations.  Conservation Biology 25:465-475. 

Jamieson, I.G., and R.C. Lacy. 2012. Managing genetic issues in reintroduction biology. Pages  
441-475 in: J.G. Ewen, D.P. Armstrong, K.A. Parker, & P.J. Seddon, eds. Reintroduction 
Biology: Integrating Science and Management. Wiley-Blackwell, Oxford, UK. 

Lacy, R.C., J.D. Ballou, & J.P. Pollak. 2012. PMx: Software package for demographic and 
genetic analysis and management of pedigreed populations. Methods in Ecology & 
Evolution 3:433-437.  

Bradshaw, C.J.A., C.R. McMahon, P.S. Miller, R.C. Lacy, M.J. Watts, M.L. Verant, J.P. Pollak, 
D.A. Fordham, T.A.A. Prowse, and B.W. Brook. 2012. Novel coupling of individual-
based epidemiological and demographic models predicts realistic dynamics of 
tuberculosis in alien buffalo. Journal of Applied Ecology 49:268-277. 

Ivy, J.A., and R.C. Lacy. 2012. A comparison of strategies for selecting breeding pairs to  
maximize genetic diversity retention in managed populations. Journal of Heredity 
103:186-196.  

Lacy, R.C. 2012. Extending pedigree analysis for uncertain parentage and diverse breeding  
 systems. Journal of Heredity 103:197-205. 
Lacy, R.C., and C. A. Beuchat. 2012. Managing the genetic health of the Basenji. The Basenji  
 May/June 2012:10-13.  
Desbiez, A., K. Traylor-Holzer, R. Lacy, et al. 2012. Population Viability Analysis of jaguar  
 populations in Brazil. In: Jaguar in Brazil. CATnews (Special Issue) 7:35-37. 
Frankham, R., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, R.C. Lacy, J.R.  

Mendelson III, I.J. Porton, K. Ralls, and O.A. Ryder. 2012. Implications of different 
species concepts for conserving biodiversity. Biological Conservation 153:25-31. 

Lacy, R.C., J.P. Pollak, P.S. Miller, L. Hungerford, and P. Bright. 2012. Outbreak version2.0.  
IUCN SSC Conservation Breeding Specialist Group. Apple Valley, MN, USA. 

Lacy, R.C. 2013. Understanding inbreeding depression: 25 years of experiments with  
Peromyscus mice. Pages 491-492 in F.W. Allendorf, G. Luikart, and S.N. Aiken. 
Conservation and the genetics of populations. 2nd ed. John Wiley & Sons, Oxford, UK. 

Lacy, R.C. 2013. Achieving true sustainability of zoo populations. Zoo Biology 32:19-26. 
Lacy, R.C. and G. Alaks. 2013. Effects of inbreeding on skeletal size and fluctuating asymmetry  
 of Peromyscus polionotus mice. Zoo Biology 32:125-133. 
Prowse, T.A.A., C.N. Johnson, R.C. Lacy, C.J.A. Bradshaw, J.P. Pollak, M.J. Watts, and B.W.  

Brook. 2013. No need for disease: testing extinction hypotheses for the thylacine using 
multi-species metamodels. Journal of Animal Ecology 82:355-364. 

Meile, R., R.C. Lacy, F.H. Vargas, and P.G. Parker. 2013. Modeling the potential effects of 
Plasmodium infection on the Galapagos penguin (Spheniscus mendiculus). Auk 130: 440-
448. 

Lacy, R.C., K. Traylor-Holzer, and J.D. Ballou. 2013. Managing for true sustainability of  
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species. WAZA Magazine 14:10-14. 
Lacy, R.C., G. Alaks, and A. Walsh. 2013. Evolution of Peromyscus leucopus mice in response  

to a captive environment. PLoS ONE 8(8): e72452. doi:10.1371/journal.pone.0072452.  
Lacy, R.C., P.S. Miller, P.J. Nyhus, J.P Pollak, B.E. Raboy, and S. Zeigler. 2013. Metamodels  

for transdisciplinary analysis of population dynamics. PLoS ONE 8(12): e84211. 
doi:10.1371/journal.pone.0084211. 

Pollak, J.P., R.C. Lacy. 2013. MetaModel Manager. Version 1.0. Chicago Zoological Society, 
Brookfield, Illinois. Available: http://www.vortex10.org/MeMoMa.aspx.  

Byers, O., and R.C. Lacy. 2014. From captivity to conservation: Conservation Breeding 
Specialist Group and the evolving role of zoos. Pages 107-111 in G. McGregor-Reid and 
G. Moore, eds. History of Zoos and Aquariums: From Royal Gifts to Biodiversity 
Conservation. North of England Zoological Society, Chester.  

Carroll, C., R.J. Frederickson, and R.C. Lacy. 2014. Developing metapopulation connectivity  
criteria from genetic and habitat data to recover the endangered Mexican wolf. 
Conservation Biology 28:76-86. 

Frankham, R., R.C. Lacy, J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, J.R.  
Mendelson III, I.J. Porton, K. Ralls, and O.A. Ryder. 2014. Species concepts for 
conservation: Reply to Russello and Amato. Biological Conservation 170:334-335. 

Lacy, R.C., and J.P. Pollak. 2014. VORTEX: A Stochastic Simulation of the Extinction Process.  
 Version 10.0. Chicago Zoological Society, Brookfield, Illinois, USA. 
Lacy, R.C., P.S. Miller, and K. Traylor-Holzer. 2014. Vortex 10 User’s Manual. IUCN SSC  

Conservation Breeding Specialist Group, and Chicago Zoological Society, Apple Valley, 
Minnesota, USA. 

Lacy, R.C., J.P. Pollak, P.S. Miller, L. Hungerford, and P. Bright. 2014. Outbreak version 2.1. 
IUCN SSC Conservation Breeding Specialist Group. Apple Valley, Minnesota, USA.  

Shoemaker, K.T., R.C. Lacy, M.L. Verant, B.W. Brook, T.M. Liveri, P.S. Miller, D.A. Fordham,  
and H.R. Akcakaya. 2014. Effects of prey metapopulation structure on the viability of 
black-footed ferrets in plague-impacted landscapes: a metamodelling approach. Journal 
of Applied Ecology 51:735-745. 

Hoffman, J.I., F. Simpson, P. David, J.M. Rijks, T. Kuiken, M.A.S. Thorne, R.C. Lacy, K.K.  
Dasmahapatra. 2014. High-throughput sequencing reveals inbreeding depression in a 
natural population. Proceedings of the National Academy of Sciences 111:3775-3780. 

Hedrick, P.W., and R.C. Lacy. 2015. Measuring relatedness between inbred individuals. Journal 
of Heredity 106:20-25. 

Willoughby, J.R., N.B. Fernandez, M.C. Lamb, J.A. Ivy, R.C. Lacy, and J.A. DeWoody. 2015. 
The impacts of inbreeding, drift, and selection on genetic diversity in captive breeding 
populations. Molecular Ecology 24:98-110. 

Wells, K., B.W. Brook, R.C. Lacy, G.J. Mutze, D.E. Peacock, R.G. Sinclair, N. Schwensow, P.  
Cassey, R.B. O’Hara, and D.A. Fordham. 2015. Timing and severity of immunizing 
diseases in rabbits is controlled by seasonal matching of host and pathogen dynamics. 
Journal of the Royal Society Interface 12:2014184 
http://dx.doi.org/10.1098/rsif.2014.1184  

Heinsohn, R., M. Webb, R. Lacy, A. Terauds, R. Alderman, and D. Stojanovic. 2015. A severe  
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predator-induced population decline predicted for endangered, migratory swift parrots 
(Lathamus discolor). Biological Conservation 186:75-82. 

Lacy, R.C., K.C. Balcomb III, L.J.N. Brent, D.P. Croft, C.W. Clark, and P.C. Paquet. 2015.  
Report on Population Viability Analysis model investigations of threats to the Southern 
Resident Killer Whale population from Trans Mountain Expansion Project. Attachment 
E, Ecojustice – Written Evidence of Raincoast Conservation Foundation (A70286), 
National Energy Board (Canada). 120 pp. Available at http://docs.neb-
one.gc.ca/fetch.asp?language=E&ID=A4L9G2. 

Zhao, X., Y. Ueda, S. Kajigaya, G. Alaks, M.J. Desierto, D.M. Townsley, B. Dumitriu, J. Chen,  
R.C. Lacy, and N.S. Young. 2015. Cloning and molecular characterization of telomerase 
reverse transcriptase (TERT) and telomere length analysis of Peromyscus leucopus. Gene 
568:8-18. 

Canessa, S., G. Guillera-Arroita, J. Lahoz-Monfort, D.M. Southwell, D.P. Armstrong, I. Chadès,  
R.C. Lacy, and S.J. Converse. 2015. When do we need more data? A primer on 
calculating the value of information for applied ecologists. Methods in Ecology & 
Evolution 6:1219-1228. 

Prowse, T.A.A., C.J.A. Bradshaw, S. Delean, P. Cassey, R.C. Lacy, K. Wells, M.  
Aiello-Lammens, H.R. Akçakaya, and B.W. Brook. 2016. An efficient protocol for the 
sensitivity analysis of complex ecological models. Ecosphere 7(3):e01238. 
10.1002/ecs2.1238 

Jiménez-Mena, B., K. Schad, N. Hanna, and R.C. Lacy. 2016. Pedigree analysis for the genetic 
management of group-living species. Ecology and Evolution 6:3067-3078. 

Miller, P.S., R.C. Lacy, R. Medina-Miranda, R. López-Ortiz, and H. Díaz-Soltero. 2016.  
Confronting the invasive species crisis with meta-model analysis: An explicit, two-
species demographic assessment of an endangered bird and its brood parasite in Puerto 
Rico. Biological Conservation 196:124-132. 

Manlik, O., J.A. McDonald, J. Mann, H.C. Raudino, L. Bejder, M. Krützen, R.C. Connor, M.R.  
Heithaus, R.C. Lacy, and W.B. Sherwin. 2016. The relative importance of reproduction 
and survival for the conservation of two dolphin populations. Ecology & Evolution 
6:3496-3512. http://onlinelibrary.wiley.com/doi/10.1002/ece3.2130/full 

Wells, K., P. Cassey, R.G. Sinclair, G.J. Mutze, D.E. Peacock, R.C. Lacy, B.D. Cooke, R,B.  
O’Hara, B.W. Brook, and D.A. Fordham. 2016. Targeting season and age for optimizing 
control of invasive rabbits. Journal of Wildlife Management 80:990-999. doi: 
10.1002/jwmg.21093. 

Willis, K., and R.C. Lacy. 2016. Use of animals with partially known ancestries in scientifically  
 managed breeding programs. Zoo Biology 35:319-325. 
Canessa, S., G. Guillera-Arroita, J. Lahoz-Monfort, D.M. Southwell, D.P. Armstrong, I. Chades, 

R.C. Lacy, and S. Converse. 2016. Adaptive management for improving species 
conservation across the captive-wild spectrum. Biological Conservation 199:123-131. 

Fant, J.B., K. Havens, A.T. Kramer, S.K. Walsh, T. Callicrate, R.C. Lacy, M. Maunder, A. Hird 
Meyer, P.P. Smith. 2016. What to do when we can’t bank on seeds: What botanic 
gardens can learn from the zoo community about conserving plants in living collections. 
American Journal of Botany 103:1541-1543. 
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Lacy, R.C., K.M. Kovacs, C. Lydersen, and J. Aars. 2016. Case Study 4. Exploring impacts of 

declining sea ice on polar bears and their ringed seal and bearded seal prey in the 
northern Barents Sea. Pages 77-81 in W.B. Foden and B.E. Young (eds.), IUCN SSC 
Guidelines for Assessing Species’ Vulnerability to Climate Change. Version 1.0. 
Cambridge, UK and Gland, Switzerland: IUCN Species Survival Commission. 

Pacioni, C., M.R. Williams, R.C. Lacy, P.B.S. Spencer, A.F. Wayne. 2017. Predators and genetic  
fitness: key threatening factors for the conservation of a bettong species. Pacific 
Conservation Biology 23:200-2122. http://dx.doi.org/10.1071/PC17002.  

Williams, R., Lacy, R.C., Ashe, E., Hall, A., Lehoux, C., Lesage, V., McQuinn, I., Plourde, S.  
2017. Predicting responses of St. Lawrence beluga to environmental change and 
anthropogenic threats to orient effective management actions. DFO Can. Sci. Advis. Sec. 
Res. Doc. 2017/027. v + 44 p. 

Willoughby, J.R., J.A. Ivy, R.C. Lacy, J. Doyle, and J.A. DeWoody. 2017. Inbreeding and 
selection shape genomic diversity in captive populations: implications for the 
conservation of endangered species. PLOS ONE 12(4): e0175996. 
doi:10.1371/journal.pone.0175996. 

Raboy, B.E., R.C. Lacy, T. Callicrate, & C.M. Lees. 2017. METAMODEL MANAGER. User’s 
Manual. Chicago Zoological Society, Brookfield, Illinois, USA. Available at: 
http://www.vortex10.org/MeMoMa.aspx. 

Frankham, R., J.D. Ballou, K. Ralls, M.D.B. Eldridge, M.R. Dudash, C.B. Fenster, R.C. Lacy, 
and P. Sunnucks. 2017. Genetic Management of Fragmented Animal and Plant 
Populations. Oxford University Press, Oxford UK. 

Malo, A.F., F. Martinez-Pastor, F. Garcia-Gonzalez, J. Garde, J.D. Ballou, and R.C. Lacy. 2017. 
A father effect explains sex-ratio bias. Proceedings of the Royal Society B 20171159. 
http://dx.doi.org/10.1098/rspb.2017.1159.  

Ralls, K., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, C.B. Fenster, R.C. Lacy, P. Sunnucks, 
and R. Frankham. 2017. Call for a paradigm shift in the genetic management of 
fragmented populations. Conservation Letters doi: 10.1111/conl.12412. 

Lacy, R.C., R. Williams, E. Ashe, K.C. Balcomb III, L.J.N. Brent, C.W. Clark, D.P. Croft, 
D.A. Giles, M. MacDuffee, and P.C. Paquet. 2017. Evaluating anthropogenic threats to 
endangered killer whales to inform effective recovery plans. Scientific Reports 7:14119. 
doi: 10.1038/s41598-017-14471-0. 

Manlik, O., R.C. Lacy, and W.B. Sherwin. 2018. Applicability and limitations of sensitivity 
analysis for wildlife management. Journal of Applied Ecology 55:1430-1440. 
https://doi.org/10.1111/1365-2664.13044 

Lacy, R.C., Malo, A.F., & Alaks, G. 2018. Maintenance of genetic variation in quantitative traits  
of a woodland rodent during generations of captive breeding. Conservation Genetics 
19:789-802. doi: 10.1007/s10592-018-1054-y. 

Pacioni, C., S. Sullivan, C.M. Lees, P.S. Miller, R.C. Lacy. 2018. OUTBREAK User’s Manual.  
 Chicago Zoological Society, Brookfield, Illinois, USA. 
Johnson, K., A. Baker, K. Buley, L. Carrillo, R. Gibson, G.R. Gillespie, R.C. Lacy, and  

K. Zippel. 2018. A process for assessing and prioritizing species conservation needs: 
going beyond the Red List. Oryx doi: 10.1017/S0030605317001715 

Fenster, C.B., J.D. Ballou, M.R. Dudash, M.D.B. Eldridge, R. Frankham, R.C. Lacy, K. Ralls, &  
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P. Sunnucks. 2018. Conservation and genetics. Yale Journal of Biology and Medicine 
91:491-501. 

Lacy, R.C. 2019. Lessons from 30 years of population viability analysis of wildlife populations.  
Zoo Biology 38:67-77. doi: 10.1002/zoo.21468. 

Murray, C.C., L.C. Hannah, T. Doniol-Valcroze, B. Wright, E. Stredulinsky, A. Locke & R. 
Lacy. 2019. Cumulative Effects Assessment for Northern and Southern Resident Killer 
Whale Populations in the Northeast Pacific. DFO Can. Sci. Advis. Sec. Res. Doc. 
2019/056. x. + 88 p. 

Frankham, R., J.D. Ballou, K. Ralls, M.D.B. Eldridge, M.R. Dudash, C.B. Fenster, R.C. Lacy, 
and P. Sunnucks. 2019. Practical Guide to Genetic Management of Fragmented Animal 
and Plant Populations. Oxford University Press, Oxford UK. 

Carroll, C., R.C. Lacy, R.J. Frederickson, D.J. Rohlf, S.A. Hendricks, & M.K. Phillips. 2019. 
Biological and sociopolitical sources of uncertainty in population viability analysis for 
endangered species recovery planning. Scientific Reports 9:10130, 
doi.org/10.1038/s41598-019-45032-2. 

Griffith,M.P., E. Beckman, T. Callicrate, J. Clark, T. Clase, S. Deans, M. Dosmann, J. Fant, X. 
Gratacos, K. Havens, S. Hoban, M. Lobdell, F. Jiménez-Rodriguez, A. Kramer, R. Lacy, 
T. Magellan, J. Maschinski, A. W. Meerow, A. Meyer, V. Sanchez, E. Spence, P. 
Toribio, S. Walsh, M. Westwood, J. Wood. 2019. TOWARD THE 
METACOLLECTION: Safeguarding plant diversity and coordinating conservation 
collections. Botanic Gardens Conservation International-US (San Marino, USA). 

Thomas, J.E., G.R. Carvalho, J. Haile, N.J. Rawlence, M. D. M. Simon, Y.W. Ho, A. Sigfússon, 
V.A. Jósefsson, M. Frederiksen, J.F. Linnebjerg, J.A. Samaniego Castruita, J. Niemann, 
M.-H. S. Sinding, M. Sandoval-Velasco, A.E. R. Soares, R. Lacy, C. Barilaro, J. Best, D. 
Brandis, C. Cavallo, M. Elorza, K. L. Garrett, M. Groot, F. Johansson, J.T. Lifjeld, G. 
Nilson, D. Serjeanston, P. Sweet, E. Fuller, A.K. Hufthammer, M. Meldgaard, J. Fjeldså, 
B. Shapiro, M. Hofreiter, J.R. Stewart, M.T.P. Gilbert, & M. Knapp. 2019. Demographic 
reconstruction from ancient DNA supports rapid extinction of the great auk. eLife 
8:e47509. doi.org/10.7554/eLife.47509. 

Wood, J., J.D. Ballou, T. Callicrate, J.B. Fant, M.P. Griffith, A.T. Kramer, R.C. Lacy, A. Meyer,  
S. Sullivan, K. Traylor-Holzer, S.K. Walsh, & K. Havens. 2020. Applying the zoo model 
to conservation of threatened exceptional plant species. Conservation Biology (in press). 

 
Software developed and distributed for professional use 
PMx: Software for demographic and genetic analysis and management of populations. 

 (Developed jointly with J. Ballou and J.P. Pollak). Used to guide management of captive 
populations of more than 1000 species globally. 

Vortex: Simulation of interacting genetic, demographic, and environmental causes of 
extinction in small, isolated populations interconnected by occasional migration. Used by 
conservation and wildlife biologists to assist in the analysis and management of wild 
populations of 100s of species in more than 70 countries. 

Vortex Adaptive Manager. Software for guiding adaptive management of wildlife populations.  
Outbreak: Epidemiological simulation for modeling infectious disease. (Developed with J.P.  
 Pollak, P.S. Miller, et al.) 
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MetaModel Manager: Flexible modeling platform for linking simulation models representing  

diverse processes (such as species interactions, habitat change, climate change, disease, 
and social systems) to provide more holistic risk assessments for wildlife populations. 
(Developed with J.P. Pollak.) 
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DEBORAH GILES, PH.D. - 1 
Case No. 2:20-cv-00417-MLP

CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900

Seattle, Washington 98154 
(206) 625-8600 

HONORABLE MICHELLE L. PETERSON 

UNITED STATES DISTRICT COURT 
WESTERN DISTRICT OF WASHINGTON 

AT SEATTLE 

WILD FISH CONSERVANCY 
NORTHWEST, a Washington non-profit 
corporation, 

Plaintiff, 

v. 

BARRY THOM, in his official capacity as 
Regional Administrator of the National Marine 
Fisheries Service, et al., 

Defendants. 

Case No. 2:20-cv-00417-MLP 

DECLARATION OF DR. DEBORAH 
GILES, Ph.D. 

 I, Deborah Giles, state and declare as follows; 

1. I have been retained by Plaintiff Wild Fish Conservancy, by and through counsel, 

to provide my expert evaluation and opinion regarding the Southern Resident Killer Whale 

population. This declaration provides my opinions and conclusions, including scientific 

information regarding Southern Resident Killer Whales and their physiological health. I have 

actual knowledge of the matters stated herein and could and would so testify if called as a witness. 

2. I received my PhD from the University of California Davis in 2014. My master’s 

thesis and PhD dissertation both focused on Southern Resident Killer Whales. I was formerly the 

research director at the Center for Whale Research. I am currently a resident scientist and lecturer 
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DEBORAH GILES, PH.D. - 2 
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CORR CRONIN, LLP 
1001 Fourth Avenue, Suite 3900

Seattle, Washington 98154 
(206) 625-8600 

at the University of Washington’s Friday Harbor Labs, where I teach Marine Mammals of the 

Salish Sea and Marine Biology, and I am the science and research director for the nonprofit Wild 

Orca.  

3. My professional background, experience, and publications are detailed in my 

curriculum vitae, a true and accurate copy which is attached as Exhibit A to this declaration.  

4. Since 2009, I have been the vessel captain for Dr. Samuel Wasser’s project – at 

University of Washington’s Center for Conservation Biology – utilizing a scat detection dog to 

locate floating killer whale scat to monitor the physiological health of Southern Resident killer 

whales.  Southern Resident killer whale feces can be genotyped to determine which whale the fecal 

sample came from and they can be examined for stress, nutrition and pregnancy hormones, 

toxicants, microbiome, parasites, bacteria and microplastics found in Southern Resident Killer 

Whales. Analysis of fecal samples confirms that Chinook salmon are the dominant fish species 

eaten by the Southern Resident killer whales.   

5. Since 2010, I have worked with National Oceanic and Atmospheric 

Administration’s National Marine Fisheries Service (NMFS) on a project deploying acoustic 

suction-cup recording tags on killer whales to measure received noise levels by whales. I am the 

killer whale scientific adviser for the Orca Salmon Alliance, a program advisor for Killer Whale 

Tales, a co-coordinator for the San Juan Island Naturalist Program, and I am on the Steering 

Committee for the Salish Sea Ecosystem Advocates (SalishSEA). In 2018 and 2019, I served on 

the prey and vessel working groups for Washington’s Governor Jay Inslee’s Southern Resident 

Killer Whale Recovery Task Force and was an invited panelist for Governor Inslee’s Lower Snake 

River Dams Stakeholder Engagement workgroup. On behalf of Wild Orca I translate science and 

engage with the public and policy makers with the aim of preventing the extinction of the critically 
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endangered Southern Resident killer whales. 

6. NMFS listed the Southern Resident Killer Whales as endangered under the 

Endangered Species Act (ESA) in 2005 when the population numbered 88 whales. Despite almost 

fifteen years of federal protection, the population has continued to decline from a high census 

count in 1995 of 98 whales to a near historic low of only 72 whales today. NMFS has recognized 

the  Southern Resident Killer Whales as one of eight marine species most at risk of extinction, and 

considers them a recovery priority number one, which is defined as “a species whose extinction is 

almost certain in the immediate future because of a rapid population decline or habitat destruction.” 

By NMFS’ own assessment, the population must increase by an average 2.3 percent per year for 

28 years in order to be removed from the Endangered Species list, which is NMFS’ goal.   

7. As the independent governmental agency Marine Mammal Commission explained, 

a primary cause of this well documented population decline has been a steep decline in the number 

of pregnancies and a lack of live births in those whales that do become pregnant.   From 1984 to 

2011, there were between two to six births in the population in most years, an average of 3.85 per 

year. From 2012 to 2014 there were just four births in total, an average of 1.33 per year. In 2015 

seven calves were documented, which was the second largest single-year number of births. 

Unfortunately, no calves were born in 2017, and the one calf born in late September of 2018 died 

shortly after its birth. Two calves were born in 2019 and were still alive as of January 2020, 

meaning the average number of annual births from 2017 to 2019 was 1.00.  Cumulatively, from 

2012 to through 2019 there were 14 births, an average of 2.00 per year, seven of which have 

survived to date.  

8. Like the other fish-eating killer whale populations in the North Pacific, the Southern 

Residents are dietary specialists on fish, and particularly Chinook salmon. This diet must support 
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daily life activities (e.g., foraging, traveling, socializing, resting), in addition to gestation, lactation, 

and growth. To maintain this high energy balance, Southern Resident Killer Whales preferentially 

consume older Chinook salmon (>3 years). Chinooks’ large size, relatively high fat and energy 

content, and year-round occurrence from multiple sources within the Southern Resident Killer 

Whales’ range contributes to this preference—and the preference persists despite a steep decline 

in the abundance of Chinook salmon.  According to the Environmental Protection Agency, “steep 

declines in Chinook salmon is associated with three main factors: habitat change, harvest rates and 

hatchery influence,” and not insignificantly, damming of rivers below historical spawning sites.   

9. In 2017, I co-authored an article titled “Population growth is limited by nutritional 

impacts on pregnancy success in endangered Southern Resident killer whales” in which we 

discussed the results of our research. As we explained, Southern Resident population growth is 

constrained by low offspring production for the number of reproductive females in the population. 

Lack of prey, increased toxins and vessel disturbance have been listed as potential causes of the 

whale’s decline but partitioning these pressures has been difficult. We validated and applied 

temporal measures of progesterone and testosterone metabolites to assess occurrence, stage and 

health of pregnancy from genotyped killer whale feces collected using detection dogs. Thyroid 

and glucocorticoid hormone metabolites were measured from these same samples to assess 

physiological stress. These methods enabled us to assess pregnancy occurrence and failure as well 

as how pregnancy success was temporally impacted by nutritional and other stressors, between 

2008 and 2014. Southern Residents have an 18 month gestation period and their nutritional health 

depends on the relative timing of multiple, seasonal fish runs (e.g., spring Columbia River Chinook 

and summer Fraser River Chinook), as well as food availability in between those periods, each of 

which vary markedly between years. The increasingly common occurrence of births outside the 
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typical winter calving period may also be an indication of the increased unpredictability of 

diminishing fish runs along with the corresponding high rate of late reproductive loss in Southern 

Residents, including more costly late spontaneous abortions. Our study concluded that up to 69% 

of all detectable pregnancies were unsuccessful; of these, up to 33% failed relatively late in 

gestation or immediately post-partum, when the cost is especially high. Low availability of 

Chinook salmon appears to be an important stressor among these fish-eating whales as well as a 

significant cause of late pregnancy failure, including unobserved perinatal loss. We concluded the 

primary solution to drive population growth is promoting Chinook salmon recovery. A true and 

correct copy of this article is attached as Exhibit B to my declaration.  

10. The decline in available prey has also led to substantial behavioral changes. The 

Southern Residents are spending less and less time in the formerly prey-rich Salish Sea area, their 

designated summer core critical habitat, and are being forced to forage further afield, with limited 

success. The following graphic shows the correlation between the decline in available Chinook 

salmon and the days the Southern Residents spent in the Salish Sea during traditional summer 

hunting periods.   
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11.  Our research has determined that each Southern Resident needs around 20 full-

bodied Chinook salmon per day to survive. In other words, just to maintain the existing population, 

over 525,000 fully mature Chinook salmon are needed annually for the Southern Residents to 

survive. To date, fisheries management decisions have not been made with the recovery of the 

Southern Resident killer whales in mind, fish runs are historically low, and all evidence—including 

increased death rates, low fecundity, and the physical appearance of the Southern Resident Killer 

Whales (see photo below)—indicate that there is a substantial lack of sufficient Chinook 

abundance available as prey to the Southern Resident Killer Whales.   
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Aerial photographs of Southern Resident “J17’ over a 3 and a half year period depicting substantial 
weight loss and onset of “peanut head,” indicating extreme nutritional distress.  Images obtained 
by Holly Fearnbach (SR3) and John Durban (NOAA Fisheries’ Southwest Fisheries Science 
Center) using a remotely piloted drone under NMFS Research Permit #19091 (available at 
https://crosscut.com/2019/05/orca-j17-starving-death-isnt-inevitable).  

12. Currently, up to 97% of Chinook caught in Alaska are actually salmon that originate 

in BC Canada, Washington, Oregon and Idaho rivers. Under the quotas set by the Pacific Salmon 

Treaty and approved by NMFS, the amount of Chinook salmon available as prey to the Southern 

Residents will be further reduced. Given that the Southern Residents are already substantially 

nutritionally deprived, this additional reduction will further decrease the possibility that this 

population can successfully reproduce in sufficient numbers to maintain, let alone grow, the 

population. It is essentially impossible to meet NMFS’ recovery goal of an average growth rate of 

2.3% in the Southern Resident Killer Whale population without increasing the abundance of 

Chinook available to the Southern Residents as prey.  

13. I am aware that some mitigation measures, such as increased hatchery production, 

habitat restoration, and developing fish passage structures at dams, may over time help to increase 

Chinook population available to the Southern Residents. However, these mitigation measures,  
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Deborah A. Giles, Ph.D 
P.O. Box 3364  Friday Harbor WA  98250 

 (360) 378-0353  (916) 531-1516 (cell)   

Email: giles7@gmail.com 

 __________________________________________________ 
 

STATEMENT OF PERSONAL INTEREST 

As a killer whale biologist based on San Juan Island since 2005, I apply my scientific expertise, educational 

training, and diverse community outreach to elevate awareness of the threats facing the Salish Sea 

Ecosystem. I do this by furthering partnerships with county, state and federal agencies, as well as non-

governmental organizations and universities to ensure they have the most up-to-date information to support 

the recovery of our endangered salmon, whales and the Salish Sea Ecosystem.     

 

EDUCATION  

 University of California, Davis 

• 2014     Ph.D. Geography, Biogeography, Conservation Biology  

• 2007 M.A. Geography, Conservation Biology 

• 2004  B.A.  Philosophy, minor in Nature and Culture                       

 

COMMUNITY ENGAGEMENT & OUTREACH ACTIVITIES / TRANSLATIONAL SCIENCE 

• Washington State Governor Inslee appointee to the Prey and Vessel Working Groups 

supporting the Southern Resident Killer Whale Recovery Task Force. Worked with other 

invited members of the legislature, Government of Canada and representatives from tribal, federal, 

local and other state governments, the private and non-profit sectors using to best available science 

to identify, research and analyze potential actions and formulate recommendations for Task Force 

consideration.  

• Invited participant on Governor Inslee’s Lower Snake River Dams Stakeholder Engagement 

Process. Participated in three panel discussion workshops around Washington state, engaged with 

the public and other invited panel members to better understand different stakeholder opinions 

related to the removal of the lower Snake river dams.  

• Co-organizer and sponsor of ongoing Southern Resident killer whale CALF (Community 

Action – Look Forward) workshop series. The fifth and most recent in person workshop was held 

in November 2018 and featured topics and discussion on how to apply lessons learned from the 

Yellowstone ecosystem to the Salish Sea Ecosystem, the complex issues involving the Pacific 

Salmon Treaty, federal law and state management of fisheries and how individuals can be involved 

in recovery efforts for the Southern Resident fish-eating whales and the Chinook salmon they rely 

on. 

• Coordinator for Center for Whale Research’s “Research – Action – Recovery” Symposium 

and Fundraiser Auction, attended by 200+ local and off-island killer whale advocates. Discussion 

topics included an update on SRKW demographics, current and future studies, threats preventing 

the orcas from recovering, and the importance of policy and advocacy to help the endangered 

whales. 

• Science Advisor for the Orca Salmon Alliance (OSA) comprised of international, national, 

regional, and local non-profit organizations, researchers, and community action groups working to 

educate the public about the threats facing the Southern Resident orcas the salmon species they rely 

on and to act to eliminate those threats.   

• Coordinator for OSA sponsored event “Intertwined Fates: The Orca-Salmon Connection” at 

the Seattle Aquarium October 2015. Keynote speaker Carl Safina.  

o On new research confirming the important connection between SRKWs Chinook. 
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o That the prospects for SRKW survival dims without significant restoration of Chinook runs 

across SRKW range including the Columbia, Klamath, and Sacramento Rivers in the U.S. 

and the Fraser River in Canada.  

• Established San Juan Island Naturalist Program – a land-based naturalist led whale watching 

and natural history program conducted at the Land Bank’s Westside Preserve. A joint program with 

San Juan Island Land Bank, Salish Sea Ecosystem Advocates, Orca Network, and Whale Scout. 

• Science Advisor - Killer Whale Tales; Science Education – assist in conducting hands-on 

education modules at Lime Kiln State Park with all 4th grade classes from the Bellingham School 

District (May-June 2015-2017). 

 

PROFESSIONAL EXPERIENCE 

Research Vessel Captain & Local Project Lead:  Center for Conservation Biology, University of 

Washington, 2009-Present 

Research: Physiological monitoring of Southern Resident Killer Whales (Orcinus orca)  

• Captain research vessel for scat detection dog to locate and collect killer whale fecal samples used 

to assess stress and nutrition hormone levels and toxicant loads. 

• Train and handle conservation scent detection canines used to locate floating whale feces  

• Conduct killer whale behavioral research.    

• Responsible for crew safety training and vessel maintenance.   

 

Wild Orca – Science and Research Director, May 2018 – present. 

• Develop and facilitate research projects focused on Southern Resident killer whales. Organize and 

participate in education and outreach opportunities to engage the public in salmon and killer whale 

conservation efforts. Conduct interviews with media.  

 

Orca Network – Scientific Advisor, Nov. 2015 – present. 

• Provide scientific interpretation and consultation and present the latest findings at research 

workshops and symposiums. Engage with the public at community events.  

 

San Juan Island Naturalist Program (SJINP) – Senior Coordinator, May 2015 – present 

• Facilitate annual memorandum of understanding between partners, San Juan County Land Bank, 

Orca Network, Whale Scout, with program support from additional non-profit organizations. 

• Train seasonal coordinator, certified naturalists, and multiple volunteers on the natural history of 

the Salish Sea and basic biology of marine mammals. Train all on data collection protocols.  

• Ensure data collected by SJINP is accurately entered into database 

• Oversee annual summary statistics repot to San Juan County Land Bank 

 

Center for Whale Research (CWR) – Research Director & Projects Manager, Nov. 2015 – Oct. 2017   

• Collaborated with state and federal partners, NGOs and whale and salmon advocacy organizations 

to protect and recover the whales. 

• Procured and administered grants related to the health of the Southern Resident killer whales.  

• Developed grant proposals to undertake additional research on acoustics and behavior of cetaceans 

in the Salish Sea, along the Pacific Coast to Monterey, California, in Alaska, and Hawaii.  

• Managed staff, accounting, vessel maintenance scheduling, and drove research vessels as needed.    

• Presented data and gave lectures at local, state, federal and NGO sponsored workshops 

• Served as primary media contact interpreting latest scientific research and as the “voice” for 

whales, conducted numerous interviews for print, digital and video, authored press releases. 

• Facilitated annual photo ID and demography on endangered Southern Resident killer whales.  

 

Graduate Researcher: Master’s thesis and PhD dissertation research, 2006-2013     
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• Wrote research grant proposal and successfully completed contract obligations including 

administration of $89,730.00 budget. 

• Procured U.S. scientific research permits under the Endangered Species Act/Marine Mammal 

Protection Act and Canadian research permits under the Marine Mammal/Species at Risk Act.   

• Assessed vessel compliance with guidelines and laws governing boating around marine mammals.   

• Collected location and attribute data on killer whale behavior, and vessel location, density and 

distance from whales to assess change in killer whale behavior in the presence of vessels. 

 

Research Scientist: (NOAA/NMFS) National Oceanic and Atmospheric, 2010-2014 and 2018-2020               

Administration/National Marine Fisheries Service Research 

• Utilized specialized equipment to capture remote whale and vessel location data and attribute data 

to be used in conjunction with Cascadia Research Collective and the Northwest Fisheries Science 

Center to assess underwater acoustics recorded by a suction-cup tag attached to the focal killer 

whales. Future peer reviewed publications stemming from the project will also examine killer 

whale diving behavior, movement patterns and foraging ecology.  

 

Research Assistant:  Cascadia Research Collective, 2005-2010 

Research:  Focal Behavioral Observations of Fish-Eating Killer Whales:  Improving Our Understanding of 

Foraging Behavior and Prey Selection. 

• Assisted with spotting, identifying, and tracking whales.   

• Retrieved field samples from nets, incl. fish scales and prey tissue, processed samples for analysis.   

 

Research Assistant:  The Whale Museum’s Soundwatch Boater Education Program, 2005-2008   

• Captained vessel conducting patrols to educate boaters on best practices around marine wildlife.  

• Collected data on vessels quantities and activities around whales, including commercial and private 

vessel compliance with recognized guidelines and laws on best boating practices.   

 

Research Assistant:  The Whale Museum’s Marine Mammal Stranding Network, 2005-2014  

• Responded to alert calls and assisted with assessing condition of potentially stranded marine 

mammals.   

• Collected remains for necropsy at University of Washington Friday Harbor Labs.   

 

Research Assistant:  The Northeast Minke Whale Project, 2005-2007 

• Participated in on-the-water surveys for minke whales in the Northeast Pacific. 

 

Research Scientist: (NOAA/NMFS) National Oceanic and Atmospheric Administration/National, 2007 

Marine Fisheries Service Research Cruise – Southern Resident Killer Whale Winter Range Tracking. 

• Deployed, retrieved and monitored acoustic recording equipment designed to document marine 

mammal vocalizations. 

• Operated hydraulic arm to deploy and recover CTD (conductivity, temperature, depth) equipment.   

• Processed water samples for salinity, nutrients, and toxins.  Conducted and processed samples from 

plankton tows. 

• Utilized high-powered military binoculars to locate marine mammals, recorded sightings in 

customized computer database. 

 

Research Assistant:  University of Washington, 2005-2006 

Research:  Effects of Vessels on Behavior of Southern Resident Killer Whales. 

• Operated computer in team effort with theodolite operator, assisted with spotting, identifying, and 

tracking individual killer whales from land-based field sites. 
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Biological Science Technician, GS-404-05:  NOAA/National Marine Fisheries Service/NWFSC, 2006   

Research:  Behavior of Southern Resident Killer Whales in the Presence of Vessels in San Juan Islands 

• Collected vessel density and attribute data using a handheld Palm Pilot computer.  

• Located and identified individual killer whales, monitored whale movements, and identified group 

social behaviors.   

 

Research Assistant:  Cascadia Research Collective, 2005      

Research: Trends in Contaminants in Puget Sound harbor seals 

• Recorded field data, photographed deceased harbor seal pups, bagged and labeled biopsy specimens 

including blubber and liver tissue for later lab analysis of toxicity levels.   

 

SPECIAL TRAINING 

• Experience with GIS, database management and mapping 

• 16 years’ experience operating vessels around all marine mammals in the Salish Sea.  At ease on 

large and small research vessels regardless of weather conditions. Motorboat Operator Certified. 

• Certified in Standard first aid, Adult CPR/AED, Infant and Child CPR. 

• Thoroughly trained in Global Positioning Systems (GPS) hardware and software technology, and in 

the use of commonly utilized field equipment including total stations, laser rangefinders, 

binoculars, digital compasses, and various data collectors including: Pocket PCs, Palm Pilots.   

• Extensive experience in marine mammal research such as identifying, collecting and recording data 

on individual Southern Resident killer whales, minke, humpback and gray whales, harbor seals, 

harbor and Dall’s porpoises. 

• Proficient in acoustic tag insertion in salmon smolt.    

• Skilled in recording vessel quantities and activities around marine mammals & marine protected 

areas.   

 

GRANTS AND AWARDS 

• NOAA/NMFS Research Contract to record whale and vessel location in conjunction      2010-2014 

with Cascadia Research Collective examining diving behavior, foraging ecology and  

movements of killer whales. 

• Geosystems Award, California Geographical Society Annual Meeting’s Top Award.       2012 

• Society of Marine Mammalogy, Student Travel Award, for Biennial Conference                      2011 

on the Biology of Marine Mammals, Tampa, FL.                  

• NOAA/NMFS Research Contract to study vessel compliance with boating regulations            2009    

• NOAA/NMFS Research Contract to study effects of vessels on killer whale behavior     2007-2009 

• Office of Graduate Studies, Travel Award, presentation at AAG annual conference                  2007 

• Recipient of a Henry A. Jastro/Peter J. Shields Research Fellowship Award-3 years       2006-2008 

• UC Davis Geography Grad. Group Research Grant: Student Support Award-6 years      2005-2011 

 

TEACHING EXPERIENCE   

• University of Washington, Friday Harbor Labs. Instructor 

Marine Mammals of the Salish Sea, lecture and lab                2017 

• UW-FHL Instructor 

Marine Biology, lecture and lab               2017- 2019 

• University of California, Davis (UCD). Instructor   

Habitat Conservation and Restoration, lecture and field lab 

Wildlife, Fisheries, Conservation Biology Department (WFCB)           2014, 2015 

• UCD Teaching Assistant (TA) – Habitat Conservation & Restoration, WFCB                2006 -2013 

• TA – Wildlife Ecology and Conservation, WFCB                                                             2011-2013 
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• TA – Natural History of California's Wild Vertebrates, WFCB             2011-2013   

• TA – Coastal Ecosystems, WFCB                                           2010 

• TA – War & Terrorism, Science and Society                                                2009 

• Graduate Student Researcher, Coastal Ecosystems Analysis – Pt. Reyes CA.                  2005, 2008 

• TA – Technology in Society, American Studies                         2008 

• TA – Plant Geography, WFCB                          2006 

• TA – Physical Geography, Environmental Science and Policy                      2006 

• TA – Nature and Culture in America, American Studies                        2005 

• TA – Human Evolutionary Biology, Anthropology                       2004 
 

ACADEMIC & COMMUNITY SERVICE 
• Elected to the Steering Committee for the Salish Sea Ecosystem Advocates         2009-present 

• Scientific Advisor for Killer Whale Tales,              2008-present 

  Elementary school environmental education program        

• Admissions Committee, Geography Graduate Group 2006-07 applicant pool                     2006 

• Executive Committee, Geography Graduate Group, Student Representative                   2004-2007  

• U.C. Davis Graduate Students Association, Graduate Group Representative                  2004-2007 

 

PUBLICATIONS 

• Holt, Marla M., M.B. Hanson, C.K. Emmons, D.K. Hass, D.A. Giles, J.T. Hogan, 2019. Sounds 

associated with foraging and prey capture in individual fish-eating killer whales, Orcinus orca. 

Journal of the Acoustical Society of America 146, 3475  

• Holt, Marla M., J.B. Tennessen, M.B. Hanson, C.K. Emmons, D.A. Giles, J.T. Hogan, B.M. 

Wright, S. Thornton, 2019. How acoustics informs understanding of foraging behavior and 

effects of vessels and noise on killer whales. Journal of the Acoustical Society of America 146, 

2897 

• Tennessen, J.B., M. Holt, E.J. Ward, B. Hanson, C. Emmons, D.A. Giles, Jeffrey Hogan, 2019. 

Hidden Markov models reveal temporal patterns and sex differences in killer whale behavior. 

Scientific Reports 9, 14951 

• Tennessen, J.B., M. Holt, B. Hanson, C. Emmons, D.A. Giles, Jeffrey Hogan, 2019.  Kinematic 

signatures of prey capture from archival tags reveal sex differences in killer whale foraging activity. 

Journal of Experimental Biology. Journal of Experimental Biology (2019) 222 

• Ellis, S., D.W. Franks, S. Nattrass, T.E. Currie, M.A. Cant, D.A. Giles, K. C. Balcomb, D. P. Croft, 

2018.  Analysis of ovarian activity reveal repeated evolution of post-reproductive lifespans in 

toothed whales. Scientific Reports 8, No. 12833 

• Lundin, Jessica, Gina M. Ylitalo, Deborah A. Giles, et al., 2018. Pre-oil spill baseline profiling for 

contaminants in Southern Resident killer whale fecal samples indicated possible exposure to vessel 

exhaust. Marine Pollution Bulletin 136 (448–453) 

• S. Ellis, D. W. Franks, S. Nattrass, M.A. Cant, D.L. Bradley, D.A. Giles, K. C. Balcomb, D. P. 

Croft, 2018. Post-reproductive lifespans are rare in mammals. Ecology and Evolution Vol. 8, (5) 

• S. Ellis, D. W. Franks, S. Nattrass, M.A. Cant, M. N. Weiss, D. Giles, K. C. Balcomb, D. P. Croft, 

2017.  Mortality risk and social network position in resident killer whales: sex differences and the 

importance of resource abundance. Proc. R. Soc. B 2017 284 20171313; DOI: 

10.1098/rspb.2017.1313.    
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• Lacy, Robert C., Rob Williams, Erin Ashe, Kenneth C. Balcomb, Lauren J.N. Brent, Christopher 

W. Clark, Darren P. Croft, Deborah A. Giles, Misty McDuffee, Paul Paquet, 2017. Evaluating 

anthropogenic threats to endangered killer whales to inform effective recovery plans. Scientific 

Reports 7, Article number: 14119 

• Wasser, SK, Jessica Lundin, Katherine Ayres, Elizabeth Seely, Deborah Giles et al., 2017.  

Population growth is limited by nutritional impacts n pregnancy success in endangered Southern 

Resident Killer Whales. PLoS ONE 12(6) 

• Lundin, J., et al., 2016. Modulation in Persistent Organic Pollutant Concentration and Profile by 

Prey Availability and Reproductive Status in Southern Resident Killer Whale Scat Samples. 

Environ. Sci. Technol., 2016, 50 (12) 

• Houghton, J., Marla Holt & Deborah Giles, 2015. The relationship between vessel traffic and noise 

levels received by killer whales (Orcinus orca). PLoS ONE 10(12) 

• Giles, D.A., and Kari Koski, 2012.  From Voluntary Guidelines to Regulations: the Evolution of 

Adaptive Management Practices for Vessel-based Whale Watching in the Trans-Boundary Waters 

of British Columbia and Washington State.  Journal of International Wildlife Law and Policy, 15(1)  

• Giles, Deborah A., Rose Cendak, and Kari Koski, 2010. Measuring vessel compliance with 

Washington State boating laws and regional “Be Whale Wise Boating Guidelines” in the presence 

of Southern Resident Killer Whales (2007–2009). NMFS Contract Report No. AB133F07SE3026 

• Giles, Deborah A. and Rose Cendak, 2009. An Assessment of Vessel Effects on the Spatial 

Structure of Southern Resident Killer Whale groups and Measuring Vessel Compliance with 

Boating Guidelines.  NMFS Contract Report No. AB133F07SE3026 

• Bunting, J.E., D.A. Giles, et al., 2011. A Primer of Conservation Behavior.  Book Review Animal 

Behaviour, Volume 81, Issue 1, pages 353-355 

 

INVITED LECTURER / PARTICIPANT (SELECTED EVENTS) 

 

• Orca Network’s Ways of Whales Workshop – Everybody Loves a Pooping Whale:                2020 

what whale feces can tell us about ecosystem health 

• Lummi Indian Nation – Plight of the Southern Resident killer whales           2019 

• Orca Network’s Ways of Whales Workshop, Recent findings and pending research     2019  

• Department of Fisheries and Oceans Canada, Invited Participant, Technical Working            2019 

Group on small vessel noise mitigation 

• International Society for Anthrozoology (ISAZ) - UC Davis Veterinary Medicine,  

Plenary speaker: A decade post listing - reassessing identified threats to  

the federally listed "endangered" Southern Resident Killer Whales.       2017 

• Orca Network’s Ways of Whales Workshop, State of the science on endangered  

Southern Resident killer whales                            2016 

• Salish Sea Conference, Vancouver British Columbia, Canada.               2016 

Phocoenacide: the killing of porpoise by fish eating killer whales 

• The Whale Museum’s Naturalists Training Gear-Down, invited speaker.        2015 

• American Cetacean Society Biennial Conference, invited speaker, San Diego CA      2012 

• California Geographical Society Annual Conference, Davis CA        2012  

 Using non-invasive remote sensing equipment and GIS to assess potential effects of  

 vessels on Southern Resident killer whale behavior in the Salish Sea 
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RESEARCH ARTICLE

Population growth is limited by nutritional

impacts on pregnancy success in endangered

Southern Resident killer whales (Orcinus orca)

Samuel K. Wasser1*, Jessica I. Lundin1, Katherine Ayres1, Elizabeth Seely1,

Deborah Giles2, Kenneth Balcomb2, Jennifer Hempelmann3, Kim Parsons3,

Rebecca Booth1

1 Center for Conservation Biology, Department of Biology, University of Washington, Seattle, WA, United

States of America, 2 Center for Whale Research, Friday Harbor, Washington, United States of America,

3 Northwest Fisheries Center, National Oceanic and Atmospheric Administration Fisheries, Seattle, WA,

United States of America

* wassers@uw.edu

Abstract

The Southern Resident killer whale population (Orcinus orca) was listed as endangered in

2005 and shows little sign of recovery. These fish eating whales feed primarily on endan-

gered Chinook salmon. Population growth is constrained by low offspring production for the

number of reproductive females in the population. Lack of prey, increased toxins and vessel

disturbance have been listed as potential causes of the whale’s decline, but partitioning

these pressures has been difficult. We validated and applied temporal measures of proges-

terone and testosterone metabolites to assess occurrence, stage and health of pregnancy

from genotyped killer whale feces collected using detection dogs. Thyroid and glucocorticoid

hormone metabolites were measured from these same samples to assess physiological

stress. These methods enabled us to assess pregnancy occurrence and failure as well as

how pregnancy success was temporally impacted by nutritional and other stressors,

between 2008 and 2014. Up to 69% of all detectable pregnancies were unsuccessful; of

these, up to 33% failed relatively late in gestation or immediately post-partum, when the cost

is especially high. Low availability of Chinook salmon appears to be an important stressor

among these fish-eating whales as well as a significant cause of late pregnancy failure,

including unobserved perinatal loss. However, release of lipophilic toxicants during fat

metabolism in the nutritionally deprived animals may also provide a contributor to these

cumulative effects. Results point to the importance of promoting Chinook salmon recovery

to enhance population growth of Southern Resident killer whales. The physiological mea-

sures used in this study can also be used to monitor the success of actions aimed at promot-

ing adaptive management of this important apex predator to the Pacific Northwest.
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1. Introduction

The Southern Resident killer whales (SRKW; Orcinus orca) represent the southern population

of the fish-eating ecotype inhabiting the northeast Pacific Ocean [1]. From late May through

October, the three SRKW pods, termed J, K and L, frequent the inshore waters of Washington

State and British Columbia, commonly known as the Salish Sea. Following a near 20% decline

in their population during the late ‘90’s, the population was listed as endangered under the

Canadian Species at Risk Act in 2001 [2] and the U.S. Endangered Species Act in 2005 [1].

Only 78 individuals (J pod = 24 individuals; K pod = 19 individuals; L pod = 35 individuals)

remain in the current population as of December, 2016 [3]. Reduced availability of their pre-

ferred prey, threatened and endangered Chinook salmon, appears to be at the core of the

SRKW decline [4–7], although exposure to toxicants [8], and pressure from vessel disturbance

may also contribute to these cumulative effects [9].

Reduced fecundity appears to be a particularly important contributor to the SRKWs failure

to recover [4]. The rate of successful pregnancy in the wild population is unknown since, to

date, pregnancy is only confirmed by observation of a newborn calf. SRKW typically give birth

every 5.3 years [10]. However, holding age structure and survivorship constant, fecundity rates

of SRKW (0.21) are significantly lower than those of Northern Resident (0.26;) [11] or South-

east Alaskan Resident killer whales (0.27) [12], neither of which are listed as at risk. Assuming

a median peak fecundity rate of 0.21, the 31 potentially reproductive females in the SRKW

population should have had 48 births between 2008–2015. Yet, only 28 births were recorded

during that period. The 7 adult females in K pod have not had a birth since 2011, and just two

births since 2007. The 24 females in the remaining two pods (J and L) have averaged < 1 birth

per pod since 2011, with no births in 2013, but had 7 births in 2015. One of the two offspring

born in 2014 died [3]. This study addresses causes of the low reproductive rate in SRKWs in

an effort to recommend management decisions that can enhance population growth and long-

term sustainability of this endangered population.

We examine determinants of pregnancy success and failure in the SRKWs from 2008

through 2014 based on hormone measures of pregnancy occurrence and health as well as phys-

iological stress from genotyped feces. SRKW fecal samples are located with high efficiency by

specially trained detection dogs, with detection rates over five times that by trained human

observers [5,13,14]. Progesterone and testosterone collectively provide reliable indices of

pregnancy occurrence, timing and health in killer whales. Concentrations of both P4 and T

increase several-fold during gestation, although the increase is more gradual for T. Both hor-

mones sharply decline to pre-conception levels around parturition [15,16]. We develop and

validate a noninvasive endocrine measure of pregnancy occurrence and loss in the killer

whales using metabolites of progesterone (P4) and testosterone (T) excreted in their feces.

Fecal glucocorticoid (GC) and thyroid (T3) hormone metabolite measures are used to moni-

tor nutritional and disturbance stress within and between years. These two endocrine systems

work closely together to regulate energy availability and utilization to meet nutritional, growth

and thermoregulatory demands [17]. GCs rapidly rise in response to poor nutrition, cold temper-

ature and disturbance stressors, mobilizing glucose to provide energy to deal with the immediate

emergency [18,19]. GC concentrations over time are particularly informative for distinguishing

nutritional from boat stress since abundances of both Chinook and whale-watching boats have

very similar temporal patterns. Chinook and boat abundance are both relatively low in spring,

peak in mid- to late August and then decline. Yet, the GC signal from nutritional stress should be

lowest when fish abundance is at its peak while highest when boat density is at its peak [5].

Thyroid hormone (triiodothyronine, T3), on the other hand, produces a more conservative

response to nutritional and thermal stress, functioning by adjusting metabolism. It is also
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important to promote fetal brain growth during gestation [20]. While T4 is the most abundant

thyroid hormone, it is directly converted to T3, which has many times the biological activity of

T4 [20,21]. T3 levels are relatively slow to change when food shortages are first encountered,

allowing the body to use all available fuel to search for food. If poor food conditions persist, T3

abruptly declines, lowering metabolism to prevent the body from exhausting its remaining fuel

stores [21–24]. T3 may also be blunted under good food conditions when a low metabolism is

needed to increase growth (e.g., to accumulate blubber stores in fall, in preparation for the rel-

atively lean winter; [20]). In dolphins, T3 is lower in failed versus successful pregnancies at all

stages of gestation [25]. T3 is relatively unresponsive to disturbance stress.

This study uses temporal patterns in P4 and T to predict pregnancy outcomes among the

SRKWs and T3, GC and the T3/GC ratio to index the importance of nutritional and other

stressors in their reproductive decline.

1.1 SRKW natural history

Mean reproductive maturity (age at first conception) in female SRKWs occurs at 9.8 years of

age in captivity 12.1 years in the wild [10,26]. Maximum fecundity (probability of becoming

pregnant in a single estrous cycle) of SRKW occurs between ages 20–22, increasing quickly

during the first four years after sexual maturity, slowly declining from age 22 to 39, and then

precipitously declining thereafter [4,10]. Gestation is approximately 18 months, making the

prior year’s salmon availability particularly important to fecundity [11,27].

During our late May through October study period, the SRKWs primarily feed on Chinook

salmon, increasingly dominated by Fraser River Chinook (FRC) returning to spawn in nearby

rivers [28,29]. SRKWs generally spend the remainder of the year outside the Salish Sea, moving

up and down the Pacific Coast, from CA to Southeast AK [6]. K and L pods tend to spend

more time further south than does J pod in winter, while J pod frequents the Salish Sea more

than does K and L pods in summer and winter. Nutritional demands on SRKW are presumed

to be greatest in winter when their salmonid prey are more widely dispersed, smaller in size

and other non-salmonid prey appear to be a larger fraction of the diet [6,29,30]. Thermoregu-

latory demands may also influence nutritional demands during winter. SRKW then transition

to spring, eventually subsisting on a diminishing number of spring/summer run adult Chi-

nook salmon approaching river mouths inside and outside the Salish Sea until the Fraser River

Chinook (FRC) runs peak in mid- to late-August.

Temporal patterns in fecal GC and T3 concentrations [5], combined with radio-tagging

data [28], suggest that early spring interior race Columbia River Chinook (CRC) runs are also

important to SRKW nutrition. The CRC run increases from mid-March to the end of May

based on estimates at the Bonneville dam [31] and have some of the highest fat content of any

adult salmon to support their extremely long freshwater spawning migration [32,33]. Foraging

on the fat rich Columbia River Chinook in early spring was hypothesized to replenish the killer

whales after the long winter and sustain them until the temporally and quantitatively variable

mid to late August peak in Fraser River Chinook (FRC) occurs (S1 Fig). T3 concentrations in

fecal samples collected between 2007 and 2009 were consistently at their highest when the

SRKW first arrived in the Salish Sea in late spring [5]. Presumably, this occurred because the

whales arrived after feeding on the fat rich Columbia River Chinook. SRKW were detected

twice as frequently at the Columbia River in early spring than expected by chance [28]. This

argument is further supported by increases in serum thyroid stimulating hormone, T4 and T3

in fasting humans and rats in response to leptin injections [20]. With FRC runs still quite low,

T3 levels then fell precipitously. GC concentrations when the SRKWs first arrive in the Salish

Sea in late spring were also relatively high, further reflecting the comparatively low FRC

Nutrition limits killer whale population growth
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abundance at that time, and consistent with the precipitous decline in T3 shortly following

SRKW arrival [5].

2. Methods

2.1 Ethics statement

Fecal samples were collected in United States waters under National Marine Fisheries Service

permits 532-1822-00, 532–1822, 10045 and 17344. Samples were collected in Canadian waters

under Marine Mammal License numbers 2008–16, 2009–08, 2010–09 and 2012–08, as well as

Species at Risk Act permits numbered 91, 102, 109 and 155. Sample collection methods were

approved by the University of Washington’s Institutional Animal Care and Use Committee

(IACUC) under protocol 2850–08.

2.2 Scat (fecal) sampling using detection dogs

Scat sampling occurred in the Salish Sea between late May and October, from 2008–2014,

coinciding with the time the SRKWs frequent the study area. Whenever possible, we aimed to

evenly sample each pod by starting at the front of the pod’s direction of travel, continuing to

sample until the pod passes and then returning again to the front of the pod.

Scat samples are located by detection dogs trained to locate SRKW scat floating on the

water’s surface [5,13,14]. The use of detection dogs greatly increases sample size due to their

remarkable ability to smell SRKW scats at distances up to one nautical mile away, even in fast

moving currents. The detection dog rides on the bow of the boat, driven perpendicular to the

wind, beginning at least 200 yards downwind from an area where the whales have just traveled.

As the boat approaches the edge of the scent cone emanating from the sample, the dog’s behav-

ior suddenly changes from resting to actively perched far over the bow of the boat, anticipating

its reward for sample detection. As the boat passes through the center of the scent cone, where

the odor is strongest, the dog leans heavily over the windward side of the boat, following the

strongest scent, informing the handler to direct the boat driver to turn into the wind. Subtle

cues by the dog, relative to wind direction, allow the driver to stay on the scent line until the

sample is reached. The dog typically becomes restless, often whining at that point because the

scent surrounds the boat and thus no longer has a clear direction. If at any time the boat travels

out of the scent cone, the dog changes position and looks back to where the scent was stron-

gest. The handler then directs the driver to circle back into the scent cone until the dog’s

change in behavior once again alerts the handler it has redetected the scent.

As soon as the sample is visually located, a 1-liter polypropylene beaker fastened to a 3–6 foot

pole is used to scoop the sample by skimming the surface just under the sample. The first sample

out of the water is presented to the dog, which is followed immediately by the toy reward and a

few minutes of play. Meanwhile, the crew continues to scoop all remaining sample pieces from

the water’s surface. The majority of water is carefully poured off the sample, and the sample pieces

are collected into a 50 mL polypropylene tube, centrifuged, and the remaining seawater is de-

canted. The sample is placed on dry ice until stored frozen at -20˚C that evening and remains at

that temperature until processed in the lab. Fecal samples range in size from 0.5 to 300 mls, but a

typical sample collection volume is 2 mls. Fortunately, the consistency of SRKW scat makes the

hormones fairly evenly distributed even in small samples (Ayres and Wasser, unpublished data).

2.3 Fecal DNA and hormone measures

Once thawed for hormone extraction, the homogenized sample is swabbed for DNA using a

synthetic tip. The swab is then kept frozen at -20˚C until being genotyped for species, sex, pod,
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and individual identification by NOAA NW Fisheries Science Center [34]. 76% of all individu-

als are currently genotyped to the individual, and 88% of all adult females. Fecal hormone

metabolites of glucocorticoid (GC), thyroid (triiodothyronine, T3), testosterone (T) and pro-

gesterone (P4) are extracted using methods described in [21] and measured using assays in

Wasser et al. [35] (P4), [36] (GC), [21] (T3)] and Vellosa et al. [37] (T). Briefly, each sample is

thawed once and centrifuged (2,200 rpm for 20 minutes), allowing any excess salt-water to be

decanted. Samples are lyophilized (48 hours in a Labconco FreeZone Freeze Dry System),

thoroughly mixed and up to 0.1g weighed, transferred to a 50 ml polypropylene screw-top

tube and extracted once in 15ml of 70% ethanol using a Multi-Tube Pulse Vortexer (Terre

Haute, IN). Extracts are then stored at -200 C until assayed for hormone concentrations. Hor-

mone concentrations are expressed per gram dry weight to control for inter-sample variation

due to diet and variable moisture [38]. Wasser et al. [38] showed that expressing fecal hor-

mones per gm dry weight controls for diet related changes in fecal bulk. Because fecal hor-

mones are hydrophobic, removing all water from the sample removes the majority of variation

in fecal bulk, significantly improving the blood-fecal hormone correspondence (see also [5] for

killer whales). Samples smaller than 0.02 g dried weight were excluded from analysis to avoid

inflation effects of low sample mass on hormone concentrations [39].

Radioimmunoassay was performed to measure fecal hormone metabolites using 125I corti-

costerone RIA kits (#07–120103; MP Biomedicals, Costa Mesa, CA) and MP Biomedicals’

Total T3 coated tube RIA kits (#06-B254216) for GC metabolites and T3, respectively. The T3

assay was previously validated for killer whales [21]. The GC assay [36] was validated for killer

whales in Ayres et al [5]. Fecal pools as well as commercial controls from each assay kit were

used to assess inter-assay coefficients of variation. Commercial T3 controls were prepared as

previously described [21]. P4 and T were measured using an in house 3H progesterone RIA

assay using antibody CL425 [35,40], and an in-house 3H testosterone RIA assay using antibody

#250 [37,40]. All other hormone assays were validated in the present study.

All five hormone assays exhibited parallelism; slopes of serially diluted SRKW fecal extracts

were not significantly different from the slopes of the standard curves (GC: F1,7 = 0.41, p =

0.54; T3: F1,9 = 2.89, p = 0.12; P4: F1,10 = 0.80, p = 0.3925; T: F1,9 = 3.65, p = 0.09). Fifty percent

binding of the radioactively labeled hormone occurred at target dilutions of 1:60 for GC, 1:30

for T3,1:60 for P4 and 1:10 for T metabolites. All five hormones also exhibited good accuracy

at their target dilutions (GC: slope = 1.2, r2 = 0.98; T3: 1.09, 1.00; P4: 1.07, 0.98; T: 0.68, 0.99),

indicating that substances in SRKW fecal extract do not interfere with hormone binding.

Inter-assay coefficients of variation were 7.8% for T3, 7.6% for GC; 17% for P4, and 19% for T.

Intra-assay coefficients of variation (calculated as the percent of the mean divided by the stan-

dard deviation) were 1.9% for T3, 3% for GC, 3.1% for P4; and 3.2% for T. Antibody cross-

reactivities are published in Wasser et al ([35], P4; [36], GC; [21], T3) and Velloso et al ([37],

T).

2.4 Pregnancy assignment

All whales are photo-identified each day they are observed in the study area, making it unlikely

that a newborn would be missed if present when the population is being observed [3]. This

enabled us to establish temporal pregnancy profiles using fecal P4 and T concentrations for all

pregnant females that subsequently gave birth, approximating gestational age at the time of

sample collection based on the estimated birth date of the female’s calf. All birth dates in our

study (Table 1) were estimated by two independent observers from the Center for Whale

Research, respectively with 40 and 30 years experience, using close range photographs taken of

each calf at the time of first observation. Features used to assess calf age included: shape of
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cranial crest (lumpy at birth), flopped over dorsal fin (apparent in first 1–2 days), fetal folds,

fattening after first month, jaundice coloration, skin molting at 3–5 months, date of previous

observed photo of pregnant females without a calf. The Center for Whale Research (unpub-

lished data) developed these criteria by compiling a time-stamped folder of known-age calf

photos that illustrate these age-dependent morphological differences.

A fecal P4 concentration threshold was then established to indicate pregnancy by compar-

ing P4 concentrations across all known sex and reproductive classes, and demonstrating that

all gestating SRKW females, subsequently confirmed to have been pregnant by a live birth, sur-

passed this threshold and sustained it until the end of their 18 month gestation period (see also

Table 1. Sex, date of first observation, estimated age, birthdate and survival status for each calf whose mother was sampled during her pregnancy

or lactation of that calf.

Calf Data Mother of Calf data

Year Calf

ID

Calf

Sex

Date Calf was first

photographed

Assigned Calf

Birthday

Estimated age of

Calf

Calf age at

death

Mother of

Calf

Birth year of

Mother

Age of

Mother

2007 J42 F 5/2/2007 5/2/2007 Alive J16 1972 35

2008 K42 M 6/3/2008 4/3/08 1–3 mo Alive K14 1977 31

2008 L111 F 8/12/2008 7/30/2008 2 wk <1 month L47 1974 34

2009 L112 F 2/6/2009 1/24/2009 2 wk 3 years L86 1991 18

2009 J44 M 2/6/2009 1/1/2009 1 mo + Alive J17 1977 32

2009 J45 M 3/3/2009 2/15/2009 2 wk Alive J14 1974 (died

2016)

35

2009 L113 F 10/10/2009 10/1/2009 1–2 wk Alive L94 1995 14

2009 J46 F 11/11/2009 10/28/2009 2 wk Alive J28 1993 (died

2016)

16

2010 J47 M 1/3/2010 12/9/2009 < 1 mo (12/5 no calf) Alive J35 1998 12

2010 K43 F 2/21/2010 1/31/2010 3 wk Alive K12 1972 38

2010 L115 M 8/6/2010 7/31/2010 1 wk Alive L47 1974 36

2010 L116 M 10/13/2010 10/3/2010 1–2 wk Alive L82 1990 20

2010 L117 M 12/6/2010 11/30/2010 1 wk Alive L54 1977 33

2010 L114 U 2/21/2010 2/16/2010 < 1 wk 4 months L77 1987 23

2011 K44 M 7/6/2011 7/3/2011 3 days (No calf 3

days prior)

Alive K27 1994 17

2011 L118 F 2/10/2011 1/20/2011 3 wk? Alive L55 1977 34

2011 J48 U 2/17/2011 1/29/2011 � 3 wk <1 month J16 1972~ 39

2012 J49 M 8/6/2012 8/6/2012 1 day, saw 1st day Alive J37 2001 11

2012 L119 F 5/29/2012 5/15/2012 2 wk Alive L77 1987 25

2013 unk U 1/7/2013 1/7/2013 1 day <1 month J28 1993 20

2014 J50 F 12/23/2014 12/15/2014 2 wk? (12/12 no

calf)

Alive J16 1972~ 42

2015 L123 M 11/7/2015 10/15/2015 < 1 Mo (10/11 no

calf)

Alive L103 2003 12

2015 J53 F 10/24/2015 10/14/2015 1–2 wk (10/03 no

calf)

Alive J17 1977 38

2015 L122 M 9/7/2015 8/24/2015 2 wk Alive L91 1995 20

2015 J52 M 3/30/2015 3/16/2015 2 wk (no calf 02/18) Alive J36 1999 16

2015 L121 M 2/25/2015 2/18/2015 ~ 1 wk Alive L94 1995 20

2015 J51 M 2/12/2015 2/5/2015 1 wk Alive J41 2005 10

Maternal age at time of sampling is also included.

? = best guess.

https://doi.org/10.1371/journal.pone.0179824.t001
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[15]). No samples from genotyped males, or from lactating, non-cycling, immature or post-

reproductive females approached this P4 threshold. Comparisons of T concentrations were

similarly used to separate pregnancies into early and late stages of gestation. T rises during

pregnancy, albeit more slowly than P4. By mid-gestation, T concentrations in pregnant

females are comparable to, if not higher than those observed only in adult males (but without a

comparable rise in P4) [16] (see also results). Thus, high P4, low T samples were classified as

from females in early gestation and high P4, high T samples were classified as from females in

mid- to late-gestation. All samples from genotyped adult females at or above these P4 and T

concentrations were classified as pregnant. Pregnancies were classified as successful if the

female was subsequently observed with a live birth before 18 months from the time of sample

collection. Otherwise, the pregnancies were classified as unsuccessful, representing a spontane-

ous abortion or an unobserved perinatal mortality.

2.5 Statistical analyses

All statistical analyses were performed using the software, JMP (SAS Institute, 2010). Log-

transformed values were used for all hormone analyses. A general linear model (GLM) was

used to distinguish reproductive and non-reproductive groups of each sex based on P4, T, T3,

GC and T3/GC concentrations. Differences between groups were then tested using a chi-

square contrast test.

The abundance and timing of Fraser River Chinook (FRC) was determined from 2008–

2014 by Albion Test Fishery CPUE data (Catch Per Unit Effort, [41]), collected on a daily basis

by an independent observer during spring, summer, and fall months. All correlations between

hormone concentrations and fish abundance used Albion Test Fishery CPUE data lagged by

12 days from the time a sample was collected; the 12 day lag was derived from estimates of Chi-

nook swim time from the study area to the test fishery, which was also in agreement with the

lag time that resulted in the best fit model between prey abundance and nutritional hormones

[5,8]. The CPUE data were log10 transformed to achieve normality. Early spring Columbia

River Chinook abundance was also estimated from daily counts at the Bonneville dam [31] by

calculating the area under the curve from Julian Day 100 to 140.

Vessel counts were taken every half hour (within 5 minutes of the half hour). Any vessels

outside the 5 minute grace period were not counted. All boats within 0.5 mile of the killer

whales were recorded by type (commercial whale watch, recreational, cargo, ferry, commercial

fishing, enforcement, research, monitoring, and kayak or paddleboard) and activity (e.g., tran-

siting, whale watching, fishing (lines in the water), acoustic, enforcing). A second (B) count

was taken when a second nearby whale group was present (1–2 miles away) but outside of our

initial count area, providing that the vessels and their activity could be clearly identified.

The correspondence between fish abundance and Julian date (i.e., the consecutive day of

the year, ranging from 1 to 365) and vessel abundance and Julian date, across years, was estab-

lished with a GLM, which allowed us to then use Julian date as proxies for fish and boat abun-

dance in subsequent analyses. A GLM was used to separately predict T3 and GC by Julian date

for all sampled individuals. The relation between early spring Columbia River salmon abun-

dance and subsequent T3 and GC concentrations during that same year was also tested in

those regressions. Finally, GLM was used to separately predict T3, GC and the T3/GC ratio,

using Julian date as a polynomial and pregnancy type as independent variables. GC was

included as a covariate whenever predicting T3, and vice versa, since both hormones respond

to other in the regulation of energy balance. For T3, this was done by fitting T3 by GC, saving

the residuals, and then using the residuals of that analysis in the final regression. For GC, the
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residuals for GC fit by T3 were used. In all cases, forward stepwise model selection was used to

identify the best model in our GLM analyses, based on Akaike’s Information Criterion (AIC).

Raw Data are provided in S1 Appendix.

3. Results

In total, there were 348 samples from known (genotyped) individuals, in the final analytic

dataset representing 79 unique whales (Supplemental Information-raw data), including 11

successful and 24 unsuccessful pregnancies (Table 2). Each year included a representative sam-

pling by pod, sex and reproductive class.

3.1 Changes in fish abundance, vessel density, T3 and GC

concentrations over time

Based on delta AIC, the Albion Test Fishery Abundance of FRC, measured in CPUE, was best

predicted by a 4th order polynomial using Julian date (i.e., consecutive day of the year, P<

0.0001) across years (Fig 1A), with a peak in CPUE at day 228 (Aug 16). CPUE significantly

declined across years, when examined as a continuous variable (P < 0.0001). The lowest FRC

CPUE occurred in 2013, followed by 2012 (for both, p< 0.0001 compared to all prior years,

and p<0.004 compared to 2014) and then 2014 (p< 0.04 compared to 2008–2011) (see also

S1 Fig). Vessel density was similarly predicted by a 4th order polynomial using Julian date

(p< 0.0001) with a peak at day 222 (Fig 1B). Vessel density significantly increased across

years, when examined as a continuous variable (P < 0.0001).

We next separately predicted T3 and GC concentrations based on Julian date (Fig 1C and

1D, respectively), given the close association of Julian date with both fish and vessel abun-

dance. Spring Columbia River Chinook (CRC) abundance was also included as a covariate in

these analyses since the relatively slow responding T3 was hypothesized to still be influenced

by spring CRC abundance at the time of SRKW early summer arrival in the Salish Sea. T3 con-

centration was best predicted by a 5th order polynomial of Julian date (p< 0.0001) and was

also positively correlated with CRC (p< 0.0001). For all years of study, T3 was at its peak

Table 2. Pod composition and samples per unique successful and unsuccessful pregnancy from

genotyped females per year.

SRKW Pod Reproductive Age Class Unsuccessful

Pregnancy+:

unique whales/

total samples

Confirmed

pregnancies+*:

unique whales/

total samples

Year J K L Juvenile RM RF PRF Low T High T Low T High T

2008 13 5 7 7 6 7 5 0/0 0/0 1/1 1/1

2009 24 10 14 9 18 13 8 1/2 2/2 0/0 1/2

2010 14 6 12 3 6 13 10 1/1 0/0 1/2 1/1

2011 25 17 23 15 16 24 10 0/0 3/4 2/2 1/1

2012 32 11 8 6 13 24 8 5#/9 1#/2 0/0 0/0

2013 17 7 21 6 12 23 4 4†/4 1†/1 0/0 0/0

2014 36 18 6 19 10 27 4 5/6 1/1 1/4 2/2

RM = reproductive male, RF = reproductive female, PRF = Post-reproductive female.

*Not all samples between years are unique pregnancies
† Includes 2 samples from one pregnancy, one with Low T and one with High T
+ Includes only samples from females with P4 concentrations� 2000 ng/g
# Observed birth, reclassified at unsuccessful due to early perinatal mortality

https://doi.org/10.1371/journal.pone.0179824.t002
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when the SRKWs arrived in early summer, presumably after feeding on the early spring CRC.

T3 sharply declined shortly thereafter, presumably because FRC abundance was still low, pla-

teauing around the time that FRC CPUE begins to rise. T3 concentrations then slightly

declined again in September, just after the FRC peak.

GC concentration was best predicted by the quadratic of Julian date (p = 0.004), showing

the U-shaped pattern indicative of nutritional stress, with the trough at day 220, near the FRC

peak. GC was not correlated with CRC, supporting the hypothesis that the GC response

reflects more immediate conditions compared to T3.

3.2 Pregnancy occurrence and loss indices

Twelve females sampled during pregnancy were subsequently confirmed to give birth (37% of

detected pregnancies) by photo-identification between 2008 and 2015. However, one of those

females (J28) was subsequently reclassified as a High T unsuccessful pregnancy because her

Fig 1. A) Fraser River Chinook (FRC) Salmon Run abundance (CPUE: catch per unit effort), B) mean vessel count (all boats observed with 0.5 m

of the whales) plotted by Julian date across years, C) Change in SRKW fecal thyroid hormone (triidothyronine, T3 ng/g dry feces) by Julian date

(left panel) and early spring Columbia River Chinook abundance (right panel), and D) Change in SRKW fecal glucocorticoid (GC ng/g dry feces)

hormone concentration by Julian date. Dashed blue lines represent the standard error surrounding each curve. Vertical red line in left panel, Fig C

indicates the mean peak in FRC abundance and the mean peak in boat abundance in Fig B and D.

https://doi.org/10.1371/journal.pone.0179824.g001
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calf died immediately post-partum.) In all samples, P4 was well above the 2000 ng/g pregnancy

threshold by 2.5 months gestation, and remained so for the next 15.5 months until parturition.

One sample collected on a confirmed pregnant female during her first month of gestation

had P4 levels below the 2000 ng/g threshold (Fig 2A). By contrast, no male, or immature,

non-cycling, lactating or post-reproductive female whale ever approached that P4 threshold

(Table 3). The majority of samples from confirmed pregnant females were well above 18,000

ng by 10 months gestation. All samples from confirmed pregnant females exhibited a precipi-

tous decline below 2000 ng/g P4 immediately following parturition (Fig 2A).

T concentrations of all samples from confirmed pregnant females clearly remained below

50 ng/g until mid-gestation (Fig 2B). Thus, pregnancy samples (i.e., samples above the 2000

ng/g P4 threshold) were divided into low (� 50 ng/g) and high (> 50 ng/g) T groups, respec-

tively, corresponding to early, and mid-to-late stages of gestation (Fig 2A and 2B). The only

other age-sex class that showed significantly elevated T concentrations, above the 50 ng/g

threshold, was adult males, but their P4 concentrations never approached 2000 ng/g (see

Table 3). T was above the 20 ng/g by 2.5 months gestation in all confirmed pregnant females,

with the majority above 100 ng/g by 10 months gestation (Fig 2B). Low T confirmed pregnant

females had a mean fecal P4 of 6206 ng/g ± 2565) and a mean T concentration of 21 ng/g ±
5.8, whereas High T confirmed pregnant females had a mean fecal P4> 25587 ng/g ± 5116)

and a mean T concentration of 215 ng/g ± 43 (Table 3). With the exception of one early lacta-

tion sample, testosterone concentrations declined well below the 50 ng/g threshold after partu-

rition (Fig 2B). Multiple scat samples were obtained from the same pregnancy event in 4 of the

11 pregnancies and three lactation events; all multiple samples exhibited these same P4 and T

patterns over time.

None of the post-reproductive females were ever recorded to be pregnant nor did they

show any sign of ovarian activity (Table 3). These results support the assertion that the “post-

reproductive” adult females (>40 years of age) in this population have undergone reproductive

senescence [42].

Samples from genotyped reproductive age adult females with P4 concentrations above the

2000 ng/g pregnancy threshold that were not followed by a live calf within the 18-month gesta-

tion period were assumed to be from females that experienced a spontaneous abortion (in

utero mortality), or early perinatal death prior to calf’s first observation, collectively termed

an unsuccessful pregnancy (UPg). Among the females classified as reproductive adults, we

characterized 24 unique unsuccessful pregnancy (UPg) events from 12 different females with

genotyped samples collected between 2008–2014—up to 69% of all confirmed pregnancies

(Table 2). All samples from the 22 apparent UPg’s had significantly elevated progesterone con-

centrations well above 2000 ng/g. Yet, no observations of those females over the next 18

months included a new calf. As with confirmed pregnancies, the presumed UPg samples were

separated into two distinct groups: one with T concentrations above 50 ng/g feces (mean

T = 198.6±40; P4 = 37,425±12,820), hereafter termed “high T UPg” samples (7 unique females,

7 presumed late spontaneous abortions and one early perinatal loss), and the other with T con-

centrations below 50 ng/g feces (mean T = 11.3±3.2; P4 = 6618±2014), termed “low T UPg”

samples (4 females, 16 presumed early spontaneous abortions; Table 2; Fig 3A). Multiple sam-

ples from 6 of the 24 unsuccessful pregnancy samples (4 low T, 2 high T, plus 1 low T that tran-

sitioned to high T) were all within the pregnancy range (i.e., P4 < 2000 ng/g). Thirty three

percent of the UPg samples (8 out of 24) identified here were high T UPg (up to 23% of all

recorded pregnancies). The high T UPg samples were likely from the second half of gestation,

based on their high P4 and T concentrations relative to temporal profiles for those hormones

in whales with a confirmed pregnancy (see Fig 2).
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Fig 2. A) Progesterone (P4) and B) testosterone (T) concentrations across gestation and lactation, for

all successful pregnancies (Pg), subsequently confirmed by observed births. Each unique pregnancy

Nutrition limits killer whale population growth

PLOS ONE | https://doi.org/10.1371/journal.pone.0179824 June 29, 2017 11 / 22

Case 2:20-cv-00417-MLP   Document 14-2   Filed 04/16/20   Page 27 of 38

WFC_SER264

Case: 23-35322, 06/05/2023, ID: 12729012, DktEntry: 24-2, Page 264 of 277
(296 of 309)

https://doi.org/10.1371/journal.pone.0179824


T3 and GC concentrations also varied across all sex, age and reproductive classes (Table 3).

T3 was highest in juvenile and pubescent individuals compared to adults, with the exception

of Low and High T successful pregnant and low T UPg females. All of those individuals also

had a relatively high T3/GC ratio (> 0.3), indicative of relatively good nutrition (Table 3).

By contrast, T3 in the High T UPg samples was comparable to that of non-pregnant adults

(Table 3), and notably lower than the concentrations from successful pregnant and low T UPg

females (Fig 3B). These High T UPg samples also had the highest GC concentrations of any

reproductive class, was significantly higher than the GC concentrations in High T successful

pregnancies. The T3/GC ratio in High T UPg females was lower than that of another other

reproductive class (Table 3), indicative of nutritional stress (Table 3), and nearly 7 times lower

than that among High T successful pregnancies. Indeed, the T3/GC ratio in High T successful

pregnancies was higher than that for any other reproductive class, with the exception of lactat-

ing females (Table 3, Fig 3B).

3.3 Changes in T3 and GC concentrations relative to fish abundance

over time across pregnancy groups

T3 and GC concentrations, along with the T3/GC ratios were separately compared among

High T successful pregnant and UPg samples, across Julian date. (Low T samples were not

included in these comparisons because their T3 and GC concentrations were not significantly

different from those of confirmed pregnant females.) All three dependent variables were best

predicted by a 3rd order polynomial of Julian date (p< 0.01). Similar to the overall population

trend, T3 concentrations were highest in early summer, followed by a precipitous decline.

is indicated by its own symbol, along with the associated female’s ID. The vertical dashed black line in Fig A

and B indicate estimated day of parturition. The 2000 ng pregnancy threshold is indicated by the horizontal

dashed red line in Fig A, as is the 50 ng/g T cut-off for High and Low T samples in Fig B. The left vertical line in

red indicates the Julian day where both P4 and T show sharp elevations.

https://doi.org/10.1371/journal.pone.0179824.g002

Table 3. Mean hormone concentration (ng/g dry feces) and (standard error) by sex and reproductive class for each hormone measured during the

study.

Reproductive Hormones

Sex and Reproductive Class Thyroid (T3) Glucocorticoid (GC) Progesterone Testosterone T3/GC Ratio

Juv F 248.40 (40.06) 610.73 (200.17) 794.40 (268.84)b,k,u,C,J 3.38 (1.14)a,j,v,F 0.69 (.24)a,f

Juv M 229.98 (26.98)a,f 501.03 (158.82) 800.96 (73.99)a,j,t,B,K,O 30.11 (7.84)a-i 0.44 (.05)b,f

Pub F 264.19 (47.49)d,i 955.08 (286.02) 305.90 (95.0)g,q,y,F,H,J-N 3.80 (1.90)h,p,y,D,H 0.70 (.31)d

Pub M 230.99 (29.34)e 1244.21 (310.87) 258.11 (42.15)h,r,z,G,I,O-R 19.32 (6.08)q,A-E 0.71 (.35)

Ad M 167.07 (10.63)a-e 1073.14 (114.92) 579.57 (38.14)I,s,H-I 126.67 (17.73)I,r,u,w,z,E-H 0.32 (.044)e,f

Ad F no-calf 169.97 (14.13) 1004.21 (135.15) 651.83 (68.28)d,m,w,A,D,M,Q 5.12 (1.60)c,l,x,B 0.35 (.057)

LoT Conf 250.78 (35.63)c,h 1127.81 (233.66) 6205.89 (2564.93)g,o,B-G 21.28 (5.78)n,x-z 0.37 (.14)

LoT Upg 252.56 (27.06)b,g,i 1288.23 (228.05) 6618.20 (2014.13)e,n,t-z,A 11.32 (3.2)e,m,s-u 0.82 (0.46)

HiT Conf 218.05 (45.6) 1057.31 (477.75)a 25587.17 (5116.49)a-i 215.34 (42.87)f,t,v,w 1.11 (.42)c,e

HiT Upg 177.1 (26.98) 1787.20 (467.83)a 37425.73 (12819.62)j-s 197.95 (39.7)d,j-r 0.16 (.035)a-d

Lactating 165.02 (24.70)f-i 1094.36 (270.03) 650.12 (84.68)c,l,v,C,L,P 22.71 (13.33)b,k,s,A,G 2.05 (1.59)

Post-Reprod F 199.01 (19.82)j 1039.2 (133.11) 662.30 (66.62)f,p,x,y,E,N,R 7.88 (1.89)c,o,C 0.36 (.068)

Significant differences between means in any two cells within the same column are indicated by the same italicized letter in both cells.

F = female, M = male, Juv = juvenile; Pub = pubescent, Ad = adult, T = testosterone, Conf = confirmed pregnant female by subsequent observation of a live

calf; UPg = unsuccessful pregnancy.

https://doi.org/10.1371/journal.pone.0179824.t003
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Fig 3. A) Mean P4 and T concentrations and B) mean tri-iodothyronine (T3) and glucocorticoid (GC)

concentrations, along with the T3/GC ratio, for Low and High T successful (SPg) and unsuccessful

Nutrition limits killer whale population growth
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However, the initial T3 decline was longer in duration than that observed for the overall popu-

lation, lasting until day 190. T3 concentrations in the pregnant females then increased until

day 250 (Fig 4A), which was near the time when the FRC run reached it back (Fig 1A). While

the pattern was the same in High T successful and unsuccessful pregnancies, T3 in High T

UPg samples remained significantly lower than that in High T successful pregnant females

(p = 0.004), consistent with relatively higher nutritional stress in the High T UPg females (Fig

4A). Change in GC concentrations among pregnancy females were the exact opposite of T3,

showing a steep rise until day 190 followed by a decline until day 250, and significantly higher

in High T UPg compared to High T successfully pregnant females (p< 0.002) throughout this

period (Fig 4B). Change in the T3/GC ratio followed the same pattern as T3, also remaining

significantly higher in HighT successful pregnancies (p< 0.003) (Fig 4C).

4. Discussion

Reproductive failure in response to conditions that jeopardize offspring survival has been

described as an adaptive response if conditions are likely to improve in the foreseeable future.

This environmentally-mediated loss most commonly occurs early in reproduction (conception

and early pregnancy) when the cost of suppression (e.g., lost time and energy; impacts on

maternal health) is relatively low [43,44]. However, failure at later stages of reproduction is

expected when cues indicating poor fetal or neonatal conditions present themselves late in the

reproductive event. The longer the span between conception and birth the more likely later

suppression is to occur. Premature birth is a relatively low risk way to suppress reproduction

because the reproductive failure occurs post-partum with reduced chance of infection. How-

ever, its occurrence should still depend on when harsh conditions present themselves. If fetal

demise occurs or environmental conditions become especially harsh (e.g., risk of sepsis from

starvation induced ketoacidosis during pregnancy; [45]), spontaneous abortion is expected.

Thus, spontaneous abortion, premature birth, still birth, and perinatal and neonatal mortality

are all part of a continuum of reproductive suppression that present with harsh conditions, on

balance with risk of reproductive loss at that stage of reproduction [44,46].

SRKWs have an 18 month gestation period and their nutritional health depends on the rela-

tive timing of multiple, seasonal fish runs (e.g., spring CRC and summer FRC), as well as food

availability in between those periods, each of which vary markedly between years (S1 Fig). The

increasingly common occurrence of SRKW births outside the typical winter calving period

may well be an indication of the increased unpredictability of diminishing fish runs along with

the corresponding high rate of late reproductive loss in SRKWs, including more costly late

spontaneous abortions. The SRKWs had a 69% pregnancy failure rate during our study and an

unprecedented half of those occurred at later stages of reproduction when the energetic cost of

failure and physiological risk to the mother was relatively high. Temporal patterns in T3 and

GC hormone profiles suggest that the SRKWs are experiencing periodic nutritional stress,

partly caused by variation in the relative timing and strength of seasonal FRC and CRC runs

(Fig 1). This nutritional stress is significantly associated with unsuccessful pregnancies in

SRKWs (Figs 3 and 4), impairing the potential for population recovery through low recruit-

ment as well as risk to the health and survival of the limited number of reproductive-age

females.

pregnancies (UPg). Corresponding values for all sex and reproductive classes of SRKWs, including

significant differences between classes, are presented in Table 3. Note: T3 Concentrations are multiplied by 4

in Fig B to scale its concentrations to those of GC in order to present a double Y graph for 3 related metrics,

each with different value ranges. Bars with the same letter are significantly different from each other.

https://doi.org/10.1371/journal.pone.0179824.g003
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Fig 4. A) T3 and B) GC concentrations, along with (C) the T3/GC ratio, by Julian day for High T successful

pregnancies (SPg) versus High T unsuccessful pregnancies (UPg).

https://doi.org/10.1371/journal.pone.0179824.g004
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High T (mid-to-late gestation) females with successful pregnancies in our study had signifi-

cantly higher T3 and lower GC concentrations, as well as a substantially higher T3/GC ratio

over time, compared to High T unsuccessful pregnancies (Figs 3 and 4). This indicates that

successfully pregnant females arrived in the Salish Sea in significantly better nutritional condi-

tion, and remained so compared to UPg females that experienced pregnancy loss some time

after mid-pregnancy. West et al [25] similarly found significantly higher total T3 concentra-

tions among adult females in successful compared to unsuccessful pregnancies at all stages of

gestation among captive dolphins.

Only 4 detected pregnancies between 2011–2013 resulted in live births when Fraser River

Chinook and early spring Columbia River Chinook runs were both exceedingly low. Just one

of those births occurred in 2013, when both FRC and CRC abundances were at their lowest,

and that animal died almost immediately post-partum. By contrast, there were up to 9 early

gestation (Low T) and 5 mid to late gestation (High T) unsuccessful pregnancies detected dur-

ing that same 3 year period, with almost half of these early-term and one of the mid to late

term unsuccessful pregnancies occurring in 2013. That trend reversed in 2014, with relatively

high CRC returns and early onset of FRC returns in 2014 and 2015 (S1 Fig, Appendix) that

was followed by 8 new births between December of 2014 and October 2015; however, up to 6

unsuccessful pregnancies still occurred that year, five of which occurred early in gestation

(Low T Upg).

High T UPg samples were either from late spontaneous abortions (also known as intrauter-

ine fetal demise), or undocumented perinatal or neonatal deaths where the infant disappeared

prior to first observation. The lack of observed perinatal or neonatal deaths when most suc-

cessful births during our study were observed within 2 weeks of parturition (Table 1), led us to

estimate that a substantial portion of the High T UPg samples represented late spontaneous

abortions. Although the negative effect of these later reproductive losses on SRKW population

growth is roughly the same, infection from a failed or incomplete abortion likely poses a

greater risk of removing a reproductive female from the breeding population. At least one

SRKW stranding was confirmed to be a pregnant female with infection from a retained fetus

listed as the cause of maternal death (J32, December 2014).

Reproductive loss among women during the well-documented 1945 Dutch Famine may

exemplify the kinds of impacts expected in response to severe nutritional stress among

SRKWs, since: both humans and SRKWs have relatively long interbirth intervals (gestation

length and extended lactation amenorrhea), starvation was acute and the Dutch Famine out-

comes were not biased by interventions from modern health care [44,47,48]. The Nazis closed

off the borders of Holland between October 1944 and May 1945, causing massive starvation

over a 5–8 month period, with good food conditions before and after. There was a one-third

decline in the expected number of births among confirmed pregnant woman during the

under-nutrition period. Conceptions during the hunger period were very low. However,

women who conceived during the hunger period had higher rates of abortion, premature and

stillbirths, neonatal mortality and malformation. Nutrition had its greatest impact on birth

weight and length for mothers experiencing hunger during their second half of gestation,

when the fetus is growing most rapidly [47].

Many of the unsuccessful pregnancies in our study were based on single genotyped samples,

and it is possible that pregnancy failure rates could be somewhat overestimated. For example,

we cannot rule out that some portion of the singleton Low T samples were actually from post-

ovulatory luteal phase females that did not produce a detectable conception. Some low T sam-

ples could also be from pseudo-pregnancies, although those are rare, have only been reported

in captivity [49], and could be an artifact of captive husbandry where males and females are

housed separately. It is unlikely that any post-ovulatory luteal phase samples were misclassified
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as High T UPg samples because both P4 and T concentrations in the High T samples were all

well above those expected for luteal phase samples (Table 3, Fig 2). Moreover, Robeck et al

[15,16] clearly distinguished luteal phase samples from pregnant samples by 4 weeks of gesta-

tion. This is consistent with our findings from Fig 2, indicating pregnancy detection among

females by 100 days of gestation. Given the above, we consider only a small portion of the 8

singleton, low T UPg samples with P4 above the 2000 ng/g pregnancy threshold to be possibly

misclassified as early abortions. However, the consistency of these patterns on multiple endo-

crine and temporal measures, across years, strengthens the assertion that pregnancy failure is a

major constraint on killer whale population growth, triggered by insufficient prey.

The rise in fecal P4 concentrations that we observed among successful pregnancies was

somewhat delayed compared to that observed in serum from captive killer whales [15]. This

could suggest that our estimated birth dates, and hence our projected conception dates, actu-

ally occurred earlier than expected, increasing the likelihood that some perinatal mortalities

were misclassified as late spontaneous abortions. However, the delayed P4 peak in feces of

pregnant SRKWs compared to Robeck et al [15] most likely resulted from differences in the P4

metabolites measured in feces versus serum. The predominant P4 metabolite measured by our

antibody is 5α-DHP [35]. Using an EIA version of the P4 antibody we used in our study,

Robeck et al [15] found that 5α -DHP did not become the predominant progesterone metabo-

lite in captive killer whale serum until 161–360 days of gestation, and remained secondarily so

from 361 days gestation to term. Fecal progesterone metabolites spiked around mid-pregnancy

in our study, consistent with the time when 5α -DHP predominated in serum [15]. It is also

noteworthy that our testosterone antibody [37,40] followed a similar temporal pattern in

SRKW to that described for captive whales by [16]. That also supports the reliability of our

projected conception dates and occurrences of spontaneous abortion.

Exposure to persistent organic pollutants (POPs)—lipophilic compounds with established

adverse health effects—in response to food stress add yet another cumulative risk of fetal

demise and/or perinatal and neonatal mortality. Lundin et al. [8,50] showed that POPs, namely

PCBs, DDTs, and PBDEs, increase in circulation in SRKWs when Fraser River Chinook abun-

dance is lowest, presumably due to increased fat metabolism in response to nutritional stress.

Mobilization of contaminants into circulation also occurs during the energetic demands of lac-

tation, with an estimated 70–90% lactation transfer of maternal toxicant burden in primipa-

rous females [51]. High POP burden has specifically been associated with disruption of

reproduction success and reduced calf survival in marine mammals [52–55]. Most notably,

Lundin et al. [8] found increased Persistent PCBs, the group of PCBs considered more persis-

tent and more toxic [56], in the female whales classified with UPg’s (73%; 95% CI, 61–85) com-

pared to all other female reproductive groups (range 43–56%). Further evidence in support of

the occurrence of UPg in this population is the unexpected inverse in bioaccumulation of

POPs with age in “nulliparous” mature females (3 of 4 nulliparous whales had an unsuccessful

pregnancy defined by fecal hormone measures). This occurrence is likely explained by toxicant

offloading from an undocumented pregnancy or neonate loss.

Both poor nutrition and increased POP loads have each been demonstrated to suppress T3,

which negatively impacts fetal brain growth [22,57,58]; immunosuppression may also occur,

increasing risk of infection [53,59–61]. Salmon are the Southern Resident killer whales pre-

dominant prey and main source of toxic exposures [62,63]. This relation of reduced food sup-

ply and increased exposure to lipophilic POPs could be similarly impacting coastal Native

American communities that depend on this same seasonal salmon resource and also appear to

be experiencing high rates of reproductive loss [64,65].

Results of the SRKW study strongly suggest that recovering Fraser River (FRC) and Colum-

bia River Chinook (CRC) runs should be among the highest priorities for managers aiming to
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recover this endangered population of killer whales. SRKW are suffering significant reproduc-

tive loss due to lack of Chinook prey and associated effects (e.g., release of lipophilic toxins

into circulation). The FRC run is a major prey source for the SRKW population during sum-

mer and early fall, and appears to be key to providing the needed reserves to carry the whales

through the subsequent winter [6]. The early spring CRC runs likely serve to replenish ener-

getic reserves expended during the previous winter as well as help sustain the whales until the

occurrence of the subsequent late summer peak in the FRC runs. The relative importance of

the early spring Columbia River Chinook run likely became all the more critical to the SRKWs

as historic FRC runs that peaked earlier in summer became depleted from overfishing and

habitat destruction [6]. Other species, including people, also appear to be impacted by these

conditions.

Without steps taken to remedy the situation, we risk losing the endangered SRKW, an

extraordinarily important and iconic species to the Pacific Northwest. Since strengthening rel-

evant Chinook runs should significantly decrease physiological stress and increase pregnancy

success rates in SRKW during the same year that fish runs increase, the physiological indices

used in this study could also provide rapid assessment tools for guiding adaptive management

of SRKW populations. Historical and modern dependence on fish as an essential food source

for coastal communities with limited resources, in conjunction with growing food shortages

and increased risk of toxicant exposure, has international implications.

Supporting information

S1 Fig. Timing and abundance of Columbia River (orange) and Fraser River (blue) Chi-

nook runs based on DART (2015) and Albion Test fisheries (Catch Per Unit Effort, Albion

2015), respectively (see also Lundin 2015).
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Table 12.  Estimated biomass of marine-derived nutrients (MDN) that would be deposited by naturally

spawning adult hatchery-origin salmon returning to the Dungeness River for natural spawning and from


carcass distribution from the hatcheries during the preservation and recolonization phases of restoration.


Species 
Juvenile Fish
Release Level

(Goals)

% Survival to

Escapement

Total
Hatchery-

Origin
Adult


Escapement

Average

Individual
Adult Fish

Weight

(lbs)

Potential
MDN


Biomass
(lbs)


Chinook salmon

150,000 subyrlg. 

50,000 yrlg. 
0.431

0.851
1,033 15.0 15,495


Coho salmon 500,000 0.962 4,800 7.0 30600

Pink salmon 100,000 1.03 1,000 4.0 4,000

TOTAL - - - - 53,095
1 Juvenile fish survival rate to escapement estimates for Chinook salmon assume total smolt to adult return (SAR) survival

rates of 0.5% for subyearlings and 1.0% for yearlings (approximate realized rates from Fuss and Ashbrook 1995), and

escapement rates for surviving fish of 85% (estimated contribution of total coded wire tag recoveries for Gray Wolf Pond

subyearling releases (Table 3.3.1.2 in WDFW 2013a), less broodstock needs of 112 fish.
2  Juvenile fish survival rate to escapement estimates for coho salmon derived assuming realized SAR for Dungeness River

Hatchery of 3% and escapement rate of  32% (net harvest plus escapement) (Fuss and Ashbrook 1995).
3 Juvenile fish survival rate to escapement estimates for pink salmon assumes fry to adult return survival rate of 1.0% (goal

survival rate level for hatchery chum salmon fry released at same 1 gram size from Fuss and Ashbrook 1995).

spawning hatchery- and natural-origin fish increase in adult return abundance over time,


commensurate with the success of on-going habitat restoration efforts. 

2.4.2.3. Hatchery fish and the progeny of naturally spawning hatchery fish in juvenile


rearing areas

Negligible effect (Fish disease pathogen transfer and amplification) 

BMPs addressing fish health, including fish health maintenance and hatchery sanitation


procedures applied during broodstock collection, mating, fish incubation, rearing, and release,


are detailed in performance standard and indicator, adult management, and fish rearing and


release sections of each of the Dungeness River Hatchery salmon HGMPs.  Fish health


monitoring and evaluation measures are also described in those HGMP sections. 

The hatchery programs would be operated in compliance with “Salmonid Disease Control

Policy of the Fisheries Co-managers of Washington State” protocols (NWIFC and WDFW

2006). The co-manager policy delineates Fish Health Management Zones and defines inter and


intra-zone transfer policies and guidelines for eggs and fish that are designed to limit the spread


of fish pathogens between and within watersheds (NWIFC and WDFW 2006). They would


also comply with standard fish health diagnosis, maintenance and hatchery sanitation practices

referenced in the policy (as per PNFHPC (1989) and American Fisheries Society-Fish Health


Section (AFS-FHS) 1994guidelines) to reduce the risks of fish disease pathogen amplification


and transfer within the hatchery and to fish in the natural environment.  For all salmon


propagated through the Dungeness River Hatchery programs, fish health specialists and


pathologists from the WDFW Fish Health Section would provide fish health management

support and diagnostic fish health services (WDFW 2013a; 2013b; 2013c). 
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