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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 

NOAA Fisheries (National Marine Fisheries Service, or NMFS) prepared the biological 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. 

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]. A complete record of this 
consultation is on file at the West Coast Region (WCR) Long Beach Office. 

 
1.2 Consultation History 

The effects of the Pacific Coast Groundfish Fishery (PCGF) on ESA-listed species and 
designated critical habitats, as managed through the Pacific Coast Groundfish Fishery 
Management Plan (referred to herein as “FMP” or “Groundfish FMP”), are described through 
several different ESA consultations that address different species, habitats, and components of 
the PCGF, as appropriate. Unless otherwise indicated and described below, those consultations 
remain intact and in force. 

NMFS completed a consultation in 2012 (NWR-2012-876) and determined the fishery is likely to 
adversely affect the following listed species and critical habitats: 

• Humpback whales (Megaptera novaeangliae),  

• Steller sea lions (Eumetopias jubatus), 

• Eulachon (Thaleichthys pacificus), 

• Green sturgeon (Acipenser medirostris) and their critical habitat, and 

• Leatherback sea turtles (Dermochelys coriacea) and their critical habitat 

In that consultation, NMFS also determined the fishery is not likely to adversely affect the 

https://repository.library.noaa.gov/
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following listed species and critical habitats: 

• Green sea turtles (Chelonia mydas),

• Olive ridley sea turtles (Lepidochelys olivacea),

• Loggerhead sea turtles (Caretta caretta),

• Sei whales (Balaenoptera borealis),

• North Pacific right whales (Eubalaena japonica),

• Blue whales (Balaenoptera musculus),

• Fin whales (Balaenoptera physalus),

• Sperm whales (Physter macrocephalus),

• Southern Resident killer whales (Orcinus orca),

• Guadalupe fur seals (Arctocephalus townsendi), and

• Critical habitat of Steller sea lions.

In 2018, NMFS completed a reinitiated consultation on eulachon following exceedance of the 
incidental take statement from the 2012 Opinion (WCR-2018-8635). In 2020, NMFS completed a 
reinitiated consultation on humpback whales due to the revised listing of the species as 14 
distinct population segments (DPS), including a conference on the proposed critical habitat 
designation for ESA-listed humpback DPSs that overlapped with the PCGF, which was 
confirmed in 2021 following final designation of the critical habitat. (WCRO-2018-01378). In 
2022, NMFS completed an updated informal consultation and letter of concurrence on the effects 
of the continued operation of the PCGF on Southern Resident killer whales (WCRO-2022-
02582). Copies of the resulting ESA documents for these consultations can be found at the 
NOAA Library Institutional Repository [https://repository.library.noaa.gov]. 

On March 20th, 2024, NMFS Sustainable Fisheries Division (SFD) requested reinitiation of 
ESA consultation on the ongoing operation of the fisheries managed through the PCGF 
Management Plan based on new information about recent interactions of humpback whales with 
PCGF hook-and-line and trawl gear, which are detailed in Section 2.5 Effects of the Action 
below. Additionally, SFD requested consideration of action by the Pacific Fisheries Management 
Council (PFMC or Council) to improve gear marking and the ability for NMFS to identify gear 
involved in entanglements in the PCGF fishery, and to reduce risks of entanglement for 
humpback whales. 

https://repository.library.noaa.gov/
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On March 26th, 2024, NMFS SFD requested to voluntarily reinitiate consultation on the PCGF 
for leatherback sea turtles and their designated critical habitat. This request is considered 
voluntary because none of the regulatory triggers that would require reinitiation of the 2020 
Biological Opinion under 50 CFR 402.16 have been met. That is, the action has not changed in a 
way that causes effects to leatherbacks or their critical habitat not considered in the 2012 
Biological Opinion, new information does not reveal effects of the action that may affect 
leatherbacks and their critical habitat not previously considered, and the amount or extent of take 
specified in the ITS has not been exceeded. However, given that NMFS is already reinitiating 
ESA consultation with respect to humpback whale entanglements, and humpback whales and 
leatherback sea turtles share some similarities in terms of known vulnerability to entanglement in 
vertical lines associated with fixed gear, completing consultation for both species is an efficient 
use of NMFS’s limited resources. 

Following receipt of these ESA consultation requests, NMFS Protected Resources Division 
(PRD) reviewed the information provided, and requested additional information needed to 
complete one ESA consultation on both ESA-listed species and their designated critical habitats. 
Throughout April and May of 2024, there were numerous meetings and exchanges of 
information that occurred between PRD and SFD, which also included engagement with staff 
from NMFS Northwest and Southwest Fishery Science Centers (NWFSC and SWFSC, 
respectively) to gather updated information on PCGF fishing effort and ESA-listed species. 

On June 12, 2024, SFD transmitted an email (Maggie Summer, NMFS WCR SFD, to Dan 
Lawson, NMFS WCR PRD) describing the final PFMC action on gear marking and 
entanglement risk reduction measures taken at a June 10, 2024 PFMC meeting. The details of the 
timeline on NMFS action were further clarified on July 18, 2024. Having received this 
information, we initiated consultation on July 18, 2024. 

Throughout November 2024, NMFS WCR PRD and WCR SFD had numerous exchanges and 
meetings to discuss the feasibility of the Terms of Conditions, which reflect the final results of 
coordination in this Opinion. 

Updates to the regulations governing interagency consultation (50 CFR part 402) were effective 
on May 6, 2024 (89 FR 24268). We are applying the updated regulations to this consultation. 
The 2024 regulatory changes, like those from 2019, were intended to improve and clarify the 
consultation process, and, with one exception from 2024 (offsetting reasonable and prudent 
measures), were not intended to result in changes to the Services’ existing practice in 
implementing section 7(a)(2) of the Act. 89 Fed. Reg. at 24268; 84 Fed. Reg. at 45015. We have 
considered the prior rules and affirm that the substantive analysis and conclusions articulated in 
this biological opinion and incidental take statement would not have been any different under the 
2019 regulations or pre-2019 regulations 
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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 
continued operation of the PCGF, consistent with the Groundfish FMP, under the 
Magnuson-Stevens Fishery Conservation and Management Act (MSA), 16 U.S.C. §§ 1801 et 
seq. The Groundfish FMP is implemented through regulations that are generally recommended 
by the PFMC and adopted by NMFS. The Groundfish FMP regulates fishing in the Exclusive 
Economic Zone (EEZ) with respect to species listed in chapter 3 of the FMP. 
 

1.3.1 Overview of the Components and Operation of the Pacific Coast 
Groundfish Fishery 

The PCGF is a year-round, multi-species federally-managed fishery that occurs off the coasts of 
Washington, Oregon, and California within the EEZ. The PCGF includes commercial and 
recreational harvest of many species, including Pacific whiting (Merluccius productus, also 
known as hake), sablefish (Anoplopoma fimbria), lingcod (Ophiodon elongatus), and various 
species of rockfish and flatfish. For Pacific whiting, an annual international catch limit is set 
under the Agreement between the Government of the United States of America and the 
Government of Canada on Pacific Hake/Whiting ("Pacific Whiting Agreement"), done at Seattle, 
November 21, 2003. For other species, harvest specifications, including annual catch limits 
(ACLs), are set and allocated to sectors of the fishery through a biennial process that also 
establishes management measures for the fishery. A few target groundfish species or stocks are 
typically caught nearly up to their ACLs, but many species in the fishery are caught at levels 
significantly below their ACLs. The PCGF includes vessels that use a variety of gear types to 
harvest groundfish directly or to land groundfish incidentally caught while targeting 
non-groundfish species. Biennially, the council reviews the groundfish harvest specifications, 
considers new information, and then establishes specifications for the next two-year period, with 
harvest specifications for the current biennium outlined in Tables in 50 CFR 660, Subpart C. For 
a full description of the PCGF, see the Stock Assessment and Fishery Evaluation Report (PFMC, 
2024)1. 

Fisheries that impact groundfish but are not directly regulated through the FMP are managed by 
the coastal states. These include state-managed nearshore fisheries which target some of the 
same species included in the FMP fisheries and those that target species not included in the FMP 
and that incidentally catch species in the FMP. Examples of the latter include the California 
halibut fishery and the pink (ocean) shrimp fishery. The FMP and its implementing regulations 
                                                 

1 https://www.pcouncil.org/documents/2024/08/status-of-the-pacific-coast-groundfish-fishery-stock-assessment-
and-fi shery-evaluation-august-2024.pdf/ 

 

http://www.pcouncil.org/documents/2024/08/status-of-the-pacific-coast-groundfish-fishery-stock-assessment-and-fi
http://www.pcouncil.org/documents/2024/08/status-of-the-pacific-coast-groundfish-fishery-stock-assessment-and-fi
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limit the retention of groundfish in these fisheries, but they do not directly regulate the harvest of 
the target species. Most nearshore fixed gear fishing regulated by the states occurs between 0 and 
3 miles offshore. These state-managed fisheries are not part of this proposed action, as they are 
not directly managed under the FMP. 

There are multiple ways in which someone may participate in the PCGF based upon which type 
of commercial Federal permit one holds (a Federal limited entry permit (Limited Entry fishery) 
or a directed open access permit (Open Access fishery)), treaty rights (Tribal fishery), or fishes 
recreationally (Recreational fishery). Based on fishery, gear, and target strategy, the PCGF can be 
further broken down into the following components (Table 1). 

1. The Limited Entry (LE) fishery encompasses all commercial fishermen 
who hold a Federal LE permit. The program was established in 1994, and the total 
number of LE permits available is restricted. LE permits are issued with one or 
more of the following gear endorsements: trawl, longline, and trap (or pot) gear. 
Vessels with an LE permit often have access to a larger portion of the total 
allowable catch for commercially desirable species than do vessels without an LE 
permit. The LE fleet catches the majority of commercial groundfish harvest. 

2. The Open Access (OA) fishery encompasses commercial fishermen who 
do not hold a Federal LE permit. The OA fishery takes groundfish incidentally or 
in small amounts. The OA fishery participants may use, but are not limited to 
longline, vertical hook-and-line, and pot. The OA fishery includes both vessels 
targeting groundfish and vessels that target other species but incidentally catch 
and retain groundfish. Directed OA participants will be newly required to hold a 
federal, non-limited, permit. 

3. The Tribal fishery includes Pacific Coast Treaty commercial fishermen in 
Washington State that have treaty rights to fish groundfish. Participants in the 
tribal fishery use gear similar to that used in the non-tribal fisheries. 

4. The Recreational fishery includes recreational anglers who target or 
incidentally catch groundfish species. However, only recreational groundfish 
fishing that occurs in the EEZ is included in this proposed action. Recreational 
groundfish fishing that occurs in state waters is not included. 

Table 1. Summary of gear and components by fishery managed through the Groundfish 
FMP. 

Fishery Gear Components 

Limited Entry 
(LE) vessels 

Trawl—At-sea Pacific 
whiting cooperatives 

Catcher-processor cooperative Mothership sector 
cooperative 
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registered to 
Federal LE 
groundfish 
permits (non-
tribal) 

Trawl—Shorebased 
Individual Fishing Quota 
(IFQ) program 
- Catch Shares 

Pacific whiting midwater trawl 
Non-Pacific whiting midwater trawl Bottom trawl 
Fixed gear (gear switching) 

Fixed gear (longline & 
pots/traps) - Non-Catch 
Shares 

Sablefish tier limit fishery 
LE fixed gear (LEFG) trip limit fishery (a.k.a. zero 
tier or non-sablefish endorsed) 

Open Access 
(OA) 

See text for 
description - Non-Catch 
Shares 

Directed OA Incidental OA 

Tribal Gear similar to LE fishery Pacific whiting midwater trawl 
Non-Pacific whiting midwater trawl Bottom trawl 
Fixed gear 

Recreational Hook-and-line Spear Commercial passenger vessels and private party 
vessels operating in the EEZ 

Groundfish Conservation Areas (GCAs) are depth-based management tools used to close certain 
areas to commercial, and in some cases recreational, fishing. GCAs apply to all groundfish 
fisheries and are further described in Section 1.3.9.1 Groundfish Conservation Areas as they 
relate to the PCGF. Specific GCAs include Rockfish Conservation Areas (RCAs) (Section 
1.3.9.2, and 1.3.10.1), Cowcod Conservation Areas (CCAs) (Section 1.3.9.3), Yelloweye 
Rockfish Conservation Areas (YRCAs), and Bycatch Reduction Areas (BRAs) (Section 
1.3.10.2). Commercial RCAs are specified for a particular gear group and can differ north and 
south of 40°10’ N. In December 2023, NMFS approved Amendment 32 to the Groundfish FMP 
which reduced RCA closures off of Oregon and California for non-trawl commercial PCGF 
sectors, including the sablefish pot fishery, opening ~2,411 square miles of fishing grounds to 
non-trawl commercial fisheries (PFMC, 2023). Amendment 32 also established new Essential 
Fish Habitat Conservation Areas (EFHCAs) off of Oregon which are further described within 
their relationship to the PCGF in Section 1.3.9.4. Amendment 32 also removed the CCA closures 
off of California for several sectors. 

Amendment 28 to the Groundfish FMP, effective January 1, 2020, also added new habitat 
protections by closing the portion of the EEZ deeper than 3,500 m to all bottom contact gear, 
including bottom trawl, bottom longline, and pot/trap gear. Amendment 28 also made revisions to 
EFHCAs, including closure of most of the Southern California Bight to bottom trawl gear and 
reopening the trawl RCA off of Oregon and California. 
 

1.3.2 Overview of Trawl Fisheries 

https://www.zotero.org/google-docs/?2UXanI
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In 2011, NMFS implemented a catch share program, also referred to as the trawl rationalization 
program, for PCGF trawl fisheries. This program constrains both the number of vessels 
participating in the fishery and the amount of fish they may catch. Catch shares (CSs) are used 
for the shorebased trawl fleet and harvester cooperatives for the at-sea mothership (MS) and 
catcher-processor (CP) fleets. The CS system divides the portion of the ACL allocated to the 
trawl fishery into shares controlled by individual fishermen or groups of fishermen 
(cooperatives). The shares can be harvested largely at the fishermen's discretion. Catch of IFQ 
species (e.g. Pacific whiting, sablefish) is deducted from the fisherman’s individual quota or the 
cooperative pooled quota. Under the catch share program, some management measures from the 
previous management structure remain in place; these measures include trip limits for non-IFQ 
species, size limits, and area restrictions.  

The trawl fishery is divided into a number of sectors for management purposes. A portion of the 
fishery targets Pacific whiting, a midwater species, which will synonymously be referred to as 
hake throughout this opinion. This portion of the fishery is further divided into vessels that catch 
whiting and deliver to onshore processors (shoreside, or SS), vessels that catch whiting and 
process at sea on the same vessel (catcher-processor or CP), or vessels that catch whiting and 
deliver to separate vessels that process at sea (mothership sector, or MS). Another portion of the 
fishery targets bottom-dwelling groundfish species (bottom trawl). Finally, there is a growing 
fishery for non-Pacific whiting midwater groundfish species, typically referred to as midwater 
rockfish trawl effort. This latter fishery is expected to expand in the future to a year-round 
fishery as restrictions put in place to allow testing under exempted fishing permits are moved into 
regulation. 

Rockfish Trawling 

The rockfish midwater trawl fishery has expanded effort recently as former restrictions to protect 
overfished species have been lifted. The rockfish midwater trawl fishery currently has the same 
regulatory season start date as the hake shorebased IFQ fishery (May 1). However, since 2017, 
midwater rockfish trawling has been allowed from January 1 until the hake season start date 
under an exempted fishing permit, creating a year-round fishing opportunity. To date, the 
rockfish midwater trawl fishery has not yet established a clear seasonality. Groundfish landings 
in this sector generally increased from 2011-2018 as the fishery has evolved over this time, 
although groundfish retention decreased slightly in 2019 and 2020, before returning to 2018 
levels in 2021-2023 (Somers et al., 2023; Figure 3). Approximately ⅔-¾ of landings in each time 
period occurred along the Oregon and Washington borders, with effort concentrating off Astoria 
and Newport, Oregon. From 2011-2018, landings of midwater non-whiting occurred from central 
Washington to central Oregon, and expanded in 2019-2021 to southern Oregon and northern 
California as a part of an Exempted Fishing Permit (EFP). Based on the fact that rockfish 
trawling effort distribution and magnitude has not changed drastically over the most recent 
decade (Figure A-9, Table A-5), it is assumed the geographic distribution of the fleet and harvest 
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levels will be similar to patterns seen in recent years. The rockfish midwater trawl sector has 
fairly low landings in comparison to the hake midwater trawl fishery, and has stayed relatively 
consistent through time (Figure 3). 

Hake Trawling 

Pacific hake or whiting is managed under the Pacific Whiting Agreement, which allows the Joint 
Management Committee (JMC) to recommend annual catch levels for the stock found in both 
U.S. and Canadian EEZs. The U.S. portion of the annual Pacific whiting total allowable catch 
(TAC) is variable, but the TAC has been trending higher in recent years. Each year, the TAC 
may be fully harvested, and it is assumed the Pacific whiting fishery will operate in the same 
geographical footprint as it has in recent years, as the distribution of fishing effort has not 
changed substantially over the most recent decade (Figure A-9 and A-10). However, there is 
evidence to suggest that hake trawl hours are increasing over time (Table A-5 and A-6). 
Trawling effort only occurs north of 40°N latitude, and has operated over relatively the same 
amount of space in the most recent decade (Figures A-9 and A-10). Landings of hake made by 
PCGF midwater trawl gear include catch from SS, MS, and CP sectors (Figure 3). Although 
trawl hours have increased over the most recent decade (Figure 1), landings have remained 
relatively stable (Figure 3). Overall, the trends in landings are captured in Figure 3 and match the 
findings of Somers et al. 2023. 

 

 

Figure 1: Line plot representing shoreside (SS) trawl hours by sector, which includes the 
estimated midwater trawl hours for the years 2014-2023. Lines are colored by sector and the 
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black line represents the total sets summed for all sectors. 

 

 
Figure 2: Line plot representing at-sea (AS) trawl hours by sector, which includes the 
estimated midwater trawl hours for the years 2014-2023. Lines are colored by sector and the 
black line represents the total sets summed for all sectors. 
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Figure 3: Observed PCGF midwater trawl landings from 2014-2023. Lines and points are 
colored by the sector in which fishing occurs and landings are represented in metric tons.  

 
1.3.2.1 Limited Entry - At-Sea Pacific Whiting Cooperatives 
The Pacific whiting trawl fishery is divided into a number of sectors for management 
purposes. Harvesting vessels include vessels that both harvest and process catch (CPs), and 
those that catch and deliver to at-sea processors (MS). For the at-sea trawl fishery, the Pacific 
whiting primary season runs from May 1 to December 31, or until the sector allocations are 
taken. Much of the participation in the Pacific whiting fishery occurs in two separate 
timeframes: a spring season before vessels move into fisheries in other regions, and a fall 
season. Most of the CP activity occurs from May to early June, and late September to late 
November. Most of the MS activity occurs from May to early June and mid-September to 
mid-November. Generally, there is little or no fishing activity in the Pacific whiting at-sea 
fishery during July and August. Since 1992, CP and MS processing vessels have been 
prohibited from processing south of 42° N, therefore no 
at-sea sector catch has occurred south of 40°19’ N. in recent years. 

Landings in the CP trawl fleet increased from 2015 through 2017, but saw an overall decrease 
in landings until 2021. The MS fleet had constant landings from 2016 through 2018 then 
decreased from 2018 to 2021. The 2021 effort of the MS fleet was concentrated between 
47°N, 42°N, and 41°N latitudinal bins (Somers et al., 2023). Fishing effort in both at-sea 
fleets have varied since 2014 but reached historic highs in 2022 (Table A-6). 
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1.3.2.2 Limited Entry - Shorebased IFQ Program 

The Shorebased IFQ fishery season for Pacific whiting is set using a framework for the area 
north of 40°30’ N lat. Under the framework, the fishery opens on May 1 north of 42°30’ N 
lat. and on April 15 south of 40°30' N lat. The fishery harvests most of its Pacific whiting 
from mid-June through September, with smaller amounts being taken after September. The 
Pacific whiting shorebased IFQ fishery start date is aligned with the at-sea sector start date. 
Vessels in the shorebased IFQ fishery can fish whiting as well as other groundfish species 
they have IFQ for, or for non-IFQ species under trip limits (see Table 1, North and South, to 
50 CFR Part 660, Subpart D). 

The bottom trawl fishery, a component of the shorebased IFQ program, operates year-round 
and targets non-whiting species in a wide range of depths which are then delivered to 
shoreside processors. Catch for this fishery, peaks in the spring, in either March or April; with 
a secondary, lower peak happening in October. Two important and valuable species in this 
fishery are sablefish and petrale sole. Sablefish catch peaks in September and October, and 
petrale sole catch peaks in December and January. Amendment 28 eliminated the trawl RCA 
off Oregon and California, and established block area closures, a series of areas that span the 
West Coast seaward of the state territorial seas out to 200 nm that can be closed as needed by 
NMFS. 

The Shorebased IFQ program allows LE trawl permit holders to switch from trawl to fixed 
gears (hook and line or pot gear) to fish their individual quota. From 2011-2018, 39 different 
LE trawl vessels landed sablefish north of 36° N. latitude with fixed gear. From 2016 to 
2018, 16 vessels landed sablefish north of 36° N. latitude with fixed gear. The greatest 
amount of gear switching participation (referred to as the CS fixed gear sector throughout the 
rest of this biological opinion) was seen in 2012 and the least in 2013 (PFMC 2019). Fixed 
gears targeting sablefish are more selective than trawl gear and have less potential impact to 
benthic habitat. In recent years, gear switchers have exclusively used pot gear. The CS pot 
fleet showed a slight but generally increasing trend in total effort (in metric tons (mt) of 
landings) from 2013-2019, but has since decreased in 2021. The number of pots per set in the 
non-catch share (NCS) fleet in 2020 and 2021 reached an all-time high of approximately 50 
pots in 2020 and 2021, two of the only years in which pots per set was greater in CS than in 
non-catch share (Somers et al., 2023). CS pot effort was greatest and increasingly 
concentrated off of WA and OR although there were some concentrated effort areas off of 
Morro Bay, San Francisco, and Fort Bragg, CA (Somers et al., 2023). The CS hook-and-line 
fleet has generally decreased from 2011-2021, and occurs between 48°N and 32°N with 
fairly even distribution (Somers et al., 2023). 

 

1.3.3 Overview of Limited Entry Fixed Gear Fisheries (Non-Catch Shares) 
LEFG vessels fishing in the primary, OA, and TL sectors make up part of the NCS fishery; they 

https://www.zotero.org/google-docs/?broken=998WSY
https://www.zotero.org/google-docs/?broken=LURzEU
https://www.zotero.org/google-docs/?broken=LURzEU
https://www.zotero.org/google-docs/?broken=yIZN1m
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primarily target high-value sablefish with most landings historically occurring in Oregon and 
Washington. However, landings of sablefish vary depending on environmental conditions, and 
they have recently shown a southerly trend. 

The LEFG fishery consists of vessels fishing in the primary fishery –also referred to as the 
sablefish-endorsed tier fishery– and the trip limit (TL) fishery. The TL fishery targets nearshore 
and non-nearshore species, and also includes the TL fishery for sablefish. In the primary fishery, 
which is a limited access privilege program, the permit holder of a sablefish-endorsed permit 
receives an annual share of the sablefish catch or “tier limits.” Regulations allow for up to three 
sablefish-endorsed permits to be stacked2 on a single vessel. The number of vessels in the LE 
fisheries varies between years based on permits being transferred to multiple vessels, vessels in 
the sablefish tier fishery stacking or unstacking permits, and permit owners removing their 
permits from vessels so that the permits are unused for some period (i.e., unidentified status). 
Vessels that are sablefish-endorsed generally fish deeper than 80 fathoms, and they land catch 
composed mostly of sablefish, with groundfish bycatch or incidental catch consisting primarily of 
spiny dogfish shark, Pacific halibut, rockfish species, and skates. 

Like the LE trawl fleet, LEFG vessels deliver their catch to ports along the Washington, Oregon, 
and California coasts. The primary season takes place from April 1 to December 31. Permit 
holders land their tier limits at any time during the nine-month season. Once the primary season 
opens, all sablefish landed by a sablefish-endorsed permit is counted toward attainment of its tier 
limit. Approximately 29% of the sablefish annual catch limit is allocated to the tier fishery (for 
both longline and pot gear permits). California ports have had the greatest amount of LE 
trip-limit landings of sablefish in recent years, while Oregon had the most LE primary fishery 
landings. Pot gear is used for targeting sablefish, and the majority of the pot gear used in the 
PCGF is traditional pot gear. This gear may be conical, trapezoidal, or rectangular. Pot gear for 
sablefish is typically long-lined so that between 15 and 50 pots are connected together on a 
single groundline. The average soak time for traditional pots is 36-48 hours. 

In 2024, there were 227 fixed gear permits, including 164 sablefish-endorsed and 59 
non-sablefish endorsed permits. All LE fixed gear permits have gear endorsements (longline, 
pot/trap, or both), and those endorsements cannot currently be changed. Of the 
sablefish-endorsed permits, 132 were associated with longline gear only, 28 were associated with 
pot/trap gear only, and four were associated with both longline and pot/trap gear. The remaining 
59 non-sablefish-endorsed permits were all associated with longline gear3. 

Recent changes to this sector include a new allowance for vessels assigned to a LE permit to use 
non-bottom contact gear (stationary vertical hook-and-line, troll gear) inside the non-trawl RCA 
(87 FR 77007, December 16, 2022). Additionally, some vessels are now using slinky pots 

                                                 
2 Stacking is the practice of registering more than one LE permit for use with a single vessel. 
3 NMFS West Coast Region Pacific Coast Fisheries Permit System, queried January 1st, 2024 
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(collapsible pots) which are a newer type of pot gear originally developed in Alaska as an 
alternative for bottom longline boats dealing with significant depredation issues from toothed 
whales. The pots are much lighter and can be fished using a lighter groundline. Multiple slinky 
pots are typically attached to a groundline, so that there is a vertical line to surface gear on the 
end of a string of slinky pots, rather than a vertical line for each slinky pot. Slinky pots are left to 
soak, but cannot be left on the grounds as long as traditional pots due to their being more 
lightweight. Slinky pots would be more likely to be used by boats that would otherwise use 
bottom longline gear because they don’t require heavy machinery onboard the boat to haul pots 
up. Currently, only some vessels can use slinky pots but the PFMC is currently evaluating a 
change to the gear endorsements to allow longline-endorsed permits to use pots. This change is 
being evaluated because some longline gear users are experiencing depredation of longlines by 
toothed whales, primarily killer whales. Currently, there is not explicit tracking of slinky pot gear 
use on landings. The recent non-trawl logbook will provide information on slinky pot gear use in 
the future. 

Vessels in the LEFG TL fishery fish under trip limits generally targeting sablefish, thornyheads, 
and other groundfish species. A total of 60-80 vessels annually participated in this sector over the 
past five years, predominantly using longlines (70-80% of effort) and pots/traps (20-30% of 
effort). These vessels fish primarily out of California ports. Fixed gear vessels are more prone to 
catching yelloweye rockfish than trawl vessels, and therefore have greater fishing restrictions on 
the continental shelf. The LE TL fishery operates year-round (January to December) with most 
fishing activity occurring in the summer months. Landings have been highest from August 
through October, followed by the April to July period. The lowest number of landings occurs 
between December and March. Approximately 5% of the sablefish annual catch limit is allocated 
to the TL fishery (for both longline and pot gear permits). 

In 2005, LEFG fishing opportunity was constrained by measures needed to reduce the catch of 
overfished species, including canary rockfish, yelloweye rockfish, bocaccio, and cowcod. 
Landing limits for the LEFG fleet north of 40°10’ N. latitude provided vessels with access to 
continental slope and nearshore species, but less access to continental shelf species. For waters 
south of 40°10′ N. latitude, landing limits were intended to draw vessels away from continental 
shelf species. The CCAs off the Southern California Bight were closed to the PCGF to prevent 
vessels from fishing in areas of higher cowcod abundance. As all of those rockfish species have 
been rebuilt, with the exception of yelloweye rockfish (which is projected to rebuild by 2028), 
areas of the non-trawl RCA and the CCA have been reopened to fixed gear fishing. Starting in 
2024, the non-trawl RCA was reduced in size by moving the seaward boundary shoreward to 75 
fathoms from 100 or 125 fathoms, depending on the area along the coast (88 FR 83830). 
Additionally, the CCA was opened to non-trawl commercial fishing and recreational fishing in 
2024. 

Estimated total annual landings by the various sectors of PCGF pot fishing and hook-and-line 
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fishing over time are shown in Figures 4 and 5, respectively. Pot landings have decreased for the 
CS sector from 2014-2021, but in 2022 and 2023 began to increase in total landings again. LE 
has steadily increased in landings since 2014, and OA has remained relatively consistent (Figure 
4). For the hook-and-line sector of the PCGF, LE TL and OA have remained consistent from 
2014-2023. The CS sector has ceased landings using hook-and-line gear since 2019, leaving LE 
the dominant sector for hook-and-line PCGF landings. The estimated landings shown in Figure 4 
are less than the pot landings presented in Somers et al. 2023 due to the different datasets 
utilized; Figure 4 solely relies on the West Coast Groundfish Observer Program (WCGOP) data 
that are scaled up based on observer coverage rates, whereas Somers et al. 2023 presents higher 
landings numbers due to the incorporation of fish ticket data. Somers et al. 2023 is likely a more 
exact estimate of landings, but both datasets show the same overall linear trends. 

 

 

 
Figure 4: Observed PCGF pot landings in metric tons from 2014-2023. Each line is colored 
by the sector within the pot fishery. Landings were estimated by dividing the observed 
landings by the observation coverage rate provided for the unique year, sector, and gear type 
(WCGOP). 
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Figure 5: Observed PCGF hook-and-line landings in metric tons from 2014-2023. Each line 
is colored by the sector within the hook-and-line fishery. Landings were estimated by 
dividing the observed landings by the observation coverage rate provided for the unique year, 
sector, and gear type (WCGOP). 

 

1.3.4 Open Access Fixed Gear Fishery (Non-Catch Shares) 
The OA sector consists of vessels that do not hold a Federal groundfish LE permit. They target 
groundfish (OA directed fisheries) or catch them incidentally (OA incidental fisheries) using a 
variety of gears. OA vessels must comply with cumulative trip limits established for the OA 
sector, and are subject to the other operational restrictions imposed in the regulations, including 
general compliance with RCA restrictions. 

OA fishermen use various non-trawl gears (including longline, trap or pot, stationary 
hook-and-line, vertical hook-and-line, jig, and troll) to target particular groundfish species or 
species groups. Longline and other hook-and-line gear are the most common OA gear types used 
by vessels directly targeting groundfish, and they are generally used to target sablefish, rockfish, 
and lingcod. The majority of hook-and-line catch in the PCGF is with bottom longline gear. In 
recent years, though, there is a growing component of the commercial hook-and-line sector that 
utilizes variations on vertical line gear, rod and reel gear, and stick gear. In 2023, NMFS began to 
allow non-trawl vessels to use select non-bottom contact hook-and-line gear configurations 
within the non-trawl RCA. This provided opportunities for commercial non-trawl fisheries to 
target healthy stocks, relieve pressure on overfished or constrained nearshore stocks, and to limit 
impacts to sensitive habitats. Vessels targeting groundfish may operate inside the non-trawl RCA 
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from the Washington/Oregon border to the U.S./Mexico border with non-bottom contact hook-
and-line gear only, and while vessels can fish both inside and outside the non-trawl RCA on the 
same trip, they may only carry one type of legal non-bottom contact hook-and-line gear (vertical 
jig and troll) on board when fishing occurs within the non-trawl RCA. The directed OA fishery is 
further grouped into “dead” or “live” fish fisheries. In the live-fish fishery, groundfish are 
primarily caught with hook-and-line gear (rod-and reel, stationary vertical hook-and-line), LE 
longline gear, and a variety of other hook gears (e.g. stick gear). The fish are kept alive in a 
seawater tank onboard the vessel which are primarily composed of nearshore rockfish species. 

For vessels targeting non-groundfish species, the groundfish catch is incidental to the target 
species. Only the groundfish catch is regulated under the Groundfish FMP and federal 
groundfish regulations. The fixed gear fisheries that take incidental amounts of groundfish 
include the following fisheries managed by the states or under other Federal FMPs: California 
halibut, coastal pelagic species, crab pot, fish pot, highly migratory species, Pacific halibut, 
salmon, sea urchin, and setnet fisheries. In summary, the incidental retention of groundfish in the 
EEZ is part of the OA fishery and is therefore included in the proposed action. The target 
fisheries listed above are not themselves part of the proposed action. 

The OA sector is made up of many different gear types involved in directed and incidental catch, 
which makes it difficult to discern the location of effort. However, based on the diversity of this 
sector, we assume that effort is widespread across the West Coast. OA groundfish landings vary 
according to which non-groundfish fisheries are landing groundfish as bycatch. The number of 
OA vessels that land groundfish also varies with the changes in the non-groundfish fisheries, and 
participation varies between years. There is limited historical information on the distribution of 
effort by OA vessels beyond state-level data. 

The OA fishery operates year-round (January to December). Assuming that landed catch 
represents directed OA fisheries, and that landed catch is a function of effort, more OA-related 
fishing activity occurs in the spring, summer, and fall months than during winter months, 
although seasonal patterns have varied considerably among years, especially since 2011. 
Incidental fisheries vary with fishing seasons for intended target species. Approximately 8% of 
the sablefish annual catch limit is allocated to the OA fishery (all gear types). 
 

1.3.5 Tribal Groundfish Fisheries 
Washington coastal tribes (Makah, Quileute, Hoh, and Quinault) possess treaty rights to harvest 
Federally managed groundfish in their usual and accustomed fishing areas (U&As) within the 
EEZ, as described in decisions in United States v. Washington and associated cases. The U&As 
for Pacific Coast treaty Indian tribes are defined at 50 CFR 660.4. Under treaty arrangements, 
each tribe manages the fisheries carried out by its members. The Groundfish FMP and its 
implementing regulations provide for allocations or set-asides of specific amounts of some 
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species for the tribal fisheries to ensure implementation of treaty fishing rights. Those allocations 
and set-asides are developed annually or biennially (depending on the species) in consultation 
with the tribes. 

The individual tribes manage their fisheries, coordinating with NMFS and the Council. Treaty 
tribes participating in the groundfish fishery off Washington have formal allocations for a 
number of species, including sablefish, and Pacific whiting, established through the Council. For 
other groundfish species without formal allocations, the tribes propose set-aside tribal limits to 
the Council. The Council tries to accommodate the requested limits by setting aside a portion of 
the catch limit for specific species, while ensuring that catch limits for all groundfish species are 
not exceeded. 

All four coastal treaty tribes have longline vessels in their fleets; only the Makah Tribe has trawl 
vessels. The Makah trawl vessels use both midwater and bottom trawl gear to target groundfish. 
Since 1996, a portion of the U.S. Pacific whiting TAC has been allocated to the West Coast 
treaty tribes fishing in the groundfish fishery. Tribal allocations have been based on discussions 
with the tribes regarding their intent for a specific fishing year. For 2024, the interim tribal 
whiting allocation was 17.5% of the U.S. Pacific whiting TAC. 

The tribal Pacific whiting annual allocation percentage is not intended to set precedent for future 
allocations. Although the Quinault, Quileute, and Makah Tribes have expressed interest in the 
Pacific whiting fishery, to date, only the Makah Tribe has participated in the Pacific whiting 
fishery. Since 2012, whiting migration patterns have resulted in minimal tribal fisheries, in part 
because whiting distribution has been south of tribal U&A areas. 

In addition to its participation in the Pacific whiting fishery, the Makah Tribe has a midwater 
trawl fishery that primarily targets yellowtail rockfish and a bottom trawl fishery that targets 
petrale sole. In developing its trawl fisheries, the Makah Tribe has implemented management 
practices that include test fishing to show tribal managers that the fishery can be conducted with 
gear and in areas without harming tribal fisheries. In the Makah bottom trawl fishery, the Tribe 
adopted small footrope gear restrictions to reduce rockfish bycatch and avoid areas where higher 
numbers of rockfish occur. In addition, the bottom trawl fishery is limited by overall footrope 
length to conduct a more controlled fishery. Harvest is restricted by time and area to focus on 
harvestable species while avoiding bycatch of other species. If bycatch of rockfish is above a set 
amount, the fishery is modified to stay within the bycatch limit. The midwater trawl fishery has 
similar control measures. A trawl area must first be tested to determine the incidence of 
overfished rockfish species before opening the area to harvest. Vessels receive guidelines for 
fishing techniques and operation of their net. 

The tribal non-whiting groundfish fishery typically takes on a dome-shaped seasonal pattern, 
generally peaking between May and September. Historically the Pacific whiting tribal fishery 
tended to occur between June and September. However, there has been little activity in the tribal 
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Pacific whiting fishery since 2011, so the pattern in recent years may not reflect what would 
occur under broader tribal participation. 

Tribes are allocated 10% of the annual catch limit of sablefish north of 36°N. Approximately one-
third of the tribal sablefish allocation is taken during an open competition fishery, where vessels 
from all four tribes have access to the overall tribal sablefish allocation. The open competition 
portion of the fishery tends to be taken in March and April. The remaining two-thirds of the 
tribal sablefish allocation is split between the tribes according to a mutually agreed-upon 
allocation scheme. The individual tribes manage specific sablefish allocations. Participants in the 
halibut and sablefish fisheries tend to use hook-and-line gear, as required by the International 
Pacific Halibut Commission. In recent years, some small amount of pot gear has been in use for 
sablefish fishing due to killer whale depredation of longlines. 
 

1.3.6 Recreational Fisheries 
Recreational fisheries include charter vessels (commercial passenger fishing vessels) and private 
party recreational vessels (individuals fishing from their own or rented boats). Federal and state 
management measures have been designed to limit catch of overfished species and provide 
fishing opportunities for anglers targeting nearshore groundfish species. The primary 
management tools have been seasons, bag limits, and closed areas. The most common gear used 
in recreational groundfish fisheries are hook-and-line variations. In Oregon, starting in 2018, a 
longleader gear opportunity became available in waters seaward of 40 fathoms (fm) during 
months in which fishing deeper than 40 fm is prohibited. Longleader gear has a minimum of 30 
feet between the weight and the lowest hook. The gear is designed to target midwater rockfish 
species such as yellowtail and widow rockfish to move fishing pressure off nearshore rockfish 
species and to provide increased recreational fishing opportunities. 

Recreational fisheries in Washington and California have shifted from year-round fisheries to 
seasonal fisheries with different open periods, depending on the target species. Recreational 
fishing in Oregon is open year-round, except when in-season closures are needed. Coastwide, the 
number of marine angler trips peak in the July-to-August period, but seasonal concentrations are 
more pronounced in Oregon and Washington where weather is more variable. However, only 
recreational groundfish fishing that occurs in the EEZ is included in this proposed action. 
Recreational groundfish fishing that occurs in state waters is not included. 

 

1.3.7 Catch Monitoring 
Vessel monitoring systems (VMS) that automatically transmit position reports to NMFS are the 
primary management tool used to monitor commercial vessel compliance with time and area 
restrictions. All non-tribal commercial vessels are required to have an operational VMS to fish in 
the PCGF. In addition, each vessel operator is required to submit declaration reports to NOAA’s 
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Office of Law Enforcement that allows the vessel’s position data to be linked to the type(s) of 
fishing gear, and in some cases a target strategy. The CS and at-sea Pacific whiting fisheries are 
subject to full observer coverage, although the SS and MS participants can elect to use Electronic 
Monitoring (EM) in lieu of human observers. The EM program has 100% coverage (i.e., cameras 
are required to be operational throughout fishing activity), and a target of 25% human 
observation for scientific data collection. EM video review rates vary by sector. All other 
observed fisheries have less than 100% observer coverage. Total catch data for groundfish 
species are available approximately 11-12 months following the end of the fishing year. 

The monitoring of fishing mortality varies between sectors based on effort and prevalence of 
bycatch. The greatest amount of monitoring occurs in the trawl fisheries, and the least in the OA 
and recreational fisheries. 
 
1.3.7.1 At-Sea Pacific Whiting Sector 
In the at-sea Pacific whiting sectors, catch composition is closely monitored through the 
WCGOP’s on-board observer program on processing vessels and EM (video) on MS sector 
catcher vessels. Each processing vessel 125 feet and longer must carry two observers that 
subsample close to 100% of all hauls in order to estimate catch composition. Processing vessels 
under 125 feet must carry one observer. Currently, there are no processing vessels under 125 
feet. Each MS vessel has one observer to account for discards or uses electronic video 
monitoring to verify full retention of catch. In addition, the observers collect biological data from 
groundfish, protected species, and prohibited species. Catch data by species are generally 
available within 24 hours during the season and will continue to be available into the future for 
use in management decisions. 

 
1.3.7.2 Shorebased IFQ Sector 
The Shorebased IFQ Sector is subject to 100% observer coverage or electronic monitoring. 
Nearly 100% of the hauls are sampled, with discards being accounted for at the haul level. The 
exception is the Pacific whiting Shorebased IFQ fishery, where most vessels retain nearly all 
their catch and do not sort and discard at sea. In the Pacific whiting shorebased IFQ fishery, 
observers primarily monitor the retention of catch. Catch composition data are gathered on shore 
by catch monitors. Pacific whiting vessels may voluntarily use electronic monitoring to monitor 
catch retention. Observers collect valuable fisheries data, including fishing effort and location, 
estimates of retained and discarded catch, species composition, biological data, and protected 
species interactions. Stock-specific information on Chinook salmon bycatch is not available until 
the following year. The data informs fisheries managers and stock assessment scientists, as well 
as other fisheries researchers. WCGOP catch data informs the vessel accounting system used for 
quota management. 

Shorebased IFQ vessels are required to land catch at IFQ first receivers where the landed catch is 
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sorted and weighed. Catch monitors are individuals who collect data to verify that the catch is 
correctly sorted, weighed, and reported. Landings data and at-sea discards are later combined for 
total catch estimation. Prohibited species catch data for the IFQ fishery is available in season to 
fishery participants. However, the full dataset at the haul level for all species is not available 
until the summer of the following year. 

 
1.3.7.3 Fixed Gear Sector 

The WCGOP provides observer coverage for the NCS and CS fisheries. Observers collect 
discard data at sea as well as biological data from groundfish, protected, and prohibited species. 
Groundfish total catch data are available approximately nine months following the end of the 
fishing year after sample data are extrapolated and combined with landings data. Table 2 
provides observer coverage rates by sector and gear (Somers et al., 2024). 

 
Table 2. Median observer coverage rates, defined as the percentage of total groundfish landings 
monitored by human observers in the sector of the fishery 2015-2023. Sector name 
abbreviations: CS EM = catch shares electronic monitoring, LE = limited entry, TWL = trawl, 
TL = trip limit, HKL = hook-and-line, OA = open access. (WCGOP - FOS) 

Year CS EM – 
Pot 

EM - CS LE TL 
HKL 

OA- 
HKL 

OA - Pot LE - 
HKL 

LE - Pot 

2015 30 33 7 5 7 41 61 
2016 34 28 4 5 7 33 72 
2017 37 16 3 4 12 37 32 
2018 40 30 4 5 10 43 72 
2019 26 25 4 4 11 38 47 
2020 14 8 2 3 6 13 47 
2021 35 11 2 5 5 30 39 
2022 39 18 2 4 4 28 62 
2023 27 33 4 3 5 30 53 

 
Starting in 2023, the non-trawl sector is also subject to logbook requirements. Vessels fishing for 
groundfish in the EEZ must complete logbook entries for every trip, and the data collected 
include fishing location, gear used, catch and discards. This data will allow for calculation of 
comprehensive effort metrics and a better understanding of where fishing is occurring, beyond 
just observed vessels. The percentage of observed effort in the fixed gear sectors of these 
fisheries from 2015-2023 are outlined in Table 2.  
 
1.3.7.4 Tribal Sector 
Tribal-directed groundfish fisheries are subject to full rockfish retention. Tribes also use 

https://www.zotero.org/google-docs/?broken=9C3nxF
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shorebased sampling and observers to monitor their fisheries. 

 
1.3.7.5 Recreational Sector 
Recreational catch is generally monitored by the states as it is landed in port. However, there 
may also be on-the-water effort estimates as well. The Pacific States Marine Fisheries 
Commission (PSMFC) compiles these data in the Recreational Fisheries Information Network 
(RecFIN) database. The types of data compiled in RecFIN include sampled biological data, 
estimates of landed catch plus discards, and economic data. Data are generally available within 
three months. Descriptions of the RecFIN program, state recreational fishery sampling programs, 
and the most recent data available to managers, assessment scientists, and the public, can be 
found on the PSMFC website at http://www.psmfc.org/program/prog-3. The majority of 
recreational groundfish fishing occurs in state waters due to both natural limitations of how far 
offshore small vessels can safely go, and because most recreational groundfish fishing targets are 
found closer to shore. Currently, there is inconsistent spatial fishing location data collection 
across the three states, which complicates quantitative summaries of the location of recreational 
fishing activity from shore. However, only recreational groundfish fishing that occurs in the EEZ 
is included in this proposed action. Recreational groundfish fishing that occurs in state waters is 
not included. 

1.3.8 Fixed Gear Marking and Entanglement Risk Reduction 
 
In the 2020 biological opinion for humpback whales (NMFS, 2020c), Term and Condition #1 
required a pot gear marking feasibility study to “consider whether additional gear marking would 
increase NMFS’ ability to attribute humpback whale entanglements to specific fisheries and 
assist in identifying take of humpback whales.” NMFS conducted the study in collaboration with 
Oregon Sea Grant, engaging industry members in workshops, and sourcing various ideas on 
changes to the fishery that may reduce whale entanglements.  

The feasibility report was presented by NMFS to the Council at the March 2023 meeting, which 
identified line marking and additional markings on buoys/surface gear as having the greatest 
potential to improve identifiability of sablefish pot gear. This action also included a LEFG 
follow-on action that aimed to encourage efficient use of the LEFG sablefish quota through 
slinky pot gear switching in the longline sector. Entanglement risk reduction and the follow-on 
action were initially considered under one package for the PFMC, but were later divided into two 
projects at the June 2023 Council meeting. A work plan for each project was presented at the 
September 2023 meeting with a “Purpose and Need” and “Range of Alternatives.” During the 
March 2024 meeting, the Council adopted preliminary preferred alternatives, then adopted final 
recommendations in June 2024 for PCGF pot and longline gear marking and entanglement risk 
reduction. Final preferred alternatives included: 

• Each surface buoy must be marked with a tag (e.g. cattle ear tag) with the vessel 
ID on it. 

http://www.psmfc.org/program/prog-3
https://www.zotero.org/google-docs/?broken=ufJCXA
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• Each vertical line must be marked over at least the top 20 fathoms (120 ft) by a 
manufactured line in a two-color combination unique to each gear type. With the 
exception of the first three years, temporary marking methods are allowed. Specific 
colors used are not yet known but are currently being discussed. 
• During a phase-in period of three years from the effective date, vertical lines must 
be marked over the top 20 fathoms, but the marking may consist of continuous 
alternating bands of the same two-color combinations. 
• Surface buoys will be required on at least one end of the groundline, rather than 
both. 
• Surface lines will be limited to no more than 10 fathoms (60 ft) from the main 
buoy to the last trailing buoy. 

The final rule is expected in spring of 2025, and the above regulations effective by January 1, 
2026. The proposed action includes these gear marking requirements and risk reduction 
measures.  

1.3.9 Closed Areas That Apply To All Groundfish Fisheries 
 
1.3.9.1 Groundfish Conservation Areas (GCAs) 

GCAs are depth-based management areas closed to commercial and, in some cases, recreational 
vessels. The use of these areas applies to all groundfish fisheries. The GCAs are used to control 
catch of overfished groundfish species or protected species and prohibit fishing in areas where 
the catch is likely to be high for a particular gear type. The boundaries are defined by a series of 
latitude/longitude coordinates that are intended to approximate particular depth contours. Depth 
contours are a series of coordinates expressed in degrees of latitude and longitude. Federal 
regulations at 50 CFR 660.60 state that depth-based closed areas may be used: to protect and 
rebuild overfished stocks; to prevent the overfishing of any groundfish species by minimizing the 
direct or incidental catch of that species; to minimize the incidental harvest of any protected or 
prohibited species taken in the groundfish fishery; to extend the fishing season in areas outside 
the closed zones; to minimize disruption of traditional fishing and marketing patterns for the 
commercial fisheries; to spread the available catch over a large number of anglers for the 
recreational fisheries; to discourage target fishing while allowing small incidental catches to be 
landed; and to allow small fisheries to operate outside the normal season. Specific GCAs 
include: Rockfish Conservation Areas (RCAs), Cowcod Conservation Areas (CCAs), Yelloweye 
Rockfish Conservation Areas (YRCAs) and Bycatch Reduction Areas (BRAs). Amendment 28 
also added new protections for deep sea coral areas by closing the portion of the EEZ deeper 
than 3,500 m to all bottom contact gear, including bottom trawl gear, bottom long line gear, and 
pot/trap gear. 
 
1.3.9.2 Rockfish Conservation Areas 
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RCAs are large-scale closed areas that extend along the entire length of the West Coast, from the 
Mexican border to the Canadian border. Commercial RCAs are specified for a particular gear 
group (trawl, non-trawl, and non-groundfish trawl) and can differ north and south of 40°10’ N. 
latitude. Recreational RCAs may either have boundaries defined by general depth contours or 
boundaries defined by specific latitude and longitude coordinates that are intended to 
approximate particular depth contours. 
 
1.3.9.3 Cowcod Conservation Areas 
The CCAs are two areas off the southern California coast that are intended to reduce the catch of 
cowcod. These areas have been in place since 2001 and are expected to remain in effect in the 
near future. Fishing is prohibited in CCAs with the following exceptions: Fishing for “Other 
Flatfish” when using no more than 12 hooks, #2 or smaller and fishing for rockfish and lingcod 
shoreward of 20 fm. Fishing is expected to resume in these areas more broadly in the future as 
cowcod was rebuilt in 2020. 

NMFS published a final rule for Amendment 32 to the FMP in December 2023. Amendment 32 
removed the cowcod conservation area closures off of California for several sectors, opening 
roughly 4,600 square miles of historical fishing grounds to non-trawl groundfish commercial and 
recreational fisheries. 
 
1.3.9.4 Essential Fish Habitat Conservation Areas 
In March 2006, NMFS approved a plan to establish and protect more than 130,000 square miles 
off the United States West Coast as Essential Fish Habitat (EFH) for groundfish (72 FR 27408; 
Amendment 19 to the Groundfish FMP). EFH conservation areas (EFHCAs) are geographic 
areas defined by coordinates expressed in degrees of latitude and longitude, wherein fishing by a 
particular gear type or types may be prohibited. EFHCAs are created and enforced to contribute 
to protection of West Coast groundfish EFH. NMFS works with the Council to review EFH 
components of the fishery management plans periodically and to revise these provisions based 
on available information. 

The EFHCAs are geographic areas defined by coordinates expressed in degrees latitude and 
longitude, wherein fishing by a particular gear type or types may be prohibited. EFHCAs are 
created and enforced for the purpose of contributing to the protection of West Coast groundfish 
EFH. The EFHCAs include the closure of waters deeper than 700 fm to bottom trawl; the 
prohibition of large footrope trawl shoreward of the 100 fm depth contour; and the specification 
of closed areas where bottom trawl gear and bottom contact gears are prohibited. 

Amendment 28 made revisions to EFHCAs, including closure of most of the Southern California 
Bight to bottom trawl gear, as well as other changes, including re-opening of areas off 
Washington, Oregon and California. Areas that re-opened no longer have EFHCA or trawl 
RCA-related prohibitions, but may be closed by other restrictions (e.g. state rules, other 
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groundfish conservation areas). EFHCAs that are closed prohibit bottom trawling (except 
demersal seine gear in areas off California). Nearshore areas (inside a boundary line 
approximating the 100 fm depth contour, formerly “shoreward of the trawl RCA”) would remain 
closed to large footrope trawl gear. 

Additionally, Amendment 32 established new EFHCAs off of Oregon (Nehalem Bank East, 
Bandon High Spot East, Arago Reef West, Garibaldi Reef North, Garibaldi Reef South). 

1.3.10 Closed Areas That Apply Only to Trawl Fisheries 

Closed areas that apply to the trawl fisheries differ for bottom trawl and midwater trawl. 
Midwater trawl is generally less geographically restricted than bottom trawl. In addition, vessels 
targeting Pacific whiting have fishery-specific area restrictions and practical constraints related 
to fishery operation. Vessels delivering catch to first receivers tend to fish in waters closer to the 
ports where first receivers are located. Shoreside hauls have generally occurred within 120 
fathoms or shallower, compared to 140 fathoms in the MS sector and 175 fathoms in the CP 
sector. 
 
1.3.10.1 Trawl Rockfish Conservation Areas 
The operation of a vessel with bottom trawl gear onboard is currently prohibited in a trawl RCA, 
except for the purpose of continuous transiting. Fishing with midwater trawl gear within the 
RCAs north of 40°10’ N. latitude is allowed during the Pacific whiting season. Since 2005, 
midwater trawling has been allowed in the area south of 40°10’ N. latitude for all groundfish 
species when fishing seaward of the trawl RCA. The type of trawl gear type can be restricted 
within the RCA. 

Amendment 28 eliminated the trawl RCA off Oregon and California. It also established “block 
area closures,” a series of areas that, taken together span the entire West Coast seaward of the 
state territorial seas out to 200 nautical miles. The individual block areas, or groups of blocks, 
could be closed as needed, by the PFMC or NMFS, to protect PFMC-managed or other protected 
species. 
 
1.3.10.2 Bycatch Reduction Areas 
Federal regulations at 50 CFR § 660.131 for the Pacific whiting fishery include closed areas 
referred to as Bycatch Reduction Areas (BRAs). BRAs may be implemented in season under 
automatic action authority when NMFS projects that a whiting sector will exceed an allocation 
for a non-whiting groundfish species specified for that sector before the sector's whiting 
allocation is projected to be reached. The BRAs are depth closures that use the 75-fm (137-m), 
100-fm (183-m) or 150-fm (274-m) depth contours to shift the Pacific whiting fishery into 
deeper waters. Because the Pacific whiting fishery is exempt from the RCA restrictions north of 
40°10’ N. latitude, the BRAs allow depth-based management in the Pacific whiting fishery when 
needed (§ 660.11). Like RCAs, the BRAs are areas closed to fishing by particular gear types, 
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bounded by lines approximating particular depth contours (660.11). Federal regulations at 
§660.55 (c)(3)(i) continue to allow BRAs to be implemented through automatic action to prevent 
a Pacific whiting sector allocation from being exceeded. BRAs can also be implemented through 
routine in-season action to address broader conservation concerns. 
 
1.3.10.3 Salmon Conservation Zones - Closed Areas Specific to the Pacific Whiting Fisheries 
Vessels fishing in the Pacific whiting primary seasons for the Shorebased IFQ Program, MS 
Cooperative Program, or CP Cooperative Program are prohibited from targeting Pacific whiting 
in the following areas in order to reduce salmon bycatch: 
 
Klamath River Salmon Conservation Zone   
The targeting of Pacific whiting with midwater trawl is prohibited in the ocean area surrounding 
the Klamath River mouth bounded on the north by 41°38.80′ N. latitude (approximately 6 
nautical miles (nm) north of the Klamath River mouth), on the west by 124°23′ W. longitude 
(approximately 12 nm from shore), and on the south by 41°26.80′ N. latitude (approximately 6 
nm south of the Klamath River mouth). The Klamath River conservation zone was established in 
1993 because of the concentrations of Chinook salmon in the area. 
Columbia River Salmon Conservation Zone  

The targeting of Pacific whiting with midwater trawl is prohibited in the ocean area surrounding 
the Columbia River mouth bounded by a line extending for 6 nm due west from North Head 
along 46°18′ N. latitude to 124°13.30′ W. longitude, then southerly along a line of 167 True to 
46°11.10′ N. latitude and 124°11′ W. longitude (Columbia River Buoy), then northeast along Red 
Buoy Line to the tip of the south jetty. The Columbia River conservation zone was established in 
1993 because of the concentrations of Chinook salmon in the area. 

Eureka Area 100 fm Limit  

Regulations at 50 CFR § 660.131 for the Pacific whiting fishery (any vessels with a valid 
“Limited entry midwater trawl, Pacific whiting shorebased IFQ fishing” declaration) state that 
unless otherwise specified, no more than 10,000-lb of whiting may be taken and retained, 
possessed, or landed by a vessel that, at any time during a fishing trip, fished in the fishery 
management area shoreward of the 100 fm contour in the Eureka management area. In 1992, this 
was one of several management actions taken to limit salmon bycatch. The continental shelf in 
the Eureka area is narrow and the 100-fathom contour generally occurs 6 to 10 nm offshore. 
Because a depth effect with higher salmon bycatch rates had also been observed in the bottom 
trawl fishery in the Eureka area, a year-round trip limit for Pacific whiting taken with bottom 
trawl was also established. Before the primary whiting season, there is a 20,000 lb/trip limit and 
during and after the primary season there is a 10,000 lb/trip limit. 
 
1.3.10.4 At-sea Processing South of 42° N. Latitude 
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Since 1992, CP and MS vessels have been prohibited from processing south of 42° N. latitude in 
order to reduce salmon interception in those sectors (PFMC 1997). Therefore, no at-sea sector 
catch has occurred south of 40°10’ N. latitude in recent years. 

1.3.11 Closed Areas that Apply to the Limited Entry and Open Access Fixed Gear 
Fisheries 

This section discusses closed areas that apply to the non-trawl gears which primarily include: 
bottom longline, hook and line gear, and pot or trap. Fixed gear vessels may use one or more of 
these gears on a single fishing trip. 
 
1.3.11.1 Non-trawl Rockfish Conservation Areas 
Vessels with LE permits are prohibited to take and retain, possess, or land groundfish taken with 
non-trawl gear within the non-trawl gear RCA. LE fixed gear and incidental OA non-trawl gear 
vessels may transit through the non-trawl gear RCA, with or without groundfish on board. If a 
vessel fishes in an RCA, it may not participate in any fishing on that trip that is inconsistent with 
the restrictions that apply within the RCA. These restrictions do not apply to vessels fishing for 
species other than groundfish with non-trawl gear (i.e. Dungeness crab), and as a new 
management measure in the 2023-2024 Harvest Specifications, these restrictions do not apply to 
a subset of vessels using certain gear types in the Directed Open Access sector.4 

NMFS published a final rule for Amendment 32 to the FMP in December 2023. Amendment 32 
reduces the seaward extent of the non-trawl RCA, which opens up approximately 2,400 square 
miles off of Oregon and California to non-trawl fishing. 
 

1.3.12 Closed Areas That Apply to Recreational Fisheries 

Closed Areas (e.g. GCAs, RCAs, CCAs, and YRCAs) have been used to control fishing effort in 
the recreational fishery. The recreational RCAs are defined by a seaward boundary with 
shoreward areas being open. Recently, the recreational RCAs have also been used to restrict 
fishing shoreward of a boundary line (an “offshore” fishery). Each state has used recreational 
RCAs for all or a portion of the year to limit catch of overfished groundfish species. The RCAs 
have remained relatively stable off of Washington and Oregon in recent years. In 2017, midwater 
long-leader gear became allowed in waters seaward of 40 fm off the coast of Oregon during 
months in which fishing deeper than 40 fm is prohibited. The recreational groundfish fishery off 
Oregon is currently restricted to fishing shoreward of the 30 fm curve from April 1 through 
September 30. The RCAs for the recreational sector off California have changed recently to 
move effort out of the nearshore where quillback rockfish (a depleted stock) are found. 

YRCAs are a type of Groundfish Closed Area that are intended to reduce the catch of yelloweye 
                                                 

4 Directed open access means that a fishing vessel is target fishing for groundfish under the requirements of 50 
CFR 550 Subpart F and is only declared into an open access groundfish gear type or sector as defined at 50 CFR 
660. 13(d)(4)(iv)(A) and has not declared into any other gear type or sector. 
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rockfish. Although there are a number of YRCAs defined for waters off Washington, Oregon, 
and California, the following are those that are currently in use: the North Coast Recreational 
YRCA off Washington, the South coast recreational YRCA off Washington, and the Westport 
Offshore Recreational YRCA off Washington. 

 
2. ENDANGERED SPECIES ACT: BIOLOGICAL AND 
CONFERENCE OPINION AND INCIDENTAL TAKE 
STATEMENT 

The ESA establishes a national program for conserving threatened and endangered species of 
fish, wildlife, plants, and the habitat upon which they depend. As required by section 7(a)(2) 
of the ESA, each Federal agency must ensure that its actions are not likely to jeopardize the 
continued existence of endangered or threatened species, or adversely modify or destroy their 
designated critical habitat. Per the requirements of the ESA, Federal action agencies consult 
with NMFS and section 7(b)(3) requires that, at the conclusion of consultation, NMFS 
provide an opinion stating how the agency’s actions would affect listed species and their 
critical habitats. If incidental take is reasonably certain to occur, section 7(b)(4) requires 
NMFS to provide an ITS that specifies the impact of any incidental taking and includes non-
discretionary reasonable and prudent measures (RPMs) and terms and conditions to minimize 
such impacts. 

2.1 Analytical Approach 

This opinion includes both a jeopardy analysis and a not likely to adversely affect determination 
(NLAA) for designated critical habitat. The analytical approach for the NLAA analysis is 
presented in Section 2.12. The jeopardy analysis relies upon the regulatory definition of 
“jeopardize the continued existence of” a listed species, which is “to engage in an action that 
reasonably would be expected, directly or indirectly, to reduce appreciably the likelihood of both 
the survival and recovery of a listed species in the wild by reducing the reproduction, numbers, 
or distribution of that species” (50 CFR 402.02). Therefore, the jeopardy analysis considers both 
survival and recovery of the species. 

This biological opinion also relies on the regulatory definition of “destruction or adverse 
modification,” which “means a direct or indirect alteration that appreciably diminishes the value 
of critical habitat as a whole for the conservation of a listed species” (50 CFR 402.02). 

The designations of critical habitat for leatherback sea turtles uses the term primary constituent 
element (PCE) or essential features. The 2016 final rule (81 FR 7414) that revised the critical 
habitat regulations (50 CFR 424.12) replaced this term with physical or biological features 
(PBFs). The shift in terminology does not change the approach used in conducting a “destruction 
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or adverse modification” analysis, which is the same regardless of whether the original 
designation identified PCEs, PBFs, or essential features. In this biological opinion, we use the 
term PBF to mean PCE or essential feature, as appropriate for the specific critical habitat. 

The ESA Section 7 implementing regulations define effects of the action using the term 
“consequences” (50 CFR 402.02). As explained in the preamble to the final rule revising the 
definition and adding this term (84 FR 44976, 44977), that revision does not change the scope of 
our analysis, and in this opinion we use the terms “effects” and “consequences” interchangeably. 

We use the following approach to determine whether a proposed action is likely to jeopardize 
listed species: 

● Evaluate the rangewide status of the species. 
● Evaluate the environmental baseline of the species. 
● Evaluate the effects of the proposed action on species and their critical habitat 
using an exposure-response approach. This multi-step process includes: 

○ Evaluation of the risk of humpback whale and leatherback sea turtle 
bycatch (entanglement/hooking/capture) in fishing gear 

■ Review of available information on humpback whale and 
leatherback bycatch 
■ Evaluation and application of available bycatch estimates for 
sectors of the PCGF in which there have been observed interactions 
with humpbacks or leatherbacks 
■ Evaluation of the spatial and temporal trends in fishing effort by 
individual gear type 
■ Evaluation of the spatial and temporal trends in species distribution 
models (density distribution for humpbacks and habitat suitability for 
leatherbacks) 
■ Co-occurrence analysis: Overlay of PCGF fishing effort by gear 
type with a humpback whale density distribution model and a 
leatherback sea turtle habitat suitability model 
■ Quantitative and qualitative evaluation of bycatch risk for sectors 
of the PCGF that do not have bycatch estimates, utilizing spatial 
fishing distribution and co-occurrence overlap analysis 
■ Incorporation of entanglement history and associated mortality and 
serious injury (M/SI) rates 
■ Use of information on the distribution of humpback whale DPSs 
along the U.S. West Coast to apportion anticipated effects to the 
different ESA-listed DPSs 

○ Evaluation of other effects associated with the proposed action 
■ Quantifying removal of humpback whale and leatherback sea turtle 
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primary prey items (i.e. PBFs that define critical habitat designations) by 
the PCGF 
■ Evaluation of impacts of pollution from PCGF vessels 
■ Evaluation of impacts from PCGF vessel traffic 

● Evaluate cumulative effects. 
● In the integration and synthesis, add the effects of the action and cumulative 
effects to the environmental baseline, and, in light of the status of the species and 
critical habitat, analyze whether the proposed action is likely to: (1) directly or 
indirectly reduce appreciably the likelihood of both the survival and recovery of a 
listed species in the wild by reducing the reproduction, numbers, or distribution of 
that species, or (2) directly or indirectly result in an alteration that appreciably 
diminishes the value of critical habitat as a whole for the conservation of a listed 
species. 
● If necessary, suggest a reasonable and prudent alternative to the proposed action. 

For this proposed action, NMFS relies on data provided by fisheries observers deployed in the 
WCGOP, marine mammal and turtle stranding network, and species density and habitat 
suitability models from the Southwest Fisheries Science Center (SWFSC) to evaluate the effects 
of the PCGF on ESA-listed humpback whales and leatherback sea turtles. Estimates of bycatch 
rates for humpback whales and leatherback sea turtles were generated by the NWFSC (Somers et 
al., 2024), M/SI values were taken from marine mammal stock assessment reports (Carretta et 
al., 2023b), and entanglement record information was provided by the West Coast Marine 
Mammal Stranding Network and West Coast Marine Turtle Stranding Network. Information on 
the Status of the Species and Critical Habitat and relevant Environmental Baseline of 
humpbacks and leatherbacks was gathered from the most recent stock assessment reports 
(SARs), recovery plans, status reviews, published scientific literature, other publicly available 
information, and unpublished data available to NMFS. 

 
2.2 Rangewide Status of the Species and Critical Habitat 

This opinion examines the status of each species that is likely to be adversely affected by the 
proposed action. The status is determined by the level of extinction risk that the listed species 
face, based on parameters considered in documents such as recovery plans, status reviews, and 
listing decisions. This informs the description of the species’ likelihood of both survival and 
recovery. The species status section also helps to inform the description of the species’ 
“reproduction, numbers, or distribution” as described in 50 CFR 402.02. The opinion also 
examines the condition of critical habitat throughout the designated area, evaluates the 
conservation value of the coastal and marine environments that make up the designated area, and 
discusses the function of the PBFs that are essential for the conservation of the species. 

https://www.zotero.org/google-docs/?broken=pyAGDP
https://www.zotero.org/google-docs/?broken=pyAGDP
https://www.zotero.org/google-docs/?broken=8oLpmc
https://www.zotero.org/google-docs/?broken=8oLpmc
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2.2.1 Climate Change 

Climate change significantly influences the status of species listed under the ESA and broader 
aquatic habitats. It can alter habitats, impact prey abundance and distribution, and fluctuate 
factors such as ocean currents and water temperature, rendering current habitats unsuitable, and 
affect migration, feeding, and breeding behaviors. Marine species generally respond to climate 
change through redistribution, adaptation, or extinction (IPCC, 2019), with specialized diets, 
restricted ranges, or reliance on specific foraging sites making many marine mammal 
populations particularly vulnerable (Silber et al., 2017). Humpback whales are more likely to 
redistribute as a result of climate change. MacLeod (2009) estimated that 88% of cetaceans 
would be affected by climate change, with 47% negatively affected, and 21% at risk of 
extinction due to shifts in water temperature. 

Both humpbacks and leatherbacks migrate to Central America, a region predicted to become 
significantly warmer and drier by 2100 (Saba, 2013). In the Pacific Ocean, phenomena like the 
Pacific Decadal Oscillation (PDO), El Niño, or La Niña can impact productivity, affecting 
species dependent on specific prey types (Mackas et al., 1998; Quinn & Niebauer, 1995). These 
climatic and oceanographic processes can decrease organism productivity, forcing species like 
whales and sea turtles into unsuitable or non-existent habitats. 

Rising atmospheric carbon and changing temperatures can influence marine ecosystems through 
changes in ocean acidity, altered precipitation patterns, sea level rise, and ocean currents. Global 
average sea level has risen by about seven to eight inches since 1900, with almost half of that 
rise occurring since 1993, likely due to anthropogenic climate change. Average global sea levels 
are expected to rise by at least several inches in the next 15 years, and by one to four feet by 
2100 (Wuebbles et al. 2017). Sea level rise and coastal encroachment threatens nearshore habitat, 
potentially degrading ecosystems and nesting beaches for leatherbacks sea turtles, significantly 
altering reproductive success. Climate change can also influence major basin-wide currents, 
impacting nutrient availability and phytoplankton and zooplankton distribution (Van Gennip et 
al., 2017). Marine mammals and sea turtles may be indirectly impacted by ocean acidification 
through changes in foraging opportunities. Nearshore waters off California have already shown a 
persistent drop in pH (as low as 7.43; Chan et al., 2017), which can affect the distribution, 
abundance and migration of baleen whales via the same changes in prey patches (e.g. copepods, 
euphausiids or krill, amphipods, and shrimp), via climatic changes in oceanographic processes 
(Learmonth et al., 2006). 

Numerous studies have documented changes in the abundance, quality, and distribution of 
humpback whale prey species due to climate shifts, particularly ocean warming (Thompson et al. 
2019, Leising et al. 2024). Shifts in prey distribution and abundance due to climate change and 
other environmental conditions can lead to corresponding shifts in marine mammal distributions 
(King et al., 2011), and may lead to corresponding shifts in humpback whale distribution. For 
example, in Monterey Bay, California, the densities of blue, fin, and humpback whales declined 

https://www.zotero.org/google-docs/?broken=zPtgtf
https://www.zotero.org/google-docs/?broken=a8AsaU
https://www.zotero.org/google-docs/?broken=5GruP6
https://www.zotero.org/google-docs/?broken=TmhNWj
https://www.zotero.org/google-docs/?broken=425MQh
https://www.zotero.org/google-docs/?broken=EF7l8I
https://www.zotero.org/google-docs/?broken=EF7l8I
https://www.zotero.org/google-docs/?broken=EF7l8I
https://www.zotero.org/google-docs/?broken=B2IPOp
https://www.zotero.org/google-docs/?broken=ORJ8JZ
https://www.zotero.org/google-docs/?broken=MDrVwu
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with El Niño-associated declines in euphausiids (Benson et al., 2002). Later, the 2014-2016 
marine heatwave altered humpback whale prey distribution and abundance by compressing 
habitat coastward (Santora et al., 2020). While these changes can occur regionally or across 
ocean basins, and may occur more frequently under future climate change conditions, the precise 
magnitude and impacts remain uncertain. 

Sea turtles are similarly affected by climate change, as evidenced by shifts in the distribution and 
abundance of jellyfish, degradation of nesting beaches, nesting success, and the alterations in 
temperature-dependent sex ratios. Jellyfish, a primary prey for leatherbacks, experience diverse 
effects due to changes in climate that can potentially disrupt leatherback foraging ecology. 
Jellyfish populations are expected to increase under warmer conditions brought on by climate 
change which could suggest more available prey for leatherbacks, but jellyfish species expected 
to increase under warmer conditions are less energetically dense for nutritional value (Purcell et 
al., 2007; Brotz et al., 2012; Hazen et al., 2012; Gomes et al., 2024). A switch to a less 
energetically dense resource could have impacts on the reproduction and survivability of the 
leatherback population. Temperature changes can also reorganize prey distribution, likely 
poleward and into deeper waters, further disrupting leatherback foraging ecology (Nordstrom et 
al., 2019). Climate change is expected to draw leatherback turtles northward and offshore and 
into Oregon and Washington by 2070, but this expansion may draw them away from their main 
prey that occurs in coastal areas (Lezama-Ochoa et al. 2024). Additionally, if prey distribution 
shifts as a result of climate change, there is no guarantee the ranges of prey and leatherback 
turtles will overlap. Changes in oceanographic conditions, such as currents and upwelling 
patterns, can disrupt nutrient cycling and primary productivity, reducing trophic efficiency from 
the bottom-up (Polovina et al., 2008; Ullah et al., 2018). These alterations can lead to 
mismatches between leatherback distribution and prey availability throughout their range, 
resulting in reduced foraging success and potential nutritional stress. 

Climate change also has implications for sea turtle migratory behavior as they travel within 
specific isotherms and utilize ocean temperatures to navigate. Changes in ocean temperatures 
may impact their bioenergetics, thermoregulation, and foraging success. It is believed that 
leatherbacks rely on current and temperature cues for timing foraging and migrations (Gaspar et 
al. 2006; Wilis-Norton et al. 2015). However, different populations of leatherbacks respond 
differently to these changes (Bailey et al. 2012). Western Pacific turtles prefer to forage in areas 
with warmer sea surface temperatures (SSTs) and depart when water temperatures drop (Graham 
et al. 2001; Benson et al. 2011). Eastern Pacific leatherbacks utilize foraging habitats with low 
SSTs and leave foraging grounds later when temperatures increase (Shillinger et al. 2011; 
Willis-Norton et al. 2015; Neeman et al. 2015; Patricio et al. 2021). This may have implications 
for reproductive success as arriving to nesting sites later may expose eggs to different incubation 
temperatures and precipitation, which may affect sex ratios (Hays et al. 2010; Katselidis et al. 
2012; Neeman et al. 2015). Although warmer ocean temperatures are associated with more 
jellyfish, changes in temperatures can affect seasonal chlorophyll levels (productivity), prey 

https://www.zotero.org/google-docs/?broken=1i3Yr5
https://www.zotero.org/google-docs/?broken=6U2gXA
https://www.zotero.org/google-docs/?broken=F6Z8fP
https://www.zotero.org/google-docs/?broken=F6Z8fP
https://www.zotero.org/google-docs/?broken=9shgQv
https://www.zotero.org/google-docs/?broken=9shgQv
https://www.zotero.org/google-docs/?broken=kKAZsc
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distribution, and ocean currents. However, migratory clues are also highly complex and variable 
between sites and populations, making it difficult to accurately determine how a changing 
climate will affect leatherback movement and migratory behaviors. 

Nesting and hatching success is crucial for leatherback sea turtle conservation, but climatic 
variations, including changes in rainfall patterns, sea levels, and temperature, have diminished 
nesting success in the Pacific Ocean. Leatherbacks prefer nesting beaches with specific 
characteristics, but sea level rise and increased erosion due to changes in precipitation patterns 
threaten these sites, particularly on island nations such as Indonesia, Papua New Guinea, and the 
Solomon Islands (Hitipeuw et al., 2007; Pilcher & Chaloupka, 2013). While leatherback turtles 
can adapt to some habitat changes, the increasing frequency of storms and high water events 
poses significant risk for nest loss (NMFS & USFWS, 2020). Temperature-dependent sex 
determination makes leatherbacks vulnerable to climatic variations. Climate change is 
anticipated to alter the duration, frequency, and intensity of El Niño and La Niña, thus possibly 
skewing sex ratios and create a bias for female hatchlings, leading to decreased overall 
reproductive success (Chan & Liew, 1995; Kaska et al., 2006; Saba, 2013; Santidrián Tomillo et 
al., 2014; Blechschmidt et al., 2020). More frequent and more intense El Niño events may further 
increase temperatures on nesting beaches and the duration for high beach temperatures, resulting 
in higher embryonic mortality (Matsuzawa et al., 2002; Kobayashi et al., 2017). Reduced 
vegetation cover resulting from more intense storms on nesting beaches can also increase sand 
temperatures, further exacerbating these effects (Santidrián Tomillo et al., 2012). Changes in 
beach conditions are expected to reduce hatchling success and emergence rates by 50-60% over 
the next 100 years (Santidrián Tomillo et al., 2012). Furthermore, heightened storm frequency 
and intensity can render nesting sites unsuitable and destroy existing nests, exacerbating climate 
change impacts (Patrício et al., 2021). 

Considering the ongoing implications of climate change are essential when assessing the status 
of ESA-listed species. It is crucial to evaluate whether the impacts of the proposed action could 
affect the resiliency or adaptability of these species to cope with anticipated climate changes in 
the foreseeable future. Although understanding how climate change may impact marine 
organisms is improving, there remains uncertainty and limitations in predicting effects 50 years 
or more into the future. The ongoing implementation of the proposed action adds to the challenge 
of analyzing the potential influence of the changing climate far into the future. 

2.2.2 Status of the Species 
In this section, we describe the species, including the specific DPSs that are the subject of this 
consultation, as well as species’ population structure, abundance, and distribution, which inform 
their associated extinction risk. 

 
2.2.2.1 Humpback whales 

Humpback whales are large baleen whales with long pectoral flippers, distinct ventral fluke 
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patterns, dark dorsal coloration, highly varied acoustic call (termed “song”), and a diverse 
repertoire of surface behaviors. Their body coloration is primarily dark gray with variable white 
patterns on their pectoral fins, flukes, and belly. These pigmentation patterns on the undersides of 
their flukes are used to identify individual whales. Coloring of the ventral surface varies from 
white to marbled to fully black. Dorsal surfaces of humpback whale pectoral flippers are 
typically white in the North Atlantic and black in the North Pacific (Perrin et al., 2009), and are 
one-third of the total body length. Similar to all baleen whales, body lengths differ between the 
sexes, with adult females being approximately 1-1.5 m longer than males. Humpback whales 
reach a maximum of 16-17 m, although lengths of 14-15 m are more typical. Adult body weights 
in excess of 40 tons make them one of the largest mammals on earth (Ohsumi, 1966). 

Humpback whales were listed as endangered globally under the Endangered Species 
Conservation Act in June 1970 (35 FR 18319) and remained listed under the ESA of 1973 (35 
FR 8491). In November 1991, NMFS released a recovery plan for humpback whales (NMFS, 
1991). In 2016, NMFS divided the global humpback whale population into 14 DPSs, with four 
categorized as endangered and one as threatened (81 FR 62259). NMFS identified three 
humpback whale DPSs that may be found off the coasts of Washington (WA), Oregon (OR), 
California (CA), and southern British Columbia (SBC) and within the range of the PCGF - the 
Hawaii DPS (not ESA-listed; found predominantly off WA and SBC), the Mexico DPS 
(ESA-listed threatened), and the Central America DPS (ESA-listed endangered). A recovery plan 
for humpbacks was issued in November of 1991 (NMFS, 1991). Given the change in status of 
humpback whales globally, NMFS is currently updating a DPS-specific recovery plan for three 
ESA-listed DPSs found in U.S. waters of the Pacific Ocean: Central America, Mexico, and the 
Western North Pacific. This includes an outline for the recovery of both Central America and 
Mexico DPSs was created in 2022 which does highlight fishery entanglement, vessel strikes, and 
low abundance as the primary threats to the Central America DPS (NMFS 2022e). 

The final rule designating critical habitat for the Central America and Mexico DPSs became 
effective on May 21st, 2021 which contained ~59,411 square nautical miles of marine habitat in 
the Northern Pacific Ocean (86 FR 21082). Specific areas designated as critical habitat for the 
Central America DPS contains ~48,521nm2 of marine habitat in the Northern Pacific within the 
portions of the California Current Ecosystem (CCE) off the coasts of California, Oregon, and 
Washington (Figure 30; Section 2.12.1). Specific areas designated for the Mexico DPS contain 
~116,098 nmi2 of marine habitat in areas including the eastern Bering Sea, Gulf of Alaska, and 
the CCE (Figure 29; Section 2.12.1). 

The 2015 status review relied heavily on the Structure of Populations, Levels of Abundance and 
Status of Humpbacks (SPLASH) study on all known winter breeding and summer feeding areas 
for humpback whales in the North Pacific from 2004-2006. This study provided data on 
abundance, trends, movements, population structure, and human impacts on North Pacific 
humpback whales (Calambokidis et al., 2008). Results from the SPLASH study continue to be 
sources for abundance estimates and movement proportions between breeding and foraging 
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grounds, even though the field efforts took place nearly twenty years ago (Wade et al., 2021; 
Cheeseman et al., 2024). 

Under the MMPA, marine mammals are conserved and managed as population stocks, hereafter 
referred to as “stocks”, which are groups of marine mammals of the same species in a common 
spatial arrangement that interbreed. It is important to note, stock delineations for humpbacks 
have changed since the 2020 Opinion on humpback whale effects from the PCGF, when NMFS 
has previously designated three stocks of humpback whales in the North Pacific: the 
California-Oregon-Washington (CA/OR/WA) stock, the Central North Pacific stock, and the 
Western North Pacific stock. In 2023, NMFS designated five new Pacific humpback whale 
stocks under the MMPA (Carretta et al. 2023b; Young et al. 2023; 88 FR 4162) to better align 
with humpback whale DPS under the ESA. The three new humpback whale stocks that occur off 
the mainland U.S. West Coast (CA, OR, and WA) include: the Central America/Southern 
Mexico-CA/OR/WA stock and the Mainland Mexico-CA/OR/WA stock. The Hawai’i stock also 
occurs off Washington and southern British Columbia. 
In terms of relating the humpback stock designated under the MMPA to the DPS defined under 
the ESA, two of the five designated stocks, the Mainland Mexico - CA/OR/WA stock and the 
Mexico - North Pacific stock, fall within the Mexico DPSs. The Central America/Southern 
Mexico - CA/OR/WA stock encompasses the entire Central America DPS, given that all the 
individuals from this DPS forage off the U.S. West Coast. Individuals from the Hawai’i stock 
that occur off the U.S. West Coast are associated with the Hawai’i DPS, which is not ESA-listed. 
While NMFS will continue to evaluate the relationship between the humpback whale DPSs and 
designated stocks, we rely heavily on the most recent SAR and the most recent publicly available 
information in assessing the status (including abundance and trends) of the two listed DPSs, and 
in considering the proportional risk of anthropogenic activities on humpbacks found within the 
action area. 

The calculated potential biological removal (PBR) for the Mainland Mexico - CA/OR/WA stock 
is 65 whales/year (Carretta et al., 2023b). Humpbacks are present in U.S. waters at least 8 
months annually, with the beginning half of December and the ending half of April representing 
“transition months,” where whales are moving in/out of the region (Ryan et al., 2019). Assuming 
8 months of residency time in U.S. West Coast waters, or two thirds of the year, this yields a 
PBR in U.S. waters of 43 whales per year for this stock (Carretta et al. 2023b). For the Central 
America/Southern Mexico - CA/OR/WA stock (synonymous with the Central America DPS), 
PBR was calculated to be 5.2 animals. Assuming an 8 month residency time in U.S. waters, the 
total PBR for this stock is prorated by two-thirds (8/12), to yield a PBR in U.S. waters of 3.5 
whales per year (Carretta et al., 2023b). NMFS will continue to evaluate the relationship between 
the humpback whale DPSs and recognized stocks. 

Humpback whales found along the U.S. West Coast spend the winter primarily in coastal waters 
of Mexico and Central America, and the summer along the U.S. West Coast from California to 
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British Columbia. As a result, both the endangered Central America DPS and the threatened 
Mexico DPS at times travel and feed off the U.S. West Coast and may be exposed to the PCGF. 
Based on the best available information, all of the whales from the Central America DPS appear 
to migrate to feed only off the west coast of the United States. Conversely, whales from the 
Mexico DPS migrate in varying proportions to the U.S. West Coast, British Columbia, and 
various areas off Alaska. In July 2021, NMFS WCR updated a memo outlining evaluation of the 
distribution and relative abundance of ESA-listed DPSs that occur in the waters off the U.S. West 
Coast using the best available scientific information, which included genetic analyses (Lizewski 
et al. 2021; Martien et al. 2020; 2021), photo-identification analyses, (Calambokidis and Barlow 
2020; Wade 2017; 2021) and species distribution models (Becker et al. 2020; NMFS 2021c). 
NMFS (2021c) recommended that for ESA Section 7 analyses, the WCR should apply a 
proportional approach based on the most recent abundance information on the CA/OR/WA stock 
from Calambokidis and Barlow (2020) and the proportions of the various DPSs feeding off 
CA/OR and WA/Southern British Columbia in Wade (2021). NMFS recommended considering 
that for actions occurring off the coast of California or Oregon, 42.3% of the humpback whales 
that could be affected by a proposed action would be members of the endangered Central 
America DPS and 57.7% would be members of the threatened Mexico DPS (Table 3). For 
actions off the coast of Washington, NMFS recommended considering that 5.9% of humpback 
whales would be from the Central America DPS, 25.4% would be from the Mexico DPS, and 
68.8% would be from the non-listed Hawai’i DPS (Table 3). In addition, the most recent SARs 
for humpback whales uses the same underlying information for apportioning human impacts 
among the newly designated humpback stock delineations (Carretta et al. 2023a). We will use 
these recommended proportions in our analysis of the relative threats to each of the two listed 
DPSs, both with respect to the proposed action and other impacts that occur in the action area. 

Table 3: Central America, Mexico, and Hawai’i humpback whale DPSs’ migratory pathway 
probabilities to known feeding areas off the U.S. West Coast based on Wade (2021).5 

 
 Feeding Grounds 

Population California or 
Oregon (CA/OR) 

Washington (SBC/WA) 

Central America 0.423 (CV=0.23) 0.059 (CV=0.935) 

Mexico 0.577 (CV=0.169) 0.254 (CV=0.278) 

Hawai’i 0.00 0.688 (CV = 0.13) 

 

                                                 
5 The 2022 SAR uses these same percentages to apportion human-caused impacts to the MMPA stocks that are 
associated with these DPSs that occur off the U.S. West Coast. 
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Population Status and Trends 

NMFS reviewed the best available scientific information on the distribution and abundance of 
the two DPSs foraging off the U.S. West Coast. There are two primary lines of evidence for the 
origin of humpback whales found off the U.S. West Coast: photo identification catalogs and 
genetic identification of sampled individuals. 

Wade et al. (2016) estimated abundance within all sampled winter breeding and summer feeding 
areas in the North Pacific and estimated migration rates between these areas using a 
comprehensive photo-identification study of humpback whales in 2004-2006 during the 
SPLASH project. Subsequently, Wade (2017) reanalyzed the Wade et al. (2016) data because 
“the multistrata model analyses were not necessarily converging to the correct answer,” as stated 
in Wade (2017). Further revisions and refinements were made in Wade (2021) as part of the 
ongoing comprehensive assessment of humpback whales by the International Whaling 
Commission (IWC). The revised results led to different estimates of abundance for both the 
breeding (winter) and feeding (summer) grounds and different estimates of the proportional 
representation of animals from the different breeding grounds that forage off areas of the U.S. 
West Coast. We note that the SPLASH surveys were conducted around 15 years ago, which 
indicates that those abundance estimates are outdated; specifically, they are greater than eight 
years old, which is not considered a reliable estimate of current abundance, as summarized in 
NMFS’ Guidelines for Preparing Stock Assessment Reports (NMFS 2016b; NMFS 2023e). For 
the 2004-2006 humpback populations, the Wade (2021) revised abundance estimate for the 
Central America DPS is 755 (CV=0.242) animals, and the revised abundance estimate for the 
Mexico DPS is 2,913 (CV=0.066) animals, using the multistrata model (Nmulti) (which uses 
both winter and summer data; Table 4 in Wade 2021). 

Recent analyses by Calambokidis and Barlow (2020) updated the humpback whale abundance 
estimate for the previous CA/OR/WA stock of humpbacks, which included 2018 survey data. 
Capture-recapture models for humpback whales off CA/OR showed a dramatic increase in recent 
years, with a trend for the population starting in 1989 (~500 animals) through 2018 increasing an 
average 8.2% per year, with a higher rate of increase in the late 2000s. While multiple abundance 
estimates for humpbacks along the U.S. West Coast were reported, the most recent (i.e., 2018) 
estimate of 4,973 whales (with a standard error of 239 and lower and upper 20th percentile 
values of 4,776 to 5,178 whales) was produced for CA/OR based on the Chao model using 
rolling 4-year periods for the last four most recent available years (2015-2018; Table 3 in 
Calambokidis and Barlow 2020). While the estimates of humpback whale abundance for 
WA/SBC were also presented (1,593 animals, standard error of 108) and showed increases, 
particularly in recent years and extending into the Salish Sea6, the abundance estimate for the 

                                                 
6 Photographs of humpback whales in the inland waters of Washington (Strait of Juan de Fuca, Haro Strait and 
Puget Sound) are currently being analyzed by Cascadia Research Collective to match individuals to the breeding 
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U.S. West Coast only included CA/OR. There are two main reasons why the authors did not add 
the two estimates from both foraging areas. First, the WA/SBC estimate included a fairly large 
number of animals that would be outside U.S. waters, since some of the major areas of 
concentration were just north of the U.S. border. Secondly, there is some interchange between the 
CA/OR and the WA/SBC areas, which would mean that each individual estimate is to some 
degree including a portion of animals from the other area (J. Calambokidis, Cascadia Research 
Collective, personal communication, September 2020). 

The final 2022 SAR (Caretta et al. 2023) relied on photo-identification data collected in the 
wintering area of the Central America/Southern Mexico - CA/OR/WA stock from 2019-2021, 
and fit a one-dimensional spatial capture-recapture model to annual capture histories using a 
Bayesian framework (Curtis et al. 2022). Curtis et al. (2022) estimates the Central 
America/Southern Mexico stock - CA/OR/WA at 1,496 (CV=0.171) whales and represents the 
best estimate of abundance for this stock. Given this estimate and a recent estimate of total 
abundance in the U.S. West Coast EEZ of 4,973 (CV=0.048) whales from a mark-recapture 
(Calambokidis and Barlow 2020), Curtis et al. (2022) also estimated the abundance of the whales 
from the Mainland Mexico - CA/OR/WA stock as the difference, or 3,477 animals (CV = 0.101). 
This may be an underestimate, because the authors state their estimates likely includes whales 
from Washington waters, since there is movement of whales between WA, OR, and CA. Another 
estimate, based on a species distribution model from 2018 line-transect data, resulted in a lower 
abundance of 4,784 whales (CV=0.31) (Becker et al. 2020). Of these two estimates, 
Calambokidis and Barlow (2020)’s has been used previously to represent U.S. West Coast 
abundance of humpback whales as it is more precise, while Becker et al. (2020)’s estimate 
reflects only whale densities and oceanographic conditions within the study area during summer 
and autumn, thus presenting a seasonal bias. 
 

Threats 

 
The Recovery Plan (NMFS, 1991), 2015 status review (Bettridge et al. 2015), and 2022 
Recovery Outline identify the general threats to humpback whales in the North Pacific Ocean. 
These threats include habitat loss, prey depletion, underwater noise, pollutants, vessel collisions, 
and entanglement in fishing gear. Substantial coastal development occurs throughout the range of 
the two listed DPSs, and noise associated with construction (e.g., pile driving, blasting or 
explosives) or moving vessels has the potential to affect humpbacks by generating sound levels 
that may disturb humpback whales or adversely affect their hearing (Bailey et al., 2010; 
Houghton et al., 2015; Rossi-Santos, 2015). Contaminants such as heavy metals, persistent 
organic pollutants, effluent airborne contaminants, plastics and other marine debris pose risks to 
humpback whales by accumulating in their blubber (e.g., pesticides such as DDT) and causing 

                                                 
ground photo identification catalogs. Until that analysis is complete, we will use the same proportions in inland 
waters as for the outer coast of Washington. 
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health issues like disease susceptibility, neurotoxicity, and reproductive and immune impairment 
(Aguilar et al., 2002; Bachman et al., 2014; Baugh et al., 2023). Entanglement or ingestion of 
marine debris, particularly derelict fishing gear, is also a concern. Whale watching and scientific 
research may also disturb or harm humpback whales by disrupting essential biological functions 
via harassment or injury from inadvertent close approaches. Anthropogenic sound has increased 
in all oceans over the last 50 years, and is thought to have doubled each decade in some areas 
over the last 30 years. Low-frequency sound comprises a large proportion of this increase, from 
sources like shipping, oil and gas exploration and military activities. Detrimental effects 
associated with anthropogenic sound include hearing loss, masking, and temporary threshold 
shifts, impacts to social communication, stress hormone fluctuations, departure from prime 
foraging areas, or alteration in migratory routes or timing. Given the sensitivities of humpbacks 
to low and mid-frequency sounds, researchers may be able to detect changes and adverse effects 
to individuals; however, population-level and long-term impacts on cetaceans has not been 
confirmed. 

Little is known of the anthropogenic threats to the two listed humpback whale DPSs while they 
are outside of U.S. waters. When we do have reports of injured or dead whales reported off 
Canada and Mexico entangled in U.S. fishing gear, these reports are included in the SAR. The 
Mexico population of humpbacks has one of the highest scar rates from nets and lines in the 
North Pacific, indicating a high entanglement rate (Bettridge et al., 2015). Given their long 
migrations between feeding and breeding grounds, we assume both DPSs are subject to the 
anthropogenic threats summarized above. 

Entanglement in fishing gear poses a significant threat to individual humpback whales 
throughout the Pacific Ocean. The estimated impact of fisheries on the Central America and 
Mexico DPSs is likely underestimated, since the M/SI of large whales due to entanglement in 
gear may go unobserved because whales swim away with a portion of the net, line, buoys, or 
pots and these whales frequent areas of the ocean not typically visited by human observers. 
Non-commercial fisheries may include tribal and recreational fisheries and marine debris, but are 
likely responsible for a small fraction of all entanglements. Details of the interactions are 
summarized in the Environmental Baseline section, since the action area includes most of the 
U.S. West Coast, including the EEZ and state waters. 

Humpback whales, especially calves and juveniles, are highly vulnerable to ship strikes (Stevick, 
1999) and other interactions with non-fishing vessels. Off the U.S. West Coast, humpback whale 
distribution overlaps significantly with the transit routes of large commercial vessels, including 
cruise ships, large tug and barge transport vessels, and oil tankers in the action area (Rockwood 
et al., 2017; Greig et al., 2020; Redfern et al., 2020). Ship speeds greater than 10 knots are likely 
to be fatal (Vanderlaan & Taggart, 2007), and Currie et al. (2021) found swimming speeds of 
humpback whales increased as whale-watching vessels approached. Whale watching boats and 
research activities directed toward whales may have direct or indirect impacts as harassment may 
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occur, preferred habitats may be abandoned, and fitness and survivability may be compromised if 
disturbance levels are too high (Schuyler et al., 2019; Amrein et al., 2020). Over the past 30 
years, our known (and considered minimum) estimate of vessel strikes of large whales is 
considered low. More details of interactions between vessels and humpback whales is provided 
in the Environmental Baseline. 

Conservation: 

Numerous international agreements are in place to safeguard humpback whales. The IWC has 
enforced no catch from commercial whaling since 1985, with North Pacific humpback whales 
enjoying nominal protection since 1966. Despite continued illegal catches, substantial captures 
ceased in 1968 (IUCN, 2018). The IWC’s Scientific Committee has since developed a stock 
assessment and catch limit methodology to determine catch limits to maintain sustainable 
populations. While some aboriginal whaling has been permitted, it is not allowed within the 
North Pacific Ocean. The ban on commercial whaling has been pivotal in humpback whale 
conservation, facilitating their recovery and population growth across most areas of the North 
Pacific. Humpback whales are listed under Appendix I of the Convention of International Trade 
in Endangered Species (CITES), which severely restricts trade except under exceptional 
circumstances. The International Union for Conservation of Nature (IUCN) Red List classifies 
humpback whales as “least concern”, indicating no immediate threat of extinction (IUCN, 2018). 

2.2.2.1.1 Mexico DPS 

The Mexico DPS breeds along the Pacific coast of mainland Mexico, the Baja California 
Peninsula, and the Revillagigedos Islands. Its feeding range extends from California to the 
Aleutian Islands, with significant concentrations in California, Oregon, Washington, Southern 
British Columbia, northern and western Gulf of Alaska, and the Bering Sea. Genetic analysis and 
sighting data indicate significant genetic differentiation and low rates of movement among 
breeding areas, leading to this discrete DPS. This DPS was determined to be discrete due to the 
gap in breeding grounds that would occur if this DPS were to go extinct and the marked degree 
of genetic divergence to other populations (Bettridge et al. 2015). 
 
Population Status and Trends 
 
The Mexico DPS along the U.S. West Coast was estimated to consist of 6,000 to 7,000 animals 
based on the SPLASH project (2004-2006; Calambokidis et al., 2008) and in the most recent 
status review (Bettridge et al., 2015). Wade (2021) revised this estimate to 2,913 whales 
(CV=0.242) based on the SPLASH data from 2004-2006. Recognizing the outdated nature of the 
SPLASH project data, NMFS (2021c) utilized more recent data from Calambokidis and Barlow 
(2020) to estimate a minimum abundance estimate of 6,981 whales for the entire Mexico DPS, 
with a potential higher abundance of 9,000 animals or more based on recent growth rate 
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estimates used for humpback whale populations off the U.S. West Coast used in the SARs. 

The estimated abundance of the Mainland Mexico-CA/OR/WA stock (which only includes a 
portion of the Mexico DPS) is 3,477 animals (CV=0.101) using an estimate from Curtis et al. 
(2022) of 1,496 whales wintering in southern Mexico and Central America, and the recent 
estimate of humpback whales foraging off the U.S. West Coast (4,973; Calambokidis & Barlow, 
2020). While the stock trend remains undetermined due to the presence of multiple humpback 
stocks off the U.S. West Coast, it can be inferred that the Mainland Mexico-CA/OR/WA stock 
(only a portion of the Mexico DPS) is likely experiencing growth around 8% annually, given the 
cumulative annual 8.2% growth rate for all humpback whales off of the U.S. West Coast, and 
information that suggests the Central America/Southern Mexico-CA/OR/WA stock (includes all 
of the Central America DPS) is only growing ~1.6% annually (Curtis et al. 2022) 

A recent study estimated Pacific basin-wide abundances for humpbacks from 2002-2021 using 
mark-recapture methods on the largest individual photo-identification dataset ever assembled for 
cetaceans, which included estimates for humpback whales that winter in mainland Mexico 
(HappyWhale; Cheeseman et al. 2024). After bias-corrections in their model, the mainland 
Mexico abundance (including most, but not all of the Mexico DPS) is estimated to have grown 
an average of 7.1% per year from 2002 to 2015, before appearing to stabilize with an average of 
0.9% per year growth from 2016 to 2021. Cheeseman et al. ( 2024) estimated humpbacks 
wintering in the mainland Mexico region grew on average 7.1% annually from 2002-2015 to 
about 7,500, before stabilizing with an average 0.9% annual growth from 2016-2021 
(Cheeseman et al. 2024). This estimate of growth rate roughly matches the growth of the total 
abundance of humpback whales off the U.S. West Coast from Calambokidis and Barlow (2020). 
Based on all the available information, we conclude that 7,500 is the best current assessment of 
the abundance of the Mexico DPS. The threats faced by the Mexico DPS have been broadly 
summarized above with further details impacting the population in the action area provided in 
the further section 2.4 Environmental Baseline. 

 

2.2.2.1.2 Central America DPS 

 
The Central America DPS breeds along the Pacific Coast of Costa Rica, Panama, Guatemala, El 
Salvador, Honduras, and Nicaragua (Bettridge et al., 2015). Recent evidence indicates that this 
DPSs’ wintering grounds extend north into southern Mexico, reaching as far as Guerrero, 
Michoacan, and Colima (Taylor et al., 2021). The whales utilize a migratory corridor along 
mainland Mexico to the mouth of the Gulf of California along the Baja California Peninsula 
(Martinez-Loustalot et al. 2022). Designated as discrete, this DPS displays significant genetic 
differentiation from other North Pacific populations and includes mitochondrial DNA (mtDNA) 
haplotypes shared with certain Southern Hemisphere DPSs, suggesting a potential conduit for 
gene flow between the North Pacific and Southern Hemisphere. Therefore, the loss of this 
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population would create a significant gap in the species’ range (Bettridge et al., 2015). 
 
Occupying a unique ecological setting, this DPS differs in both its breeding and feeding grounds 
from other populations. The wintering ground extends into southern Mexico, leading to the 
classification as the Central America/Southern Mexico-CA/OR/WA stock under the MMPA 
(Taylor et al., 2021). Therefore, while the Central America DPS is defined by Bettridge et al. 
(2015) and the final rule identifying the 14 DPSs of humpbacks (81 FR 62260; September 16, 
2016) under the ESA, we consider the inclusion of southern Mexico humpbacks in the 
abundance estimate recently published by Curtis et al. (2022), as reflective of the status of the 
Central America DPS. The threats for the Central America DPS have been generally summarized 
above, and more information from activities that affect this population in the action area will be 
described further in section 2.4 Environmental Baseline. 
 
Population Status and Trends 
The Central America DPS occurs along the U.S. West Coast, with individuals more likely to be 
found off the coast of California and Oregon. Previous estimates of abundance for the population 
in 2004-2006 ranged from 400 to 600 individuals (Bettridge et al., 2015; Wade et al., 2016). 
Wade (2021) reanalyzed SPLASH data to estimate an abundance at 755 whales (CV=0.242), 
although this data is nearly 20 years old. 
 
Curtis et al. (2022) provided new abundance estimates of the Central America-CA/OR/WA stock, 
which is essentially synonymous with the Central America DPS. Curtis et al. (2022) estimated this 
stock’s abundance at 1,496 individuals (CV = 0.171) using spatial 
capture-recapture models of photographic data collected from 2019 and 2021. This is considered 
the best estimate of the Central America DPS abundance. The inclusion of whales from Southern 
Mexico in the most recent estimate for the Central America/Southern Mexico-CA/OR/WA stock 
yielded a population growth rate of 4.8% (SD=2.0%), compared to previous estimates of the 
Central America DPS (Curtis et al., 2022). After correcting for the inclusion of whales from 
Southern Mexico, Curtis et al. (2022) estimated an increase of 1.6% per year (SD = 2.0%) for 
whales from Central America, although this estimate has high uncertainty. 

 
2.2.2.2 Leatherback sea turtle 
 
Description and Geographic Range 

The leatherback sea turtle has been listed as endangered since the Endangered Species 
Conservation Act of 1969 (35 FR 8491), and remains endangered throughout its global range 
under the ESA (50 CFR 17.11). A recovery plan for the U.S. Pacific populations of leatherbacks 
was completed over 20 years ago (NMFS & USFWS, 1998), and in 2012 NMFS revised critical 
habitat for leatherbacks to include additional areas of the Pacific Ocean (77 FR 4170; Figure 31 
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in Section 2.12.2). It is the only remaining species in the family Dermochelyidae, with all other 
extant sea turtles belonging to the family Cheloniidae. Leatherbacks are the largest marine turtle, 
with a curved carapace length often exceeding 150 cm and front flippers that can span 270 cm 
(NMFS & USFWS, 1998; Davenport et al., 2011). Unlike other sea turtles, leatherbacks have a 
slightly flexible, rubber-like carapace composed of oil-saturated connective tissue, raised into 
seven prominent ridges covered in horny scutes that taper to a blunt point posteriorly. The 
carapace and plastron are barrel-shaped and streamlined. Their unique physiological and 
behavioral adaptations, such as a countercurrent circulatory system (Greer et al., 1973), a thick 
layer of insulating fat (Goff & Stenson, 1988; Davenport et al., 1990), gigantothermy (Paladino 
et al., 1990), and the ability to elevate body temperature through increased metabolic activity 
(Southwood et al., 2005; Bostrom & Jones, 2007) enable them to inhabit colder waters, 
extending their geographic range further than other sea turtle species. 

Leatherback turtles are found in all oceans, making them the most widely dispersed reptile species. 
They spend much of their lives in the ocean undertaking extensive journeys while developing, 
foraging, and migrating. They typically travel within 15 feet of the surface to maximize swimming 
efficiency during migrations (Eckert, 2002), but can dive as deep as 3,937 feet (1,200 m), although 
most dives are less than 262 feet (80 m) (Shillinger et al., 2011). Leatherbacks nest on beaches on 
every continent except Europe and Antarctica (K. L. Eckert & Eckert, 2012; NMFS & USFWS, 
2020). Currently, seven populations are recognized: (1) Northwest Atlantic; (2) Southeast Atlantic; 
(3) Southwest Atlantic; (4) Northeast Indian; (5) Southwest Indian; (6) West Pacific; and (7) East 
Pacific Ocean populations, all listed as endangered under the ESA (NMFS & USFWS, 2020). For 
the purposes of this Opinion, we focus on the two populations (i.e. West Pacific and East Pacific) 
occurring within the Pacific Ocean, often referred to as Pacific leatherbacks. Their distribution 
extends from the Sea of Japan, across the North Pacific to North America’s West Coast, the South 
China Sea, Indonesian Seas, and high-latitude waters of the western South Pacific Ocean and 
Tasman Sea (Benson et al., 2011). 

Genetic analyses reveal fine-scale population structure among Pacific leatherbacks. While 
mtDNA studies did not detect genetic differentiations among nesting sites in Indonesia, Papua 
New Guinea, and the Solomon Islands (Dutton et al., 2007), microsatellite DNA analyses 
indicate genetic structure (Dutton et al., 1999; NMFS SWFSC unpublished data). Hence, we 
treat these nesting aggregations as subpopulations. Migration and foraging strategies vary based 
on life history traits, influenced by prevailing offshore currents and seasonal monsoon-related 
effects experienced as hatchlings (Benson et al., 2011; Gaspar et al., 2012). Leatherbacks display 
fidelity to specific foraging regions likely based on juvenile dispersal patterns (Benson et al., 
2011; Gaspar et al., 2012; Gaspar & Lalire, 2017). Stable isotopes analysis confirms this fidelity 
(Seminoff et al., 2012). 

The Western Pacific population is defined by boundaries south of 71°N, north of 47°S, east of 
120°E, and west of 117.124°W (NMFS & USFWS, 2020). This population exhibits a dichotomy 
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of summer and winter nesting behaviors, influencing their foraging destinations, dictated by 
offshore currents and monsoon seasons (Benson et al., 2011; Gaspar et al., 2012). Summer 
nesters typically forage in Asia and the North Pacific, while winter nesters favor the Southern 
Hemisphere’s tropical waters (Benson et al., 2011; Harrison et al., 2018). A noteworthy subset of 
the Western Pacific population comprises summer nesters or individuals foraging in CCE 
(Benson et al., 2011). These individuals primarily forage in northern and central California, 
Southern Washington, and Northern Oregon, with approximately 30-60% of Jamursba-Medi 
summer nesting females foraging off California (Seminoff et al., 2012). Summer nesting females 
from Indonesia and the Solomon Islands migrate towards Central California (Benson et al., 
2011), and winter nesters migrate to the tropics of the southern hemisphere and South Pacific 
Ocean (Benson et al., 2011; Harrison et al., 2018). Figure 6 displays the various migratory 
pathways described for the Western Pacific population of leatherbacks based on satellite tracks of 
126 leatherbacks from Benson et al. (2011). This map displays the seasonal differences in 
migratory pathways and the primary foraging and breeding grounds for the Western Pacific 
population and emphasizes the summer nesters that migrate to the U.S. West Coast within the 
action area. 

The Eastern Pacific population is delineated north of 47°S, south of 32.531°N, east of 
117.124°W, and west of the Americas. This population exhibits somewhat continuous but 

low-density nesting along the coasts of Mexico and Central America (NMFS & USFWS, 2020). 
The Eastern Pacific population forages primarily along the coastlines and pelagic waters of the 
southeastern Pacific Ocean (NMFS & USFWS, 2020). One study found a small presence of 
Western Pacific individuals within the fisheries off of Peru and Chile, which are primary feeding 
grounds for the Eastern Pacific population (Donoso & Dutton, 2010; NMFS & USFWS, 2013). 
During the nesting season, they stay within shallow, highly productive, continental shelf waters 
(Shillinger et al., 2011). Adult females from both populations exhibit site fidelity to specific 
foraging regions, (Benson et al., 2011; Gaspar et al., 2012; Gaspar & Lalire, 2017) displaying 
limited movement, and even stationary behavior for extended periods upon reaching their 
foraging habitats (Benson et al., 2011). 

While East and West Pacific populations can overlap, such as south of Hawaii, genetic analyses 
indicate a low probability of East Pacific leatherbacks occurring off the U.S. West Coast. No 
leatherbacks sampled off the U.S. West Coast have ever been genetically assigned to the East 
Pacific nesting beach subpopulation, with a majority of them being boreal summer western 
Pacific nesting females. Approximately 38%-57% of summer-nesting females from Papua Barat 
migrate to distant foraging grounds off the U.S. West Coast, including the neritic waters off 
central California. Researchers recently assessed the abundance and trend of leatherbacks 
foraging off central California using 28 years (1990-2017) of aerial survey data from coast-wide 
and adaptive fine-scale surveys, indicating abundance declined at an annual rate of -5.6% (95% 
credible interval; -9.8% to -1.5%) to less than 200 individuals (Benson et al., 2020). 
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Figure 6: Satellite tracks from 126 West Pacific leatherbacks. Color of track indicates 
deployment season: red = summer nesters, blue = winter nesters, green = deployments at 
central California foraging grounds. Inset shows deployment locations; PBI = Papua Barat, 
Indonesia, PNG = Papua New Guinea, SI = Solomon Islands, CCA = central California. 
Black boxes represent ecoregions for which habitat associations were quantitatively 
examined: SCS = South China, Sulu and Sulawesi Seas, IND = Indonesian Seas, EAC = East 
Australia Current Extension, TAS = Tasman Front, KE = Kuroshio Extension, EEP = 
equatorial eastern Pacific, and CCE = California Current Ecosystem (Benson et al., 2011). 

 

Feeding 

Leatherback turtles primarily feed on gelatinous zooplankton such as cnidarians (jellyfish and 
siphonophores) and tunicates (salps and pyrosomas) typically near the ocean’s surface, but will 
also dive more than 1,000 m to forage on tunicate colonies within the deep scattering layer 
(NMFS & USFWS, 1998; Spotila, 2004). Although capable of deep dives, most foraging dives 
are less than 80 m (Shillinger et al., 2011). Due to their specialization on gelatinous zooplankton, 
any substantial changes to the distribution, abundance or density of these prey items could 
significantly impact the population as a whole. Due to their prey’s low nutrient content, 
leatherbacks must consume large quantities to support their energetic needs (Heaslip et al., 2012; 
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Jones et al., 2012; Wallace et al., 2018). Estimates suggest the Pacific population consumes 
approximately 2.1 million tons of jellyfish annually, with individuals consuming upwards of 
1,000 metric tons in their lifetime (Jones et al., 2012). Leatherbacks exhibit continual diving 
behavior during migrations, indicating foraging along the entire depth profile (K. L. Eckert et al., 
1989). Typical average dive durations range from 6.9 to 14.5 minutes per dive, with a maximum 
of 42 minutes (S. A. Eckert et al., 1986). 

Foraging areas are often characterized by zones of upwelling, major currents convergences, and 
deep-water eddies (Saba, 2013). Western Pacific winter-nesting females travel southward to 
waters off Australia and New Zealand or remain in Indonesian waters post-nesting. Southeast 
Australia is a crucial foraging area for Pacific leatherbacks (Hays et al., 2023). Western Pacific 
summer-nesting females either move to the Sulawesi, Sulu, and South China Seas to forage in 
Indonesian, Malaysian and Philippine waters or travel to the temperate North Pacific. 

Post-nesting Eastern Pacific females forage broadly along the coasts of Central and South 
America, specifically Peru and Chile (Donoso & Dutton, 2010; Shillinger et al., 2011; NMFS & 
USFWS, 2013). Their feeding locations vary based on upwelling locations and El Niño-Southern 
Oscillation (ENSO) events, but have less diversity than the Western Pacific population, making 
them more vulnerable to environmental changes. Adult female leatherbacks weigh about 
33%more in their foraging grounds than nesting grounds, indicating they probably catabolize fat 
reserves to fuel migration and subsequent reproduction (James et al., 2005). Adult female sea 
turtles must replenish their energy stores after nesting, therefore, their remigration intervals are 
dependent upon foraging success and duration (Hays, 2000; Price et al., 2004). 

Population Status and Trends 

Estimating leatherback population abundance is challenging due to their complex life history. 
Data from nesting beaches, although valuable, do not capture all life stages (i.e., immature and 
mature males and immature females) and the spatial structure of male leatherback sea turtles and 
their fidelity to specific coastal areas is unknown. Additionally, standardized nesting surveys are 
difficult to maintain over many consecutive years at all nesting beaches. The best available data 
for leatherback turtles, however, is based on surveys conducted at nesting beaches females return 
to when they mature. The below data have been consistently collected using a standardized 
monitoring approach over a recent remigration interval, providing reasonable certainty that such 
data are representative of recent nesting at the identified beach. Although some data may have 
been collected at other nesting beaches, monitoring has not been recent, consistent, or 
standardized, thus limiting our certainty of these data; therefore, data from those nesting beaches 
cannot be used to calculate abundance. Here we will make inferences about the growth or decline 
of leatherback populations based on numbers of nests and trends in numbers of nests. 

Leatherbacks occur globally with variable populations in different regions and nesting beaches. 
In 1980, the global leatherback population was approximately 115,000 adult females (Pritchard 
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1982). By 1995, one estimate claimed this global population of adult females had declined to 
34,500 (Spotila et al. 1996). Abundance and trend estimates of nesting females for five of the 
DPSs not located in the Pacific Ocean indicated that all were at risk of extinction in 2020 
(NOAA & USFWS 2020). The Northwest Atlantic DPS has a total index of nesting female 
abundance of 20,659 females (moderate confidence), and has decreasing nesting activity at a 
nesting beach with the greatest known nesting female abundance. There are an estimated 27 
females in the Southwest Atlantic DPS, with most nesting occurring in Brazil and exhibiting an 
increasing, although variable nest trend (NOAA & USFWS 2020). The Southeast Atlantic DPS 
was estimated to have 9,198 nesting females, with most nesting in Gabon where a declining nest 
trend has been observed. The Southwest Indian Ocean DPS was estimated to have 149 nesting 
females with an overall nesting trend to be slightly decreasing. Lastly, the Northeast Indian DPS 
was estimated to be 109 nesting females with a declining trend, particularly with the extirpation 
of its largest nesting aggregation in Malaysia (NOAA and USFWS 2020). 

 

Western Pacific Leatherback 

The Western Pacific leatherback population that nests in Indonesia, Papua New Guinea, Solomon 
Islands, and Vanuatu harbors is the last remaining nesting aggregation of significant size in the 
Pacific. A recent discovery of a previously undocumented nesting area on Buru Island, Indonesia 
and relatively new sites in the Solomon Islands, suggests that additional undocumented nesting 
habitats may exist on other remote or infrequently surveyed islands of the Western Pacific Ocean 
(WPO) (NMFS and USFWS 2020). Low levels of nesting are also reported in Vanuatu (Petro et 
al. 2007; Wan Smolbag 2010). The leatherback status review (NMFS and USFWS 2020) 
conservatively estimated adult female abundance at 1,277 individuals in 2017. This value is 
based only on nesting at Jamursba-Medi and Wermon beaches in Papua Barat, Indonesia, as 
these are the only beaches with long-term monitoring. Despite a slight uptrend in the most recent 
data, NMFS and USFWS (2020) estimated the long-term trend in annual nest counts for 
Jamursba Medi (data collected from 2001 to 2017) at -5.7% annually. These two beaches likely 
represent between 50% and 75% of all nesting for this population (NMFS and USFWS 2020). 

The index of total nesting females in Jamursba Medi and Wermon (1,277 females) provided in 
the status review of the species (NMFS and USFWS 2020b) was based on a simple calculation 
that does not provide confidence or credible intervals. While NMFS and USFWS (2020) 
determined that this index was a suitable representation of total nesting female abundance for 
their purposes (i.e., evaluating extinction risk), they acknowledged that the degree to which the 
index represents the actual abundance of nesting females is unknown. We consider the values 
from Martin et al. (2020b) using the median values for nest counts to be the best available 
estimates for abundance for two reasons. First, Martin et al. (2020b) imputed missing data for 
months during which data were not collected, providing a more accurate estimate of total 
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nesting. Second, their model evaluated variation due to natural causes (i.e., changes in nesting 
over time due to environmental or demographic factors) and observational error (i.e., imperfect 
data collection; Martin et al. 2020b). 

To estimate the total number of nesting females from all nesting beaches in the WPO, we 
considered nesting at unmonitored or irregularly monitored beaches. Approximately 50% to 75% 
of West Pacific leatherback nesting occurs at Jamursba Medi and Wermon beaches (Dutton et al. 
2007; NMFS and USFWS 2020b). Applying the conservative estimate of 75% to the Martin et 
al. (2020b) estimate of 790 females in the index beaches leads to an estimate of 1,054 females for 
the West Pacific population, with an overall 95% CI of 888 to 1,256 females. It should be noted 
that this estimate (i.e., 1,054) of nesting females for the West Pacific population based on more 
recent available information is an update of the NMFS and USFWS (2020) estimate (i.e., 1,277). 

Based on 2004 estimates, the total Pacific population was around 250,000 individuals (i.e., 
juveniles and adults, 95% confidence interval 97,000 to 535,000) (Jones et al., 2012). Current 
estimates suggest the West Pacific leatherback population is about 100,000 sea turtles (95% 
confidence interval 47,000 to 195,000 individuals) (Martin et al., 2020b). Despite stable nest 
numbers from 2017 to 2021 (Lontoh et al. in prep), data are not yet available in sufficient detail 
to update the model of (Martin et al., 2020b). Because nesting numbers have been stable since 
2017, we assume the 1,054 estimate from 2017 to be the best estimate of current (2024) adult 
females for the index beaches. 

 

 
Figure 7. Actual and adjusted number of leatherback nests between 1981 and 2021 at 
Jamursba-Medi and Wermon. Each year represents nests laid from April of one year to March 
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of the following year (Lontoh et al. in prep). 

The Western Pacific population has been exhibiting low hatching success and decreasing nesting 
population trends due to past and current threats (NMFS & USFWS, 2020). The low estimated 
nesting female abundance of the West Pacific population places it at elevated risk for 
environmental variation, genetic complications, demographic stochasticity, negative ecological 
feedback, and catastrophes (NMFS & USFWS, 2020). Site fidelity results in the dispersal of 
nests among various beaches which may help to reduce population level impacts 
disproportionately affecting one area over another, but may also place nests in locations that are 
likely unmonitored and not protected from human poaching or predation, thereby increasing 
threats to the population (NMFS & USFWS, 2020). Nest success rates increased from about 35% 
prior to 2017 to over 50% from 2017 to 2019, due to increased conservation efforts to protect 
nests from predation, tidal inundation, erosion and high sand temperatures (Pakiding et al., 
2020). 

Based on NMFS’s Population Viability Analysis (PVA) model (Martin et al., 2020b; Siders et 
al., 2023), leatherback abundance in the West Pacific population has been declining ~6% per 
year from 2001-2017 (95% CI: -23.8% to 12.2%). Leatherback abundance in the CCE foraging 
area declined by a mean of 5.6% per year (95% CI: -9.8% to -1.5%) over a similar timeframe 
(1990 to 2017) (Benson et al., 2020). This indicates the 6.0% per year decline (Martin et al., 
2020) may be mirrored in the large juvenile and male portions of the North Pacific population. 
Therefore, we consider the Martin et al. (2020b) trend in annual nest counts an accurate index of 
the population’s growth rate through 2017, although we acknowledge that these declines may not 
have occurred or continued in recent years given some of the recent nesting data. Monitoring at 
most other sites (i.e., not Jamursba-Medi or Wermon) has not been going on long enough to 
establish trends or abundance. However, six years of data from a newly established monitoring 
program on Buru Island, Indonesia estimates about 103 adult female nesters, which indicates an 
increasing trend of 10.1% per year (95% Confidence Interval: -26.1% to 46.3%) (NMFS 2023d). 

We note that the nesting data from 2018 to 2021 in Figure 7 are preliminary and only provided to 
NMFS from the authors (Lontoh et al. in prep) as the figure shown in Figure 7. Until we receive 
the detailed raw monthly data from the nesting beaches, the growth trend analysis of Martin et al. 
(2020a, 2020b) cannot be updated. Therefore, since we do not have any updated modeled 
estimates of future growth rates based on this new information, we rely on the estimates of 
Martin et al. (2020a, 2020b) for current population growth rates. In addition, given the 
substantial declines in the population from 1984 to 2012, the data from 2012 to 2021 are likely 
not of long enough duration to definitely state that the population is now at least stable, but this 
may be reevaluated when raw data are available for analysis. NMFS (2023d) notes that New 
Zealand shallow-set longline fishery has shown a marked increase in leatherback interactions, 
from a low of one in 2008 to a high of 50 in 2022, which indicates a 19.9 % increase in 
interactions per year from 2008-2022 (CI: 8.4% to 31.3%). While fishery captures can be 
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influenced by numerous environmental factors that can disconnect them from population trends, 
NMFS postulates that the strength of the trend suggests the potential for more leatherback turtles 
in the water in recent years. 

Martin et al. (2020b) estimated the mean and median time until the West Pacific population 
declines to 50%, 25%, and 12.5% of its 2017 estimated abundance, and Siders et al. (2023) 
updated these results to 2021, assuming the population declined at a rate of 6% per year from the 
2017 estimates. Results of updated modeling from Siders et al. (2023) indicate the adult female 
portion of West Pacific leatherbacks nesting at Jamursba-Medi and Wermon beaches are 
predicted to decline to 50% of their 2017 abundance in approximately 9 years starting in 2021 
(or by 2030; 95% CI from 1 to 22 years) and to 25% of their 2017 abundance in approximately 
20 years (or by 2041; 95% CI from 8 to 37 years). 
 

Table 4: Estimated total number of nesting females for Jamursba-Medi and Wermon beaches 
from Martin et al. (2020b). L95% = lower 95% credible limit and U95% = upper 95% limit. 
Median, Low and High correspond to the median and lower and upper limits of the annual 
estimated number of nests from the imputation process. 

 
 L95% Median U95% 

Median 666 790 942 

Low 425 515 634 

High 1,052 1,224 1,425 

 
East Pacific Leatherbacks 

NMFS and USFWS (2020) estimated a minimum index of total nesting females in the Eastern 
Pacific population at 755 females based on monitoring data with 76% of nesting occurring on 
beaches in Mexico (572 females), 22% (165 females) in Costa Rica and 2% (18 females) in 
Nicaragua (Santidrian et al., 2017; Swiggs et al., 2018). This calculation considers the most 
recent 4-year remigration interval data from monitored nesting beaches in Costa Rica, Nicaragua, 
and approximately 70-75% of the total nesting areas in Mexico, equating to ~75% of all nesting 
for this population (NMFS & USFWS 2020). Considering a sex ratio of 79% female (Santidrián 
Tomillo et al., 2014), the total adult population is estimated at 1,274 individuals, both male and 
female in 2020. Though total population size data is lacking, extrapolations based on juvenile to 
adult ratios (Jones et al., 2012), estimates suggest a total population size of 60,611 individuals in 
2020. 

Historically, this population in Mexico alone possessed an estimated 75,000 adult leatherback 
females (Pritchard, 1982), yet has experienced a substantial decline over recent decades. The 
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East Pacific leatherback population has undergone dramatic declines over the last three 
generations (Wallace et al. 2013; NMFS and USFWS 2020), and to date there is no sign of 
recovery. In Costa Rica, a 15.5% annual rate of decline in nesting females has been documented 
at Las Baulas from 1988/1989 through 2015/2016 (NMFS and USFWS 2020). In Mexico, a 
positive trend has been recorded at some nesting beaches (i.e., Barra de la Cruz/Playa Grande 
+9.5% annually), but a negative trend has been recorded in other areas (i.e., Cahuitan -4.3% 
annually over the same period). Based on high nest numbers and mean trends across four index 
beaches (i.e., Tierra Colorada, Barra Cruz/Grande, Cahuitan, and Las Baulas), NMFS (2023d) 
estimate a weighted average trend of -8.1% for the East Pacific leatherback population. 

Pacific leatherback recovery is partially defined by each population averaging an annual 5,000 
females nesting over 6 years, and all nesting populations stable or increasing over a 25-year 
monitoring period (NMFS & USFWS, 1998). However, both Pacific populations are not on track 
to meet these criteria and are deemed at high risk of extinction due to reduced female nesting 
abundance, declining nest trends, and other compounded threats. 

Reproduction 

Leatherback turtles reproduce by depositing eggs on beaches and hatchlings developing and self-
releasing into nearby oceanic waters. Pregnant individuals prefer nesting beaches with minimal 
abrasive material, wide and lengthy banks, soft bottoms, deep water approaches to minimize 
energy expenditure, and proximity to ocean currents to facilitate hatchling dispersal (Eckert et al., 
2015). Adult females typically attain maturity on average at 17 years (range = 12-28) and display 
variations in clutch numbers and frequencies (Avens et al., 2020). In Indonesia, the mean size of 
nesting females is 161 cm curved carapace length (CCL) with an observed minimum of 138 cm 
CCL (Hitipeuw & Maturbongs, 2002; Lontoh, 2014). Productivity levels can vary across 
populations with certain studies indicating individuals foraging in the northeast Pacific Ocean 
display greater body size and longer remigration intervals than those foraging in the South China 
Sea or North Pacific Transition Zone (Benson et al., 2011; Lontoh, 2014). The range of 
remigration intervals is 1-6 years, and the mean remigration interval was greater for the 
Northeast Pacific foraging group (4 ± 0.3 years) than the North Pacific Transition Zone foraging 
group (2.3 ± 0.4 years) and the South China Sea foraging group (2.9 ± 0.4 years) (Lontoh 2014). 
Mean clutch frequency varied, but was higher for the North Pacific Transition Zone foraging 
group (6.1) than the Northeast Pacific (5.6) and South China Sea (4.8) foraging groups and 
increased with turtle size (Lontoh 2014). 

The Western Pacific population engages in nesting activities year-round, with a subset nesting 
from November to February (winter) and other nesting from May to September (summer) 
(NMFS & USFWS 2020). Females typically remain within 300 km of their respective beaches 
during nesting season (Benson et al., 2007a; Benson et al., 2007b; Benson et al., 2011). Tapilatu 
et al. (2013)t indicate an average clutch frequency of 5.5 (3-10 range) for individuals from 
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Jamursba-Medi and Wermon beaches, with mean clutch sizes across the West Pacific population 
ranging from 76-94 eggs per nest (Tapilatu and Tiwari 2007; Pilcher 2011; Jino et al. 2018) 
(Tapilatu & Tiwari, 2007; Pilcher & Chaloupka, 2013; Jino et al., 2018). The mean hatchling 
emergence success ranges from 25-60%(NMFS and USFWS 2020). 

The Eastern Pacific population predominantly nests along the beaches of Mexico, Nicaragua, and 
Costa Rica with sporadic occurrences reported in Guatemala, El Salvador, Panama, Colombia, 
and Ecuador (IAC, 2012). Crucial nesting beaches include: Tierra Colorada, Cahuitan, and 
Mexiquillo in Mexico and Las Baulas National Park, Playa Grande, Playa Langosta, and Playa 
Ventanas, Naranjo, Ostinonal, Cabuyal, and Caleta beaches in Costa Rica (NMFS and USFWS 
2020). Nesting activities occur from October to March. Mean remigration intervals range from 3 
to 3.7 years, with clutch size ranging from 62 to 65 eggs (NMFS & USFWS 2020). Mean sizes 
of nesting females in this population range from 144 to 147 cm CCL with a minimum observed 
size of 125 cm CCL at Playa Langosta, Costa Rica (NMFS & USFWS 2020). The mean 
hatchling emergence success ranges between 25 and 60% in the West Pacific and 35 to 52% in 
the East Pacific (NMFS & USFWS 2020). 

Limiting Factors and Threats: 

The primary ongoing threats to leatherback sea turtles worldwide are fisheries bycatch, legal and 
illegal directed harvest, alteration of nesting habitat, predation, interactions with pollutants and 
marine debris, and entanglements with marine debris (NMFS & USFWS 2020). Other threats 
include changing environmental conditions due to climate change (land change use resulting in 
hotter beaches without ample shade, sand temperatures resulting in egg or hatchling mortality or 
changes in sex ratios, erosion of nesting beaches due to rising sea levels and/or increased storm 
frequency and magnitude), and vessel strikes (Tiwari et al. 2013; NMFS and USFWS 2020). 
Below, we summarize the main anthropogenic threats facing both the West and East populations 
including climate change, illegal and legal harvest, and inadequate regulatory mechanisms. 

Climate change poses a threat to both the East and West Pacific leatherback populations. For 
leatherbacks during their pelagic life phase, impacts include increased temperatures in the ocean 
possibly leading to changes in oceanographic regimes, currents, and prey distribution. 
Leatherbacks are known to travel within specific isotherms and a changing ocean may affect 
environmental cues these turtles use to navigate to these isotherms. This can influence 
thermoregulation, bioenergetics, prey availability and foraging success during migration. A 
warming ocean may also affect the environmental variables of their foraging habitat and, 
subsequently, prey distribution, which may further exacerbate population declines (NMFS and 
USFWS 2020). 

On nesting beaches, climate change can increase sea levels and the rate of coastal erosion and 
increase the frequency and intensity of storms. Leatherback nests and eggs will be affected by 
the resulting changes in beach morphology and sand temperatures, impacting nesting and 
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hatchling success (Benson et al. 2015, Tapilatu & Tiwari 207; Bellagio Steering Committee 
2008; NMFS & USFWS 2013). Sand temperatures fluctuate between 28.6° and 34.9 °C at 
Jamursba-Medi and between 27.0° and 32.7 °C at Wermon (Tapilatu and Tiwari 2007). Despite 
black sand at Wermon beaches, sand temperatures during nesting season are lower, perhaps 
because peak nesting coincides with the monsoon season (Tapilatu and Tiwari 2007). Similar to 
other sea turtles, leatherback hatchling success is determined by nest incubation temperature and 
higher incubation temperatures skew the hatchling sex ratio to favor females, producing a greater 
proportion of females (Mrosovsky 1994). There was evidence of this bias for the West Pacific 
population at Jamursba-Medi nesting beaches (Tapilatu and Tiwari 2007; Tapilatu et al. 2013) 
and for the East Pacific population at the Playa Grande nesting beach in Costa Rica (Plotkin 
1995, Binckley et al. 1998). West Pacific leatherbacks have evolved to sustain changes in beach 
habitats to select highly dynamic and narrow beach habitats, allowing the population to sustain a 
certain level of nest loss (NMFS & USFWS 2020). Despite these adaptations, the increasing 
frequency and magnitude of storms and flooding events predicted to come with climate change 
can exacerbate nest loss. Saba et al. (2012) predicted the Playa Grande, Costa Rica nesting 
population would decline 7% per decade over the 21st century. Changes in beach conditions and 
the resulting reduced hatchling success and emergence rates contribute to this expected decline. 
Natural factors, including the 2004 tsunami in the Indian Ocean (see detailed report by Hamann 
et al. 2006) and the tsunami that affected Japan in 2011, may have impacted leatherback nesting 
beach habitat through encroachment and erosion (2004 tsunami) or may have resulted in 
increased debris into leatherback marine habitat (e.g., impacting migratory routes and foraging 
hotspots). Shifting mudflats in the Guianas have also made nesting habitat unsuitable (Crossland 
2003; Goverse and Hilterman 2003). 

Climate change prediction models, coupled with leatherback movements (through satellite 
telemetry) showed slightly favorable habitat conditions by expanding adult leatherback range 
and creating new foraging areas in the eastern Pacific over the same time period. Climate change 
may also contribute to shifts in the distribution and abundance of jellyfish, which is a primary 
prey resource for leatherbacks. Jellyfish abundance and distribution can vary due to 

climate-induced changes, potentially disrupting leatherback foraging ecology. Some studies 
suggest rising temperatures increase jellyfish abundance, consequently enhancing metabolic 
accessibility to leatherbacks (Brotz et al. 2012). Results from Gomes et al. (2024) indicate 
elevated sea surface temperatures in the CCE prompt decreases in more energetically dense 
jellyfish populations and increases in energetically poor pyrosomes. Given leatherbacks’ 
specialized diet of jellyfish, however, researchers found it difficult to determine how potential 
changes in prey distribution due to climate change would affect leatherback population (Hazen et 
al. 2012), particularly since increased jellyfish populations are often associated with warming 
caused by climate change (Purcell et al. 2007). Although leatherbacks are known to consume 
both jellyfish and pyrosomes, the switch to a less energetically dense resource could have 
impacts on the reproduction and survivability of the species. Temperature can also reorganize the 
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distribution of important prey items, typically poleward and into deeper waters, which can 
further disrupt the foraging ecology of leatherback sea turtles given their high degree of overlap 
with jellyfish hotspots (Nordstrom et al. 2020). Changes in oceanographic conditions, such as 
currents and upwelling patterns, can disrupt nutrient cycling and primary productivity, reducing 
trophic efficiency from the bottom up (Polovina et al. 2008; Ullah et al. 2018). These alterations 
in prey items can lead to mismatches between leatherback distribution and prey availability, 
resulting in reduced foraging success and potential nutritional stress. 

Currently, we cannot reliably predict the magnitude of future climate change and the impacts on 
leatherback sea turtles. The existing data and current scientific methods and analysis are not able 
to predict the future effects of climate change on this species or allow us to predict or quantify this 
threat to the species (Hawkes et al. 2009). Uncertainty remains related to leatherback nesting beach 
trend forecasts and correlations with climate indices. 

The destruction or modification of habitat is a threat at many nesting beaches used by the East 
Pacific leatherback population. In Costa Rica, coastal development along the northern and 
southern ends of the nesting beach at Playa Grande in Las Baulas National Park and in the town 
of Tamarindo has resulted in the loss of nesting beach habitat in addition to the removal of much 
of the natural beach vegetation. In addition to the loss and degradation of nesting beach habitat, 
stressors associated with development include pollution from artificial light, solid and chemical 
wastes, beach erosion, unsustainable water consumption, and deforestation. In Mexico, the extent 
of development near nesting beaches is generally low, given the remoteness of the beaches in 
Baja California and on the mainland (NMFS and USFWS 2020). 

Leatherbacks are vulnerable to bycatch in a variety of fisheries, including longline, drift gillnet, 
set gillnet, bottom trawling, dredge, and pot/trap fisheries that are operated on the high seas or in 
coastal areas throughout the Pacific Ocean. Bycatch of leatherback turtles has been documented 
for a variety of gillnet and longline fisheries in the Pacific Ocean, but little is known about the 
total magnitude or full geographic extent of mortality (NMFS and USFWS 2020). Detailed 
bycatch data are available for U.S.-managed pelagic fisheries operating in the central and eastern 
Pacific Ocean due to regulatory mandates and high levels of observer coverage. Off the U.S. 
West Coast, a large time/area closure was implemented in 2001 to protect Pacific leatherbacks by 
restricting the federal large mesh drift gillnet (DGN) fishery, which significantly (at least 80%) 
reduced bycatch of leatherbacks in that fishery. On the high seas, bycatch in longline fisheries is 
considered a major threat to leatherbacks (Lewison et al. 2004). 

The summer nesting component of the population exhibits strong site fidelity to the central 
California foraging area (Benson et al. 2011), which puts migrating leatherbacks at risk of 
interacting with U.S. and international pelagic longline fleets operating throughout the Central 
and North Pacific oceans. Fishery observer data collected between 1989 and 2015 from 34 purse 
seine and longline fleets across the Pacific documented a total of 2,323 sea turtle interactions, of 
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which 331 were leatherback turtles (Clarke 2017). Two bycatch hotspot areas were identified: 
one in central North Pacific (which likely reflects the 100% observer coverage in the Hawaii 
SSLL fishery) and a second hotspot in eastern Australia (Hays et al. 2023). These data are 
unlikely to be representative of all bycatch hotspots as the data are driven by the presence of 
fishery observer programs, which are not extensive and are concentrated in certain nations’ 
fishing fleets. 

There are interactions between leatherbacks and domestic longline fishing for tuna and swordfish 
based out of Hawaii. Prior to 2001, an estimated 110 leatherback turtles were captured annually 
in all Hawaii longline fisheries combined, resulting in approximately nine annual mortalities 
(McCracken 2000). Under requirements established in 2004 to minimize sea turtle bycatch (69 
FR 17329), vessel operators in the Hawaii-based shallow-set longline (SSLL) swordfish fishery 
must use large (sized 18/0 or larger) circle hooks with a maximum of 10 degrees offset and 
mackerel-type bait. In addition, NMFS requires 100% observer coverage in this fishery, so every 
interaction is observed. The 2004 management measures introduced to the Hawaii longline 
fisheries have demonstrably reduced leatherback sea turtle interaction rates by 83% (Gilman et 
al. 2007a; Swimmer et al. 2017). Between 2004 and 2017, there have been 99 total leatherback 
turtle interactions in the SSLL fishery (or approximately eight leatherback turtles annually), 
based on 100% observer coverage (WPFMC 2018). From 2012-2017, the incidental take 
statement for the Hawaii-based SSLL fishery was 26 leatherback sea turtles per year, which 
served as the “hard cap” for the fishery that requires closure of the entire fishery during any year 
if reached. Recently, the hard cap for leatherback sea turtle bycatch was reset to 16 per year, with 
the expectations that up to 16 may be caught and 3 may be killed each year, and that vessels 
would be restricted to no more than 2 leatherbacks taken during any one trip (NMFS 2019b). 
Between 2004 and 2022, there were a total of 121 leatherback sea turtles captured in the Hawaii-
based SSLL fishery, with zero leatherback sea turtles observed killed as a result, but an estimated 
21% of those killed given post-interaction mortality estimates (NMFS 2019b; updated in NMFS 
2023c). From 2004-2018, NMFS estimated that the Hawaii-based SSLL fishery annually 
interacted with around 21 leatherbacks/year, with an estimated 3 dead per year (given also post-
interaction mortality) (NMFS 2019b). 

Between 2002 and 2016, an estimated 166 leatherback interactions have occurred in the Hawaii-
based deep-set longline (DSLL) fishery (or approximately 11 annually) (McCracken 2019). From 
the 2014 biological opinion for the Hawaii DSLL fishery (NMFS 2014), the estimated future 
interactions for leatherbacks is 24 annual interactions resulting in 9 mortalities. From 2004-2022, 
the Hawaii DSLL fishery (~20% observer coverage) was observed to interact with 46 
leatherbacks, with an estimated 246 taken (around 13/year). On average, a mean of 17 (95th 
percentile: 43) were anticipated to be captured. When at-vessel and post-release mortality rates 
are combined, the effective mortality rate in this fishery is 35%, resulting in a mortality rate of 6 
turtles to die each year. The current anticipated take level (incidental take statement) over a 5-
year period (running sum) is 92 leatherbacks (interactions, injuries and/or mortalities) (NMFS 
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2023c). Based on updated fishery interaction, take distribution, and population benchmark data, 
Siders et al. (2023) used a probability of maturity approach to estimate an expected mortality 
from the Hawaii DSLL fishery of 0.37 annual nesters per year. 

In the current West Coast DSLL fishery operating outside of the U.S. West Coast EEZ, NMFS 
has anticipated that four leatherbacks could be taken every 10 years, with two of those resulting 
in mortality (NMFS 2016a). Up to this point, no leatherback interactions have been reported in 
the West Coast DSLL fishery since 2005. 

Observer coverage of the American Samoa longline fishery has varied over time from 5% to 
40% and has had an estimated 55 leatherback interactions between 2010 and 2017 (McCracken 
2019). From the 2023 American Samoa longline fishery biological opinion (NMFS 2023b), the 
mean number of leatherback sea turtles from the West Pacific population that are likely to be 
captured by this fishery in any given year is 10 (95th Percentile: 30), given observer data from 
2010 to 2019. With an estimated total mortality rate (at-vessel and post release) of 65%, 
approximately 7 leatherbacks (95th percentile: 20) would be killed per year. Over the next 10 
years, NMFS anticipates that the fishery will interact with 17 adult leatherback turtles resulting in 
the mortality of 4 adults, 3 of which would be females (NMFS 2023b). 

Estimating the total number of sea turtle interactions in other Pacific fisheries that interact with 
the same sea turtle populations as U.S. fisheries is difficult because of low observer coverage and 
inconsistent reporting from international fleets. Lewison et al. (2004) estimated 1,000 – 3,200 
leatherback mortalities from pelagic longlining in the Pacific in 2000. Beverly and Chapman 
(2007) more recently estimated leatherback longline bycatch in the Pacific to be approximately 
20% of that estimated by Lewison et al. (2004), which would equate to 200 – 640 leatherbacks 
during that time period. Chan and Pan (2012) estimated that there were approximately 1,866 total 
sea turtle interactions of all species in 2009 in the Central and North Pacific by comparing 
swordfish production and turtle bycatch rates from fleets fishing in the Central and North Pacific 
area. In 2015, a workshop convened to analyze the effectiveness of sea turtle mitigation 
measures in the tuna regional fishery management organizations and 16 countries (including the 
United States, which reported 27% of the interactions) provided data on observed sea turtle 
interactions and gear configurations in the Western Central Pacific Ocean. Based on the 
information gathered there, 331 leatherback sea turtles were reported, leading to a total estimate 
of 6,620 leatherbacks caught in the region from 1989-2015 in these countries (mortality rates 
were not reported (Common Oceans (ABNJ) Tuna Project 2017). Most recently, Peatman et al. 
(2018) estimated that 24,006 leatherbacks were captured in longline fisheries operating in the 
North Pacific from 2003-2017. Finally, bycatch estimates of sea turtles were summarized from 
annual reports by the Western and Central Pacific Fisheries Commission (WCPFC) (2021). Sea 
turtle data included U.S. fishery data, with the Hawaii-based DSLL fishery representing 5 to 6% 
of the total hooks set by Western Central Pacific Ocean longline fisheries. From 2013 to 2020, an 
average of 722 leatherbacks (CI: 468 – 976) were caught annually, with an estimated 76 
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leatherbacks (CI: 16 – 136) killed per year. With low observer coverage in these international 
fleets (~3%), confidence in these estimates are low. Nonetheless, we have more confidence in 
understanding the effects of our domestic longline fisheries, given 100% observer coverage in 
the Hawaii-based SSLL fishery and approximately 20% observer coverage in the Hawaii-based 
DSLL fishery, and variable coverage in the American Samoa longline fishery. 

The U.S. tuna purse seine fishery operating in the Western and Central Pacific Ocean interacted 
with approximately 16 leatherback turtles between 2008 and 2015 based on observer coverage 
ranging from 20 to 100 percent (NMFS and USFWS 2020). The anticipated future interactions of 
leatherbacks for this fishery is estimated to be 11 sub-lethal interactions per year, and mortalities 
are not anticipated from this fishery. 

Historically, significant leatherback bycatch was documented in the North Pacific high seas 
driftnet fishery, which expanded rapidly during the late 1970s, and was banned in 1992 by a 
United Nations resolution (summarized in Benson et al. 2015). High seas driftnet fishery bycatch 
was likely a significant contributor to the population declines observed at nesting beaches during 
the 1980s and 1990s (Benson et al. 2015). Bycatch in small-scale coastal fisheries has also been 
a significant contributor to leatherback population declines in many regions (Kaplan 2005; 
Alfaro‐Shigueto et al. 2011), yet there is a significant lack of information from coastal and small-
scale fisheries, especially from the Indian Ocean and Southeast Asian region (Lewison et al. 
2014). 

In summary, West Pacific leatherbacks are exposed to high fishing effort throughout their 
foraging range, nesting range, and migratory pathways, though very little fisheries data are 
available for coastal areas (NMFS and USFWS 2020). Bycatch rates in international pelagic and 
coastal fisheries are thought to be high, and these fisheries have limited management regulations 
despite hotspots of high interactions (Lewison et al. 2004; Alfaro‐Shigueto et al. 2011; Wallace 
et al. 2013a; Clarke et al. 2014; Lewison et al. 2014; Clarke 2017). Annual interaction and 
mortality estimates are only available for U.S.-managed pelagic fisheries, which operate under 
fisheries regulations that are designed to minimize interactions with and mortalities of 
endangered and threatened sea turtles (NMFS and USFWS 2013; Swimmer et al. 2017; NMFS 
and USFWS 2020). 

Bycatch in commercial and recreational fisheries, both on the high seas and nearshore, is 
considered the primary threat to the East Pacific leatherback population (NMFS and USFWS 
2020). Juvenile and adult leatherbacks are exposed to high fishing effort throughout their 
foraging and nesting ranges. Mortality is also high in some fisheries, with reported mortality 
rates of up to 58% due in part to gillnet use and consumption of bycaught turtles in Peru (NMFS 
and USFWS 2020). While efforts by individual nations and regional fishery management 
organizations have, to some extent, mitigated and reduced bycatch, this stressor remains a major 
threat to the East Pacific leatherback population (NMFS and USFWS 2020). 
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Given that recent developments to reduce sea turtle bycatch in fisheries have been working their 
way into some international fisheries, and the incomplete datasets and reporting that exists, the 
exact level of current sea turtle bycatch internationally is not clear. However, given the 
information that is available, we believe that international bycatch of sea turtles in fisheries 
throughout the Pacific Ocean continues to occur at significant rates several orders of magnitude 
greater than what NMFS documents or anticipates in domestic U.S. Pacific Ocean fisheries. 

In an attempt to develop a tool for managers to use locally (e.g. in an EEZ) to reduce threats in a 
particular area of interest, Curtis et al. (2015) developed biological “limit reference points” for 
western Pacific leatherback turtles in the U.S. West Coast EEZ, similar to a PBR approach 
calculated for marine mammal stocks. Depending on the model used, various objectives sought, 
and incorporation of conservative assumptions accounting for broad uncertainty in abundance 
and productivity estimates, the limit reference point estimate for human-caused removals in the 

U.S. West Coast EEZ ranged from 0.8 to 7.7 leatherbacks over 5 years. Although these results 
are useful for consideration, NMFS is not currently using this approach to manage threats to sea 
turtles foraging within the U.S. EEZ pending further discussion of how this approach or other 
approaches relate to the standards of the ESA. We anticipate that the management tool presented 
by Curtis et al. (2015) and other approaches to managing threats to sea turtles will continue to be 
subject to future discussion by scientific and policy experts. 

Marine debris represents a potential stressor for the East and West Pacific leatherback 
populations, although the impacts remain unquantified. Leatherback turtles can ingest marine 
debris, causing internal damage and/or blockages. Larger debris can entangle animals, leading to 
reduced mobility, starvation, and death. Given the amount of floating debris in the Pacific Ocean 
within the range of the West Pacific population, marine debris has the potential to be a significant 
threat, however the impact is unquantified (NMFS and USFWS 2020). Lebreton et al. (2018) 
estimated plastic debris accumulation to be at least 79,000 tons in the Great Pacific Garbage 
Patch, a 1.6 million km2 area between California and Hawaii. Leatherback turtles feed 
exclusively on jellyfish and other gelatinous organisms and as a result may be prone to ingesting 
plastic items resembling their food source (Schuyler et al. 2014; Schuyler 2014). Few studies 
have addressed the susceptibility of West Pacific leatherbacks to plastic marine debris ingestion, 
or the magnitude of the risk this potential stressor represents. Entanglement in ghost fishing gear 
is also a concern (Gilman et al. 2016), and derelict nets account for approximately 46% by piece, 
and 86% by weight, of debris floating in the Great Pacific Garbage Patch (Lebreton et al. 2018). 

The South Pacific Garbage Patch, discovered in 2011 and confirmed in mid-2017, contains an 
area of elevated levels of marine debris and plastic particle pollution, most of which is 
concentrated within the ocean’s pelagic zone and in areas where East Pacific leatherbacks forage 
for many years of their life (NMFS and USFWS 2020). This garbage patch is located within the 
South Pacific Gyre, which spans from east of Australia to the South American continent and as 
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far north as the equator. Entanglement in, and ingestion of marine debris and plastics is a threat 
that likely kills or injures individuals from this population each year; however, data are not 
available because most affected turtles are not observed. 

Inadequate International Regulatory Mechanisms: Legal and Illegal Harvest 

One threat to the West Pacific population outside of the U.S. is the legal and illegal harvest of 
leatherback turtles and their eggs. The removal of nesting females from the population reduces 
both abundance and productivity; egg harvest reduces productivity and recruitment. Regulatory 
mechanisms exist in all four nations (Indonesia, Papua New Guinea, Solomon Islands, and 
Vanuatu) where this population nests, but enforcement is often lacking due to remote nesting 
beaches, customary ownership of natural resources, and limited institutional capacity and 
funding for enforcement (Kinch, 2006; Gjertsen & Pakiding, 2011; NMFS & USFWS, 2020). 

Directed killing of juvenile and adult leatherbacks has been documented in all four countries 
where this population nests (Suarez & Starbird, 1995; Dutton et al., 2007; Steering Committee, 
2008; Kinch et al., 2009; Jino et al., 2018). Efforts to quantify and reduce directed take are 
ongoing, but past and current threats from egg and turtle harvest remain widespread throughout 
the West Pacific leatherback range (Steering Committee, 2008; NMFS & USFWS, 2013; Tiwari 
et al., 2013; Tapilatu et al., 2017). In Indonesia, the direct harvest of turtles and eggs likely 
persists, although this threat has been minimized at Jamursba-Medi, Wermon, and Buru Island 
beaches due to the presence of monitoring programs and associated educational outreach 
activities (NMFS & USFWS, 2020). In the Maluku islands of Indonesia, several villages of the 
Kei islands have engaged in an indigenous hunt (directed fishery) of juvenile and adult 
leatherback turtles foraging in coastal habitats for decades. While recent programmatic efforts 
are working to monitor and reduce this impact, the hunt was historically estimated to take over 
100 leatherback turtles annually (Suarez & Starbird, 1995; NMFS & USFWS, 2020). Since 
2017, the harvest has declined significantly from the high of over 100 leatherbacks in 2017, to 
less than 25 in 2019-2021, including only 9 turtles in 2021 (92% reduction; J. Wang, NMFS-
PIFSC, personal communication, 2022). In Papua New Guinea, egg harvest and killing of nesting 
females is still a major threat despite the fact that leatherback turtles have been protected since 
the 1976 Fauna (Protection and Control) Act. The killing of nesting females and directed harvest 
of eggs in Vanuatu and the Solomon Islands is also well documented (Steering Committee, 2008; 
NMFS & USFWS, 2013, 2020). 

The conservation of leatherback sea turtles internationally is hampered by inadequate regulatory 
mechanisms, which ultimately contribute to mortality of these endangered creatures. Legal and 
illegal harvest of turtles and their eggs persist despite existing laws, which are often poorly 
enforced or outright ignored (Kinch, 2006; Gjertsen & Pakiding, 2011). While relocation of nests 
is a common mitigation strategy, it has not been sufficient to counteract the nearly 90% decline 
in egg harvest over two decades, severely depleting certain leatherback populations (Martínez et 

https://www.zotero.org/google-docs/?broken=gUfuxx
https://www.zotero.org/google-docs/?broken=6PV9z8
https://www.zotero.org/google-docs/?broken=6PV9z8
https://www.zotero.org/google-docs/?broken=40brtz
https://www.zotero.org/google-docs/?broken=40brtz
https://www.zotero.org/google-docs/?broken=WqpOCx
https://www.zotero.org/google-docs/?broken=ayRSZH
https://www.zotero.org/google-docs/?broken=B3Eg1g
https://www.zotero.org/google-docs/?broken=B3Eg1g
https://www.zotero.org/google-docs/?broken=B3Eg1g
https://www.zotero.org/google-docs/?broken=Lwhkaf
https://www.zotero.org/google-docs/?broken=vahght


66  

al., 2007; Santidrián-Tomillo et al., 2008; B. Wallace & Saba, 2009). Traditional rights are 
sometimes perceived as superseding conservation laws, further complicating enforcement efforts. 
Leatherbacks face overutilization for various purposes including commercial trade, recreation, 
scientific research, and education, exacerbating their decline. 

In Mexico, the harvest of turtles and eggs is now prohibited as a result of national legislation. In 
Costa Rica, establishment of Parque Nacional Marino Las Baulas in 1991 ensured increased 
protection at three nesting beaches (Playa Grande, Playa Ventanas, and Playa Langosta), greatly 
reducing egg poaching in the area. Though conservation efforts have reduced the levels of both, 
egg poaching remains high and affects a large proportion of the East Pacific breeding population. 
Despite international efforts such as the Inter-American Convention for the Protection and 
Conservation of Sea Turtles (IAC) and CITES, regulatory mechanisms remain inadequate. The 
Eastern Pacific Leatherback Network and regulations imposed by the Inter-American Tropical 
Tuna Commission (IATTC), such as requiring longline vessels to carry observers since 2015 and 
promoting the use of circle hooks, aim to mitigate threats, yet challenges persist. Illegal, 
unreported and unregulated (IUU) fishing, particularly rampant in countries like Mexico, further 
exacerbates the issue. Moreover, a lack of institutional capacity and funding for enforcement, 
coupled with the remoteness of nesting beaches and government-led legislation that may clash 
with traditional practices, complicate conservation efforts. These systemic shortcomings 
underscore the urgent need for strengthened regulatory frameworks and increased community 
engagement to effectively protect leatherback sea turtles from human-induced mortality. Despite 
best efforts from governmental organizations, international regulatory mechanisms can fall short 
of conservation goals. Many fisheries (pelagic longline, shallow-set longline, gillnet) with known 
interactions with leatherback sea turtles require observers to be onboard during fishing activity to 
monitor and quantify fishery interactions with turtles and other bycatch species. Due to spatially 
limited coverage and a reduced observer coverage rate (Panizza et al. 2022, Peatman et al. 2023), 
available observer data doesn’t create an accurate representation of overall fishing effort across 
international fisheries. Although there are some requirements for observer coverage in how much 
effort is observed in international fisheries, coverage is lower than mandated and varies across 
international fleets and gear types (Lewison et al. 2014, Mace et al. 2014, Panizza et al. 2022). 
With gaps in the data, it is difficult to accurately describe how often leatherback sea turtles are 
interacting with international fisheries as bycatch and how lethal these interactions may be. 

In response to decreasing numbers of leatherback turtles, governments have put in efforts to 
discourage harvest of leatherbacks and their eggs. The take of turtle eggs is tied to cultural 
demand or because it is an accessible source of protein for locals. In Costa Rica, poachers 
removed 90% of eggs each nesting season for 15-20 years until Las Baulas Marine National Park 
was established in 1991 (Santidrian Tomillo et al. 2017, 2008). Beach protections and 
enforcement has reduced poaching to less than 1% each year at Las Baulas but such a large 
reduction in poaching is not always the case for other nesting beaches worldwide 
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(Mejias-Balsalobre et al. 2021). Continued poaching of eggs despite beach protections may also 
be due to lack of funding, personnel or other resources needed to patrol large stretches of nesting 
beaches or the extreme remoteness of beaches (Kinch 2006, Santidrian Tomillo et al. 2008, 
Gjertsen and Pakiding 2011, Tapilatu 2014, Von Essen et al. 2014, NMFS & USFWS 2020). A 
2017 survey in Costa Rica at Tortuguero found 28.6% of leatherback nests were poached 
(Restrepo et al. 2018, Mejias-Balsalobre et al. 2021). Despite protections in place and the 
promotion of sea turtles as a source of income via ecotourism, those who do not benefit from the 
tourism industry may still poach sea turtles and their eggs (Hart et al. 2013, Mejias-Balsalobre et 
al. 2021). This consumptive use of turtles and their products has been identified as a major 
challenge to marine turtle conservation in the Caribbean Basin (Barrios-Garrido et al. 2020, 
Mejias-Balsalobre et al. 2021). 

Conservation: 

Considerable effort has been made since the 1980s to document and address leatherback sea 
turtle bycatch in fisheries around the world. Observer programs have been implemented in most 
U.S. federally managed fisheries to collect bycatch data and several strategies have been pursued 
to reduce both bycatch and post-interaction mortality. Some of these methods include gear 
solutions to prevent or reduce capture (e.g. circle hooks, fin-fish bait), turtle exclusion devices, 
seasonal time-area closures, and developing and promoting sea turtle handling guidelines. For 
example, switching to large circle hooks and mackerel-type bait in 2004 with complimentary 
fishery-based outreach and education resulted in an 84% reduction in the leatherback sea turtle 
interaction rate in the Hawaii SSLL fishery (Swimmer at al. 2017, NMFS 2024d). In addition, in 
2020, NMFS issued a final rule for the SSLL fishery that reduced the annual interaction limit 
from 26 to 16 for leatherbacks, and included trip (not more than 2 leatherbacks per vessel trip) 
and vessel (vessels that reach the trip limit twice in a calendar year are prohibited from the 
fishery for the remainder of the year) limits (85 FR 57988). 

NMFS developed a 5-year action plan (2016-2020) identifying the top five recovery actions to 
support leatherbacks: reduce fishery interactions, improve nesting beach protection and increase 
reproductive output, international cooperation, monitoring and research, and public engagement 
(NMFS 2016c). This initiative was recently renewed in 2021 to be implemented from 2021-2025 
and is called the Species in the Spotlight Action Plan (NMFS 2021b). 

Community-based conservation projects in Wermon and Jamursba-Medi in Papua, Barat, Papua 
New Guinea, Solomon Islands, Vanuatu, Mexico, Costa Rica, Nicaragua have been developed to 
monitor and protect nests from harvest and predation, increasing the production of hatchlings 
from these nesting areas. Specifically, within Jamursba-Medi and Wermon, hatchling production 
increased from a mean of 21,966 hatchlings each year between 2005-2013, to 32,000-50,000 
hatchlings per year from 2017-2019 (Tapilatu 2014; Pakiding et al. 2020). Nest success rates 
increased from about 35% prior to 2017 to over 50% since 2017. At Buru Island, a multi-year 
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action plan developed with the involvement of local government agencies, local village elders, 
and community members continues to be implemented. When the plan was first implemented in 
2017, over 60% of nests and even some nesting females were being poached or predated for 
local consumption partially fueled by cultural demand. By 2022, less than 1% of nests were 
being poached with no nesting females taken (NMFS 2023d). World Wildlife Fund (WWF)-
Indonesia works to monitor and reduce the poaching of leatherbacks in the Kei Islands, 
Indonesia, and has documented an 86% reduction in leatherback take between 2017-2022 
(NMFS 2023d). Recently, management and conservation practices have included relocating 
erosion-prone nests in Indonesia, Papua New Guinea, and the Solomon Islands to bolster 
hatchling production (NMFS and USFWS 2020). 

The conservation and recovery of leatherbacks is facilitated by a number of regulatory 
mechanisms at international, regional, national, and local levels. The Food and Agriculture 
Organization (FAO) issues guidelines on how to reduce interactions between sea turtles and 
fishing gear then summarizes these interactions in formal reports. The IAC is an 
intergovernmental treaty providing a legal framework for countries in the American Continent to 
take actions benefiting sea turtles. Under CITES, sea turtles are prohibited from being 
commercially traded internationally. Despite a ban on global trade of leatherback turtles, the sale 
and trade of this species still occurs at local levels. Many non-profit organizations such as the 
WWF and the Nature Conservancy partner with government and local groups to support 
conservation efforts and discourage the consumption of these sea turtles. Local governments, 
particularly those with known nesting beaches for leatherback turtles, also implement 
conservation measures such as beach closures or marine protected areas to protect turtles, their 
nests, eggs and hatchlings from human interactions. The WCPFC has passed many conservation 
and management measures (CMMs) that have resulted in reducing the harvest of eggs and adults 
at several nesting areas, and promoting a number of community-based initiatives to help reduce 
the harvest of turtles. 
 

2.3 Action Area 
 
“Action area” means all areas to be affected directly or indirectly by the Federal action and not 
merely the immediate area involved in the action (50 CFR 402.02). For the PCGF, the action 
area includes the U.S. EEZ of the northeast Pacific Ocean that lies between the U.S.-Canada 
border (as specified in Federal Register, Volume 42, Number 44, March 7, 1977, page 12938) 
and the U.S.-Mexico border (Figure 8), as fishing activity in the PCGF occurs throughout the 
entire U.S. West Coast EEZ. The action area also includes areas where PCGF vessels transit 
through state waters and land fish within ports scattered across the entire U.S. West Coast. These 
routes are not specifically defined given the variable nature of PCGF vessel traffic, and are 
assumed to include all state waters of Washington, Oregon, and California. 

Several areas within the geographic extent of the action area are closed to PCGF activities. As 
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described in Section 1.3.9 (Closed Areas That Apply to All Groundfish Fisheries), there are 
conservation areas defined by depth contours (or latitude/longitude coordinates that are intended 
to approximate particular depth contours) which are closed to all groundfish activities in order to 
protect rockfish, cowcod, and groundfish species from overfishing, as well as protect essential 
habitat for groundfish (Sections 1.3.9-1.3.9.10) 

Although the state-managed groundfish fisheries in state waters are not part of the proposed 
action, vessels participating in Federally-managed fisheries transit through state waters and land 
fish within state waters. Thus, some effects of the Federally-managed PCGF could occur in state 
waters (e.g., marine pollution and collisions associated with vessel traffic from transiting), but 
deployment of fishing gear, harvest of groundfish, and bycatch of protected species or their prey 
associated with the proposed action would not occur in state waters. 
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Figure 8. The fishery management area, showing major communities and groundfish 
management areas within the EEZ; boundary lines do not accurately represent the boundaries of 
the U.S. West Coast EEZ and state waters that are included in the action area (PFMC 2023). 
 

2.4. Environmental Baseline 

The “environmental baseline” refers to the condition of the listed species or its designated critical 
habitat in the action area, without the consequences to the listed species or designated critical 
habitat caused by the proposed action. The environmental baseline includes the past and present 
impacts of all Federal, State, or private actions and other human activities in the action area, the 
anticipated impacts of all proposed Federal projects in the action area that have already 
undergone formal or early section 7 consultations, and the impact of State or private actions 
which are contemporaneous with the consultation in process. The consequences to listed species 
or designated critical habitat from ongoing federal agency activities or existing federal agency 
facilities that are not within the agency’s discretion to modify are part of the environmental 
baseline (50 CFR 402.02). 

As described in the Status of the Species sections, humpback whales and leatherback sea turtles 
are exposed to similar threats throughout their ranges. The action area for this proposed action 
represents only a portion of the relatively large ranges of these highly migratory and mobile 
species. In this section, we review the available information regarding impacts to humpbacks and 
leatherbacks within the action area, which includes biological opinions, current scientific 
research, current SARs, and other cited material. 

A comprehensive list of general threats to humpback whales and their habitat is detailed in the 
Recovery Plan (NMFS, 1991) and the most recent Status Review (Bettridge et al., 2015). Similar 
to other large whales, humpback whales and their critical habitat are potentially affected by 
climate change, entanglement/entrapment in fishing gear, vessel collisions, coastal development, 
contaminants, energy exploration and development, harmful algal blooms, whale-watching, 
scientific research, habitat degradation, loss of prey, and anthropogenic underwater noise 
(Bettridge et al., 2015). 

For leatherback sea turtles, a comprehensive list is detailed in the Recovery Plan (NMFS & 
USFWS, 1998) and the most recent Status Review (NMFS & USFWS, 2020). Potential threats 
include interactions with fisheries as bycatch, direct harvest of eggs and turtles, coastal 
development, climate change, vessel strikes, ingestion of plastics, and entanglement in marine 
debris. 

2.4.1 Climate Change and Other Habitat Impacts 

Given this proposed action is likely to continue into the future for an undetermined time, we 
anticipate that the environmental baseline and the effects of climate change will persist, similar to 
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those impacts summarized throughout Section 2.2. 

Temperature 

Globally, annual surface air temperatures have increased by ~1.0°C over the last 115 years (1901 
to 2016), primarily due to greenhouse gas emissions (Wuebbles et al., 2017). Without significant 
emission reductions, global temperatures relative to preindustrial times, could rise by 5°C or 
more by the end of this century. SST is also expected to increase due to climate change and the 
Intergovernmental Panel on Climate Change (IPCC) predicts an increase of 1-6°C by 2100 
(IPCC 2007, Rosenzweig et al. 2008, Lezama-Ochoa et al. 2024). SST variation can affect 
ecological community composition and structure, alter migration and breeding patterns, and 
change the frequency and intensity of extreme weather events. Long term increases in SST can 
reduce nutrient supply from deep waters, leading to declines in fish populations, and 
consequently species that rely on fish. Rising SST can alter predator distributions, with 
leatherback sea turtles potentially gaining core habitat while loggerhead sea turtles and blue 
whales may lose habitat (Hazen et al., 2012). Such shifts could impact marine mammal and sea 
turtle foraging success and sea turtle reproductive periodicity (Kaschner et al., 2011). Sea turtles 
have temperature-dependent sex determination, and global warming is likely to exacerbate 
female-biased offspring sex ratios (Benson et al., 2015; Jensen et al., 2018). Increased 
temperatures in sea turtle nests can result in reduced incubation times, clutch size, and nesting 
success due to exceeded thermal tolerances (Fuentes et al., 2011) and increased frequency of 
natural disasters (Santidrián Tomillo et al., 2012). Even with current conservation efforts the 
chances of new nesting areas emerging with more ideal conditions is unlikely due to the global 
effect of warming (Santidrián Tomillo et al., 2012). 

Temperature fluctuations and the concerns stated above, have occurred recently within the action 
area, specifically during the anomalous warming period from 2014–2016 in the CCE, known as 
the “warm blob”. Due to this warming, there were significant declines in euphausiid biomass, 
with decreases in both abundance and body length (Harvey et al., 2017; Peterson et al., 2017). 
Comparisons between cool, warm, and intermediate years in the Northern CCE indicated better 
body conditions for northern anchovy, Pacific herring, and Pacific sardine, particularly for 
anchovy and herring (Brodeur et al., 2019). During the marine heatwave, sardine spawned earlier 
and appeared further north within the Northern CCE than in previous years (Auth et al., 2018). 
Shifts in prey abundance and distributions can lead to corresponding shifts in marine mammal 
distributions (King et al., 2011). For example, in Monterey Bay, California, the densities of blue, 
fin, and humpback whales declined with El Niño-associated declines in euphausiids (Benson et 
al., 2002). The marine heatwave altered humpback whale prey distribution and abundance by 
compressing habitat coastward leading to increased coastal fisheries interactions and humpback 
whale entanglements (Santora et al., 2020). 

Prey and Habitat Suitability 
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Species that undergo long migrations typically link their movements to prey availability or 
habitat suitability. Disruptions in prey availability due to climate change can alter migration 
pathways and timing or negatively impact population sustainability (Simmonds & Eliott, 2009). 
In the CCE, anomalous warming and weak upwelling from 2014-2016 led to declines in 
euphausiid biomass, potentially affecting humpback whale availability (Benson et al., 2002; 
Learmonth et al., 2006). Fish species targeted by humpback whales are included as an essential 
feature in the critical habitat designation, and may be negatively impacted by warming ocean 
conditions. For example, in the Northern CCE northern anchovy, Pacific herring, and Pacific 
sardine body conditions were better in cooler years (Brodeur et al., 2019). Sardines also spawned 
earlier and appeared further north (Auth et al., 2018). Changes in fish abundance and distribution 
may further impact humpback whale abundances and distributions within warmer oceans, 
increasing their vulnerability to threats such as interactions with fisheries. Humpbacks with their 
ability to use fat reserves for prolonged fasting, may adapt by seeking new habitats with 
sufficient prey resources. Although climate change poses uncertainties for northern hemisphere 
humpback whales, new feeding habitats may arise as ice sheets melt (although humpbacks 
generally do not feed in Arctic waters). 

Commercial fisheries targeting Pacific sardine and northern anchovy are managed by NMFS and 
the PFMC under the Coastal Pelagic Species (CPS) FMP. The primary directed Pacific sardine 
fishery has been closed since 2015 (allowable catch set to zero) due to low biomass estimates 
(2022 Stock Assessment Report of Pacific Sardine Northern Subpopulation) A Pacific sardine 
rebuilding plan was approved by PFMC in September of 2020, and implemented by NMFS in 
June 2021 (CPS FMP 2024; 86 FR 33142). Despite the closure, fisheries are allowed some 
retention of Pacific sardine. CPS fisheries are allowed no more than 20% Pacific sardine per 
landing by weight and, when the annual catch target (ACT) of 3,800 is attained, vessels are 
restricted to a per-trip limit of 1 mt of Pacific sardines. Non-CPS fisheries are allowed an 
incidental per-landing amount of 2 mt until the annual catch limit (ACL) is reached. If landings 
in the live bait fishery attain 2,500 mt of sardine, a per-landing limit of 1 mt of sardine per trip 
will apply. These allowances are subject to other annual management measures the Council may 
recommend and NMFS may implement (CPS FMP 2024, CPS SAFE 2024). Fluctuations in 
biomass are common for Pacific sardine (Chavez et al., 2003) and the fishery will likely re-open 
with sufficient population increases. The anchovy fishery remains active, though it is landed in 
relatively low numbers. There are two subpopulations of northern anchovy found within U.S. 
waters, northern and central, while the third subpopulation–southern– is found only in Mexican 
waters (PFMC, 2023). The central subpopulation supports significant U.S. fisheries and has 
continually increased since 2015 (24,810 mt; 2021 Stock Assessment) with projections to reach a 
total biomass of 2.7 million mt in 2021 (Koenigstein et al., 2022, Kuriyama et al. 2022). 

One of the main prey resources for leatherback sea turtles is jellyfish, displaying significant 
overlap in their species distributions (Nordstrom et al., 2020). Given cnidarians are a low energy 
food source, a single leatherback can consume upwards of 1000 mt of jellyfish in its lifetime 
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with the Pacific population consuming 2.1x106 jellyfish annually (Jones et al., 2012). A climatic 
shift in jellyfish distribution would have a significant impact on leatherback critical habitat and 
distribution, as evidenced by leatherbacks in the northwest Atlantic shifting northward consistent 
with warming waters (Nordstrom et al., 2020). Jellyfish have been predicted to decrease in 
warming waters, facilitating an ecosystem with denser populations of energetically-poor 
pyrosomes (Gomes et al., 2024). This could influence and even decrease leatherback distribution 
and critical habitat, as they would need to travel to consume higher rates of pyrosomes to 
compensate for the energy deficiency between pyrosomes and jellyfish. 

Environmental changes associated with climate change are occurring within the action area and are 
expected to continue into the future. Marine populations that are already at risk due to other threats 
are particularly vulnerable to the direct and indirect effects of climate change. 

2.4.2. Human Interaction Threats for Humpback Whales 

Off the U.S. West Coast, human-caused mortality and injuries are recorded through stranding 
reports, observer records, and at-sea sightings. The most recent SAR indicated the humpback 
whale stocks that represent ESA-listed DPSs off the U.S. West Coast are impacted by 
anthropogenic activities, including interactions with pot/trap and gillnet fisheries, unidentified 
fishery interactions, vessel strikes, and marine moorings. There were also entanglements 
involving “unidentified whales,” reported from 2016-2020 (Carretta et al., 2023a), some 
unknown number of which were likely humpback whales. Humpback whales are also threatened 
by increasing levels of anthropogenic sound, such as those produced from shipping traffic, Navy 
sonar exercises, and explosives, which may interfere with communication, foraging, and hearing 
threshold levels (Carretta et al., 2023a). Although the humpback whale DPSs considered in this 
opinion are not exactly equivalent to stock definitions under the MMPA, we use information 
provided in the SARs for affected stocks of whales to understand what impacts are occurring that 
may affect the ESA-listed species of whales in the action area. 

Along the U.S. West Coast, five national marine sanctuaries provide protection for both 
humpback whale DPSs: the Olympic Coast (3,188 mi2), the Greater Farallones (3,295 mi2), 
Cordell Bank (1,286 mi2), Monterey Bay (6,094 mi2), and the Channel Islands (1,470 mi2). These 
sanctuaries provide additional protection that may restrict acoustic impacts, discharge of 
pollutants, cruise ships, fishing, offshore wind energy development, oil and gas development, 
vessel traffic, etc. 

Fisheries Interactions 

The impact of fisheries on U.S. West Coast humpback whales are likely underestimated since 
entanglements often go unobserved because whales swim away or occur in a remote area. Pot 
and trap fishery entanglements are the most prevalent source of M/SI off the West Coast, and 
reported entanglements increased considerably in 2014 (Saez et al. 2020). In the most recent 
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decade (2014-2023), NMFS confirmed an average of 32.8 entangled whales per year across all 
species, for a total of 328 entanglements. Humpback whales constituted 66.8% of those reported 
entanglements (219 out of 328). The majority of entanglements (of all whale species) were 
reported from California, Washington, Oregon, and 1% were entanglements reported from 
Mexico and Canada that involved U.S. gear, with peak entanglement reporting occurring 
between April-November corresponding with humpback migration back to the West Coast. 
Many of the reports consist of unidentified gear, but for those entanglements with known 
fisheries/origins, a majority were attributed to traps/pots. 

Here we will summarize the most recent years’ whale entanglement summaries on the West 
Coast. It is important to note that throughout this opinion we will refer to entanglement locations. 
These locations are where the entanglements were first observed and reported by human 
observers, but does not necessarily mean that is where the entanglements originally occurred. 
Humpbacks can travel large distances despite entanglement in fishing gear, and observation of 
entanglements can be biased in areas where there is a larger density of people utilizing the water. 
In 2020, there were 10 confirmed humpback whale interactions involving U.S. gear; eight 
reported in California, one in Oregon, and one in Washington. Fishing gear that was able to be 
identified from those reported entanglements involved two in commercial Dungeness crab gear, 
two in unidentified gillnet, and one in commercial spot prawn gear (NMFS 2021a). In 2021, 
there were 17 confirmed humpback whale entanglements involving U.S. gear: 11 reported in 
California, one in Oregon, two in Washington, and three reported from Mexico. Fisheries 
identified in the entanglements include: five in commercial Dungeness crab gear, two in 
California large mesh drift gillnets, one in California experimental box crab gear, one in 
unidentified gillnet, one in California commercial spiny lobster gear, one in California 
commercial spot prawn gear, one in recreational hook-and-line, and five in unknown gear 
(NMFS, 2022a). In 2022, there were 18 confirmed humpback entanglements involving U.S. 
gear: 16 reported in California and two in Mexico. Fisheries identified include: seven in 
commercial Dungeness crab gear, two in unidentified gillnets, and nine in unknown gear 
(NMFS, 2023a). In 2023, there were 16 confirmed humpback entanglements off the West Coast: 
12 reported in California (Central California predominantly), two in Oregon, one in Washington, 
and one in Mexico, all of which were found alive (NMFS, 2024a). Of these entanglements, 
seven involved Dungeness Crab gear, one in spot prawn gear, one in PCGF midwater trawl gear, 
one in both Pacific halibut longline and sablefish pot gear, one in unidentified gillnet, and five in 
unknown fishing gear. There were two additional alive unidentified whales observed entangled 
in 2023, and one live humpback in California documented with wounds consistent with previous 
entanglement. As of August 2024, there had been 14 confirmed entanglements of humpback 
whales in a variety of gear types in 2024, mostly reported from California and Oregon. All of the 
2024 entanglements are still under review by NMFS at the time this opinion was written. 

Considering the most recent SARs, and our assessment of the proportion of listed DPSs that may 
be found off California, Oregon, Washington, we can generate a proportional estimate of total 
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entanglements (or other types of fisheries interactions) and human-caused M/SIs on the Mexico 
and Central America DPSs, following along the same proportions used for humpback whale 
stocks off the U.S. West Coast. This approach is used for both the DPSs and the stocks off the 
U.S. West Coast, because all members of the associated stock (e.g., Mainland Mexico - 
CA/OR/WA stock; Central America/So. Mexico - CA/OR/WA stock) are assumed to be 
associated with the respective DPSs, derived from the same movement probabilities described in 
Wade 2021. For humpback whale interactions with fishing gear that occur off the coast of 
California and Oregon, we assume that 57.7% would be representative of the Mexico DPS and 
42.3% the Central America DPS. For interactions known to have come from Washington waters, 
the impacts are apportioned to the Central America DPS (5.9%), Mexico DPS (25.4%), and 
Hawai’i DPS (68.8%), respectively (NMFS, 2021a). The majority of historical confirmed 
entanglements were reported in southern California (Saez et al. 2021). Beginning in 2014, a 
much larger portion of entanglements have been reported in central California (NMFS, 2024a), 
likely due partially to increasing interactions with fixed gear fisheries and extensive use of 
vertical lines prominent outside of southern California (e.g. Dungeness crab fisheries), along 
with the popularity of Central California as a primary foraging and migratory route for many 
whale species along with well-developed whale-watching activities. 

As shown in Table 5, of the documented 150 cases of human-related interactions with humpback 
whales between 2016-2020 that were not attributed to PCGF gear, the majority of those are 
attributed to fisheries interactions, with most of them attributed to unidentified fisheries, 
followed by interactions with the California Dungeness crab pot fishery. Other pot/trap fisheries 
also contribute to the majority of fishery interactions with humpback whales and this reflects 
much of the historic entanglements dating back to the early 1980s. However, recent analyses 
indicate that since 2000, the proportion of whales (all species) entangled in pot/trap gear has 
increased, whereas net entanglements have decreased in prevalence (through 2017; Saez et al. 
2021). 

Table 5: Humpback whale human-related injury and mortality sources (non-PCGF), number 
of cases, and total mortality and serious injury, 2016-2020, across California, Oregon, and 
Washington. 

Source Number 
of Cases 

Mortality/Serious Injury 
Total (and Annual 

Average), 2016-2020 

Unidentified Fishery Interaction (whales 
identified as humpbacks) 

58 43.75 (8.75) 

Dungeness Crab Pot Fishery (CA) 34 23.75 (4.75) 
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https://www.zotero.org/google-docs/?broken=EUPAWL
https://www.zotero.org/google-docs/?T3ePUa
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Vessel Strike 14 13.20 (2.64) 

Unidentified Pot/Trap Fishery 
Entanglement 

13 9.50 (1.9) 

Dungeness Crab Pot Fishery (WA) 7 5.50 (1.1) 

Gillnet Fishery 6 2.00 (0.4) 

CA spot prawn trap fishery 5 3.25 (0.65) 

Gillnet fishery, tribal 3 2.50 (0.5) 

Dungeness crab pot fishery (commercial) 2 2.00 (0.4) 

Dungeness crab pot fishery (OR) 2 1.75 (0.44) 

Dungeness crab pot fishery (recreational) 2 1.00 (0.2) 

Hook-and-line fishery 1 0.75 (0.15) 

Marine debris 1 1.00 (0.2) 

Pot fishery, tribal 1 1.00 (0.2) 

Spot prawn trap/pot fishery (recreational) 1 0.00 

Total 150 110.95 (22.2/year) 

Table 6 provides a summary of estimated mortality and serious injury associated with different 
sources of interactions attributed to different stocks of humpback whales in U.S. West Coast 
commercial fisheries for the period 2016-2020, unless otherwise noted (Carretta 2022; Carretta 
et al. 2023a; Jannot et al. 2021). Records also include entanglements detected outside of U.S. 
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waters confirmed to involve U.S. West Coast commercial fisheries. Most cases are derived from 
opportunistic strandings and at-sea sightings of entangled whales. Also included are records of 
entangled unidentified whales prorated to humpback whales based on location, depth, and time 
of year (Carretta 2018). Sources derived from systematic observer programs with statistical 
estimates of bycatch and uncertainty are shown with coefficients of variation (CV). Totals in the 
first two numerical columns include whales from two stocks: the Central America / Southern 
Mexico – CA-OR-WA stock, and the Mainland Mexico – CA-OR-WA stock, which are 
synonymous with the respective Mexico and Central America DPSs, prorated using the same 
proportions as described earlier in the Status of the Species section 2.2.2, derived from Wade 
(2021). 

Table 6: Sources of serious injury and mortality of humpback whale stocks in U.S. West 
Coast commercial fisheries (non-PCGF) for the period 2016-2020, unless noted otherwise 
(Jannot et al. 2021; Carretta 2022; Carretta et al. 2023a). 

 
Fishery Source 

 
Observed 

Interactions 
(% observer 
coverage if 
applicable) 

 
Mean Annual 
M/SI all U.S. 
West Coast 
humpback 

whales 

 
Mean Annual 

M/SI 
 

Central 
America / 
Southern 
Mexico – 

CA-OR-WA 
stock prorated 

totals (0.42) 

 
Mean Annual M/SI 

 
Mainland Mexico-
CA/OR/ WA stock 

prorated totals 
 

(.58) 

 
Unidentified 
fishery 

 
58 

 
8.75 

 
3.52 

 
4.89 

 
Dungeness crab 
pot (California) 

 
34 

 
4.75 

 
2.01 

 
2.74 

 
Unidentified 
pot/trap fishery 

 
13 

 
1.9 

 
0.62 

 
0.94 

 
Dungeness crab 
pot (Washington) 

 
7 

 
1.1 

 
0.07 

 
0.28 
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Unidentified 
fishery 
interactions 
involving 
unidentified 
whales prorated 
to humpback 
whale 

 
7 

 
1.05 

 
0.44 

 
0.61 

 
Unidentified 
gillnet fishery 

 
6 

 
0.4 

 
0.17 

 
0.23 

 
California spot 
prawn fishery 

 
5 

 
0.65 

 
0.28 

 
0.38 

 
Dungeness crab 
pot fishery 
(Oregon) 

 
2 

 
0.35 

 
0.15 

 
0.20 

 
Dungeness crab 
pot fishery 
(commercial, state 
unknown) 

 
2 

 
0.4 

 
0.17 

 
0.23 

 
CA swordfish and 
thresher shark 
drift gillnet 
fishery (observer 
program)** 

 
0 (21%) 

 
0.02 

 
0.01 (CV>4.7) 

 
0.01 (CV>4.7) 

 

Totals CA-OR-WA 
waters 

 

136 

 

19.38 

 
8.1 

 
11.4 
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† At-sea sightings of entangled whales in the WA/OR/CA sablefish pot fisheries that were not recorded 
in observer programs during 2016-2020 (2) are included in mean annual mortality and serious injury totals 
because observer data are used to estimate total entanglements for two separate sablefish pot fisheries in 
this category (Jannot et al. 2021). These two records are not included in ‘Observed Interactions.’ 
* Jannot et al. (2021) report one humpback entanglement in the limited entry sector in 2014, over an 
observation period spanning 2002 – 2019 where 13% - 72% of landings were observed. Jannot et al. (2021) 
report one humpback entanglement in the open access sector in 2016, over an observation period spanning 
2002 – 2019 where 2% - 12% of landings were observed. This estimate is based on 2015-2019 data. 
** There were no observed entanglements during 2016-20207, the model-based estimate of bycatch is 
based on pooling 1990-2020 data, resulting in a small positive estimate (Carretta 2022). 

 
Non-commercial sources of anthropogenic mortality and serious injury, including tribal fisheries, 
recreational fisheries, and marine debris (including research buoys) are responsible for a small 
fraction of all reported cases annually (Carretta et al. 2023a) (Table 7). The impact of 
recreational fisheries is presumed to be higher than documented due to the minimal mandated 
accounts of effort and entanglements. The same proportions are used as described earlier in the 
Status of the Species section 2.2.2 and this section. 

Table 7. Non-commercial fishery sources of anthropogenic mortality and serious injury 
observed and reported during 2016-2020 in U.S. West Coast waters (Carretta et al. 2023a). 

 
Source 

 
Observed 
Interactions 

 
Mean Annual 

M/SI of all 
U.S. West 

Coast 
humpback 

whales 

 
Mean Annual M/SI 
 

Central America 
/ Southern 

Mexico – CA-
OR-WA stock 
prorated totals 

(0.42) 

 
Mean Annual M/SI 

 
Mainland Mexico – 
CA/OR/WA stock 

prorated totals (0.58) 

 
Gillnet fishery (tribal) 

 
3 

 
0.5 

 
0.03 

 
0.13 

 
Dungeness crab pot 
fishery 
(recreational) 

 
2 

 
0.2 

0.09 0.12 

 
Hook-and-line fishery 

 
1 

 
0.15 

 
0.06 

 
0.09 

 

Marine debris 

 

1 

 

0.2 

 
0.09 

 
0.12 

                                                 
7 Carretta 2022 includes estimates of mortality and serious injury in the DGN fishery through 2021. 
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Pot fishery (tribal) 

 

1 

 

0.2 

 
0.09 

 
0.12 

 

Spot prawn trap/pot 
fishery (recreational) 

 

1 

 

0 

 
0 

 
0 

 

Totals CA-OR-WA 
waters 

 

9 

 

1.25 

 
0.35 

 
0.56 

 

Some limited humpback whale bycatch is expected and has been analyzed in other federal U.S. 
West Coast fisheries. For example, in 2021 there were two documented humpback entanglements 
within the DGN fishery, despite the relatively low effort this fishery displays (NMFS 2023d 
However, this fishery, due to the Driftnet Modernization and Bycatch Reduction Act, will be 
phased out of operation by December of 2027. The 2023 DGN Biological Opinion estimated a 
maximum of one humpback whale would be entangled and potentially killed by the fishery over 
the next five years until the fishery ceases to exist, which amounts to an average of 0.2 
individuals being removed from the population every year. Given we do not know what DPS 
these entangled humpbacks originate from, NMFS assumed that up to one individual could be 
taken from either DPS annually. NMFS concluded the DGN fishery would not jeopardize ESA-
listed DPSs of humpback whales (NMFS 2023d). 

There is currently no estimate of the total number of anthropogenic injuries and deaths to 
humpback whales that are undocumented in the U.S. West Coast. 

Vessel Collisions 

Vessel collisions are considered a serious and widespread threat to ESA-listed whales (especially 
large cetaceans) and are the most well-documented “marine road” interaction with large whales 
(Pirotta et al. 2019). This threat increases as commercial shipping lanes and other high traffic 
vessel areas overlap important breeding and feeding habitats, and as whale populations recover 
and populate new areas (Swingle et al. 1993; Wiley et al. 1995). Between 1995 and 2023, there 
were 40 confirmed or suspected ship strikes involving humpback whales along the West Coast 
(NMFS unpublished stranding data). In recent years (from 2016-2020), 14 confirmed humpback 
whale vessel strike cases were reported; eight in California, one in Oregon, and five in 
Washington, leading to a total estimate of 13.2 M/SI over 5 years, or an average of 2.6 whales 
seriously injured or killed per year (Carretta et al., 2023a). Whale carcasses can sink and ships 
may not detect a whale strike, although this is more likely to be the case with large container 
vessels and tankers. Additional mortality from ship strikes probably goes unreported because the 

https://www.zotero.org/google-docs/?broken=TJE4Ng
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whales do not necessarily or typically strand, or if they do, they do not always have obvious 
signs of trauma. As a result, most vessel strikes are likely undetected or unreported, and the true 
number of vessel collisions that occur is unknown. 

Collisions of ships and marine mammals can cause major wounds, which may lead to the death 
of the animal. An animal at the surface could be struck directly by a vessel, a surfacing animal 
could hit the bottom of a vessel, or an animal just below the surface could be cut by a vessel’s 
propeller. In most cases, serious injuries are often assumed to result in death given the severity of 
the wounds and that animals are not adequately monitored to confirm they survived following 
such events (e.g. Vanderlaan and Taggart 2007). While any vessel has the potential to hit 
cetaceans, the severity of injuries typically depends on the size and speed of the vessel 
(Knowlton and Kraus 2001; Laist et al. 2001; Vanderlaan and Taggart 2007). 

Vessel strike mortality has been estimated for several whale species (including humpback, fin, 
and blue whales) in the U.S. West Coast EEZ by Rockwood et al. (2017). This model estimated 
that the number of annual ship strike deaths along the U.S. West Coast was 43 fin whales, 22 
humpback whales, and 18 blue whales in the California Current Ecosystem. We note that these 
estimates may not encompass all the potential risk of vessel collisions for humpback whales, 
since based on the 2016-2020 period, five out of 14 (36%) reported vessel strikes occurred off or 
within Washington waters, which were not included in the analysis due to the lack of predicted 
humpback whale density in these areas (e.g., Strait of Juan de Fuca, Puget Sound, where they are 
vulnerable to vessel traffic, including ferries). A comparison of average annual vessel strikes 
observed over recent historical time periods with these new estimates suggest that the detection 
rate for humpback whale ship strikes could be only 12% (Carretta et al. 2023a). 

There is a large amount of uncertainty surrounding the true number of ship collisions and 
mortalities these species. Based on estimates of 22 annual humpback whale deaths due to vessel 
strikes, the number attributed to the Central America / Southern Mexico - CA-OR-WA and 
Mainland Mexico-CA/OR/WA humpback whale stocks during 2016-2020 by Carretta et al. 
(2023a) are 6.45 and 10.15 humpback whales struck by vessels/year, respectively. 

However, NMFS has determined that recent stock assessments of humpback whale stocks off the 
U.S. West Coast do not support an assertion that the current level of vessel strikes (whether 
reflected by the Rockwood et al. estimates or not) are impeding the recovery of these stocks 
(NMFS 2022e). While Rockwood et al. (2017) used a probability of avoidance of 55%, more 
recent studies have shown a greater avoidance behavior by large whales (Lesage et al. 2017; 
Garrison et al. 2022), including humpbacks (Schuler et al. 2019), so the actual rate of collisions 
(and resulting M/SI) may be lower than estimated in Rockwood et al. (2017). Humpback whales 
also continue to show signs of recovery, with increasing abundance on the U.S. West Coast 
despite the persistent nature of this threat. There have also been actions in recent years that may 
be helping to reduce the number of vessel collisions that occur within the action area. There has 
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been a long-term trend of decreasing vessel speeds across all U.S. West Coast waters (Moore et 
al. 2018), likely due to several factors that include response to increasing fuel costs and air 
pollution regulation. In addition, for over 10 years, NOAA has established seasonal voluntary 
Vessel Speed Reduction (VSR) zones off of California that have requested that all vessels 300 
gross tons (GT) or larger decrease speeds to 10 knots or less to reduce the risk of vessel strikes 
on ESA-listed whales. Cooperation rates with VSR have been increasing over this time, although 
they are still modest overall (Morten et al. 2022), and the potential changes (reductions) in risk 
associated with VSR have been explored through analysis, all of which describe at least some 
anticipated reductions in risk (Rockwood et al. 2020, 2021). 

The International Maritime Organization (IMO) recently adopted a U.S. proposal to increase 
protections for blue, fin and humpback whales off southern California, which took effect in the 
summer of 2023. The modifications include a 13 nautical mile extension of the existing traffic 
separations scheme (TSS) in the Santa Barbara Channel, resulting in vessels lining up in deeper 
waters where there are lower concentrations of whales, which should help reduce the risk from 
ship strikes. In addition, an area to be avoided by vessels (traffic exclusion zone) was expanded 
by more than 2,000 nm2 and covers approximately 4,476 nm2 of important foraging habitat off 
Point Conception and Point Arguello in Santa Barbara County, CA. Within the TSS, which is 
near the Channel Islands National Marine Sanctuary, NOAA asks merchant ships to voluntarily 
slow down to 10 knots or less on all primary approaches to the port of Los Angeles/Long Beach 
from May to December. 

The Port and Waterways Safety Act (PWSA) authorizes the Commandant of the Coast Guard to 
designate necessary fairways and TSSs to provide safe access routes for vessels proceeding to 
and from United States ports. The U.S. Coast Guard (USCG) completed Port Access Route 
Studies for the Santa Barbara Channel and the approaches to San Francisco and made 
recommendations to the IMO that the TSSs be modified, in part, to reduce the co-occurrence of 
large ships and whales. In February 2017, NMFS completed section 7 consultation on the 
USCG’s codification of the shipping lanes that vessels use to approach the ports of Los 
Angeles/Long Beach and San Francisco. Following formal consultation under ESA section 7, 
NMFS concluded that the proposed TSS lanes were not likely to adversely affect or jeopardize 
ESA-listed humpback, blue, and fin whales. On December 7, 2022 the United States District 
Court issued an order in Center for Biological Diversity, et al. v. NOAA Fisheries, et al., Case 
No. 4:21-cv-00345-KAW (N.D. Cal.), vacating the biological opinion. 

Whale Watching Operations and Scientific Research 

Whale watching boats and research activities directed toward whales may have direct or indirect 
impacts on humpbacks as harassment may occur, preferred habitats may be abandoned, and 
fitness and survivability may be compromised if disturbance levels are too high. Specifically, 
whale watching companies throughout the U.S west coast, especially areas of Southern 
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California and Monterey Bay, are the beneficiaries of the large amount of whale activity 
occurring in nearshore coastal waters. To date, there have been no indications or scientific 
studies suggesting that whale watching activities are significantly affecting humpbacks along the 
U.S. West Coast. A review of the NMFS Authorizations and Permits for Protected Species 
(APPS) database indicates there are currently 17 scientific research projects that include directed 
research on fin, humpback, and/or sperm whales off the U.S. west coast. Most of these projects 
include some level of harassment for close approach, photography, acoustic monitoring, and/or 
sampling for biological data or deployment of tags. These activities are intended to be non-
injurious with only minimal short-term effects. Although risks of more significant injuries or 
impacts do exist, a biological opinion evaluating the issuance of permits for directed research on 
cetaceans concluded that no mortalities of Central America or Mexico DPS humpback whales are 
expected from these activities and such research is not expected to cause a reduction in the 
likelihood of survival and recovery for these species (NMFS 2019c). Further, a recent biological 
opinion (NMFS 2020d) analyzing the incidental effects of NMFS’ SWFSC research programs 
concluded that there were no adverse incidental effects to ESA-listed humpbacks covered under 
this opinion. Similarly, in 2024 a biological opinion analyzing the incidental effects of NMFS’ 
NWFSC fisheries research program concluded there were no adverse incidental effects to ESA-
listed humpback whales covered under this opinion (NMFS 2024b). 

Other Threats and Strandings 

Other threats or sources of harm for ESA-listed humpbacks in the action area exist, although 
oftentimes strandings occur where the source of injury or mortality is unknown. These events 
may also include natural mortalities with no human cause. From 2017-2021, a total of 35 
humpback whale strandings were reported off the U.S. West Coast (NMFS unpublished 
stranding data), most of them found in areas that were difficult to access, or when accessed, the 
whales were too decomposed to examine or necropsy, or they were floating offshore, often with 
moderate decomposition. Similarly, these strandings weren’t typically attributed to any specific 
causes, which could include natural mortality, but a few were suggestive of possible trauma or 
had old entanglement scars. Along the U.S. West Coast, there are increases in coastal and vessel 
traffic to keep up with global supply chains, specifically around the ports of Los Angeles, Long 
Beach, the San Francisco Bay Area, and Seattle, thereby exposing humpbacks in the action area 
to increased anthropogenic noise from vessels. 

The potential effects to ESA-listed marine mammals from oil spills and other activities 
associated with oil and gas development off Southern California have been evaluated in 
consultations with the Bureau of Ocean Energy Management (BOEM) and the Bureau of Safety 
and Environmental Enforcement (BSEE), including in 2017 (NMFS 2017). A new consultation 
with BOEM/BSEE on oil and gas development in Southern California recently completed in 
2024 (NMFS 2024c) concluded that these activities are likely to adversely affect ESA-listed 
humpbacks, but are not likely to jeopardize the species (NMFS 2024c). 
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We acknowledge these threats to humpback whales within the action area are based on 
information collected through the present time, as available and analyzed through a rigorous 
review. While we continue to improve our outreach and reporting mechanisms to account for the 
threats to humpback whales, research fishing gear modifications that may reduce threats of 
fishing activity, and work with partner agencies such as the states of California, Oregon, and 
Washington to reduce fisheries interactions, we anticipate these threats will continue in the 
future. 

2.4.3 Human Interaction Threats for Leatherback Sea Turtles 

Fisheries Interaction 

Within the action area, leatherback turtles are prone to interactions with fisheries, especially 
because their foraging areas along the U.S. West Coast overlaps with fishing grounds in the U.S. 
EEZ. From 1963 to 2024 there have been 135 reported leatherback sea turtle strandings along the 
West Coast including nine in Washington, two in Oregon, and 124 in California. Fourteen of the 
strandings indicated evidence of fishery interactions (twelve in California, one in Oregon, and 
one in Washington). Martin et al. (2015) documented 24 observed leatherback turtle interactions 
in the DGN fishery between 1990-2009, with 13 of these resulting in fatalities. 

Genetic analysis indicated all entangled turtles were from the West Pacific DPS (Dutton et al., 
1999). However, since the establishment of the Pacific Leatherback Conservation Area (PLCA) 
in 2001, there has been a notable decline in interactions (up to 80% reduction in the DGN 
fishery). In 2009 and 2012 there were two documented observed captures of leatherbacks in the 
DGN fishery with one of them being released alive. This conservation zone, spanning 
213,000mi2 off the coast of California and enforced from August 15 through November 15, aims 
to mitigate interactions during the turtles’ foraging season (NMFS, 2012b). In the DGN fishery, 
NMFS exempted the incidental take, annually, of up to two leatherbacks (one anticipated to die) 
over the last five years of the fishery, set to expire in 2027 (NMFS 2023d). 

Leatherbacks are encountering threats from fixed gear fisheries along the U.S. West Coast. In 
2015, a leatherback turtle was found entangled in unidentified pot/trap gear off of central 
California, and one was reported entangled in CA Dungeness crab pot gear but released alive in 
2016 (NMFS WCR standing database). In 2019, another leatherback was found dead offshore in 
Ventura, CA attached to two buoys belonging to the rock crab fishery (NMFS 2020a). On 
November 24th, 2023, a leatherback was found dead near the Farallon Islands, CA entangled in 
CA Dungeness Crab pot gear (NMFS 2024a). 

HMS Experimental Permits 

In 2018 and 2019, NMFS SFD consulted upon and/or issued four EFPs for HMS species 
recommended by the PFMC that may occur within the action area. These EFPs include: deep-set 

https://www.zotero.org/google-docs/?noBfr9
https://www.zotero.org/google-docs/?AiDEKv
https://www.zotero.org/google-docs/?AiDEKv
https://www.zotero.org/google-docs/?WxJ5aR
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buoy gear (DSBG) issued in 2018 (NMFS, 2018c); Deep-Set Linked Buoy Gear (DSLBG) 
issued in 2018 (NMFS, 2018b); Longline Gear (LL), including deep-set longline gear (DSLL) 
and shallow-set longline gear (SSLL), issued in 2019 (NMFS, 2018a); and Deep-Set Shortline 
(DSSL) consulted on in 2019 (NMFS, 2018a). Through consultation NMFS ultimately 
determined that ESA-listed species, including all ESA-listed species considered in this biological 
opinion, was not likely to be adversely affected by three of these EFPs: DSBG, DSLBG, and 
DSSL. A letter of concurrence was issued in December, 2023, on the authorization of DSBG as a 
legal gear type to target swordfish under the HMS FMP. In addition, SFD consulted upon and 
issued two EFPs for HMS in the U.S. West Coast EEZ off California and Oregon, one in 2022 
(for one vessel to fish from 2022 to 2023, NMFS, 2022b) and one in 2024 (for up to five vessels 
to fish between 2024 and 2025, NMFS, 2024c), to fish with night-set buoy gear (NSBG). Similar 
to other consultations above, NMFS determined that ESA-listed species, including all ESA-listed 
species considered in this Opinion, would not be adversely affected by these two EFPs for NSBG. 

Through formal consultation, NMFS determined that the 2019 LL EFP was likely to result in the 
take of ESA-listed sea turtles, including leatherback sea turtles. Specifically, over the course of 
two years the LL EFP was expected to result in as many as two leatherback sea turtle 
entanglements with one mortality (NMFS, 2018a). The LL EFP was issued in April 2019, and 
was set to expire after two years. Two vessels fished DSLL and SSLL for around three months in 
2019 with no interactions with sea turtles (100% observer coverage). On May 7, 2024, SFD 
requested initiation of formal consultation on the proposed issuance of EFPs to fish with 
longline-type gear in a portion of the U.S. West Coast EEZ, consistent with what is described in 
a January 2024 DEIS (NMFS, 2024d). A biological opinion for this action was completed 
November 22, 2024 (NMFS 2024x), which provides a description of the adaptive management 
program proposed to address leatherback sea turtle bycatch during these EFPs. Ultimately, this 
opinion anticipated up to 17 interactions, resulting in up to four mortalities, could occur over a 
ten-year period associated with this action. 

Entrainment in Power Plants 

In 2006, a biological opinion was completed and analyzed the effects of sea turtle entrainment in 
the two federally-regulated nuclear power plants located in California, the Diablo Canyon Power 
Plant found in San Luis Obispo County and the San Onofre Nuclear Generating Station found 
near San Clemente California (NMFS 2006). While historically leatherbacks were observed 
entrained in the power plants in very low numbers, since 2006, there have been only three 
reported sea turtle entrainments at these facilities, and none involving a leatherback. In addition, 
the San Onofre station began decommissioning in 2014, although some cooling water is still 
drawn in to cool the reactors (D. Lawson, NMFS personal communication 2015). The incidental 
take statement covering both power plants estimates up to 6 leatherbacks taken, (with two 
serious injuries each and two mortalities) over a one-year period (NMFS 2006). 

https://www.zotero.org/google-docs/?PoVqcQ
https://www.zotero.org/google-docs/?XLHZI4
https://www.zotero.org/google-docs/?71iJFi
https://www.zotero.org/google-docs/?0QbBFS
https://www.zotero.org/google-docs/?1c3SK7
https://www.zotero.org/google-docs/?jWnSC3
https://www.zotero.org/google-docs/?broken=ARpmzr
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There are other coastal power plants in California (non-nuclear and state-managed) where sea 
turtle entrainment has occurred (typically green sea turtles). Although these facilities have all 
been required to install large organism excluder devices by the State of California (California 
State Water Resources Control Board (CASWRB) 2010), occasional instances of green turtle 
entrainments (typically alive) continue to be reported. From 1975-2016, only one leatherback 
was entrained, and no leatherbacks have been entrained in power plants based on stranding data 
from 2017-2024 (NMFS-WCR unpublished stranding data). 

Scientific Research 

NMFS issues scientific research permits to allow research actions that involve take of sea turtles 
within the CCE. Currently there is only one permit that allows directed research on leatherback 
sea turtles off the U.S. West Coast through the SWFSC to conduct long-term monitoring of 
leatherback sea turtles on the U.S. West Coast (NMFS Permit #15634). Such permits typically 
involve either targeted capture or sampling of individuals that may have stranded or incidentally 
taken in some other manner. These permits allow a suite of activities that include tagging, 
tracking, and collection of biological data and samples. These activities are intended to be non-
injurious, with only minimal short-term effects. While the risks of a sea turtle incurring an injury 
or mortality cannot be discounted as a result of directed research, a biological opinion on the 
issuance of permits for directed research concluded that no more than one leatherback sea turtle 
from any population globally would be killed over a 10-year period, and that issuing such permits 
was not likely to jeopardize any ESA-listed sea turtle DPS (NMFS 2019a). 

Prior to completing a section 7 ESA consultation on the Southwest Fisheries Science Center’s 
programmatic research program, one leatherback was incidentally captured during a scientific 
trawl net survey in 2011, and was released alive (NMFS 2015). The most recent biological 
opinion analyzed the effects of SWFSC research surveys and estimated that one ESA-listed sea 
turtle found within the action area may be captured in CCE trawl surveys and one ESA-listed sea 
turtle may be captured/entangled in longline surveys, with both released alive (NMFS 2020c). 

The 2024 section 7 ESA consultation on the NWFSC fisheries research program estimated one 
ESA-listed sea turtle may be taken annually (no mortalities; NMFS 2024b). 

Marine Debris 

Marine debris presents a significant threat to leatherbacks when trash is ingested or entangled on 
body parts. While there is limited research on the full extent of the impact, available studies 
indicate that approximately half of sampled turtles have ingested plastics, likely mistaking them 
for their preferred prey, jellyfish (Q. A. Schuyler et al., 2015; Wilcox et al., 2018; Moon et al., 
2023). The effects of plastic ingestion can range from gut blockages to fatalities due to gut 
perforation (Wilcox et al., 2018). Large pieces of marine debris, including ghost fishing gear, 
pose entanglement risks to leatherbacks, impeding their mobility and ultimately resulting in 

https://www.zotero.org/google-docs/?IapR6j
https://www.zotero.org/google-docs/?IapR6j
https://www.zotero.org/google-docs/?VSzmtc
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starvation or death (Gilman, 2016; Lebreton et al., 2019; NMFS & USFWS, 2020). Given the 
amount of floating debris in the Pacific Ocean within the action area, marine debris has the 
potential to be a significant threat, however the impact is unquantified (NMFS & USFWS, 
2020). Younger sea turtles tend to feed higher in the water column near the surface so they are 
particularly susceptible to interacting with plastics (Wilcox et al., 2018). Individuals are also 
more likely to come into contact with plastics when they forage along coastlines, closer to trash 
origins. 

There have been two leatherbacks stranding on the West Coast with plastic in their digestive 
system (NMFS Stranding Database, unpublished data). In 2017, a leatherback was beached in 
southern California and a small piece of plastic sheeting was found in their intestines during a 
necropsy, though it caused no obstruction and was not ruled as the cause of death. The second 
case of plastic ingestion was of a leatherback in Oregon where pieces of plastic were found in the 
stomach and small intestine. NMFS Stranding Responders ruled this turtle likely died from a 
killer whale predation event rather than the ingested plastic. 

Pollution 

Leatherback turtles forage in surface waters and this makes them and their prey susceptible to 
exposure to contaminants from terrestrial sources. Runoff can carry chemicals, contaminants, 
and other toxins into marine environments and interact with leatherback prey. When consumed, 
the turtles bioaccumulate these contaminants and females may transfer them to their offspring 
(Guirlet et al., 2008; Guzman et al., 2020). In the Caribbean Panama, leatherback eggs were 
found to have high concentrations of arsenic, selenium, strontium, and chromium (Guzman et al., 
2020). 

We do not have any record of environmental contaminants being the primary source of mortality 
for leatherbacks but it is possible exposure can affect turtle fitness. The Central Valley of 
California is the largest and densest agricultural aggregation in the world with many water 
sources that connect to the ocean (i.e. the San Francisco Bay and Elkhorn Slough). Some of these 
pesticides are known endocrine disruptors and, when washed into marine waters, interact with 
organisms in the surface waters, which can affect reproductive output in leatherbacks (Kavlock 
et al., 1996; Barraza et al., 2021). Leatherbacks foraging off the California coast are exposed to 
heavy metals due in part to terrestrial runoff, which is nine times higher than that observed for 
the St. Croix nesting population (Harris et al., 2011). In addition to carrying a variety of 
contaminants, runoff introduces nutrients to coastal waters, which can cause eutrophication of 
nearshore waters. This can result in harmful algal blooms (HABs), depletion of oxygen in the 
water column, acidification of waters, and alteration of marine ecosystems from the bottom-up 
because of an increase in primary productivity. Domoic acid, which is a potent marine algal toxin 
that occurs during HABs, was found in a stranded dead leatherback in 2008 (Harris et al., 2011). 

Vessel Collisions 

https://www.zotero.org/google-docs/?rbeEuD
https://www.zotero.org/google-docs/?dle2gR
https://www.zotero.org/google-docs/?dle2gR
https://www.zotero.org/google-docs/?6y44m9
https://www.zotero.org/google-docs/?ynObG4
https://www.zotero.org/google-docs/?xSeCQH
https://www.zotero.org/google-docs/?xSeCQH
https://www.zotero.org/google-docs/?Yx6U9e
https://www.zotero.org/google-docs/?Yx6U9e
https://www.zotero.org/google-docs/?kxX6Ga
https://www.zotero.org/google-docs/?shwZOJ
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Vessel collisions are occasionally a source of injury and mortality for sea turtles along the U.S. 
West Coast. Lethal and nonlethal vessel-strike injuries observed can include cracked and crushed 
carapaces, animals cut in half, missing limbs, propeller cuts, and scars (Foley et al., 2019). 
Propellers from fast moving vessels can inflict deep gashes on flippers and carapaces and blunt 
force impacts from vessel hulls, bows, skegs, or rudders can also create traumatic injuries. Boat 
collisions can introduce trauma to lungs, which can lead to issues with buoyancy control if the 
turtle survives. Mortality may not always be immediate and injuries can kill a sea turtle hours, 
days, or weeks after the initial incident (Campbell-Malone et al., 2008; Martinez & Stockin, 
2013; Dwyer et al., 2014). As with humpback whales, the true rate of collisions is unknown; 
larger vessels are unlikely to be able to detect a collision with a sea turtle, and therefore such 
strikes are not reported. 

For the U.S. West Coast, NMFS maintains a database tracking sea turtle strandings. A review of 
this database indicates leatherbacks are one of two species–the other being green sea turtles–
reported most often as stranded due to impacts from vessel strikes. Between 1975 and 2024, 13 
leatherbacks were reportedly struck by vessels; many of these collisions occurred in central 
California near the ports of San Francisco and Oakland (NMFS, 2023c). From 2017 to 
September 2024, no vessel strikes of leatherbacks were reported off California or Oregon, 
although they have been reported for other species in that timeframe (i.e., 29 green sea turtles), 
suggesting there is still potential for low rates of collisions with leatherback sea turtles to occur. 
As with humpback whales, the voluntary speed reduction zones off the coast of California are 
likely to decrease the risk of vessel collisions for leatherback sea turtles in those areas. 

Energy Exploration, Development, and Operation 

We do not know if there have been instances of leatherback interactions with energy exploration, 
development, and/or operations on the West Coast but it is a possibility based on reports from 
other areas where leatherbacks occur. Some potential sources of mortality for leatherbacks 
associated with energy operations include vessel traffic, increased noise pollution, and exposure 
to pollutants. 

Although the state of California is no longer issuing leases for oil and gas operations in state 
waters, there continues to be active offshore operations in the southern portion of the state in 
federal waters. On February 27, 2024, NMFS concluded consultation for the development and 
production of oil and gas reserves and the beginning stages of decommissioning platforms in the 
Southern California Planning Area (NMFS, 2024c). The consultation considered the impacts of 
noise from drilling, oil production, well conductor removal, vessels, and aircraft. They also 
looked into the impacts of liquid waste discharge, oil spills and spill response, vessel strikes, and 
decommissioning oil platforms. Due to their highly migratory nature and lack of overlap in 
critical habitat with the action area, NMFS determined leatherback turtles may be exposed to the 
above dangers, but are not likely to be affected by that proposed action. 

https://www.zotero.org/google-docs/?YVsrI4
https://www.zotero.org/google-docs/?dpDG0c
https://www.zotero.org/google-docs/?dpDG0c
https://www.zotero.org/google-docs/?uSgmZG
https://www.zotero.org/google-docs/?cHRgz8
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Off the U.S. West Coast, there are site characterization activities ongoing to support future 
development of offshore energy operations that could potentially affect leatherback sea turtles. In 
2022 (WCRO-2022-01796), and 2024 (WCRO-2024-01447), NMFS completed informal 

consultation on these site characterization activities off the coast of Central and Northern 
California, and Oregon, respectively, concluding those activities were not likely to adversely 
affect leatherback sea turtles. 
 

2.5 Effects of the Action 

Under the ESA, “effects of the action” are all consequences to listed species or critical habitat 
that are caused by the proposed action, including the consequences of other activities that are 
caused by the proposed action. A consequence is caused by the proposed action if it would not 
occur but for the proposed action and it is reasonably certain to occur. Effects of the action may 
occur later in time and may include consequences occurring outside the immediate area involved 
in the action (see 50 CFR 402.02). As described in “Not Likely to Adversely Affect” 
Determinations (Section 2.12), the PBF for both species’ designated critical habitat relate to 
prey, and the currently available information regarding potential effects to prey from the PCGF 
lead us to conclude that humpback whale and leatherback turtle critical habitat is not likely to be 
adversely affected by the proposed action. Further information about our determination can be 
found under “Not Likely to Adversely Affect” Determinations (Section 2.12). 

In this effects analysis, the terms bycatch, interaction, entanglement, hooking, and capture are 
used interchangeably, as the primary modes of bycatch risk in the PCGF are entanglement in the 
lines that are associated with setting and retrieving pot gear, but also entanglement in vertical 
hook-and-lines which can also result in hooking of individuals, and capture in midwater trawl 
nets. 

As described in the Proposed Action (Section 1.3), the PCGF includes vessels that use a variety 
of gear types portioned into different sectors to directly or incidentally harvest groundfish. 
Humpback whales and leatherback sea turtles encounter PCGF gear due to their geographic 
overlap with fishing effort in the U.S. West Coast EEZ. Entanglements with fixed fishing gear, 
such as sablefish pots and vertical hook-and-lines, including getting hooked, occur when marine 
species encounter parts of the gear that may be suspended in the water, laying on the seafloor, 
and/or floating on the surface. Many times, these encounters do not lead to entanglements but 
sometimes a portion of the line/gear, or a loop in the line, may catch on a body part of an animal. 
The gear may begin to wrap around the body (including the head/mouth area, pectoral and dorsal 
fins, and the tail/fluke region) as the animal moves through the water. Reacting to the contact of 
the gear or the drag created by the gear, the animal may perform quick and powerful changes in 
directions or body movements attempting to shake the gear free. Midwater trawl nets that are 
also commonly utilized in the PCGF are not considered fixed-gear as the trawl net is actively 
fished throughout the water column and is not left to soak. Based on recent incidents of 
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interactions reported, it is thought that animals may end up in these nets due to underlying causes 
such as disease, prior death, or prior entanglement, but could also become captured/entangled by 
simply swimming into the trawl net as it is being towed or set/retrieved. The specific dynamics 
of gear encounters that may be more likely to lead to an entanglement are not well documented, 
as very few entanglements have been witnessed in the initial stages. However, forensics review 
of entanglement cases suggests that knots/splices/leads and other potential sources of snags, 
along with loose or slack lines, are likely contributors to numerous entanglements. Other 
possible contributors include animal behavior (whether they encounter the gear while foraging or 
migrating) and ocean conditions (e.g. current, tide, wind) as well as the condition and/or life 
stage of the animal. 

Other potential impacts that could occur as a result of the PCGF include direct or incidental 
impacts to prey species important for humpback whales and leatherback sea turtles, vessel 
collisions, and/or impacts related to pollution or marine debris generated by this action that our 
analysis will also consider. 

Approach to the Effects Analysis 

A similar methodology was applied to both the humpback whale and leatherback sea turtle 
entanglement effects analysis described below, with further explanation and consideration of the 
supporting “Co-occurrence Analyses” in the attached Appendix A. 

First, we reviewed the available and relevant information about the risk and incidents of bycatch 
of these species in the PCGF, including observer records and opportunistic reports of interactions 
between these species and PCGF sectors/gear, and recent bycatch estimates that have been 
produced for various PCGF sectors. Since 2002, NMFS has deployed observers in the PCGF 
under the WCGOP, implementing an objective sampling scheme to derive scientifically-based 
bycatch estimates. Initially, NMFS used ratio estimators for annual marine mammal bycatch 
estimates (e.g., Jannot et al. 2011). More recently, Somers et al. (2024) employed statistical 
models to address ‘rare-event’ cases like the observed entanglements of ESA-listed humpback 
whales in LE and OA pot fisheries. We also evaluated all the opportunistic reports of entangled 
whales from the U.S. West Coast, some involving PCGF gear, including some cases that were 
documented by the WCGOP and also reported to the NMFS WCR Marine Mammal Stranding 
Program. This included entanglement from other fixed gear fisheries, other types of fishing gear, 
non-fishery sources, and unknown sources. We also reviewed all the opportunistic reports of 
entangled and stranded turtles from the U.S. West Coast (NMFS WCR Sea Turtle Stranding 
Program). As appropriate, we also consider information from other interactions with gear that is 
similar or potentially related to gear used in the PCGF. 

In an attempt to understand the relationship between fishing effort and the distribution of ESA-
listed humpback and leatherback sea turtles, we evaluated the spatial and temporal trends in 
fishing effort across three gear types with known/likely risks of interaction with these species: 
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pot/trap, hook-and-line, and midwater trawl; using fishing effort data from the WCGOP. Fishing 
effort was scaled up within each individual gear type and sector based on the annual observer 
coverage rates (Table 2) for that unique sector, to estimate the totality of fishing effort occurring 
annually, and represented spatially. We also reviewed humpback density distribution model 
predictions, and leatherback sea turtle habitat suitability model predictions, from 2014-2023. By 
analyzing these fishing effort and species distribution datasets separately, we are able to gain 
some insight into what factors might be influencing the observed spatial and temporal trends in 
entanglement risk that our analysis revealed, and how (i.e., how fishing effort or species 
distributions is changing). 

Next, for each individual gear type, we overlaid fishing effort with each species model: 
humpback density and leatherback habitat suitability to produce a “co-occurrence analysis” (also 
described and used interchangeably herein as “overlap" or “overlap analysis”). The output from 
this analysis was the product of the two input layers, fishing effort in sets or hours and humpback 
density (whales/km2) or leatherback habitat suitability score (0-1) where there was overlap 
between the two input layers. The resulting output value is considered herein as ‘overlap’ or ‘co-
occurrence’ and is considered to be unitless, as the value calculated from the product of these two 
layers is not meaningful in terms of units. The value of these overlap outputs is discussed further 
in Appendix A. This allowed us to see how these two data inputs interact in space and time, and 
how various aspects of the fishery contribute to entanglement risk with protected species. We 
chose to analyze the most recent decade of fishing effort and species distribution, 2014-2023 as 
this was data that we had access to, and it encapsulates a variety of environmental and 
anthropogenic changes including the marine heat wave (2014-2018), the COVID-19 pandemic, 
and both El Niño and La Niña conditions. It also provides insight to the most recent occurrences 
of both fishing effort, entanglements, and species distribution which allows us with more 
certainty to indicate possible future trends, given the most recent history. At the time of writing 
this opinion, 2023 WCGOP EM data was not available for some of the CS pot fishery, as well as 
the Hake, Rockfish, CP, and MS trawl fisheries; and thus, this information could not be included 
in the co-occurrence analysis. 

However, it is important to note that a caveat to this analysis and the subsequent representation in 
both Appendix A and throughout this opinion is that the spatial representation of fishing effort, 
and visual representations of the subsequent overlap analyses, had to be filtered to protect MSA 
confidentiality concerns. Therefore, any description of spatial fishing effort or overlap in this 
opinion or Appendix A was evaluated on a 2-km resolution basis, and is unable to be visually 
shown in that format. This visual representation in Appendix A and the opinion of fishing effort 
and overlap is represented on a 10-km resolution, with values filtered out if they represented 3 
fishing vessels or less. Despite this, all of our quantitative analysis was carried out on the 2-km 
resolution scale, with the tables and text reflecting this finer scale resolution whenever possible. 
Spatial and temporal trends in overlap were then further analyzed to help inform the assessment 
of future entanglement risk for each unique gear type and species interaction. 
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There have been some additional recent changes to the PCGF that may be relevant to 
consideration of potential effects to humpback whales and leatherback sea turtles, including 
improved/enhanced gear marking, and risk reduction measures including removing the 
requirement for both ends of a set of pot or longline gear to be buoyed at the surface at all times, 
and maximum amounts of surface line that can be used. These new measures are discussed 
further in section 1.3.8 Fixed Gear Marking and Entanglement Risk Reduction. While there are 
some details that have not been fully defined yet, and they haven’t taken effect as requirements 
in regulation, we do consider them reasonably certain to occur given the actions taken by the 
PFMC, and the expressed intent of NMFS WCR SFD. Therefore, we consider their potential 
effects on the risks of bycatch of humpback whales and leatherback sea turtles in this opinion. 

After this evaluation of entanglement/bycatch data and bycatch estimates, fishing effort, species 
distribution, and their respective “co-occurrence” overlap, along with the new developments in 
the PCGF, we combined all the information and generated expectations for future interactions 
with each gear type and species. We generally considered what might happen in any given year, 
as well as over any 5-year period, based on the current PCGF, and what could be gleaned with 
reasonable certainty about the trajectory of risk in the foreseeable future. 

To anticipate the response of individual whales to entanglement in PCGF gear, we then reviewed 
information about M/SI8 determinations from previous interaction with the PCGF, and other 
relevant sources, for each gear type and species as described in the most recent humpback whale 
SAR and utilizing M/SI determinations through 2022 (Carretta et al. 2023a, Caretta et al. 2024 in 
prep). To determine the response of an individual sea turtle to entanglement in PCGF gear, 
NMFS relied on assessments of injury/mortality from reported PCGF leatherback sea turtle 
entanglements. To gain additional perspective on the risk of injuries associated with some gear 
types, we also reviewed relevant information from interactions with similar gears in other 

This information was used to provide a basis for estimating future risk of each gear type to a 
species, and determine the applicable M/SI rate(s) to expect in association with future incidents 
of bycatch that are anticipated. While M/SI is not the only effect of interactions with PCGF gear, 
we use the anticipated level of M/SI to help evaluate the effect of removals of individuals from 
affected populations resulting from the injuries sustained from interactions that are likely to lead 
to death. 

Finally, for humpback whales, we drew upon the available information on the distribution of 
ESA-listed humpback whale DPSs along the U.S. West Coast, along with the anticipated 
distribution of fishing effort for different sectors of the PCGF, and resulting expected 
location/rate of bycatch in different areas for these different sectors, to generate expectations for 

                                                 
8 Through the MMPA SARs process, NMFS evaluates the mortality and serious injury of humpback 
whales resulting from human activities (see e.g. Carretta et al. 2023a). Serious injury is defined as an 
injury that will likely result in mortality (50 CFR 229.2) 
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the number of anticipated future interactions and associated M/SI to apply to each of the relevant 
ESA-listed DPSs affected within the action area. 
 
Other Factors from Recent Developments We Considered 

As part of our effects analysis, we considered the potential implication of recent developments in 
the PCGF that might have some impact on fishing effort and/or bycatch risk. 

Evolution of PCGF Effort 

Over time, including during the last 10-15 years, there have been changes to the Groundfish 
FMP and federal regulations, including provisions that determine where different gear types may 
be deployed as described in Section 1.3.9 Closed Areas That Apply To All Groundfish Fisheries. 
Also, changes in ACLs and harvest specifications, as described in Section 1.3.1 Overview of the 
Components and Operation of the Pacific Coast Groundfish Fishery, influence the location and 
intensity of fishing that occurs over time. 

Through our co-occurrence analysis, we examine some of the recent patterns of humpback whale 
and leatherback sea turtles, as part of consideration of the dynamic nature of the PCGF over time 
(Appendix A). We have captured what we can glean about the dynamics of the PCGF relative to 
the dynamics of these species, including apparent trends, and factored those into our effects 
analysis. Year to year, there is variability resulting from a myriad of factors that can be difficult 
to predict. In general, our review of the last ~10-12 years of overlap and bycatch estimates cover 
a wide range of these variable conditions. As a result, we conclude our analysis has considered 
the available information about the evolution of PCGF effort resulting from management of the 
PCGF through the Groundfish FMP, up to the current proposed action. 

Impact of Gear Marking and Risk Reduction Measures on Bycatch Risk 

As described in section 1.3.8 Fixed Gear Marking and Entanglement Risk Reduction, the 
proposed action includes new measures for the PCGF: improved/enhanced gear marking and 
entanglement risk reduction measures to limit the amount of surface line that may be used, along 
with removal of the requirement for having each end of a groundline attached to buoy lines. 
These measures are applicable to all PCGF pot and longline gear. It is anticipated that 
implementing regulations, which have yet to be finalized, will be effective in 2026. 

With respect to gear marking, we do not anticipate any direct impact on the risk of PCGF fixed 
gear (sablefish pot or bottom longline) entanglements resulting from this action. What it will do 
primarily is improve our ability to potentially identify PCGF fixed gear that may be involved in 
entanglements that are not observed, and are ultimately sighted and reported through 
opportunistic sources that would have previously otherwise been labeled as “unidentified gear”. 
Along those same lines, it could help identify if there are any factors associated with the bycatch 
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estimation approaches using observer entanglement rates that need additional consideration, 
should improve gear marking lead to significant changes in the rate of opportunistic reporting 
that are associated with PCGF fixed gear. It should also reinforce confidence that any gear 
involved in reported entanglements that we are unable to identify is likely not PCGF gear, even 
when such determinations are not necessarily 100% conclusive. These are all positive benefits 
that point toward focusing time and efforts toward addressing entanglement issues in most useful 
directions to understand and address sources of entanglements. 

The potential impacts of the risk reductions measures have a more direct path toward impacting 
bycatch risk in the sablefish pot fishery. Given that the primary risk of entanglement in sablefish 
pot and bottom longline gear comes from the vertical buoy lines, risks could be cut by a 
relatively large amount if a relatively large percentage of these sets take advantage of the option 
to only use one vertical line. We note that we wouldn’t necessarily expect risk reduction to fully 
equal 50% for each buoy line removed, as there have been a small number of whale 
entanglements reported in the groundline of U.S. West Coast fisheries with multiple trap strings 
of gear with similar configurations. Based on forensic review, 17 whale entanglements have 
involved multi-pot strings of gear that we’ve identified since 2014, we know at least two have 
involved the groundline, although there are several where that detail is unknown (NMFS 
unpublished data). For leatherbacks, available information from the 2008 sablefish pot 
entanglement does not clearly describe where part of the gear was involved (NMFS unpublished 
data). We acknowledge that it is possible that the extent of injuries that could result from 
entanglements with gear that has less vertical lines and buoys/surface gear could be reduced. 

Previously, entanglements with sablefish pot gear, and other multiple-trap strings of gear 
fromU.S. West Coast fisheries have almost always led to serious injury or mortality absent 
human intervention to help remove the gear (see Response to Pot Gear Entanglement below), 
presumably in part due to the significant weight of gear involved that animals have to deal with if 
entangled. However, it is not clear if removal of one end line and associated surface gear would 
dramatically change the nature of entanglements with this type of gear configuration, especially 
considering the amount of the weight involved associated with the traps that are connected via 
the groundline. 

Ultimately, while there is great potential for removal of the requirement to have both ends of a 
set of sablefish pot and bottom longline gear buoyed to the surface at all times, there is a great 
deal of uncertainty in how those potential benefits will be realized, in the near term or over the 
long run. As a result, until we have a clearer understanding of how extensive the fleet will take 
advantage of this measure, and to what other effect this measure can/will be implemented in 
concert with other measures such as use of lighter weight gear, we are not able to factor this 
potential into future expectations for entanglements in sablefish pot or bottom longline gear. 

It is also possible that standardization of a maximum amount of surface gear used could reduce 
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the risk of an entanglement occurring in that portion of the gear. Based on our forensic review of 
the five previous sablefish pot humpback whale entanglements documented, we conclude that 
surface gear likely hasn’t been directly involved in those entanglements, but extensive surface 
gear with multiple buoys and high flyers can add to the severity of an entanglement. On review 
of the 345 confirmed whale entanglements (all whale species) reported since 2013, we identified 
surface gear as being at least somewhat involved in 13% percent of them (NMFS unpublished 
data). For leatherback entanglements, review of the available information suggests that surface 
gear could have been involved two of the three recent entanglements (information from the 2008 
sablefish pot entanglements does not describe what part of the gear was involved), although we 
can’t confirm it from that from the documentation we received (NMFS unpublished data). 

Ultimately, while we recognize minimizing the extent of surface gear that may be used is a 
proactive step to minimize the risk of entanglement, it is not immediately clear how big a change 
this is from the status quo operations of the sablefish pot and bottom longline fleet, as data on the 
amount of surface line used is not readily available to us. While entanglement in the surface 
gear/line is a concern, and has occurred in numerous West Coast entanglements, having a surface 
line that extends up to 10 fm is unlikely to completely eliminate the risk of an entanglement in 
this portion of the gear altogether. As a result, until we have a clearer understanding of how this 
measure can/will reduce entanglement risk, we are not able to factor this into our analysis of 
entanglement risk for humpback whales and leatherback sea turtles in sablefish pot or bottom 
longline gear. 

Impact of Slinky Pot Use 

As described in section 1.3.3 Overview of Limited Entry Fixed Gear Fisheries (Non-Catch 
Shares), there has been a shift emerging in the sablefish pot fishery to use slinky pots, which are 
lighter and can be fished using a lighter groundline. Previously there wasn't explicit tracking of 
slinky pot use, although the new non-trawl logbook will provide information on slinky pot gear 
use in the future. 

It is possible that use of slinky pots could change the relative risk associated with using sablefish 
pot gear in the PCGF. The use of lighter weight gear could result in fewer or less severe 
entanglements, if animals are able to more easily break or shed gear during an interaction such 
that entanglements or serious injuries don’t materialize as a result of an interaction with this gear. 
Previously, entanglements with sablefish pot gear, and other multiple-trap strings of gear from 
U.S. West Coast fisheries have almost always led to serious injury or mortality absent human 
intervention to help remove the gear (see Response to Pot Gear Entanglement below). 

At this time, we conclude the evidence to support any meaningful reduction in entanglements 
risk associated with the continued development and expansion of slinky pot gear use is not yet 
conclusive or substantiated, notably given the observed humpback whale entanglement in 2023 
which involved slinky pot gear. While the circumstances of that entanglement are complicated 
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by the involvement of additional gear, there is too much uncertainty about exactly what 
happened to completely discount this event as not being at least somewhat reflective of the risks 
that slinky pot gear use poses. Without any information collected about slinky pot use until now, 
we are limited in the ability to interpret how this change is impacting conduct of the PCGF 
sablefish pot fishery in a meaningful way, and cannot assess how future implementation would 
impact expectations for future entanglements. It is possible that use of slinky pots could 
complement the risk reduction measure of reducing the number of buoy lines used for sablefish 
pot gear, if lighter gear is more conducive to use of this approach. However, it remains uncertain 
if that should be expected, and will be something that NMFS will need to monitor moving 
forward. 
 

2.5.1 Humpback Whale Effects 

For the Effects of the Action analysis, we have identified the impact of incidental entanglement, 
hooking, or capture in PCGF gear as the primary adverse effect of the PCGF on both the Mexico 
DPS and Central DPS of ESA-listed humpback whales9. Gear interaction risk can be divided into 
risk associated with the different categories of gear type used in the PCGF: fixed pot or trap, 
hook-and-line, and midwater trawl net. 

2.5.1.1 Exposure and Response – Bycatch in the PCGF 

To determine the exposure and response of ESA-listed humpback whales to the PCGF, NMFS 
relies on several sets of data: (1) data on bycatch and fishing effort from the WCGOP; (2) 
opportunistic reports of entangled whales to the NMFS WCR Marine Mammal Stranding Program, 
and (3) a humpback whale species distribution model. 

As described in more detail in Approach to the Effects Analysis above, the exposure analysis 
considers entanglement risk from various perspectives: (1) annual bycatch estimates, (2) 5-year 
average bycatch estimates, (3) recent entanglement records (4) fishing effort trends in space and 
time by gear type (2014-2023), (5) modeled humpback whale density predictions (2014-2023), 
and (6) the degree of co-occurrence of modeled humpback whale distribution with various 
sectors of the groundfish fishery, and which is further described in Appendix A. 

2.5.1.2 Exposure and Response to Interactions with the Sablefish Pot Fishery 

Bycatch Estimates 

The NCS sector of the fixed-gear sablefish pot fishery includes the LE primary and the OA 
fisheries. Since the deployment of observers in 2002, three documented entanglements of 

                                                 
9 Throughout the effects analysis, references to humpback whales generally are applicable to both the Mexico 
and Central America DPSs, unless otherwise specified. 
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humpback whales in the PCGF have occurred; one in the LE sablefish pot fishery (2014), one in 
the OA sablefish pot fishery (2016), and one in the LE sablefish pot fishery (2023) which 
involved both sablefish slinky pot and halibut longline gear (Somers et al. 2024). Using these 
data, the NWFSC estimated mean annual fleet-wide bycatch and a running 5-year fleet-wide 
average in the LE and OA pot sectors separately (Somers et al. 2024) (Table 8). Both the LE and 
OA estimates were produced using fishing effort represented by observed landings in metric 
tons, which was previously identified as the best fit model for these sectors (Jannot et al. 2021). 

For the purposes of our analysis, we focused on the estimates from 2011-2023. Generally, 2011 
is a significant point in the history of PCGF management, given rationalization of the trawl 
fishery. One of the consequences of this was the beginning of CS fixed gear fisheries, including 
the CS pot fishery. Although the LE and OA pot fisheries existed previously (with known 
bycatch of humpback whales first reported in 2006), we choose to focus on the bycatch estimate 
record starting with 2011 knowing that we were likely to draw some inferences about future risk 
of bycatch in the CS pot fishery based on information from the LE and OA pot fishery sectors. 
This time period also covers most of the documented humpback whale interactions with PCGF 
pot fishing, and a wide range of environmental and other conditions relevant to the current state 
and foreseeable future of the PCGF pot fishery. This also is consistent with the time period we 
used for other sectors of the PCGF, including midwater trawl fisheries since the 2011 trawl 
rationalization. 

Table 8. Summary of humpback whale bayesian entanglement estimates 2002-2023, 
including lower (LCI) and upper (UCI) 95% confidence intervals, in: (a) LE pot fishery 
sector and (b) OA pot fishery sector. 
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Year Annual 
Bycatch 

Conf. 
Limit 

(Lower) 

Conf. 
Limit 

(Upper) 

Running 
5- year 
Mean 

5-year 
Mean 

CL 
(Lower) 

5-year 
Mean 

CL 
(Upper) 

a) LE Pot       

2002 0.17 0 1 0.00 0 0 

2003 0.29 0 2 0.00 0 0 

2004 0.34 0 2 0.00 0 0 

2005 0.20 0 1 0.00 0 0 

2006 0.25 0 2 0.25 0 2 

2007 0.20 0 1 0.26 0 2 

2008 0.11 0 1 0.22 0 2 

2009 0.25 0 2 0.20 0 2 

2010 0.22 0 1 0.21 0 2 

2011 0.13 0 1 0.18 0 1.9 

2012 0.11 0 1 0.16 0 1.9 

2013 0.14 0 1 0.17 0 1.9 

2014 1.14 1 2 0.35 0 1.9 

2015 0.09 0 1 0.32 0 1.9 

2016 0.06 0 1 0.31 0 1.9 

2017 0.15 0 1 0.32 0 1.9 

2018 0.07 0 1 0.30 0 1.9 

2019 0.13 0 1 0.10 0 1 

2020 0.17 0 1 0.12 0 1 

2021 0.21 0 1 0.15 0 1 

2022 0.13 0 1 0.14 0 1 

2023 1.20 1 2 0.37 0 1.9 
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b) OA pot Annual 
Bycatch 

Conf. 
Limit 
(Lower) 

Conf. 
Limit 
(Upper) 

Running 
5-year 
mean 

5-year 
Mean CL 
(Lower) 

5-year 
Mean CL 
(Upper) 

2003 1.24 0 5 0.00 0 0 

2004 1.09 0 5 0.00 0 0 

2005 2.37 0 9 0.00 0 0 

2006 2.77 0 10 0.00 0 0 

2007 1.57 0 6 1.81 0 9.9 

2008 1.52 0 6 1.86 0 9.9 

2009 2.37 0 9 2.12 0 9.9 

2010 2.02 0 8 2.05 0 9.9 

2011 1.53 0 6 1.80 0 8.9 

2012 0.76 0 4 1.64 0 8.9 

2013 0.43 0 2 1.42 0 8.9 

2014 0.89 0 4 1.13 0 7.8 

2015 1.36 0 6 0.99 0 6 

2016 2.22 1 6 1.13 0 6 

2017 1.19 0 5 1.22 0 6 

2018 1.00 0 4 1.33 0 6 

2019 0.90 0 4 1.33 0 6 

2020 0.39 0 2 1.14 0 5.9 

2021 0.53 0 3 0.80 0 4.9 

2022 1.57 0 6 0.88 0 5.8 

2023 1.37 0 6 0.95 0 6 

 
Bycatch Estimates Key Findings (Table 8): 

● We compared humpback whale bycatch estimates since 2011: 
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○ LE averaged 0.29 annual entanglements from 2011-2023 and ranged from 
0.06-1.20. 

■ The 5-year average estimate from 2015 (starts with 2011 year)-
2023 was 
0.24 and ranged from 0.10-0.37 

○ OA averaged 1.09 annual entanglements from 2011-2023 and ranged from 
0.39-2.22 

■ The 5-year average estimate from 2015-2023 was 1.09 and ranged 
from 0.80-1.33 

Observation Rate Notes (Table 3 in Section 1.3.7.3): 

● Observer coverage rates are based and calculated based on landings (in metric 
tons) in each respective gear type, sector, and year. 
● CS is 100% monitored either through EM or human observers (Somers et al. 2024) 
● LE had an annual average observer coverage rate of 46.3% from 2011-2023, 
which was below the 2023 coverage of 53% (Somers et al. 2024). 
● OA had an annual average coverage rate of 7.1% from 2011-2023, which was 
above the 2023 coverage of 5% (Somers et al. 2024). 

 
Opportunistic Entanglement Reports  

From 2011-2024, there have been two humpback whale entanglements with sablefish pot gear 
reported to NMFS through opportunistic observations that were not reported by or through the 
WCGOP, totaling five entanglements with sablefish pot gear since 2011 (we acknowledge that 
there was one prior opportunistic report received in 2006). These opportunistic reports come 
from ocean users in 2016 and 2017. These reports were identified using the identification 
numbers that were documented on the buoys that were recovered as part of disentanglement 
efforts. At this time, we do not have enough information to determine which sector(s) of the pot 
fishery are responsible for these humpback entanglements. Due to the difficulty in applying any 
type of expansion factor to these types of reports, the best use of this data is to use it to ground 
truth bycatch estimates by looking at the opportunistic entanglement report records as a 
minimum source of accounting regarding the potential total number of entanglements that may 
have occurred in the past. 

In general, the quantity and quality of information received from opportunistic reports has 
increased over time, in addition to NMFS’s ability to evaluate them (Saez et al. 2020). Herein, 
we focused on looking at how the opportunistic entanglement data and the PCGF pot fishery has 
changed since 2011. The volume of entanglement reports and our ability to identify the origins of 
gear that are involved in entanglements has improved significantly in recent years due to forensic 
analysis and gear marking efforts. 
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From 2011 to 2023 (2024 entanglements are still under review by NMFS WCR), NMFS received 
and evaluated 258 confirmed humpback whale entanglement reports (these all represent separate 
cases – does not include resighting of an entangled whale multiple times and are all only from 
the West Coast) (NMFS 2024a). Since 2011, five of these reports have been identified as 
associated with the sablefish pot fishery, which represents about ~1.9% of all confirmed 
entanglement reports. Of these 258 cases, 124 (48.1%), records are positively identified to some 
particular source or origin, and 134 (51.9%) records where the gear could not be identified. As a 
result, 4.0% of the humpback entanglement records that have been attributed to a known origin 
were attributed to the sablefish pot fishery (5 out of 124). With respect to the 134 unattributed 
cases, if we assume 4.0% of those may have also been attributed to sablefish gear, that would 
equate to ~5.4 additional sablefish entanglements that may have been reported since 2011 (4.0% 
of 134), that were not identified. There have also been 11 confirmed additional entanglement 
reports of unidentified whales with unidentified gear, some of which would be expected to 
involve humpback whales, from 2011-2023 (Saez et al. 2023). Based on the low likelihood 
(4.0%) that any entanglement report involves sablefish gear, it is unlikely that any of those 11 
reports of unidentified whales would be humpback whales entangled in sablefish gear. 

It is important to acknowledge that we do not have a clear understanding of how many 
humpback whale entanglements may have occurred without being reported. Overall, we 
conclude that the record of opportunistic entanglement reports related to the sablefish pot fishery 
and humpback whales, WCGOP’s entanglement observations, and WCGOP’s bycatch estimates 
do not appear to be inconsistent with each other. Although we lack specific expectations for how 
many actual entanglements might be detected and reported through opportunistic means, it is 
plausible that only a fraction of total entanglements is captured in these reports. The sablefish pot 
fishery operates across a broad range of the U.S. West Coast, including remote offshore areas not 
heavily frequented by ocean users. However, detecting these entanglements might be easier 
compared to those involving other types of gear because whales entangled in heavier strings of 
pot gear, like sablefish gear, are often more restricted in their movements and less likely to be 
free-swimming, making the entanglement more noticeable to observers. Ultimately, while we 
cannot directly calibrate opportunistic reporting with estimates of sablefish pot fishery 
entanglements derived from observer coverage, we find that the record of opportunistic reports 
does not conflict with the estimates and expectations generated from observer data and other 
analytical methods used to date. 

PCGF Sablefish Pot Fishing Effort 

For analysis of sablefish pot fishing effort in this opinion, we represent effort by the number of 
unique pot sets unless specifically stated otherwise. This is because pot sets are likely a more 
accurate depiction of relative fishing effort as it relates to entanglement risk than other metrics. 
Although there is variation in how many pots may be used in a single set, or landings derived 
from that set, the vertical lines at the end of a string of pots is the main factor associated with 
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whale entanglements, and is generally understood to have involved two vertical lines for most 
every set made previously (see Impact of Gear Marking and Risk Reduction Measures on 
Bycatch Risk section below). 

Pot sets show varying patterns of distribution and fishing effort over the years (displayed by 
Figure 9, and further broken down by sector in Figure 10). The WCGOP calculates an observer 
coverage rate for each year, gear, and sector of the groundfish fishery. Since the observer 
coverage rates vary over time, and across sectors, it is difficult to directly compare effort metrics 
gathered from WCGOP data without adjusting for the relative proportion of effort that was 
covered by observers. Therefore, for every year in each sector, we divided the observed number 
of sets by proportion of the landings observed in that year to represent the estimated 100% 
totality of fishing effort (number of sets) within each sector. 

There has been a northward shift in PCGF pot fishing effort over time; in recent years there has 
been minimal effort within the Southern California Bight (Figure 9). This is largely due to the 
northward shift of effort in the CS sector, but effort in both the LE and OA sectors follow this 
northward trend as well (WCGOP, unpublished data*10). The magnitude of pot effort from 2014-
2023 has been relatively steady (Figure 10). LE effort was broadly distributed throughout the 
range of pot effort across the coast, and OA effort (observed) in recent years has been 
concentrated along northern and central California. PCGF pot fishing for all sectors was heaviest 
from April-November, with LE, OA, and CS effort peaking in October, August, and October, 
respectively (Figure A-3, Table A-2). 
 

 

                                                 
10  * While we did examine this data using the same visual and data analysis formats, we are unable to effectively 
illustrate these patterns visually without compromising MSA confidentiality. The * will represent this situation 
throughout the Opinion and Appendix A, where appropriate. 



103  

 
Figure 9: Pot sets scaled up by sector to represent 100% of fishing effort based on observed 
WCGOP data, plotted by year (2014-2023), and labeled by magnitude of pot sets. 
 

 

Figure 10: Estimated pot sets by sector for the years 2014-2023. Lines are colored by sector 
and the black line represents the total sets summed for all sectors. 

 

The CS sector fishery is generally considered 100% covered, either by EM or human observers. 
The LE and OA sectors have substantially less observer coverage and do not utilize EM, only 
human observers. The LE sector on average from 2014-2023 has 52% of landings observed, and 
the OA sector on average has 8% of landings observed (Somers et al. 2024). With respect to our 
co-occurrence analysis, this presents the following difficulties with presentation and 
interpretation. With limited coverage in the OA sector, observations could be biased to specific 
areas or time periods associated with observer deployment, which can be magnified by scaling 
the OA sector data up based on those limited observer coverage rates on an annual basis (over a 
longer time, coverage of the OA sector is expected to be a representative sample of the entire 
fishery). Thus, areas that overlap with species models then appear as if there is a large overlap of 
effort occurring in that area, but in actuality it is inflated, or potentially vice versa, because of the 
limited OA sector data available for a given year. Essentially this heavily weights consideration 
of observed OA sector data points. 

Co-Occurrence Analysis  
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Historically, all reported humpback whale entanglements involving sablefish pot fishing were 
known to have occurred or been reported off the coasts of Oregon and California, except for the 
recent 2023 entanglement near the Washington/Oregon border, 25 miles offshore from the 
Columbia River in Washington. While we do not have confirmed locations of where the gear 
was set in all of these previous cases (e.g., opportunistic sighting reports), we assumed it was 
likely most previous entanglements occurred off the coast of Oregon or California based on the 
relative distribution of effort (landings) across the sablefish pot fishery (NMFS 2020a). 

In order to anticipate what will happen in the future, including with respect to where along the 
U.S. West Coast that bycatch risks, and ultimately interactions with PCGF gear might occur, 
along with the trends in general magnitude of risks for different sectors, we examined the recent 
co-occurrence of the different PCGF sectors with humpback whales (see Appendix A for full 
description of the effort) 

Pot fishing and the resulting overlap with humpback whales peaks in the late summer/early fall 
months of September and October (Table A-2, A-9). Peak overlap does differ by fishery sector 
with the LE sector containing the most overlap in October, the CS sector in November, and the 
OA sector in June (Table A-9). Overall, 86.9% of overlap between pot fishing and humpback 
whales occurs during the primary ‘whale season’ when humpback whale abundance is highest on 
the U.S. West Coast from April-November. Predicted peak whale density in the months from 
August to November coincides with elevated fishing effort in the areas surrounding Cape 
Mendocino in California and Cape Blanco in Oregon, suggesting these areas have been and 
could be areas of higher potential entanglement risk (Figure A-3, A-18). Generally speaking, the 
elevated entanglement risk to humpbacks resulting from predicted co-occurrence predominantly 
in summer and fall coincides with the previous entanglement record, where humpbacks tend to 
be reported entangled in larger frequencies in the summer and fall compared to the winter and 
spring (Saez et al. 2020). 

We also looked at the interannual variability of overlap over the last decade, to help understand 
how risk may be changing over time. Over time, we see overlap risk has shifted northwards, with 
less overlap occurring in California waters in recent years, compared to the waters off of Oregon 
and Washington. The magnitude of overlap between humpbacks and pot effort remained 
relatively stable from 2014-2023, with slight oscillations (Figure 11). The year with the highest 
overlap across all sectors for the time series was 2017; however, the LE sector peaked in overlap 
in 2020, the OA sector peaked in overlap in 2015, and the CS sector peaked in overlap in 2017 
(Figure 11). 
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Figure 11: Estimates of the pot set overlap with the humpback whale density distribution 
model. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each year for all years 2014-2023. 

 
Across the entire time series, areas of highest overlap values occur along the Oregon/Washington 
border, specifically near the Columbia River mouth, around the San Francisco and Monterey Bay 
areas in California, directly south of Cape Mendocino in California, and Big Sur, CA (Figure 
12). There is consistent overlap across the broad distribution of both humpbacks and pot fishing 
effort, but it appears that the densest aggregations of overlap are along the Oregon coast, with 
continued overlap along the coast of Washington, and more disconnected patches of overlap 
along the California coast. OA sector overlap is most concentrated in northern California south 
of Cape Mendocino, in the Monterey Bay area, and offshore of the Columbia River mouth area 
(WCGOP, unpublished data*). The LE sector overlap is concentrated around Cape Mendocino 
and extends north to Cape Elizabeth in Washington, sharing a similar spatial overlap as the CS 
sector, and similar areas of increased overlap with OA (WCGOP, unpublished data*). 



106  

 
Figure 12: The product of the estimated number of pot sets overlapped with humpback whale 
density. Overlap is colored by magnitude of overlap and is a unitless metric. 

 
We also considered what proportion of pot sets had at least some overlap with predicted 
humpback whale occurrence (i.e., whale density prediction was greater than zero). Given what 
we know about humpback whale DPSs and their relative distributions along the U.S. West Coast, 
we also wanted to view how these fisheries overlap in California and Oregon (CA/OR), versus 
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Washington (WA) (Table 9), as part of risk assessment with respect to the different humpback 
whale DPSs. Our findings indicate a little less than half of total estimated pot sets in the LE 
sector overlapped with an area where humpback whales were predicted to occur, with 27% of 
these sets occurring in WA, and 73% of these sets occurring in CA/OR, similar to CS (Table 9). 
For the OA sector, a similar number of estimated sets overlapped, with relatively fewer of the 
estimated overlap sets occurring in WA, and most occurring in CA/OR (Table 9). In total, 40% of 
total estimated sablefish pot fishing sets were predicted to have overlapped with humpback 
whale distribution, with 75% of those overlapping sets occurring in CA/OR and 25% in WA 
(Table 9), which is also very similar to the relative proportions of landings (Table A-12). The 
comparable overlap proportions between California/Oregon and Washington between the CS and 
LE sectors indicates these sectors are similar. Given the lower observer coverage in the OA 
sector, it is difficult to directly compare it to CS and LE sectors. 
 

Table 9: Total overlap relative to the percentage of pots sets with overlap with predicted 
humpback whale distribution (above zero) for each sablefish pot sector, broken down by area 
of fishing (California/Oregon versus Washington). Fishing effort sets are estimated/scaled up 
to account for 100% of fishing effort. 

Sector Overlapping 
Sets/Total Sets 

Proportion 
Overlap in 
CA/OR 

Proportion 
Overlap in 
WA 

LE 42% 73% 27% 

OA 38% 89% 11% 

CS 42% 75% 25% 

Total 40% 75% 25% 

 

Anticipated Future Entanglements in PCGF Sablefish Pot Gear  

Having reviewed and evaluated the available information, including recent developments that 
aren’t necessarily reflected in the historical information regarding humpback whale bycatch 
risk in the PCGF sablefish pot fishery, we combine it all together to anticipate future levels of 
entanglement, based on the current state of the PCGF. 

 
First, we look to the historical bycatch estimates for the sablefish pot fishery, generated for 
the LE and OA sectors, since those represent the most complete assessment of what has 
occurred up to the point. As described in Bycatch Estimates above in this section (Table 8), 
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annual estimates of humpback whale entanglements have been as high (from 2011-2023) as 
1.20 and 2.22 for the LE (2023) and OA (2016) sectors respectively, and the highest 5-year 
averages have been 0.37 and 1.33, for the LE and OA sectors respectively. Although the 
trends in effort and predicted level of co-occurrence has been relatively flat over the last ten 
years for these sectors, the recent increase in the total effort during 2023 (along with 
predicted co-occurrence), along with the increasing population of humpback whales in the 
action area, suggest that bycatch is more likely to occur at the high end of range of what has 
occurred. Therefore, we look to the maximum values from recent years (since 2011) to 
inform our expectations for future bycatch for these sectors, in terms of what may happen in 
any one year, and over a 5-year average. As a result, we consider that as many as 3.42 
humpbacks may have been entangled in total during any one year, and 1.70 may be the 
highest average of entanglements over a 5-year period since 2011. 

There are no bycatch estimates representing the CS sablefish pot sector, because no bycatch 
events have been observed in this sector. This does not mean the estimates of what has 
occurred in this sector are necessarily “zero”, but rather estimates cannot be produced. Given 
the rarity of humpback whale entanglements, significant observer coverage of the CS sector, 
and CS containing the lowest co-occurrence of all the sectors, it is possible no entanglements 
have occurred in the CS sector. However, given the general nature of fishing sablefish pot 
gear by CS vessels shares similar characteristics as the LE and OA sectors, we assume that 
some risk of future entanglements exists. 

To help evaluate this for the CS sector, we elected to use information from the historical 
bycatch estimates for the LE and OA sectors, and the overlap analysis we completed for each 
of these sectors (Appendix A). The overlap analysis generally reflects both the similarities 
and differences in relative entanglement risk in terms of the distribution of risk in space, 
time, total effort, and summed annual overlap of the fishing effort along with the predicted 
humpback whale densities to scale the relative risk of the CS sector, despite the absence of 
previously documented entanglements. We compared annual overlap values between PCGF 
pot fishing and humpback whale density for each sector and calculated the summed overlap 
for each sector throughout the time series (Table 10; Appendix A). The average overlap for 
over the last 10 years for the CS sector was 6.45, and for LE sector the average was 5.10, 
which would indicate that generally speaking the CS sector has had a similar level of overlap 
and potential for entanglement as the LE sector. However, we note the CS sector is 100% 
monitored compared to the LE sector, and an entanglement has not previously been observed 
in this sector. One thing we note is that the relative level of overlap in the CS sector has been 
less than the LE sector during the most recent years. We note that the average overlap of the 
OA sector has also been similar to the LE sector, but slightly lower than the CS sector, on 
average during this time. However, we view the overlap results of the OA sector as having 
the greatest level of uncertainty based on the limited observer coverage and data available, 
which has to be scaled up by a large proportion, and are cautious in using this information to 
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draw too many inferences for this type of application given the possible biases. After further 
consideration, we elect to use the LE sector overlap to make inferences about relative risk in 
the CS sector, as the LE sector has much higher observer coverage rates, and therefore less 
potential for spatial and overlap bias. Ultimately, we conclude that the relative overlap of the 
CS sector has been similar to the overlap level of the LE sector over time, although the trends 
over the last ten years are heading in opposite directions. 

 Table 10: Overlap separated by year and sector for all sablefish pot overlap with the 
humpback whale density model. These include overlap within all months of the year. 

 LE OA CS Total 

2014 3.11 1.17 4.69 9.55 

2015 2.24 10.91 5.43 18.58 

2016 6.66 4.47 9.33 20.46 

2017 4.34 5.77 10.53 20.64 

2018 5.08 4.44 6.93 16.46 

2019 4.25 2.60 8.21 14.81 

2020 7.70 1.40 6.85 15.95 

2021 6.31 1.63 4.79 12.73 

2022 4.25 7.11 4.99 16.35 

2023 7.09 7.72 2.74 17.54 

Average 5.10 4.72 6.45 9.55 

Using this information, we generally can conclude that the risk of entanglements in the CS 
sector is generally equivalent to the risk in the LE sector. Looking at our expectation for 
future entanglements in the LE sector, we assume there could be as many as 1.20 
entanglements in any year estimated to occur, which would equate to an estimation of a 
similar number of (1.20) entanglements in the CS sector in any year. Following along the 
same line, we assumed that an average of as many as 0.37 entanglements could occur over a 
5-year period in the LE sector, which would equate to an estimated average of the same 
number (0.37) entanglements occurring over a 5-year period in the CS sector. Although our 
overlap analysis suggests that risks of entanglements in the CS have been generally declining 
in recent years, primarily as a result of the northward shift in fishing effort, entanglement 
risks could increase again or at least be sporadically high in certain years in the future. While 
there may be some other differences between the CS and the other PCGF pot fishery sectors 
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that could explain why the CS sector has not been associated with entanglements previously, 
we do not have any clear understanding of how or why that is the case. 

As a result, we anticipate annual overall estimates for the entire PCGF sablefish pot fishery as 
follows: 

Annual maximum = LE entanglements (1.20) + OA entanglements (2.22) + CS 
entanglements (1.20) = no more than 4.62 entanglements  

Maximum 5-year running average = LE entanglements (0.37) + OA 
entanglements (1.33) + CS entanglements (0.37) = no more than 2.07 
entanglements 

 

DPS Apportionment 

In order to apportion the total number of humpback whale entanglements that we expect to 
occur as a result of the proposed action, we applied information from our overlap analysis to 
weight the relative amount of humpback whale entanglement risk across the entire fishery, 
based on the assumed distribution of the humpback whale DPSs, described in Section 2.2.2.1. 
Through the overlap analysis (Appendix A), we estimated that ~75% of the risk of humpback 
whale entanglement in the PCGF sablefish pot fishery occurs off California and Oregon, and 
~25% occurs off Washington, based on the distribution of overlap summed across all sectors 
(Table 
A-11). Given the assumed distribution of humpback whale DPSs off the U.S. West Coast, we 
expect 42.3% of humpback whales that may become entangled in PCGF sablefish pot gear 
off California/Oregon will be Central America DPS individuals, and 57.7% will be Mexico 
DPS individuals. Similarly, we expect 5.9% of humpback whales entangled in sablefish pot 
gear off WA will be from the Central America DPS, 25.4% will be from the Mexico DPS, and 
68.8% will be from the unlisted Hawaii DPS (Table 3). Therefore, using these two sets of 
information in combination, along with our expectations for the total number of 
entanglements across the entire sablefish pot fishery, to generate an annual and 5-year 
average maximum estimate for each 
ESA-listed humpback whale DPSs, as represented in Table 11. 

Table 11. Anticipated bycatch of ESA-listed humpback whale DPSs in the PCGF sablefish 
pot fishery. 

 CA/OR Bycatch WA Bycatch Total Bycatch 

Mexico DPS    

Annual Maximum 2.00 0.29 2.29 
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Maximum 5-year 
Running Average 

0.90 0.13 1.03 

Central America 
DPS 

   

Annual Maximum 1.48 0.07 1.55 

Maximum 5-year 
Running Average 

0.66 0.03 0.69 

 

Response to Pot Gear Entanglement 

The survival probability of a marine mammal entangled in fishing gear depends largely on 
the species, age, or size of the individual involved. Documented cases indicate an entangled 
marine mammal may travel for extended periods of time and over long distances before 
freeing themselves, being disentangled by stranding network personnel, or dying as a direct 
result of the entanglement (Angliss & DeMaster 1998). It is often unknown whether an 
entanglement immediately causes a serious or debilitating an injury that will eventually to 
death11. If the gear is heavy or significantly restricts an animal's ability to swim, it could 
become exhausted from repeatedly trying to reach the surface to breathe and might 
eventually drown. Less severe entanglements can cause exhaustion, depletion of energy 
stores, and starvation due to the increased drag (Wallace 1985). Tightly wrapped gear around 
an animal’s appendage can cause debilitating injuries, especially if it constricts, causes 
lacerations, or impairs swimming or feeding (Scordino 1985). Such injuries can make the 
animal more susceptible to disease or predation (Angliss & DeMaster 1998), and the 
lacerations may become infected. Sustained stress from repeated or prolonged entanglement 
may impair a marine mammal’s ability to fight infection or disease (Angliss & DeMaster 
1998). Younger animals are particularly at risk because as they grow, tightly wrapped gear 
becomes more constricting and many large cetaceans that become entangled in fishing gear 
are juveniles (Angliss & DeMaster 1998). Data from the NMFS WCR Stranding Database do 
not provide conclusive information on the size or age of most entangled whales, although 
juvenile whale entanglements are certainly part of that record. 

The specific outcome of an entanglement event after the last sighting of an entangled or 
disentangled whale is rarely known. NMFS assesses the likelihood of M/SI for each 
entanglement based on the probability that the bycatch event results in M/SI, using the 
criteria outlined in Process for Distinguishing Serious from Non-Serious Injury of Marine 
Mammals (NMFS 2023a), and referred to in the SARs (Caretta et al. 2023). In the absence of 

                                                 
11 The current criteria used for assessing the severity of injury to marine mammals are published as Protected Resources 
Policy Directive Process for Distinguishing Serious from Non-Serious Injury 02-238, effective February 7, 2023. 
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specific survival and mortality data for any ESA-listed humpback whale entanglements or 
bycatch events in the PCGF, we rely on M/SI rates from previous entanglements to guide our 
expectations for future incidents. 

From the five confirmed humpback whale entanglements reported (observers and 
opportunistic reports combined) with sablefish pot gear since 2011, four cases have a readily 
available M/SI score. The total assessed M/SI with sablefish pot gear is 2.5; equating to an 
average M/SI rate of 0.63 (M/SI = 2.5/4 cases). This includes: one case where gear was 
removed during a disentanglement response leading to non-serious injury determination that 
otherwise would have been a serious injury (M/SI = 0); two cases where partial 
disentanglement resulted in a prorated serious injury score (M/SI = 0.75); and one case where 
the whale was observed to be deceased (M/SI = 1.0). Without intervention, the M/SI rate 
from the initial entanglement description would have been greater without a disentanglement 
response. Assuming no intervention occurred, the initial average M/SI rate would be 94% 
(3.75/4 cases). This is consistent with our general understanding that strings of multiple traps 
have the capability of inflicting serious injuries given their heavy weight and tendency to 
dramatically restrict movement of entangled whales. However, restricted movement may 
make it easier to respond and potentially disentangle whales. The 2023 entanglement that 
involved sablefish pot gear has not yet been evaluated for M/SI. 

Given the relatively low number of humpback whale entanglements in sablefish pot gear, we 
examined cases with similar multi-trap string configurations (i.e. spot prawn or hagfish 
fisheries) as they provide additional examples of likely outcomes for entangled whales. The 
addition of other M/SI cases with similar gear configuration increases our sample size and 
therefore our confidence in our M/SI rate. The overall M/SI rate for multi-trap gear 
humpback whale entanglements (i.e. sablefish and spot prawn entanglements) from 2011-
2022 is 0.5 (50%; M/SI = 7.5/15 cases); when interventions had occurred, and 0.92 (92%; 
M/SI = 13.75/15 cases) if intervention had not occurred. This is a highly similar rate to the 
0.94 calculated strictly utilizing sablefish pot entanglements, thereby increasing our sample 
size and confidence in our M/SI rate. Although future intervention is not guaranteed, our 
intervention rate has been high for these types of entanglements, when reported. Assuming 
previous intervention and success rates will remain reflective of the future is uncertain. 
Therefore, we assume no intervention will occur in future entanglements. Thus, the extent of 
injuries documented prior to human intervention will represent the potential fate of all 
humpback whales that may get entangled with sablefish pot strings, in the future. 
Consequently, we estimate a M/SI rate of 0.92, for future entanglements in the PCGF 
sablefish pot fishery (Table 12). 

Table 12. Anticipated M/SI of ESA-listed humpback whale DPSs in PCGF sablefish pot 
gear. 
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 Total Bycatch in PCGF Pots Anticipated M/SI 

Mexico DPS   

Annual Maximum 2.29 2.11 

Maximum 5-year Running 
Average 

1.03 0.95 

Central America DPS   

Annual Maximum 1.55 1.43 

Maximum 5-year Running 
Average 

0.69 0.63 

 
2.5.1.3 Exposure and Response to Interactions with Hook-and-Line Fisheries 

Hook-and-line fishing gear can entail a wide variety of gear types and configurations that 
consequently pose varying levels of entanglement risk. Bottom longline is the most common 
hook-and-line gear type utilized in the commercial PCGF (SFD personal comm. November 1st, 
2024), which poses a similar type of threat for entanglement as sablefish pot gear with vertical 
lines on each end of a string of gear (in this case hooks), attached to a horizontal groundline on 
the bottom, although there are differences in the specific lines (e.g., size/strength) and fishing 
practices (e.g., soak time) that are distinguishable from traditional sablefish pot gear. There has 
also been a growing sector of the PCGF that utilizes vertical line gear including rod-and-reel, 
stick, jig and other vertical longline-type gear which poses an entanglement and hooking risk due 
to the vertical lines/hooks in the water column. Additionally, although the gear associated with 
the PCGF recreational fishing sector is not well described, we generally understand that it 
primarily, if not exclusively, involved monofilament hook-and-line gear. Although typically 
much lighter than gear used in commercial fishing, recreational gear poses some risk of hooking 
and/or entanglements of whales and sea turtles. 

Most of the data available for analyzing hook-and-line activity in the PCGF fishing is aggregated 
across gear types within WCGOP data, which precludes our analysis of specific hook-and-line 
gear in this Opinion. However, given that a majority of PCGF hook-and-line effort is bottom 
longline, we will assume that the majority of risk will be equated to bottom longline gear. 
However, we do consider the applicability of information across specific hook-and-line gears 
types, as appropriate. We also note that effort data on PCGF recreational fishing in federal 
waters, distinguished from recreational fishing in state waters for groundfish species, is not 
available, and we generally assume that the PCGF recreational fishery in federal waters is only a 
small fraction of recreational fishing for groundfish fisheries off the U.S. West Coast. 
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Bycatch Estimates 

Previously, the WCGOP has generated bycatch estimates for the OA hook-and-line sector as a 
whole on two occasions (Hanson et al 2023, Somers et al. 2024), as a product of an interaction 
reported by a fishery observer in 2021 with OA vertical jig gear. This occurred offshore of 
California, and involved stationary vertical jig hook-and-line gear in which the gear was attached 
to the vessel. The vessel was targeting slope rockfish. The observer report for the 2021 incident 
states that during the retrieval of the unbaited line, a large humpback either purposely mouthed 
the gear or inadvertently tangled in the gear, although the observer did not witness the gear on 
the animal. The line was severed by the skipper as the whale swam beneath the vessel. Despite 
the positive identification of the whale, there was no visual confirmation of the entanglement, the 
configuration and amount of gear that might have been involved was unknown, as was whether 
there was any trailing gear remaining on the whale. These uncertainties have led to this 
observation being deemed an unconfirmed entanglement report by NMFS (89 FR 77789). 

In addition to the uncertainty surrounding the event itself, the bycatch estimates produced from it 
have been generated across all OA hook-and-line gear/effort together, including bottom longline 
fishing effort, which has been the predominant gear type used for OA hook-and-line fishing. 
While all hook-and-line gears share some commonality with use of lines and hooks, the type of 
vertical jig gear associated with this unconfirmed entanglement is a different gear configuration 
than bottom longline gear. Across a long timeline of observer coverage of the NCS LEFG, OA, 
and TL sectors of bottom longline fishing, and the CS sector bottom longline fishing, there have 
been no previous observations of entanglements or hooking of humpback whales with that gear 
(WCGOP data). 

The production of the bycatch estimates from WCGOP across the entire OA hook-and-line 
fishery were a result of their observation program deployment structure that aggregates coverage 
of all OA hook-and-line effort into one combined unit, despite the differences in gear 
configuration. As a result, they are unable to further segregate their analysis between PCGF 
bottom longline gear and vertical jig or other types of OA hook-and-line gear (WCGOP pers 
com. November 1st 2023). Given the uncertainty of what happened in 2021, with a gear type that 
represents only a small portion of the OA hook-and-line fishery, is a different gear configuration 
than PCGF bottom longline, has a previously documented track record of no observed 
entanglements, we do not think these bycatch estimates are representative of the entanglement 
risk posed OA hook-and-line fisheries as a whole, and will not be relied upon for use in our 
effects analysis. 

Opportunistic Entanglement Reports 

In addition to the one unconfirmed interaction with PCGF vertical jig gear reported by an 
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observer described above, we consider the available information from other opportunistic reports 
of whale entanglements to help assess the potential risk of future PCGF hook-and-line 
interactions with humpback whales, including recreational fisheries. In total, there have been 
five recent confirmed reports of humpback whale entanglements off the U.S. West Coast with 
hook-and-line fishing gear, including monofilament hook-and-line, and commercial longline 
fisheries. 

In May of 2015, there was a report of an entanglement of a humpback wrapped with a heavy 
gauge monofilament line, identified by NMFS as possible longline or commercial gear of 
unknown origin. In October of 2016, a humpback whale entanglement with monofilament line 
over the flukes of the animal was documented with a photograph, and another entanglement was 
documented in August of 2019 with a similar loop of monofilament line around the humpback’s 
tail stock; both of unknown origins. In September of 2021, a recreational fisherman reported and 
submitted a video of an entangled humpback with monofilament line that NMFS later deemed 
was associated with California recreational hook-and-line fishing. However, it was not 
determined whether or not this recreational fisherman was targeting groundfish in the EEZ, and 
therefore associated with the PCGF. In conjunction with the sablefish pot entanglement of a 
humpback in 2023, this humpback was also entangled with Pacific halibut longline gear. In 
summary, these entanglement cases provide some evidence about the risk of hooking or 
entanglement that PCGF hook-and-line may pose, even if these entanglement cannot be 
attributed to the PCGF, given some of the general similarities of PCGF with the gears involved 
in these cases. Use of similar gear, particularly monofilament line, is also prevalent in many 
other commercial and recreational fisheries along the U.S. West Coast that are not associated 
with the PCGF, especially in recreational fisheries in state waters. 

These five opportunistic reports described above, and one unconfirmed interaction with PCGF 
vertical jig, represent a small fraction of 258 confirmed humpback whale entanglement reports 
that have been received from 2011 to 2023. These have mostly been associated with 
monofilament lines, which is relatively easy to distinguish generally (although not to any specific 
origin) from the documentation provided with most entanglement reports. We presume this low 
rate of documented entanglements generally captures the low, but none-zero risk of interactions 
associated with monofilament hook-and-line gear, which is used throughout numerous 
commercial and recreational fisheries through the U.S. West Coast, including vertical jigs and/or 
recreational fishing gear. 

We acknowledge that it is possible that certain types of PCGF hook-and-line gear such as bottom 
longline gear could be associated with one or more of the ~52% of U.S. West Coast 
entanglement records where the gear could not be identified, given similarities in the use of 
vertical lines supported by buoys similar to pot gear, and the one recent entanglement with 
bottom longline gear used in a different commercial fishery. However, given the lack of 
observations of entanglements historically in PCGF bottom longline gear, we conclude that there 
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is some underlying difference in risk between bottom longline and pot gear, especially within the 
PCGF, that we have yet to fully understand. Likely, operational practices including soak time, 
and specific gear configuration and the strengths of components, could be factors. Therefore, we 
conclude there is a lower risk of interactions associated with bottom longline gear than with 
sablefish pot gear. 

PCGF Commercial Hook-and-Line Fishing Effort  

Similar to sablefish pot effort, for analysis of hook-and-line fishing effort in this opinion, we will 
choose to represent effort by the number of unique hook-and-line sets unless specifically stated 
otherwise. This is because sets are likely a more accurate depiction of relative fishing effort as it 
relates to entanglement risk, given the deployment of most of these gear sets involve one or two 
vertical lines deployed in the water column, and those vertical lines (including any hooks 
attached) represent the largest component of risk, based on our knowledge to date. We are 
limited to analysis of PCGF commercial hook-and-line effort, as the availability of spatially-
explicit data on recreational PCGF fishing in the EEZ was not available. 

As discussed previously, WCGOP aggregates all commercial PCGF hook-and-line effort 
together across different hook-and-line gears into one unit. Therefore, we are limited to analysis 
of PCGF hook-and-line fishing effort in this one aggregated unit. Based on our general 
understanding, given that the majority of the PCGF hook-and-line fishing effort is associated 
with bottom longline fishing, we assume that our analysis is most representative of the bottom 
longline fishing effort, and generally reflective of all PCGF hook-and-line effort. 

Hook-and-line sets, combined across all sectors, and broken down by sector, show varying 
patterns of distribution and magnitude over the years (displayed by Figure 13, and further broken 
down by sector in Figure 14). Similar to what was described for coverage of sablefish pot effort, 
hook-and-line has varying levels of observer coverage across sectors. Effort in the following 
analysis has been scaled up accordingly using the same methodology as discussed in the 
previous section 2.5.1.2 PCGF Pot Fishing Effort (and in Appendix A) to estimate the totality of 
fishing effort every year for each hook-and-line sector. 

Hook-and-line effort has decreased in the amount of sets over time from 2014-2023, particularly 
for the CS sector, where there has been no effort from 2020 onwards (Figure 14). Despite the 
decrease in number of sets, hook-and-line effort still covers a wide distribution from southern 
California to northern Washington (Figure 13). OA sector effort occurred along the entire coast, 
LE TL sector effort has been concentrated around southern California, and LE sector effort 
occurred north of Monterey Bay, CA. When the CS sector was still operating, it was 
concentrated also in southern and central California (WCGOP, unpublished data*). Hook-and-
line effort has been concentrated from April-October with the total fishing effort across all 
sectors peaking in August. The LE, LE TL, OA, and CS sectors peaked in effort in September, 
August, August, and October, respectively (Table A-4). 
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Figure 13: Hook-and-line sets scaled up by sector to represent 100% of fishing effort based 
on observed WCGOP data, plotted by year (2014-2023) and labeled by magnitude of hook-
and-line sets. 
 
 

 
Figure 14: Estimated hook-and-line sets by sector for the years 2014-2023. Lines are colored 
by sector and the black line represents the total sets summed for all sectors. 

 
The LE sector of the hook-and-line fishery has an average observer coverage rate from 2014-
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2023 of 39% (Somers et al. 2024). Both the OA and LE TL sectors have an average observer 
coverage rate over the same time series of 4% (Somers et al. 2024). These have had 
substantially lower observer coverage than the ~100% covered CS fishery, either by EM or 
human observers, but NCS now constitutes 100% of the hook-and-line effort since 2020. For 
reasons described earlier, we are cautious in our interpretation of results for the OA and LE 
TL sector in particular given the low coverage rate, especially with respect to any individual 
year. 

Co-Occurrence Analysis  

While there is a lack of confirmed entanglements with PCGF hook-and-line gear historically, 
NMFS is exploring the recent patterns of risk to evaluate as part of consideration of what we 
will anticipate with hook-and-line PCGF gear in the future. This analysis will evaluate where 
along the U.S. West Coast bycatch risks for PCGF gear may be present, along with trends in 
general magnitude of risks for different sectors. See Appendix A for the full description of 
the underlying co-occurrence analysis we conducted. 

Overlap across all commercial PCGF hook-and-line fisheries peaks in October, while fishing 
effort peaks in August, indicating that humpback whale distribution later in the season is 
driving this peak (Table A-14 and A-4). However, the second highest month of overlap was 
August which also corresponds with peak fishing effort. The timing of highest overlap varies 
slightly across sectors, with LE sector overlap peaking in September, LE TL and CS sector 
overlaps both peaking in October, and the OA sector overlap peaking in June (Table A-14). 
Fishing effort appears to be concentrated further north in the earlier spring and summer 
months, possibly leading to lower overlap despite higher fishing effort, as predicted 
humpback whales densities haven’t reached their maximum levels that far north early in the 
year (WCGOP, unpublished data*). The largest overlap in the hook-and-line sector within 
California and Oregon occurs in the latter half of the year, from July to December (WCGOP, 
unpublished data*). In Washington, overlap mostly occurs from September-November, with 
the lower amount of overlap occurring earlier in the year concentrated in the northern part of 
the state and further offshore compared to peak overlap in September-November (WCGOP, 
unpublished data*). 

We also looked at the interannual variability of overlap over the last decade, to help 
understand how risk may change in the future. Overlap for the different sectors has varied 
throughout the years, not following a definitive trend, although across all hook-and-line 
sectors altogether there has been less overlap in recent years compared to the previous years 
(Figure 15). The NCS sectors showed the highest year-over-year overlap compared to the CS 
sector, which appears almost negligible in comparison (Figure 15). The LE sector overlap 
peaked in 2016, the LE TL sector overlap peaked in 2016, the OA sector overlap peaked in 
2022, and the CS sector peaked in 2016. Accordingly, across all hook-and-line sectors, 
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overlap with humpbacks peaked in 2016 and has oscillated in magnitude throughout the years 
(Figure 15, Table A-15). Overlap throughout the years has not displayed any spatial trend in 
terms of aggregation in a single place or moving northward or southward, likely due to the 
broad distribution of hook-and-line fishing. Some minor spatial trends include: during the 
marine heat wave period (2014-2018), overlap was more concentrated in central and southern 
California and around the Columbia River. 

 

 

Figure 15: Estimated hook-and-line set overlap with the humpback whale density. Lines and 
points are colored by the sector in which the overlap belongs or the total overlap. 

Predicted whale density in the months from August to November coincide with elevated 
fishing effort in the areas offshore Cape Elizabeth, Washington, the Columbia River, Point 
Reyes, California, Monterey Bay, California, and offshore Orange County and San Diego, 
California, suggesting these areas could be the highest risk spots for potential interactions 
(Figure 16 and WCGOP, unpublished data*). However, there is generally wide-spread 
overlap across the entire coast, with a slightly denser aggregation further north along the 
Oregon and Washington coasts (Figure 16). Overlap in California and Oregon is dominated 
by the LE sector in Oregon and northern California through Monterey Bay (with a majority of 
the OA sector overlap occurring in this same geographic area), with a predominance of LE 
TL and CS sector overlap in Central and Southern California (WCGOP, unpublished data*). 
Overlap off of Washington is dominated by the LE sector throughout the state, except for 
areas of OA sector overlap near the Columbia River, and CS sector overlap south of Cape 
Elizabeth (WCGOP, unpublished data*). 
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Figure 16: Estimated overlap between hook-and-line sets and predicted humpback whale 
density. Overlap is colored by magnitude of overlap which is a unitless metric. 

 
We considered what proportion of hook-and-line sets had at least some overlap with 
predicted humpback whale distribution (i.e., whale density prediction greater than zero). 
Given what we know about humpback whale DPSs and their relative distributions along the 
U.S. West Coast, we also wanted to view how these fisheries interact in CA/OR versus WA 
(Table 13). Our findings indicate 42% of total estimated hook-and-line sets in the LE sector 
overlapped with an area where humpback whales were predicted to occur, with 35% of these 
sets occurring in WA and 62% in CA/OR (Table 13). For the LE TL sector, 37% of 
estimated sets overlapped, with 3% occurring in WA, and 97% in CA/OR (Table 13). For the 
OA sector, 41% of estimated sets overlapped, with 19% of the estimated overlap sets 
occurring in WA, and 81% in CA/OR (Table 13). In the CS sector, 41% of estimated sets 
overlapped, with 54% of the estimated overlap sets occurring in WA, and 46% in CA/OR 
(Table 13). In total, 38% of total estimated hook-and-line fishing sets were predicted to have 
overlapped with humpback whale distribution, with 65% of those overlapping sets occurring 
in CA/OR and 35% in WA, which is also very similar to the relative proportions of landings 
(Table 13 and Table A-17). 

 
Table 13: Percentage of hook-and-line sets with at least some overlap for each sector, and 
what proportion of overlap occurs in California and Oregon versus Washington. Fishing 
effort sets are estimated to account for 100% of fishing effort. 
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Sector Percentage of 
Overlapping Sets 

Proportion with 
Overlap in CA/OR 

Proportion with 
Overlap in WA 

LE 42% 62% 38% 

LE TL 37% 97% 3% 

OA 41% 81% 19% 

CS 41% 46% 54% 

Total 38% 65% 35% 

 
Anticipated Future Entanglements in the PCGF Hook-and-Line Gear 
 
Having reviewed and evaluated the available information, including recent developments that 
aren't necessarily reflected in the historical information regarding humpback whale bycatch 
risk in the PCGF hook-and-line gear, we combine it all together to anticipate future levels of 
entanglement, based on the current state of the PCGF. 

 
We have concluded that there are no viable bycatch estimates produced for PCGF hook-and-
line fisheries given the difficulty in aggregating risk across all of the hook-and-line gear 
types, and the uncertainty associated with the one unconfirmed interaction reported. This does 
not mean the estimates of what has occurred across the PCGF hook-and-line fisheries is 
“zero”, but rather a reliable estimate cannot be produced. 

 
To help evaluate future entanglement risk, we elected to use information from the overlap 
analysis we completed for commercial PCGF hook-and-line fisheries, aggregated across all 
hook-and-line gears (Appendix A). PCGF hook-and-line overlap has been variable over time, 
with less overlap estimated in recent years (Figure A-26). However, all sectors besides OA 
peaked in overlap in 2016, indicating that peak overlap has not occurred in recent years (Table 
14). This is also likely reflective of the fact that hook-and-line fishing effort peaked in 
magnitude (i.e. number of sets) from 2017-2019, and decreased to a stable number of annual 
sets since 2020 (Table A-3). This stable amount of hook-and-line fishing, in addition to the 
stable yet oscillating overlap does not lead NMFS to believe that entanglement risk of 
humpbacks in PCGF 
hook-and-line gear is increasing or will necessarily be increasing in the foreseeable future, 
although it remains a steady potential risk. 

 
Table 14: Summed overlap for all PCGF hook-and-line sectors by year. These are the 
monthly summed overlap for all months within the year that possess any overlap between the 
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two data layers (i.e., excludes “zeros”).  
Year LE LE DTL OA CS Total 
2014 8.32 6.62 5.65 0.75 20.91 
2015 8.23 3.35 5.16 0.57 17.32 
2016 15.84 14.07 14.37 2.21 46.49 
2017 10.65 4.21 13.21 0.73 28.81 
2018 15.57 8.05 10.08 1.66 35.36 
2019 7.12 3.71 6.01 0.55 17.39 
2020 7.56 3.21 5.37 0 16.14 
2021 8.66 6.94 6.63 0 22.23 
2022 8.54 0.87 19.56 0 28.97 
2023 11.80 2.23 9.46 0 23.50 

 
Ultimately, the one observed (but unconfirmed) interaction, along with the recent occurrences 
of entanglements with gear that is similar to commercial PCGF hook-and-line gear, suggest 
that humpback whale entanglements/hookings with commercial PCGF hook-and-line 
fisheries are reasonably certain to occur over the foreseeable future. However, there are many 
factors that we have considered that suggest that any such event(s) would be rare and limited 
in number. Given the historical record and lack of confirmed observation of entanglements 
with PCGF bottom longline fishing at least, there are likely some aspects of the gear and 
operation that lend to limited interaction risk. As we looked at recent co-occurrence across all 
hook-and-line gear (which is predominantly bottom longline), the risks are not increasing, 
given most likely to some reduced effort in recent years. In addition, risk reduction measures 
going into place soon may produce additional risks. While the details surrounding the risk of 
other specific components of PCGF hook-and-line fisheries associated with vertical jig (and 
other similar vertical gear configurations) are not as well defined, there is enough information 
to suggest humpback whales will be at risk of entanglement/hooking resulting from 
occasional interaction with these activities. 

 
We recognize that recreational hook-and-line gear poses a risk as well, as evidenced by 
recent occurrences of humpback whale entanglements with gear similar to what is used in 
PCGF recreational fisheries. If any humpback whale interactions with recreational fishing for 
groundfish species occur off the U.S. West Coast, it is far more likely those will not be 
associated with the PCGF. Given that only a fraction of recreational fishing for groundfish 
species is associated with the PCGF fishery, and our inability to more specifically assess the 
risk of this portion of PCGF hook-and-line fisheries, we cannot conclude that humpback 
whale entanglements/hookings with recreational PCGF hook-and-line fisheries are reasonably 
certain to occur. 

 
As a result, without a clear quantitative assessment to rely upon, we qualitatively assume that 
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up to one entanglement or hooking with commercial PCFG hook-and-line fishing would 
occur over any five-year period, and that this could come from any commercial PCGF hook-
and-line sector or gear type. This is consistent with the lack of any confirmed record of PCGF 
entanglements or hooking, but other information that suggests an interaction(s) may have 
recently happened, and that there are occasional entanglements or hookings of humpback 
whales with hook-and-line fishing gear off the U.S. West Coast similar to what is used in the 
PCGF. While we don’t expect that there will necessarily be one every five years, or even one 
out of every 10 years, NMFS commonly views the impact of fisheries on marine mammals 
over 5-year periods for MMPA stock assessment reports, and there is no evidence to support 
that PCGF hook-and-line interactions will occur more frequently than that. 

 
Annual maximum = no more than one entanglement 

Maximum 5-year running average = 0.2 
 

DPS Apportionment 
 
In order to apportion the impact of humpback whale entanglements with commercial PCGF 
hook-and-line fisheries that we anticipate will occur in the future with each DPS, we applied 
information from our overlap analysis to weight the relative amount of humpback whale 
entanglement risk across the entire fishery (commercial), based on the assumed distribution of 
the humpback whale DPSs, described in Section 2.2.2.1. Through the overlap analysis 
(Appendix A), we estimated that ~65% of the risk of humpback whale entanglement in 
commercial PCGF hook-and-line fisheries occurs off CA/OR and ~35% occurs off WA, based 
on the distribution of overlap summed across all sectors (Table A-17). We understand that it 
does not reflect or characterize the use of specific hook-and-line gear (such as vertical jig 
gear), as that information is not determinable from the available data. Given the assumed 
distribution of humpback whale DPSs off the U.S. West Coast, we expect 42.3% of 
humpback whales that may become entangled in commercial PCGF hook-and-line gear off 
CA/ OR will be Central America DPS individuals, and 57.7% will be Mexico DPS 
individuals. Similarly, we expect 5.9% of humpback whales entangled in PCGF hook-and-
line gear off WA will be from the Central America DPS, 25.4% will be from the Mexico 
DPS, and 68.8% will be from the unlisted Hawaii DPS (Table 3). Therefore, using these two 
sets of information in combination, along with our expectations for the total number of 
entanglements across commercial PCGF hook-and-line fisheries, to generate an annual and 5-
year average maximum estimate for each ESA-listed humpback whale DPSs, as represented 
in Table 15. 
Table 15. Anticipated bycatch of ESA-listed humpback whale DPSs in the PCGF hook-and-
line fishery. 

 OR/CA Bycatch WA Bycatch Total Bycatch 
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Mexico DPS    

Annual Maximum 0.38 0.09 0.47 

Maximum 5-year 
Running Average 

0.08 0.02 0.10 

Central America 
DPS 

   

Annual Maximum 0.27 0.02 0.29 

Maximum 5-year 
Running Average 

0.05 ~0.01a 0.06 

A indicates value artificially rounded up from a small non-zero value (.004). 

 
Response to Hook-and-Line Gear Entanglement  
 
Because there is a wide range of hook-and-line gears associated with commercial PCGF gear, 
and no previously confirmed entanglement or hooking events with PCGF gear to draw 
information about M/SI from, it is difficult to pinpoint expectations for how humpback 
whales might respond to future interactions. As a result, we first review information about the 
severity of injuries from the recent opportunistic reports of humpback whale interactions 
from the U.S. West Coast that involve gear similar to what is used in PCGF hook-and-line 
fisheries since 2011. Four of those reported entanglements have a readily available M/SI 
score, all of which involved monofilament lines. The total assessed M/SI with monofilament 
line gear is 2.50; equating to a M/SI rate of 0.63 (M/SI = 2.5/4 cases). This includes one case 
where an animal was photographed with line over its flukes, but was resighted later in the day 
with gear no longer visible entangling the animal, resulting from an apparent self-release, 
leading to a determination of a non-serious injury (M/SI determination = 0). There were two 
cases where there were superficial scars on the animal and the amount and configuration of 
gear was unknown, leading to a prorated serious injury assessment when a clear 
determination cannot be made (M/SI determination = 0.75). Finally, there was one case in 
2015 where the amount and configuration of gear trailing was still unknown, but since gear 
was deeply embedded and constricting the animal with fresh wounds, the final determination 
was a serious injury (M/SI determination = 1.0). We note that while the specific fishery this 
entanglement is associated with is unknown, our evaluation indicated that it was a heavier 
gauge of monofilament, possibly involved with longline (pelagic or vertical - not bottom 
longline) or some other commercial fishing operation. None of these cases involved human 
intervention. 
We acknowledge that the unconfirmed entanglement report with PCGF vertical jig in 2021 
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had previously received a prorated M/SI assessment of 0.75 by Carretta et al (2023), based on 
the unknown amount and configuration of gear involved in the interaction. Upon further 
review of the entanglement report, NMFS determined the 2021 humpback whale 
entanglement was not a confirmed entanglement, and according to NMFS' Process for 
Distinguishing Serious from Non-Serious Injury of Marine Mammals, an injury 
determination should not be conducted for this event (NMFS 2023f). So, we do not consider 
the previous M/SI assessment for that event further. The 2023 event that involved sablefish 
pot gear and Pacific halibut longline gear has not yet been evaluated for M/SI. However, even 
when that occurs, that event is complex with multiple gear types involved and other unusual 
circumstances that make it difficult to apply the extent of injury that the whale may have 
received from that case necessarily to any future expectations. 

Given the limited amount of information about the severity of humpback whale interactions 
in hook-and-line gear from the U.S. West Coast, we also examined information on whale 
entanglements with similar gear configurations in adjacent locations such as Alaska, as they 
provide additional examples of likely outcomes for entangled whales. In Alaska, there was a 
report of a humpback whale being entangled in recreational hook-and-line gear in 2016 that 
was ultimately determined to be a non-serious injury as the whale appeared to free itself of 
the entangling gear (Freed et al. 2022). In 2018, a humpback whale in Alaska was observed 
to be entangled in 100 ft of unknown longline gear with 1 buoy attached. This animal was 
successfully disentangled, the gear was removed, the whale swam away, and the final injury 
was determined to be non-serious (Freed et al. 2023). In 2020, a humpback whale in Alaska 
was observed to be entangled in unknown commercial longline gear, observed towing three 
longline buoys, swimming in circles, and showing signs of distress. This entanglement was 
assessed a prorated M/SI value of 0.75 (Freed et al. 2023). In 2021, a humpback whale in 
Alaska was observed entangled in Pacific halibut longline research gear. A partial 
disentanglement was conducted, and the entanglement was ultimately assessed a prorated 
M/SI value of 0.75 (Freed et al. 2023). Finally, also in 2021, a humpback whale in Alaska 
was observed with a small amount of trailing line draped over the fluke edge with a circle 
hook from an unknown fishery attached to the line. This was ultimately determined to be a 
non-serious injury (Freed et al. 2023). 

From all of this information, we draw the following observations and conclusions. There is 
considerable uncertainty surrounding the injuries that hook-and-line gear interactions cause 
for humpback whales, as most cases we reviewed have resulted in prorated M/SI assessment 
given limited information on the extent of those injuries. Given that the one confirmed 
serious injury from hook-and-line gear documented from the U.S. West Coast was associated 
with heavier gauge monofilament line, we conclude there is potential for commercial hook-
and-line PCGF interactions to lead to a serious injury or mortality, especially in the event 
that heavier commercial gear such as bottom longlines were to be involved. Over a long 
period of time, we expect that there could be some PCGF hook-and-line interactions that 
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result in non-serious injuries, and some that result in serious injuries or mortality, and some 
(most likely) that will not conclude with a definitive assessment either way. Given that our 
expectation is for no more than one entanglement over a five-year period, we will anticipate 
that it could result in a serious injury or mortality. 

Table 16. Anticipated M/SI of ESA-listed humpback whale DPSs in commercial PCGF 
hook-and-line gear. 

 Total Bycatch in PCGF 
hook-and-line gear 

Anticipated M/SI 

Mexico DPS   

Annual Maximum 0.47 0.47 

Maximum 5-year Running 
Average 

0.10 0.10 

Central America DPS   

Annual Maximum 0.29 0.29 

Maximum 5-year Running 
Average 

0.06 0.06 

 

2.5.1.4 Exposure and Response to Interactions with the Midwater Trawl Fishery 

As described in section 1.3.2 Overview of Trawl Fisheries, the trawl fishery comprises several 
different sectors. For the purposes of this effects analysis, we focus our analysis on the potential 
for interactions (captures or entanglements) with mid-water trawl fisheries, given the recent 
interactions with PCGF midwater trawls that have been documented. For humpback whales, we 
conclude the risk of bottom trawling interactions is extremely unlikely, given the nature of 
bottom trawling activity/gear and the lack of historical observation of interactions, and therefore 
discountable. We will further evaluate the risk of potential interactions with various midwater 
hake and rockfish sectors in this effects analysis. 

Bycatch Estimates 

Bycatch estimates have not been produced for any PCGF trawl fisheries/sectors. Given the 
~100% coverage of trawl effort with human observers and/or EM, the recent reports of 
interactions that have been received are considered to represent all that have occurred. 

Previous Entanglement Reports 

Before 2020, no bycatch interactions between whales and PCGF trawl gear were documented, 



127  

and it was not previously considered likely that humpbacks would be caught in PCGF trawl gear. 
However, recent humpback whale interactions with PCGF midwater trawl gear have warranted 
updated consideration of the risks to ESA-listed humpback whales posed by this gear, including 
two events in 2020 (previously documented and reviewed in NMFS 2020c), one in 2023, and 
another one in 2024. 

In July, 2020, EM in the Pacific whiting trawl fishery documented two separate incidents where 
humpback whales were incidentally captured/entangled in the forward section of midwater trawl 
nets (NMFS EM data; NMFS 2020a). In both situations, the humpback whales were clearly dead 
at the time the net was hauled in. No information is available that would allow the whales to be 
identified as belonging to a particular DPS. 

In one 2020 event, the captain indicated the whale was clearly in poor condition, suggesting a 
death prior to being swept up in the trawl. The view of the whale in the EM video is obstructed, 
which hinders an evaluation of the whale’s condition. Multiple NMFS SWFSC and WCR Marine 
Mammal Stranding Program staff reviewed the EM video, and could not determine whether the 
whale was likely dead or alive at the time of capture. The EM documentation of this event was 
not of sufficient quality/quantity to make a definitive assessment of whether or not the animal 
was alive when it encountered the trawl. 

In the second 2020 event which occurred between Astoria and Newport, Oregon, the captain 
also indicated the whale was dead when it encountered the trawl net. In this case, the view of the 
whale in the EM video was directly overhead off of the stern and unobstructed. There were four 
small buoys tangled in the net ahead of the whale suggesting the whale may have been entangled 
in fixed gear when swept up in the trawl net, although this previous entanglement could not be 
confirmed upon review of the EM documentation. Once again, multiple NMFS SWFSC and 
WCR Marine Mammal Stranding Program staff reviewed the EM video, and could not determine 
whether the whale was likely dead or alive at the time of capture. However, given what was 
visible of the condition of the animal, there was some evidence to support the proposition that 
the whale was dead when captured in the trawl. The apparent presence of additional gear on the 
whale also supports this possibility. An entangled whale would be more susceptible to bycatch in 
trawl gear than an unencumbered whale. Although there is some evidence to suggest the whale 
was dead prior to encountering the trawl, there was not sufficient documentation to make a 
definitive assessment either way. Ultimately, NMFS could not rule out the possibility that at least 
one of these events, if not both, could have been the result of live humpback whales being 
incidentally caught in midwater Pacific whiting trawl gear. 

In August 2023, a live humpback was reported captured alive within a mid-water trawl net 
belonging to a PCGF trawl vessel targeting hake off Coos Bay, OR and fishing in ~140 fathoms. 
The entanglement description states the whale swam into the net as it was being deployed and 
became entangled around the caudal peduncle/fluke with the “jibs” on the front end of the trawl 
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net and entangled further around the remainder of the body. This humpback was cut free and 
released alive and reported directly by the fishing vessel to the NMFS West Coast Entanglement 
Response Program, and was additionally monitored through the EM program. This event marked 
the first confirmed bycatch of humpback whales in PCGF midwater trawl gear, which is 
significant given that trawl fisheries are 100% monitored either by EM or a physical observer, 
with effort covered by EM with a human observer at a mean coverage rate of 26% annually 
(Somers et al. 2023; NMFS 2024e). 

In June 2024, there was another observation of a humpback whale captured by a midwater hake 
vessel in the mouth section of the trawl net within the shoreside sector of the PCGF fishing in 
~180 fathoms off of Westport, Washington, documented through the EM program. The captain 
believes this interaction occurred during haulback as there was nothing unusual detected by gear 
sensors or the crew during fishing. The crew placed the whale at the stern ramp for 
approximately 1.5 hours while they cut the animal free. However, they did not report breathing 
or the animal moving upon release. Once again, multiple NMFS SWFSC and WCR Marine 
Mammal Stranding Program staff reviewed the EM video, and could not immediately determine 
whether the whale was dead or alive at the time of capture from the video. However, there was 
no report of foul smell while releasing the animal, indicating that if the animal was dead, it had 
not been for very long, which provides some evidence that this whale was captured and died as a 
result of the midwater trawling effort. This case will receive additional review as part of the 
NMFS stock assessment and M/SI evaluation process for future humpback whale SARs. 
However, at this time, based on the available information, we consider this event to be attributed 
as an interaction with PCGF midwater trawl gear. 

These events are clear indications that the risks of future humpback entanglements with PCGF 
midwater trawl gear are high. This is a new development for the PCGF midwater trawl fisheries, 
which operate across a broad range of the U.S. West Coast. 

PCGF Midwater Trawl Fishing Effort 

Midwater trawl effort will be represented by the total number of trawl hours, adding up the time 
associated with each trawl tow, throughout the remainder of this opinion (see Appendix A), 
unless stated otherwise. This is because trawl hours are likely a more accurate depiction of 
relative fishing effort as it relates to incidental capture/entanglement risk than other metrics. We 
chose to represent midwater trawling effort in the number of trawl hours as it is the most 
accurate depiction of fishing effort with this gear type as it relates to entanglement risk. There is 
variation in the amount of landings that can be captured from a trawl tow, and the time a net is in 
the water represents the amount of time the trawl net poses an interaction risk to marine animals. 

The midwater trawl fishery will also be divided into two components: the shoreside (SS) and at-
sea (AS) sectors. These will be analyzed separately as their magnitude of effort are substantially 
different, making it hard to compare how risks may be changing over time within and among 
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their subsectors (also referred to as sectors herein). It is also important to note that some of the 
vessels associated with the AS fishery (CPs) tend to be larger as they are able to 

catch and process their landings on-board. Additionally, the AS vessels are required to have two 
human observers on board at a time, while the SS sector is observed through a single human 
observer or through EM. The SS sector contains: Hake (non-EM), Hake (EM), Rockfish (non-
EM), and Rockfish (EM) within the WCGOP database, but these will be represented as 
Midwater Hake and Midwater Rockfish as we combine the EM and non-EM data into single 
sectors. The AS sector contains: CP and MS. The SS sector will only represent 2014-2022 data 
when analyzing year to year trends throughout this opinion and the attached Appendix A. This is 
because 2023 does not include a majority of observed data due to 2023 EM data not being 
available at the time of publication. The 2023 human-observed data is still included in all of the 
monthly and overlap data presented, but will be omitted from intraannual analysis given the 
inability to compare that with unavailable EM data. Since the AS sector is mostly observed by 
humans, the observed 2023 data will be included and represented throughout this opinion as this 
encompasses a majority of effort in 2023. 

SS midwater trawl hours show varying patterns of distribution and magnitude over the years 
(displayed in total by Figure 17; broken down by sector in Figure 18). The SS midwater trawl 
fishery is monitored ~100% either through human observers or EM. Therefore, unlike the pot and 
hook-and-line sectors, the midwater trawling effort did not need to be scaled up based on 
observer coverage to represent total fishing effort. 

SS midwater trawl effort only occurs north of 40°N, and has not changed in spatial effort 
substantially over the years (Figure 17). A majority of effort occurs from north of Cape Blanco, 
Oregon to Neah Bay, Washington (Figure 17). A large majority of effort within this fishery 
targets hake as opposed to rockfish, and within the hake sectors, a majority of the effort is 
observed through EM (Figure 18). Throughout this time series, although the location of effort 
has not varied substantially, the number of trawl hours has increased steadily throughout the 
years until recently (Table A-5, Figure 17, and Figure 18). Effort across sectors peaked in July, 
with the Hake sector peaking in August, and the Rockfish sector peaking in November (Table A-
7). Both sectors, Rockfish and Hake, peaked in the number of trawl hours in 2022, displaying an 
increasing trend over time (Figure 18).  
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Figure 17: Shoreside trawl hours representing 100% of fishing effort based on observed 
WCGOP data, plotted by year (2014-2022), and labeled by magnitude of pot sets. 
 

 

Figure 18: Estimated shoreside midwater trawl hours by sector for the years 2014-2022 (EM 
data not available for 2023). Lines are colored by sector and the black line represents the total 
hours summed for all sectors. 

 
AS midwater trawl fishing effort distribution appears to stay relatively consistent across space, 
given the effort is heavily concentrated in northern waters, fairly similar to SS sector effort 
distribution (Figure 19). The only major difference is that AS sector effort is concentrated even 
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further north, with no effort south of 42°N latitude (Figure 19). Further, the AS sector displays 
significantly more trawl effort in hours in comparison to the SS sector. Finally, AS effort occurs 
further inshore, as far west as 127°W, whereas SS effort extends almost to 130°W12 (Figure 19). 
However, this is not well represented by Figure 19 due to confidentiality requirements. Trawling 
effort displays a strong seasonal distribution with AS trawl effort only occurring from 
May-November (Figure A-14). There appears to be two peaks in effort: one in May and June; and 
again, in October, with July and August being months of lower amounts of effort (Figure A-16). 
The CP and MS sub-sectors both follow these same monthly trends. 
 

 

 
Figure 19: Trawl hours from the at-sea sector, representing ~100% of fishing effort based on 
observed WCGOP data, plotted by year (2014-2023) and labeled magnitude of trawl hours. 

 
AS midwater trawling in total has fluctuated throughout the time series in terms of total trawl 
hours per year (Figure 20), but there has been a slight general upward trend in effort across the 
time series with 2022 representing the highest annual effort of the decade (Figure 20). The CP 
sector peaked in effort in 2018 and the MS sector peaked in effort in 2022 (Figure 20). 

 

                                                 
12 SS effort far offshore has not occurred in recent years and occurred earlier in the time series (2014-2023). This 
further offshore effort also did not comprise a significant amount of effort. 
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Figure 20: Estimated at-sea midwater trawl hours by sector for the years 2014-2023. Lines 
are colored by sector and the black line represents the total sets summed for all sectors within 
the at-sea sector. 

 
Co-Occurrence Analysis 

There have been two humpback whale captures attributed as interactions with PCGF midwater 
trawl gear; one released alive in 2023 and one released dead in 2024. Along with the previous 
reports from 2020, the available information in aggregate indicates that we should anticipate 
interactions happening in the future. Therefore, we explore the recent patterns of risk through our 
co-occurrence analysis to help understand if these recent developments are associated with any 
changes in risk over time, and what we may anticipate happening with midwater trawl gear in the 
future. 

SS midwater trawl fishing and subsequent SS sector overlap peaked in July and June, which 
is right before peak humpback whale density in the area where this fishing activity occurs 
(Table A-7 and Table A-19). The month of peak overlap is variable across sectors, with the 
Hake sector peaking in July, and the Rockfish sector peaking in October, which both 
correspond with the highest levels of fishing effort in those sectors at those times (Table A-
19). June and July are the busiest periods for fishing effort across sectors, while entanglement 
risks in August-October are due in part to increased whale density on the trawl grounds 
during that period. Conversely, the months of January, February, and March show the lowest 
overlap values, correlating with the period when humpback whales are largely absent from 
the West Coast (Table A-19). 
SS sector overlap was concentrated earlier in the year, June-July, along the nearshore Oregon 
coast. From August-November, SS sector overlap begins to occur in more offshore areas, and 
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further north (almost explicitly in Oregon and Washington waters), likely coinciding with 
predicted humpback whale distributions as SS sector fishing effort location does not change 
drastically throughout the months. 
We also looked at interannual variability of the SS sectors overlap over the last decade, to 
help understand how SS sector risk has been changing, and where it may be headed in the 
future. SS sector overlap varied throughout the years, but over the time series overlap has 
generally increased, specifically for the Hake sector, which constitutes a large majority of 
both the total fishing effort and overlap (Figure 21). Total SS overlap across both sectors was 
highest in 2020, and then second highest in 2022 (Figure 21). When examined by each sector, 
overlap was highest in 2020 for the Hake sector, and in 2018 for the Rockfish sector (Figure 
21). 
 

 
 

Figure 21: Estimated shoreside midwater trawl overlap with humpback whale density. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap. Values 
are the summed overlap that occurs within each year for all years 2014-2022. 
 

AS sector overlap displays a bimodal peak in overlap throughout the year (Figure A-33). The 
first peak in overlap occurred in June and the following occurred in October (Table A-20). The 
AS sector fishing effort also displayed these same two bimodal peaks (Figure A-16). Is it likely 
that higher predicted humpback whale densities where fishing occurs are exacerbating the AS 
overlap in the later month of October. Both AS sectors follow this same temporal distribution of 
overlap, peaking in June and October (Figure A-16). 
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We also analyzed interannual variability of AS sector overlap over the last decade, to help 
understand how AS sector risk may have changed, and what to expect in the future. AS sector 
overlap has varied drastically throughout the years, with all sectors peaking in overlap first in 
2018, and then again in 2022 (Figure 22). These two peaks in 2018 and 2022 correlate with 
increased AS sector effort which also experienced peaks in those years (Figure 20). Additionally, 
predicted humpback distributions during these two years do not differ substantially (Figure A-
17), likely indicating that the magnitude of fishing effort is driving the variable overlap. 

 
 

 

Figure 22: Estimated at-sea midwater trawl overlap with humpback whale density. Lines and 
points are colored by the sector in which the overlap belongs or the total overlap. Values are 
the summed overlap that occurs within each year for all years 2014-2023. 

Overlap between SS midwater trawl fishing and humpback whales is densest between 45°-46°N 
and 125°-126°W, north of the Columbia River mouth, and off of La Push, Washington, 
suggesting these areas have the highest risk for humpback whale interactions with SS sector 
trawling (Figure 23). There is minimal overlap pretty widely distributed and continuous 
throughout the Oregon and Washington coasts, with sparse overlap occurring along a small 
section of the northern California coast (Figure 23). The midwater Hake sector spans a wide 
range, from California to Washington, with significant overlap in both nearshore and offshore 
areas (WCGOP, unpublished data*). Overlap appears to occur across the entire fishing 
distribution and remain consistent over time in terms of spatial distribution of overlap. 
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Figure 23: The overlap of shoreside trawl hours and predicted humpback whale density. 
Overlap is colored by the magnitude of overlap which is unitless 

 
Overlap between AS midwater trawl fishing and humpback whales is densest around Cape 
Blanco, OR and off of La Push, WA (Figure 24). Overlap also occurs exclusively north of 41°N, 
pretty much exclusively within Oregon and Washington, which is indicative of AS fishing effort 
distribution. Oregon waters appear to house the most risk to entanglement risk with humpbacks 
within the AS fishery. AS overlap does appear to peak in magnitude in more nearshore areas, 
with the offshore overlap values remaining relatively small in comparison to the nearshore 
overlap values (Figure 24). 
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Figure 24: The overlap of at-sea trawl hours and predicted humpback whale density. Overlap 
is colored by the magnitude of overlap which is unitless. 

 
We considered what proportion of SS sector trawl hours had at least some overlap with predicted 
humpback whale distribution (i.e., whale density prediction greater than zero). Given what we 
know about humpback whale DPSs and their relative distributions along the U.S. West Coast, we 
wanted to view how these fisheries interact in California and Oregon, versus Washington (Table 
17). Our findings indicate that 28% of the total estimated trawl hours in the Hake sector 
overlapped with an area where humpback whales were predicted to occur, with more of those 
occurring in CA/OR than WA (Table 17). For the Rockfish sector, 26% of trawl hours 
overlapped with humpback whale density, with 47% occurring in CA/OR and 53% in WA (Table 
17). In total, 27% of total estimated SS trawl hours were predicted to have overlapped with 
predicted humpback whale distribution, with 62% of the overlap occurring in CA/OR, and 38% 
in WA which is also similar to their landing proportions (Table 17, Table A-24). 

 
Table 17: Proportion of shoreside trawl hours with at least some overlap for each trawl 
sector, and what proportion of overlap occurs off California and Oregon versus Washington. 

Sector Overlapping Trawl 
Hours 

Proportion Overlap 
in CA/OR 

Proportion Overlap 
in WA 

Midwater Hake 28% 64% 36% 
Midwater Rockfish 24% 47% 53% 

Total 27% 62% 38% 
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We considered what proportion of SS sector trawl hours had at least some overlap with predicted 
humpback whale distribution (i.e., whale density prediction greater than zero). Given what we 
know about humpback whale DPSs and their relative distributions along the U.S. West Coast, we 
wanted to view how these fisheries interact in California and Oregon, versus Washington (Table 
17). Our findings indicate that 28% of the total estimated trawl hours in the Hake sector 
overlapped with an area where humpback whales were predicted to occur, with more of those 
occurring in CA/OR than WA (Table 17). For the Rockfish sector, 26% of trawl hours 
overlapped with humpback whale density, with 47% occurring in CA/OR and 53% in WA 
(Table 17). In total, 27% of total estimated SS trawl hours were predicted to have overlapped 
with predicted humpback whale distribution, with 62% of the overlap occurring in CA/OR, and 
38% in WA which is also similar to their landing proportions (Table 17, Table A-24). 

 
Table 18: Proportion of at-sea trawl overlap for each sector, and what proportion of overlap 
occurs off California and Oregon versus Washington. 

Sector Overlapping 
Trawl Hours 

Proportion 
Overlap in 
CA/OR 

Proportion 
Overlap in 
WA 

Catcher-Processor 28% 85% 15% 

Mothership 27% 83% 17% 

Total 27% 84% 16% 

 
Anticipated Future Interactions in PCGF Midwater Trawl Gear  
 
Having reviewed and evaluated the available information, we combine it all together to 
anticipate future levels of humpback whale interactions with PCGF midwater trawl gear, 
based on the current state of the PCGF. 

 
There are no bycatch estimates available for any/all PCGF midwater trawl fisheries, as the 
interaction record that we have reported above is considered a full census of what has 
occurred since 2011 since the PCGF trawl fishery is 100% observed either through human 
observers or EM. Up until recently, no PCGF midwater trawl interactions had been 
confirmed, as the circumstances behind the previous interactions remained uncertain, and 
NMFS had not anticipated future occurrences. However, the 2023 and 2024 incidental 
captures confirm that the PCGF midwater trawl fishery is at risk of capturing humpback 
whales along the U.S. West Coast, indicating these events should be expected in the future, 
even as we endeavor to learn more about why they may be occurring after a long record of 
being absent. We note that all four of our recent cases have involved targeting midwater hake, 
and have been associated with the SS Hake sector of the fishery.  
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To help evaluate future entanglement risk, we elected to use information from the overlap 
analysis we completed for the PCGF midwater trawl fishery (Appendix A). We compared 
annual overlap values between the SS and AS sectors throughout the time series (Table 19, 
Table 20; Appendix A). SS sector overlap has oscillated throughout the years, but has 
generally been highest in recent years (Figure A-34, Table 19). Midwater Hake fishing makes 
up a majority of both the total fishing effort and overlap within the SS sector of the PCGF 
midwater trawl fishery (Figure A-34 & A-11). Given this, although we do not have access to 
2023 EM data, we conclude it is likely that the recent increase in trawl hours has increased 
overlap and interaction risks with humpbacks in the midwater hake fishery. Provided this 
information, NMFS believes that this entanglement risk is likely to remain similar or 
potentially increase in the future, given the current trajectory. The Midwater Rockfish fishery 
generally reflects a relatively low level of humpback whale risk, in comparison to the 
Midwater Hake fishery. 

 
Table 19: Overlap by year and sector for all shoreside midwater trawl and humpback whale 
density. These are the summed overlap for all months within the year. There is no EM data 
for 2014 and the 2023 EM was unavailable upon time of publication. 

 Hake Rockfish Total 

2014 20.4 0.8 21.2 

2015 24.0 1.3 25.3 

2016 28.5 1.2 29.7 

2017 37.7 2.8 40.4 

2018 35.5 5.4 41.0 

2019 21.9 2.3 24.2 

2020 57.0 2.6 59.5 

2021 34.0 3.5 37.4 

2022 47.5 5.2 52.7 

Average 34.1 2.8 36.8 

 
AS overlap has oscillated throughout the years and is closely correlated with the magnitude 
of AS fishing effort (Figure A-35 and Table 20). Both the CP and MS sectors follow this 
same trend with overlap initially peaking in 2018 before decreasing and then peaking in 
overlap again in 2022. We note that the magnitude of the overlap of the AS sector is similar 
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to the SS Hake sector, although the year to year variation is not identical. 
 
Table 20: Overlap by year and sector for all at-sea midwater trawl and humpback whale 
density. These are the summed overlap for all months within the year. There is no EM data for 
2014 and the 2023 EM was unavailable upon time of publication. 

 Catcher-Processor Mothership Total 

2014 12.4 10.5 22.9 

2015 17.1 6.0 23.1 

2016 28.8 21.1 49.9 

2017 31.0 25.6 56.6 

2018 37.2 29.4 66.5 

2019 19.1 13.1 32.2 

2020 20.1 8.2 28.3 

2021 24.9 11.3 36.1 

2022 37.0 37.2 74.2 

2023 23.4 13.6 37.0 

Average 25.1 17.6 42.7 

 
There has been a single live capture/release of a humpback in the PCGF midwater trawl 
fishery in 2023, and a recent interaction with a dead humpback in the PCGF midwater trawl 
fishery in 2024 that is still under review by NMFS. Additionally, overlap between predicted 
humpback whale density and midwater trawl fishing, especially hake fishery, has increased 
throughout the most recent decade. The AS sector has had a similar magnitude of risk to the 
SS sector based on our analysis; however, there may be differences in AS operations that we 
don’t fully understand that lower risk compared to the SS sector. 

 
As a result, we conclude it is reasonably certain to anticipate an occasional 
capture/entanglement of a humpback whale in the PCGF midwater trawl fishery. Based on 
recent history, that is expected to occur in the hake fishery, most likely in the SS sector. 
However, we recognize that interaction in the AS sector is also foreseeable in the future as 
well. Currently, we do not anticipate more than one interaction with PCGF humpback whales 
would occur a year; however, given the recent interactions documented and recent increases 
in trawl effort and risk, we assume that two interactions could occur within a 5-year time 
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period in PCGF midwater trawl fisheries. 
 

Annual maximum = no more than one capture/entanglement 
Maximum 5-year running average = no more than two captures/entanglements in five years, 

or 0.4 
 

DPS Apportionment  
 
In order to apportion our expectations for the total number of humpback whale interactions 
that may occur with PCGF midwater trawl fisheries in the future, we applied information 
from our overlap analysis to weight the relative amount of humpback whale entanglement 
risk across PCGF midwater trawl fisheries, based on the assumed distribution of the 
humpback whale DPSs, described in Section 2.2.2.1. Through the overlap analysis (Appendix 
A), we estimated that 
~60% of the risk of humpback whale interactions in the SS midwater hake trawl fishery 
occurs off California and Oregon, and ~40% occurs off Washington, based on the distribution 
of overlap (Table A-23). Our analysis suggests that the SS Hake sector is most likely where 
future humpback whale interactions would occur. However, we have acknowledged that an 
interaction with the AS midwater trawl sector is foreseeable. Through our overlap analysis 
(Appendix A), we estimated that ~84% of the risk of humpback interactions occurs off 
California and Oregon in the AS sector, and ~16% occurs off Washington. To be 
conservative, we will use the proportion of risk based on the distribution of the AS sector, 
which assumes a higher likelihood of encountering ESA-listed DPSs than the SS Hake sector, 
given the higher percentage of effort occurring off California and Oregon. Given the assumed 
distribution of humpback whale DPSs off the U.S. West Coast, we expect 42.3% of 
humpback whales that may become entangled in SS midwater hake trawl gear off 
California/Oregon will be Central America DPS individuals, and 57.7% will be Mexico DPS 
individuals. Similarly, we expect 5.9% of humpback whales entangled in SS midwater hake 
trawl gear off WA will be from the Central America DPS, 25.4% will be from the Mexico 
DPS, and 68.8% will be from the unlisted Hawaii DPS (Table 3). Therefore, using these two 
sets of information in combination, along with our expectations for the total number of 
entanglements across the entire SS midwater hake trawl fishery, we can generate an annual 
and 5-year average maximum estimate for each ESA-listed humpback whale DPS, as 
represented in Table 21. 

Table 21. Anticipated bycatch of ESA-listed humpback whale DPSs in the groundfish 
midwater trawl fishery. 

 CA/OR Bycatch WA Bycatch Total Bycatch 

Mexico DPS    
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Annual Maximum 0.48 0.04 0.52 

Maximum 5-year 
Running Average 

0.19 0.02 0.21 

Central America 
DPS 

   

Annual Maximum 0.36 0.01 0.37 

Maximum 5-year 
Running Average 

0.14 ~0.01a 0.15 

a indicates value artificially rounded up from a small non-zero value (.004). 

Response to Midwater Trawl Gear Entanglement 

There is limited information to work with given the reports of interaction with PCGF 
midwater trawl gear that we have thus far. Although both whales associated with the 2020 
events were dead, NMFS is unable to determine whether the animal was dead or alive prior to 
capture in the trawl net. The 2023 event captured an alive humpback whale, and the animal 
was released alive, but a final M/SI determination has not been assessed by NMFS. In the 
most recent 2024 event, the humpback was hauled in dead. 

Given the relatively low number of humpback whale interactions in PCGF midwater trawl 
gear, we examined cases of humpback whale interactions with similar gear configurations in 
other places, as they provide additional examples of likely outcomes for entangled whales. 
Incidents of whale bycatch in trawl fisheries in the U.S. appear to be extremely rare 
according to marine mammal SARs. Reviewing the most recent human-caused M/SI report 
on the Alaska groundfish fishery from 2017-2021, there have been four humpback whale 
bycatch interactions with commercial trawl gear documented during this time period (Freed 
et al. 2023). All four of these were humpback whale mortalities observed in the Bering 
Sea/Aleutian Islands pollock trawl fishery: one in 2018 and 2020, and two in 2021, all of 
which were entangled and observed dead with M/SI attributed to the Bering Sea/Aleutian 
Islands pollock trawl fishery (Freed et al. 2023). Looking at U.S. East Coast fisheries, we 
found no instances in which a whale was recorded as having been incidentally killed or 
injured in an East Coast midwater trawl fishery. 

Considering the live release event of 2023, and the mortality associated with the other 
interactions, including the putative mortality case of 2024 (which has yet to be officially 
confirmed and assigned M/SI) , we assume that any humpback interaction that occurs within 
a given year could be dead, but that not all interactions are expected to lead to mortality. As a 
result, we assume a 50% mortality rate across the two interactions that we foresee occurring 
over a 5-year period. 
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Table 22. Anticipated M/SI of ESA-listed humpback whale DPSs in the PCGF midwater 
trawl fishery. 

 Total Bycatch in Midwater 
Trawl 

Anticipated M/SI 

Mexico DPS   

Annual Maximum 0.52 0.52 

Maximum 5-year Running 
Average 

0.21 0.11 

Central America DPS   

Annual Maximum 0.37 0.37 

Maximum 5-year Running 
Average 

0.15 0.08 

 
2.5.1.5 Risk of Prey Removal 
Important prey species for both DPSs of humpback whales that are incidentally captured in 
the PCGF, primarily in the trawl fisheries, include Pacific sardines, Pacific herring, and 
northern anchovies. As summarized in the “Not Likely to Adversely Affect” Determinations 
(Section 2.12), humpbacks are generalists, targeting a variety of prey while foraging and 
switching between prey depending on abundance or quality. 

The Groundfish Expanded Mortality Multi-Year (GEMM) database is a multi-year 
companion to the annual Groundfish Mortality Report that includes mortality estimates by 
fishery sector of all observed species, except protected fish, marine mammals, sea birds, and 
sea turtles. Based on the GEMM dataset, 695 marine species were caught in the PCGF from 
2002-2022. Of those species, 232 species were in excess of one mt. Two of those species are 
primary humpback whale prey (Pacific sardine and Pacific herring). 

Pacific sardines were caught in the PCGF from 2012-2014 (589-1129 mt), while Pacific 
herring catches increased in more recent years, 2018-2022 (37-232 mt) (Figure 25). 
Anchovies were caught in even lower amounts than either sardines or herring. The PCGF 
typically removes less than 200 metric tons (mt) of potential humpback prey biomass per 
year, primarily as bycatch in trawl gear (Figure 25). Assuming each whale is consuming 
between 1 and 1.5 tons of fish per day (Clapham and Baxter 2013), this amounts to less than 
6 months’ worth of food for a single whale, or one day’s worth of food for less than 200 
whales, removed in total over the course of a year and across a wide geographic area. Given 
that there are now ~5,000 humpback whales off the U.S. West Coast (Calambokidis and 
Barlow 2020), that may equate to a foraging need of ~1 million mt for a given feeding season 
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lasting 8 months. Ultimately, the potential removal of prey by the PCGF represents a 
negligible portion of the prey needs of the humpback whale DPSs. We know that humpback 
whales are plastic feeders, capable of switching prey among schooling fish or euphausiids, as 
available. As a result, we conclude PCGF prey removals will have undetectable effects on 
both the Central America and Mexico humpback whale DPSs. 

Figure 25. Total catch (mt) of primary humpback prey items: northern anchovy, Pacific 
sardine, and Pacific herring. Data was gathered from NWFSC GEMM database using both 
landings of prey and discarded landings with a mortality rate applied and summed together. 
 

In Section 2.12.1 “Not Likely to Adversely Affect” Determinations, the extent of incidental 
capture of these important prey species in the PCGF, and the relative impact of these removals on 
designated critical habitat are described in detail. 

2.5.1.6 Risk of Pollution and Contaminants 

Currently, available information does not indicate that pollution resulting from the operation of 
the PCGF is significantly impacting ESA-listed humpback whales, or the PBFs of their critical 
habitat. Organic pollutants, including petroleum products (or oil spills) that may be utilized by 
fishing vessels in the PCGF during their operations, may have the potential to directly impact 
humpback whales or the prey they rely on by killing or reducing the fitness of these organisms 
through sub-lethal effects. There is very little published literature providing evidence of 
extensive marine pollution from commercial fishing vessels. One of the only relevant studies 
concerns summarizing pollution incidents involving longline and purse seine vessels operating 
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within the Western and Central Pacific Ocean from 2003-2015 (Richardson et al. 2016). 
Fisheries observer data from this study indicated a majority of these pollution incidents were 
related to the dumping of plastic waste and derelict or lost fishing gear with a large majority of 
these occurring from purse seine vessels, not longline vessels. Oil spillages and leakages only 
accounted for 16% of reported incidents in purse seine vessels and 3% in longline vessels 
(Richardson et al. 2016). Even if a petroleum spill occurs, we would generally expect those 
releases to be relatively small given the limited fuel capacities of these vessels, and actions that 
are generally required by MARPOL regulations implemented by the U.S. Coast Guard (see 33 
USC § 1901 and 33 CFR § 151). Given the continual and dispersed movement of vessels within 
the action area, we generally do not anticipate that the release of a small amount of petroleum 
into the marine environment will cause acute or chronic exposure to humpbacks and their prey, 
since all of these are mobile. 

Without evidence to support analyses of how these factors may affect ESA-listed species as a 
result of the proposed action, NMFS concludes that the potential release of pollution via PCGF 
fishing vessels is a minor risk for ESA-listed humpback whale DPSs. 

2.5.1.7 Risk of Vessel Collision 

The probability of a vessel collision depends on the number, size, and speed of vessels, as well as 
the distribution, abundance, and behavior of the species (Conn and Silber 2013; Hazel et al. 
2007; Jensen and Silber 2004; Laist et al. 2001; Vanderlaan and Taggart 2007). The size and 
speed of a vessel are related both to the ability of a vessel to avoid a collision (i.e., they 
determine maneuverability and stopping distance), and whether a serious injury or mortality 
would result if a collision occurred. Jensen and Silber (2004) summarized large whale vessel 
collisions world-wide from 1975 to 2003 and found that most collisions occurred in the open 
ocean involving large vessels. Commercial fishing vessels were responsible for four of 134 
records (3%), and one collision (0.75%) was reported for a research boat, pilot boat, whale 
catcher boat, and dredge boat. Schoeman et al. (2020) also reviewed global records of vessel 
collisions with marine mammals, and found a broad range of vessel types are involved with 
collisions, although the relationship between vessel speed and severity of injury depends both on 
the vessel type and the species involved. With respect to large whales, lethal or severe injuries 
are often caused by vessels 80 meters (262.5 feet) in length or greater, traveling 25.9 kilometers 
per hour (14 knots) or faster (Laist et al. 2001). Most publications on the topic discuss collisions 
between large whales and large vessels; however, smaller marine mammals may also be at risk of 
collision (Schoeman et al. 2020). 

Currently, available information does not indicate that vessel collisions from the operation of the 
PCGF are occurring with ESA-listed humpback whales. Collisions are possible within the action 
area given humpbacks must spend time at the surface to breathe, and may be near or at the 
surface during feeding. As described in the Environmental Baseline along the U.S. West Coast 
from 2016-2020, 14 confirmed humpback whale vessel strike cases were reported; eight in 
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California, one in Oregon, and five in Washington (Carretta et al., 2023a). However, it remains 
unclear whether these strikes are more commonly associated with larger vessels or smaller ones 
similar to the majority of those used in the PCGF. Collisions with PCGF vessels would be 
observable by fishers and observer programs, and there are no reported collisions of humpback 
whales with boats of the PCGF.  

With the exception of some very large capture-processing trawl vessels, most PCGF vessels are 
considerably smaller than large commercial shipping vessels. Regarding the vessel sizes and 
types used, the SAFE report also outlines that most vessels in the LE Fixed Gear sector are under 
100 feet in length, which also reduces the likelihood of severe injuries in the event of a collision 
with marine mammals compared to larger vessels. Trawl vessels tend to have larger boat sizes, 
ranging from 35 to 95 feet with an average length of 65 ft (source). Most documented ship 
strikes are associated with larger vessels like tankers, container ships, and cruise ships, which 
travel at higher speeds and have a greater potential for lethal impacts (Winker et al. 2020), while 
ship strikes specifically related to fishing types of vessels are less common (NMFS, 2022c).  

The proposed PCGF activities would also require vessels to spend the majority of their time at 
sea moving much more slowly than the speeds typically associated with vessel collision M/SI. 
The average operational speed of commercial fishing vessels is only around 4 knots during 
fishing operations, which includes speed during gear deployment and retrieval, with cruising 
speeds between 6-14 knots between fishing grounds and ports of call. This results in the majority 
of vessel traffic associated with the proposed action moving at much slower speeds compared to 
the 14 knots often associated with an increased risk of marine mammal injuries from vessel 
strikes (Laist et al. 2001). In addition, smaller vessels such as fishing vessels are generally more 
maneuverable, and therefore execute changes in course and speed more readily than larger 
vessels, further reducing the likelihood of collision.  

Based on the broadly distributed patterns of PCGF vessel movements across the U.S. West 
Coast, relatively small sizes and slow speeds of the PCGF vessels, and the fact that no collisions 
with large whales have been reported from any PCGF vessels previously, the probability of 
PCGF vessels colliding with humpback whales as a result of the proposed action is extremely 
small. We conclude that adverse effects to ESA-listed Mexico or Central America DPSs of 
humpback whales as a result of collisions with PCGF vessels is improbable. 

 
2.5.2 Leatherback Sea Turtle Effects 

For the Effects of the Action analysis, we have identified the impact of incidental entanglement, 
hooking, or capture in PCGF gear as the primary adverse effect of the PCGF on ESA-listed 
leatherback sea turtles. Gear interaction risk can be divided into risk associated with the different 
categories of gear type used in the PCGF: fixed pot or trap, hook-and-line, and midwater 
trawling. 

https://www.zotero.org/google-docs/?Z9YLtv
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2.5.2.1 Exposure and Response – Bycatch in the PCGF 

To determine the exposure and response of ESA-listed leatherback sea turtles to the PCGF, 
NMFS relies on several sets of data sources: (1) data on bycatch and fishing effort from the 
WCGOP; (2) opportunistic reports of entangled sea turtles reported to the NMFS WCR Marine 
Turtle Stranding Program, and (3) a leatherback habitat suitability model. 

As described in more detail in the Approach to the Effects Analysis above, the exposure analysis 
considers entanglement risk from various perspectives: (1) annual bycatch estimates, (2) 5-year 
average bycatch estimates, (3) recent entanglement and stranding records, (4) fishing effort 
trends in space and time by gear type (2014-2023), (5) modeled leatherback habitat suitability 
predictions (2014-2023), and (6) the degree of co-occurrence of modeled leatherback habitat 
suitability with various sectors of the groundfish fishery, as described further in Appendix A. 

2.5.2.2 Exposure and Response to Interactions with the PCGF Pot/Trap Fishery 

Bycatch Estimates 

The NCS sector of the fixed-gear sablefish pot fishery consists of the LE primary and the OA 
fisheries. Since the deployment of observers in 2002, only one documented take of a leatherback 
sea turtle in the PCGF has occurred in the OA sablefish pot fishery in 2008. Using this data, the 
NWFSC utilized Bayesian methods to estimate mean annual and 5-year annual average fleet-
wide bycatch in the OA fixed gear sector (Table 23, Somers et al. 2024). These estimates were 
produced by using fishing effort represented by the observed number of sets. 

Table 23: Summary of leatherback sea turtle bayesian bycatch estimates 2003-2023 in the OA 
pot fishery sector. 

Year Annual 
Bycatch 

Conf. 
Limit 
(Lower
) 

Conf. 
Limit 
(Upper
) 

Runnin
g 5- 
year 
Mean 

5-year 
Mean 
CL 
(Lower) 

5-year 
Mean 
CL 
(Upper) 

2003 3.22 0 11 0 0 0 

2004 1.86 0 7 0 0 0 

2005 1.71 0 7 0 0 0 

2006 2.15 0 8 0 0 0 

2007 2.12 0 8 2.21 0 11 

2008 2.74 1 8 2.12 0 8 
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2009 1.82 0 7 2.11 0 8 

2010 2.04 0 8 2.18 0 8 

2011 1.05 0 5 1.95 0 8 

2012 0.88 0 4 1.71 0 8 

2013 0.51 0 3 1.26 0 8 

2014 0.73 0 3 1.04 0 8 

2015 0.91 0 4 0.81 0 5 

2016 0.90 0 4 0.78 0 4 

2017 0.94 0 4 0.80 0 4 

2018 0.82 0 4 0.86 0 4 

2019 0.57 0 3 0.83 0 4 

2020 0.31 0 2 0.71 0 4 

2021 0.51 0 3 0.63 0 4 

2022 1.67 0 7 0.78 0 7 

2023 1.08 0 5 0.83 0 7 
 

OA Fixed Gear Bycatch Estimates Summary (Table 23): 
● We compared leatherback sea turtle bycatch estimates since 2011: 

○ OA averaged 0.84 annual entanglements from 2011-2023 and ranged from 
0.31-1.67 
○ OA 5-year annual average estimates from 2015 (starts with 2011 year)-
2023 was 
0.81 and ranged from 0.63-0.86 

 
Observation Rate Summary (Table 2 in Section 1.3.7.3) and are further described in Section 
2.5.1.2, above. 
 

Opportunistic Entanglement Reports  

The single leatherback turtle entanglement observed in the PCGF in 2008 in the OA sablefish pot 
fishery was also reported to the NMFS West Coast Region Sea Turtle Stranding program. Most 
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entanglements reported through the stranding networks cannot be attributed to specific fisheries, 
and are often characterized as line or buoys from unidentified fisheries. There are other 
entanglement records from the U.S. West Coast, associated with other types of fishing gear and 
unknown sources. Since the 2008 entanglement, there have been four opportunistically reported 
entanglements of leatherbacks along the U.S. West Coast, three of which were identified in gear 
that was attributed to specific fishery origins: 

● 2016 – live leatherback reported off the coast of Central California entangled in 
California commercial Dungeness crab gear 
● 2019 – dead leatherback reported off the coast of Southern California entangled in 
California rock crab gear 
● 2023 – dead leatherback reported off the coast of Central California entangled in 
California commercial Dungeness crab gear 

There was one additional entanglement reported in 2015 of a dead leatherback reported off the 
coast of Central California entangled in unidentified gear. The 2015 entanglement involved gear 
that is consistent with gear commonly used in West Coast commercial and recreational fixed gear 
fisheries. There were two bullet buoys visible on the photo documentation from the report that 
was provided, although no visible markings or other indications that could be used to identify the 
type or owner of the gear were discerned. Therefore, this entanglement is considered to be 
associated with unidentified fishing gear. Although we cannot confidently identify the origin or 
completely discount the PCGF as a possible origin, the gear configuration using bullet buoys 
documented is different than the common configurations known to be used in the PCGF 
sablefish pot gear fishery, which typically include larger polyballs used as surface gear attached 
to large/heavy strings of traps. 

There is uncertainty regarding the total number of leatherback sea turtle entanglements that 
occur across all sources along the U.S. West Coast. While it is expected that a portion of 
entanglements that occur go unreported, we are unsure how large that portion is. The sablefish 
pot fishery is conducted across a wide range of the U.S. West Coast, including offshore areas that 
are not necessarily frequented by a high volume of ocean users. Despite this, detections of 
entanglements with this gear may be easier than entanglements with other gear because turtles 
entangled with heavier strings of pot gear like sablefish gear are often more restricted in their 
movements, and potentially less likely to be free-swimming with an entanglement that might be 
more cryptic, such as a single monofilament line, to a casual observer passing by. 

Given that only one leatherback sea turtle has been observed within the PCGF over a 21-year 
period (2003-2024), and there have only been 4 other reported entanglements of leatherback sea 
turtles in fishing gear since 2008, we are not able to specifically calibrate or link opportunistic 
reporting with estimates of sablefish pot fishery or other PCGF entanglements. The minimal 
number of strandings in recent years is likely indicative of their decreasing abundance off the 
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U.S. West Coast as the Western Pacific population has declined. 

PCGF Pot Sablefish Pot Fishing Effort 

Pot fishing effort was analyzed as described in Section 2.5.1.2 (PCGF Sablefish Pot/ Fishing 
Effort), and the results carried forward into the analyses below. PCGF pot fishing effort shifted 
northward over time, with minimal effort occurring in southern California in recent years, mostly 
due to the shift in distribution of CS sector effort over the time series, 2014-2023 (Figure 9). The 
number of pot sets throughout the time series was relatively stable (Figure 10). PCGF pot effort 
generally extended from April-November, and peaked in effort from August-October for all 
sectors of the fishery (Table A-2). 

Co-Occurrence Analysis 

In order to consider what might happen in the future, including with respect to where along the 
U.S. West Coast that risks for interactions with PCGF gear might occur, along with the recent 
trends in general magnitude of risks for different sectors, we decided to examine the recent co-
occurrence of the different PCGF sectors with leatherback sea turtles (see Appendix A for full 
description of the effort). 

It is important to note that the leatherback model utilized in this co-occurrence analysis differs 
from the one utilized in the humpback whale co-occurrence analysis. The leatherback model is 
an estimate of suitable habitat that produces values on a scale of zero to one. This is based 
mostly from environmental data used to predict which areas of the oceans could theoretically 
support leatherback habitat, but does not predict or estimate the density or number of 
leatherbacks that may occur within an area. Given the recent declines in leatherback abundance 
and their low observation rates along the U.S. West Coast, it is difficult to collect the data 
necessary to generate density estimate predictions commensurate with models that have been 
created for other more abundant species such as humpback whales (the humpback whale model 
is a measure of whale density and produces outputs in a measure of whales/km2). Thus, the 
leatherback model produces suitable habitat values in areas that would be theoretically attractive 
to leatherbacks, but does not necessarily mean that leatherbacks are found in those areas during 
those times. We know, given our correspondence with NMFS scientists who have been 
conducting surveys for leatherback sea turtles off the U.S. West Coast (Benson personal comm, 
August 8th, 2024), that leatherbacks have not recently been sighted during surveys in some of 
the specific areas where this model predicts high habitat suitability, such as off the Pacific 
Northwest (PNW) near the Columbia River. The caveats to the models used in our analysis are 
further addressed in Appendix A. 

Pot fishing and the subsequent overlap with leatherback habitat suitability has peaked in the late 
summer and early fall from August-October (Figure A-3). Peak overlap does differ by fishery 
sector, with the LE sector peaked in September, the OA sector peaked in August, and the CS 
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sector in October. Total overlap across sectors peaked in August (Figure A-3). Areas of the 
highest predicted habitat suitability in the months from August-October (Figure A-20) coincide 
with higher fishing effort (Figure A-3) in the areas surrounding the Columbia River mouth, north 
of Cape Blanco, Oregon, and around Big Sur, California, suggesting that these have been the 
areas with the highest potential entanglement risk (Figure 27). 

We also looked at the interannual variability of overlap over the last decade, to help understand 
how risk has been changing over time, and what to anticipate in the future. Over time, we see 
overlap risk has shifted northwards, with minimal overlap occurring in California waters in 
recent years, and a majority of overlap occurring north of Cape Mendocino, CA (WCGOP, 
unpublished data*). Overlap in recent years is concentrated north along the Oregon and 
Washington coasts (WCGOP, unpublished data*). Overlap between leatherbacks and sablefish 
pot effort has oscillated and remained relatively stable from 2014-2023 (Figure 26). While 2023 
was the highest year of overlap for the LE and CS sectors, OA overlap was highest in 2014 
(Figure 26). 

 
 

 

Figure 26: Estimated pot sets overlap with leatherback sea turtle habitat suitability. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap. Values 
are the summed overlap that occurs within each year for all years 2014-2023. 

 
Overlap has shifted northward over time likely as a direct result of pot fishing effort shifting 
north, especially in the CS sector (Figure A-1). In recent years there have been limited sightings 
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of leatherbacks in survey areas that were part of their historic distribution along the Pacific 
Northwest coast (Benson, SWFSC, personal comm August 8th 2024). This decline is likely due 
to decreases of the Western Pacific population rather than any broad distribution changes 
impacted by climate change. Functionally, the lack of presence of leatherbacks in otherwise 
suitable habitat especially in the PNW diminishes the level of entanglement risk in this area, and 
to the sablefish pot fishery as a whole. Despite this, there are still high efforts of pot fishing in 
summer and fall months off the coast of Oregon, if any leatherbacks did occur in this area. The 
northward shift in fishing effort is especially pertinent to suitable leatherback habitat that occurs 
off of Cape Elizabeth, WA as this is a key area for leatherback critical habitat due to the dense 
aggregations of sea nettles that occur in this area (Benson SWFSC, Personal comm, August 8th, 
2024). In recent years, we have seen an increase in pot fishing in this area, potentially elevating 
the risk to leatherbacks that might occupy those northern areas. However, given there have been 
limited sightings of leatherbacks in this area in recent years, it is likely that this northern push in 
pot effort has not increased the entanglement risk of leatherbacks, and that leatherback 
interaction risk is trending lower overall given the limited abundance of this species across the 
areas where sablefish pot fishing is concentrated. 
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Figure 27: Overlap of scaled number of pot sets (scaled to represent 100% fishing effort based 
on observer coverage annual rates), with leatherback habitat suitability. Overlap is colored by the 
magnitude of overlap and is unitless. 
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OA sablefish pot fishing effort is similar in timing to LE effort, as they both have a seasonal peak 
in effort in the late summer and early fall months, unlike CS effort, which is relatively stable 
year-round. Upon analyzing the spatial distribution of OA fishing effort from 2014-2023, a 
majority (94%) of the observed effort occurs within northern and central California between 
35.5° and 40° latitude. This is distinct from the LE and CS, which are concentrated further north; 
increasingly so in recent years. Leatherbacks are known to forage closer to shore in their central 
California habitat (within depths of less than 200 m: Benson personal comm August 8th, 2024; 
Benson et al. 2011), and sightings from aerial surveys are concentrated in depths less than 100 m 
( Benson et al. 2020). As a result, there is limited co-occurrence with sablefish pot fishing in 
California averaging depths around 300 m with a median depth of 250 m (140-170 fathoms) 
(WCGOP data). In comparison, leatherback foraging habitat in Oregon occurs further offshore, 
out to around 2000 m (Benson et al. 2011), where they are not likely to interact with sablefish 
pot gear. 

Given there is only a single observed leatherback entanglement in the sablefish pot fishery 
within the OA sector of the fishery that occurred offshore of northern California, we wanted to 
more closely examine the risk this specific sector poses to leatherbacks despite its limited 
observer coverage. Overall, only 0.85% of observed OA sets overlapped with a location that 
contains a leatherback habitat suitability score (i.e. suitability > 0). This would indicate generally 
that the OA sector has not posed a high risk of leatherback entanglement in the past (still noting 
the relatively low observer coverage rate and limited available data). Additionally, there have 
been no observed entanglements of leatherbacks within the PCGF since 2008, which could be 
linked to their declining abundance in the action area over time. 

Anticipated Future Entanglements in the PCGF Sablefish Pot Gear  

Having reviewed and evaluated the available information, including recent developments that 
aren’t necessarily reflected in the historical information regarding leatherback sea turtle bycatch 
risk in the PCGF sablefish pot fishery, we combine it all together to generate expectations for 
future levels of entanglement that we anticipate, based on the current state of the PCGF. 

First, we look to the historical leatherback bycatch estimates for the sablefish pot fishery, 
generated for the OA sector. As described in Bycatch Estimates, annual estimates for leatherback 
sea turtle entanglements have been as high (from 2011-2023) as 1.67 (in 2022), and the highest 
5-year average has been 0.86 (2015-2019). There are no bycatch estimates representing CS or LE 
effort because no bycatch events have been observed. This does not mean the estimates of what 
has occurred in this sector is “zero”, but rather estimates cannot be produced.  

Looking at the overlap analysis, we acknowledge that it suggests that the CS and LE sectors are 
at some risk of leatherback interactions. However, as discussed previously, much of that risk is 
generated from predicted suitable habitat off the PNW, where we are decreasingly confident that 
leatherback turtles have been or will be occurring in the foreseeable future, given their decreased 
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abundance off the U.S. West Coast as the Western Pacific population has declined. Therefore, 
given the lack of previous observations of leatherback bycatch in the LE and CS sectors, and 
given the northward shift in overlap and fishing effort and lack of recent leatherback sightings in 
these same northern waters, we do not anticipate future interactions in those sectors. 
 
Table 24: Overlap separated by year and sector for all sablefish pot overlap with leatherback 
habitat suitability. These are the monthly summed overlap for all months within the year. 

 LE OA CS Total 

2014 1.4 15.5 12.9 29.8 

2015 2.4 0 17.3 19.7 

2016 7.2 0 15.8 22.9 

2017 3.2 0 20.9 24.0 

2018 8.4 6.9 16.5 31.9 

2019 6.1 0 21.6 27.7 

2020 16.2 0 12.5 28.7 

2021 3.2 0 8.8 12.0 

2022 6.2 0 8.7 14.9 

2023 24.1 5.6 3.8 33.4 

Average 7.8 2.8 13.9 24.5 
 
Although the trends in effort and predicted level of co-occurrence are difficult to characterize 
over the last ten years for the OA sector, given the limited observer coverage and data collected 
in this sector, the recent rise in the total effort, suggest that future bycatch in the OA sector still 
could occur at the high end of range of what has occurred previously moving forward. Unlike the 
LE and CS sectors, most of the OA sector effort occurs off of California, where we are more 
confident about the likelihood of leatherback occurrence moving forward. Therefore, we look at 
the maximum values from recent years (since 2011) to inform our expectations for future 
bycatch for these sectors, in terms of what may happen in any one year, and over a 5-year annual 
average. As a result, we consider that as many as 1.67 leatherbacks may be entangled in total 
during any one year, and 0.86 may be the highest annual average of entanglements over a 5-year 
period. 
 

Annual maximum = no more than 1.67 entanglements 
Maximum 5-year running average = no more than 0.86 entanglements 
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Population Apportionment  

The distinction between the global population of leatherbacks and their relevance to the action 
area and this opinion was discussed in Section 2.2.2.2 Status of the Species, which discussed 
both the West and East Pacific populations of leatherback sea turtles. All of the leatherback sea 
turtles that have been tagged on the West Coast have originated from the West Pacific population 
of leatherbacks. Given this knowledge, NMFS expects that all of the expected leatherback sea 
turtle entanglements in the PCGF sablefish pot fishery will be associated with the West Pacific 
population. 

Response to the Pot Gear Entanglement  

The probability a marine turtle will initially survive an entanglement in fishing gear depends 
largely on the species, age, and size of the turtle involved. Documented cases indicate entangled 
marine turtles may travel for extended periods of time and over long distances before freeing 
themselves or being disentangled by stranding network personnel, or they may die as a direct 
result of the entanglement. It is often unclear if an entanglement immediately results in a serious 
or debilitating injury that could eventually lead to death. If the gear is heavy or significantly 
restricts the turtle’s ability to swim, the animal could become exhausted from repeatedly trying 
to reach the surface to breathe and might eventually drown. Less severe entanglements may also 
lead to exhaustion, depletion of energy stores, restricted movement, choking, and starvation due 
to the increased drag (Barreiros & Raykov 2014; 2020 Status Review). Turtles are commonly 
entangled around their flippers, and if wrapped tightly, the injury can debilitate the animal, 
especially if the gear is constricting, causes lacerations, or impairs swimming or feeding ability 
(Witzell and Cramer 1995, Coelho et al 2015, Huang 2015). Such injuries may make the animal 
more susceptible to disease or predation (Status Review 2020). Lacerations themselves may 
become a source of infection (Innis et al. 2010). Sustained stress from repeated or prolonged 
entanglement in gear or gear left on the animal, may reduce the ability to heal and fight infection 
or disease (Innis et al. 2010; 2020 Status Review). Younger animals are particularly at risk if the 
entangling gear is tightly wrapped, as continued growth will constrict gear further. Data from the 
NMFS WCR Stranding Database does not provide conclusive information on the size or age of 
most turtles reported entangled. 

Among the 5 reported U.S. West Coast leatherback entanglements from 2008–2024, four 
individuals have been dead, with only one released alive. The specific outcome of an 
entanglement event after the last sighting of an entangled or disentangled turtle is rarely known, 
NMFS assesses the likelihood of post-interaction mortality associated with each entanglement. 
These evaluations are based on the current criteria outlined in the process for post-interaction 
morality determinations for sea turtles incidentally caught in trawl, net, and pot/trap fisheries, 
initially issued in 2017 and renewed in 2022 (NMFS 2022d). 

We reviewed information about leatherback mortality rates in pot and trap fishing gear in other 
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places, such as the U.S. East and Coast, Gulf of Mexico, and Canada, where variable mortality 
rates have been described (Upite et al. 2018, NMFS 2017, Hamelin et al. 2017). However, we 
are unable to determine if the entanglements presented are associated with gear configurations of 
strings (similar to sablefish gear) or single vertical lines, and post-interaction mortality estimates 
for the historical leatherback interactions are generally not available. 

Given our limited expectation for the number of leatherback interactions that will occur, and the 
risk of a significant injury or mortality that is posed by leatherback entanglements in heavy 
pot/trap gear fished in strings like sablefish pot gear, we will assume a mortality (initial and post-
release) rate of 1.0, or 100%, for future entanglements in the sablefish pot fishery. 
 

Annual maximum mortality = no more than 1.67 
Maximum 5-year running average mortality = no more than 0.86 

 

2.5.2.3 Risk of the PCGF Hook-and-Line and Trawl Fisheries 

There have been no documented interactions between leatherback sea turtles and PCGF hook-
and-line gear throughout the duration of the WCGOP. There are no bycatch estimates for PCGF 
hook-and-line and midwater trawl fishing because no bycatch events have been observed in these 
PCGF sectors. Upon analyzing the stranding reports of leatherback turtles on the West Coast 
since 1970, there is also no mention of gear similar to PCGF hook-and-line gear, such as 
monofilament line. There is no mention of trawl nets or other associated trawl gear associated 
with strandings of leatherbacks beyond one leatherback incidentally captured during a scientific 
trawl net survey in 2011, and released alive (NMFS 2015). Our co-occurrence analysis with 
PCGF hook-and-line and midwater trawl fisheries are available for review in Appendix A. 

Considering all of the information above, we do not foresee or anticipate leatherback interactions 
with the PCGF hook-and-line and trawl fisheries in the future. 

2.5.2.4 Risk of Prey Removal 

Important prey species for leatherback sea turtles incidentally captured in the PCGF include 
various species of jellyfish or gelatinous zooplankton, particularly brown sea nettles (Chrysaora 
fuscescens). As summarized in the “Not Likely to Adversely Affect” Determinations (Section 
2.12), leatherbacks target gelatinous zooplankton such as jellyfish and tunicates, requiring large 
quantities due to their low energy content. In Section 2.12.1 “Not Likely to Adversely Affect” 
Determinations, the extent of incidental capture of these important prey species in the PCGF, and 
the relative impact of these removals on the proposed critical habitat, are described in detail. 
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Jellyfish and tunicates are caught in the PCGF13 in relatively small amounts, and are typically 
classified as unidentified species in the GEMM database (Figure 28). Jellyfish catch peaked in 
earlier years from 2002-2005, while tunicate catches have remained relatively stable and near 
zero during the entire time series. Jellyfish catch ranges from 5 mt (2017) to 820 mt (2002), and 0 
mt (2006) to 5 mt (2017) for tunicates. Neither of these prey items were caught in significant 
amounts that would impact the foraging or migratory behavior of individual leatherback sea 
turtles while living within the CCE. 

 
 

 
Figure 28: Total prey landings (mt) of pertinent leatherback prey items: jellyfish and 
tunicates. Data was gathered from NWFSC GEMM database using actual landings of prey 
and discarded landings with a mortality rate applied and summed together.  
 

Ultimately our analysis in Section 2.12.1 “Not Likely to Adversely Affect” Determinations, 
concludes the PCGF is not likely to adversely affect the prey feature of the critical habitat 
designation, because the bycatch of leatherback prey species by the PCGF is minimal compared 
to the amount of prey required and available for leatherback sea turtles within the CCE. Despite 
the decline of the Western Pacific population of leatherback, this trend is consistent across many 

                                                 
13 GEMM includes total estimated discard, discard with discard mortality rates (DMRs) applied, landings, catch 
(discard and landings), and mortality (discard with DMRs applied and landings) for all species and groupings 
recorded in A-SHOP, EM, PacFIN, RecFIN, and WCGOP data for the years 2002 to 2022. 
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global leatherback populations, and not likely associated with lack of prey resources, which has 
not been identified as a significant population threat for leatherback. As a result, we conclude the 
impacts of prey removal by the PCGF are negligible. 

2.5.2.5 Risk of Vessel Collisions 

As described above for humpback whales, available information does not indicate that vessel 
collisions from the operation of the PCGF are significantly impacting ESA-listed leatherback sea 
turtles. There have been no reported collisions of PCGF vessels with leatherback sea turtles, and 
the relatively small sizes and slower speeds of these fishing vessels makes them less likely to 
result in collisions, or for such collisions to result in serious injury or mortality, as compared to 
other larger, faster-moving vessel classes (i.e., tankers, container ships, and cruise ships) most 
frequently associated with marine life vessel collisions. While vessel collisions with sea turtles 
are known to occur on the U.S. West Coast, as described in the Environmental Baseline, there 
have also been no observed cases of leatherback sea turtle vessel collisions or strandings of any 
kind since 2017. Based on the broadly distributed patterns of vessel movements, relatively small 
sizes and slow speeds of the PCGF vessels, and the fact that vessel collisions with leatherbacks 
are infrequent generally and have never been reported from any PCGF vessels previously, the 
probability of PCGF vessels colliding with leatherback sea turtles is extremely small. We 
conclude that vessel collisions with ESA-listed leatherback sea turtles as a result of the proposed 
action are improbable. 

2.5.2.6 Risk of Pollution and Contaminants 

Similar to our analysis in section 2.5.1.7 Risk of Pollution and Contaminants for humpback 
whales, the available information does not indicate that pollution resulting from the operation of 
the PCGF is significantly impacting leatherbacks, or the PBFs of their critical habitat. Given the 
continual and dispersed movement of vessels within the action area, we generally do not 
anticipate that the release of a small amount of petroleum into the marine environment will cause 
acute or chronic exposure to leatherbacks, and their prey, since they are mobile. Without 
evidence to support analyses of how these factors may affect ESA-listed species as a result of the 
proposed action, NMFS concludes the potential release of pollution via PCGF fishing vessels is a 
minor risk for leatherbacks. 

2.5.3 Population Risk of PCGF Interactions 

2.5.3.1 Humpback Whales 

In order to estimate the risk that interactions with PCGF sablefish pot, hook-and-line, and 
midwater trawl gear poses to ESA-listed humpback whale DPSs, we consider how many 
mortalities and serious injuries are expected to occur. For the purposes of this biological opinion, 
we assume that all age-classes are vulnerable to entanglement and of equal significance and 
males are as vulnerable as females. 



159  

Interactions, including entanglement, hooking, and capture, have been anticipated in a range of 
PCGF gears/fisheries, including sablefish pot, hook-and-line (including bottom longline, vertical 
jigs/longline/other, recreational), and hake midwater trawls. Our expectations for the future 
number of interactions, and resulting mortality (or serious injury) that could lead to removal 
from the population, are detailed throughout section 2.5.1.1 Exposure and Response – Bycatch in 
the PCGF. For all humpback whale interactions in PCGF gear (including from the ESA-listed 
DPSs and the unlisted Hawaii DPS), we estimate up to 6.62 humpback whales could be 
entangled in any given year, with the possibility of 6.25 killed or seriously injured in any given 
year as a result of the proposed action, if the maximum number of entanglements anticipated 
happened across all components of the PCGF in the same year (which is unlikely). We also 
anticipate that the annual average over any five-year period will not exceed 2.67 individual(s) 
entangled, leading to no more than 2.30 serious injuries. For the ESA-listed humpback whale 
DPS affected by PCGF interactions, we have aggregated and summed these expectations across 
the PCGF into Table 25. 

Table 25. Anticipated PCGF interactions and resulting M/SI with ESA-listed DPSs. 
 

 
Mexico DPS Central America DPS 

 
Annual Max Max 5-year 

Running Ave 
Annual Max Max 5-year 

Running Ave 

Total Bycatch in 
PCGF Pots 

2.29 1.03 1.55 0.69 

Anticipated M/SI 
in pots 

2.11 0.95 1.43 0.63 

Total Bycatch in 
PCGF 
hook-and-line 
gear 

0.47 0.1 0.29 0.06 

Anticipated M/SI 
in hook-and-line 

0.47 0.1 0.29 0.06 

Total Bycatch in 
Midwater Trawl 

0.52 0.21 0.37 0.15 

Anticipated M/SI 
in Midwater 

0.52 0.11 0.37 0.08 



160  

Trawl 

Total Bycatch in 
PCGF 

3.28 1.34 2.21 0.90 

Anticipated 
M/SI 

3.10 1.16 2.09 0.77 

 

Mexico DPS 

Across the PCGF, we anticipate that as many as 3.28 Mexico DPS whales may be entangled, 
hooked, and/or captured in a given year, resulting in the mortality or serious injury of 3.10 
Mexico DPS whales. We also expect that the annual average over any 5-year period will not 
exceed 1.34 interactions, with 1.16 mortalities or serious injuries. Necessarily, this means that 
the annual average over time throughout the duration of the proposed actions should not exceed 
these values. 

As described in the Status of the Species (Section 2.2.2.1.1), there are no recent estimates of the 
entire Mexico DPS specifically, but the best available information indicates that there are at least 
7,500 individuals in the Mexico DPS of humpback whales. Given this information, we expect 
that interactions with the PCGF could result in the removal of up to 0.04% (3.10/7,500) of the 
Mexico DPS during any year, and over time, no more than 0.02% (1.16/7,500) of the Mexico 
DPS each year over any 5-year period. 

Central America DPS 

Across the PCGF, we anticipate that as many as 2.21 Central America DPS whales may be 
entangled, hooked, and/or captured in any given year, resulting in the mortality or serious injury 
of 2.09 Central America DPS whales. Over time, we expect that the annual average over any 5-
year period will not exceed 0.90 interactions, with 0.77 mortalities or serious injuries. 

As described in the Status of the Species (section 2.2.2.1.2), the Central America DPS has an 
estimated population of 1,496 whales. Given this information, we expect that interactions with 
the PCGF could result in the removal of up to 0.14% (2.09/1,496) of the Central America DPS 
during any year, and over time, no more than 0.05% (0.77/1,496) of the Central America DPS 
each year over any 5-year period. 

2.5.3.2 Leatherback Turtles 
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In order to estimate the risk that the PCGF sablefish poses to leatherbacks, we need to determine 
the number of adult females removed from the Western Pacific subpopulation, as this is our 
primary metric for tracking population impacts for leatherback sea turtles. However, the 
available data on the demographics of leatherbacks found off the U.S. West Coast that would 
interact with the PCGF is limited. Based on aerial surveys conducted off central California from 
1990-2003, the majority of leatherbacks observed were larger subadults or adults (Benson et al. 
2007b). Only five leatherbacks observed captured in the California DGN fishery were measured 
by observers, and they were assumed to be large subadults or adults. Therefore, we assume that 
any leatherback interaction that occurs with the PCGF sablefish pot fishery will be a subadult or 
adult. 

The sex ratio of the Western Pacific population is unknown, but researchers that have captured 
leatherbacks in-water off central California have documented that approximately two out of three 
leatherbacks were females (~67%) (Benson et al. 2007b). Given this we assume the 67% of 
leatherback interactions with the PCGF will be adult females. 

In section 2.5.2.2 Exposure and Response to Interactions with the PCGF Pot/Trap, we describe 
our expectation that no more than 1.67 leatherbacks will be entangled and killed in PCGF 
sablefish pot gear in any year. Assuming these are all adult leatherbacks, and using the estimated 
sex ratio (0.67) this amounts to 1.12 adult females. We also described our expectation that, over 
time, that annual average of any 5-year period would be no more than 0.86 
entanglements/mortalities per year. Using the same information, this amounts to an average of 
0.58 adult females per year. As described in section 2.5.2.2, we assume all of these entanglements 
could lead to mortality, and removal from the population. 

As summarized in the Status of the Species (section 2.2.2.2), the best current estimated adult 
female abundance of the Western Pacific population is 1,054 individuals. Given this information, 
we expect that entanglements with PCGF sablefish pot gear could lead to removal of 0.1% 
(1.12/1054) of the total Western Pacific adult female population in any given year, and over time, 
no more than 0.06% (0.58/1054) of the total Western Pacific adult female population, on average 
each year, over any 5-year period. 

 
2.6. Cumulative Effects 

“Cumulative effects” are those effects of future state or private activities, not involving Federal 
activities, that are reasonably certain to occur within the action area of the Federal action subject 
to consultation (50 CFR 402.02 and 402.17(a)). Future Federal actions that are unrelated to the 
proposed action are not considered in this section because they require separate consultation 
pursuant to section 7 of the ESA. 

The states of California, Oregon, and Washington have been implementing regulations aimed at 
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reducing the impacts of entanglements on ESA-listed species, including Central America and 
Mexico DPSs of humpback whales, and leatherback sea turtles. These regulations generally 
include seasonal reductions of gear/effort and depth restrictions, and other measures to reduce 
entanglement risk and/or better understand the dynamics of this risk (e.g. establishing an 
entanglement detection network, implementing a lost/abandoned gear retrieval program, 
implementing electronic vessel position monitoring, gear marking, testing innovative gear). A 
working group, comprising non-governmental organizations, industry, biologists, and state and 
federal representatives, aimed to address entanglements of large whales and leatherback sea 
turtles in the California Dungeness crab fishery was established in 2015. This group developed a 
Risk Assessment Mitigation Program (RAMP) which was finalized by California Department of 
Fish and Wildlife (CDFW) on November 1, 2020 (14 CFR Sec. § 132.8), requiring regular 
evaluations of entanglement risks and implementation of management actions if entanglements 
are confirmed or key species concentrations are observed during the fishing season (November 
1-June 30). The regulations include triggers for management actions (e.g. fishery closure, 
advisories, depth constraints, gear requirements, alternative gear, etc.) if entanglements of key 
species are confirmed or concentrations of these species are observed. While the RAMP 
continues to operate, we anticipate that there will be adjustments to the California Dungeness 
crab fishery during future seasons that will reduce the risks of humpback whale and leatherback 
entanglements, although we do not anticipate the RAMP will completely eliminate those risks 
and all future occurrences, based on the performance of the RAMP to date. However, we do 
anticipate that less entanglements will occur than under the conditions that existed before the 
program, directly as a result of RAMP implementation. 

Some continuing non-Federal activities are reasonably certain to contribute to the overall 
environmental health and habitat quality within the action area. In section 2.4 Environmental 
Baseline, we described the current and ongoing impacts associated with other activities that 
affect ESA-listed species along the U.S. West Coast. We are reasonably certain that these 
activities and impacts will continue to occur while this proposed action occurs. However, it is 
difficult if not impossible to distinguish between the action area’s future environmental 
conditions caused by global climate change that are properly part of the environmental baseline 
vs. cumulative effects. Therefore, all relevant future climate-related environmental conditions in 
the action area are described in the rangewide status of the species and critical habitat (Section 
2.4). 

We did not identify additional state or private activities that are reasonably certain to occur 
within the action area, do not involve Federal activities, and could result in cumulative effects to 
ESA-listed species within the action area. Activities that may occur in these areas will likely 
consist of state or Federal government actions related to ocean use policy and management of 
public resources, such as commercial and recreational fishing, aquaculture, energy development 
projects that include offshore wind, and/or other spatial planning/management projects. Changes 
in ocean use policies as a result of non-Federal government action are highly uncertain and may 
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be subject to sudden changes as political and financial situations develop. Examples of actions 
that may occur include development of aquaculture projects; changes to state fisheries that alter 
fishing patterns or influence the bycatch of ESA-listed marine species; installation of 
hydrokinetic projects near areas where marine mammals are known to migrate through or 
congregate; designation or modification of marine protected areas that include habitat or 
resources that are known to affect marine mammals; and coastal development that alter patterns 
of shipping or boating traffic. However, none of these potential state, local, or private actions, 
can be anticipated with any reasonable certainty in the action area at this time, and some of those 
described as examples would likely involve Federal involvement of some type. 

 
2.7. Integration and Synthesis 

The Integration and Synthesis section is the final step in our assessment of the risk posed to 
species and critical habitat as a result of implementing the proposed action. In this section, we 
add the effects of the action (Section 2.5) to the environmental baseline (Section 2.4) and the 
cumulative effects (Section 2.6), taking into account the status of the species (Section 2.2), to 
formulate the agency’s opinion as to whether the proposed action is likely to (1) appreciably 
reduce the likelihood of the survival and recovery of a listed species in the wild by reducing its 
numbers, reproduction, or distribution, or (2) appreciably diminish the value of designated or 
proposed critical habitat as a whole for the conservation of the species. This biological opinion 
does not perform an analysis of destruction or adverse modification of critical habitat because 
NMFS has determined that the proposed action is not likely to adversely affect designated 
critical habitat. The prior sections of this opinion analyzed the potential for effects of the 
proposed action at the level of individual ESA-listed leatherback sea turtles and humpback 
whales. The rest of this biological opinion will be focused on describing how this anticipated 
level of effect, when added to the status, environmental baseline, and cumulative effects, affects 
the likelihood of both the survival and recovery of each species. 

The description of the Proposed Action’s effects includes any influence of current environmental 
conditions and their associated variability. While climate change is expected to continue over the 
duration of the action’s effects, we cannot distinguish changes in temperature, precipitation, or 
other factors attributable to climate change, including changes in predator-prey relationships, 
from those due to annual and decadal climate variability when estimating the potential for 
entanglement risk in any given future year based on the past 10 years of data. Within the action 
area over the next several decades, several species (including leatherback sea turtles) are 
expected to shift their distributions poleward and offshore, primarily in waters off OR and WA, 
most likely due to a combination of more favorable thermal conditions and distributional shifts 
of their prey (Lezama-Ochoa et al. 2024). However, as described in the Rangewide Status of the 
Species (Section 2.2) and Environmental Baseline (Section 2.4), analyses of these climate-driven 
distributional shifts of species or responses to threats are almost exclusively based on ~50-100 
year and almost centennial timeframes. This precludes a clear identification of forthcoming 
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changes in marine environmental conditions and associated influence on species and the 
Proposed Action’s effects in any given year over the near-term. The Status of the Species and 
Environmental Baseline have generally captured the impacts that are happening to these 

ESA-listed species as the conditions in the Pacific Ocean have changed over recent decades, as 
part of the underlying climate change that is occurring. For these reasons, although climate 
change is expected to continue to affect species distribution, and present or exacerbate threats 
over the long term, it is not expected to amplify the effects of the Proposed Action in ways not 
already described in the Effects section, or any other components of the Integration and 
Synthesis. 

2.7.1 Humpback Whales 

In the Status of the Species section, we identified two DPSs of humpback whales that may be 
affected by the PCGF occurring off the U.S. West Coast. Both DPSs are associated with the 
former CA/OR/WA stock of humpback whales, now designated using DIPs that share both 
wintering and feeding areas. 

Based on the best available information from Calambokidis and Barlow (2020), Curtis et al. 
(2022), and Cheesman et al. (2024), we conclude that ~8% annual likely represents the growth of 
the Mexico DPS, although the growth of the Central America DPS has been estimated to be 
lower. Based on the most recent information, we assume 57.7% of the humpback whales off the 
coast of California and Oregon are part of the Mexico DPS and 42.3% are part of the Central 
America DPS. In Washington waters, we assume the Mexico DPS represents 25.4% of 
humpback whales in the area, and the Central America DPS represents 5.9%, with any remaining 
whales being from the unlisted Hawaii DPS. 

As described in the Status of the Species and Environmental Baseline section, humpback whales 
face a number of threats throughout their range, including within the action area. While efforts 
are underway to mitigate some ongoing threats to ESA-listed humpback whales (such as gear 
marking, voluntary VSR zones), most are likely to continue into the future. 

Entanglement in fishing gear remains a critical threat limiting the recovery of ESA-listed 
humpback whales (NMFS 2022e). Trends in entanglement reports from 2000 through 2017 
suggest the proportion of whales, regardless of species, entangled in pot/trap gear has increased 
over time, although net gear entanglements have decreased in prevalence. In recent years, there 
has been an increase in reported interactions between fisheries and humpback whales in Central 
California, particularly with the Dungeness crab pot fishery. Humpback whales often interact 
with fishing gear due to the overlap of their migratory route and foraging grounds with fisheries 
on the U.S. West Coast. Between 2014 and 2023, humpback whales made up 66.8% of reported 
entanglements in the region. Although humpbacks continue to be entangled, the number of 
reports in the last five years (< 19 animals per year from 2019-2023) has shown a decline since 
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the confirmed reports from 2015-2018 (30 to nearly 50 humpbacks annually) (NMFS 2024a). 

Vessel collisions are also a threat to the recovery of ESA-listed humpback whales. Although 
Rockwood et al. (2017) estimated about 22 humpback whales are victims of ship strike each year 
in the U.S. West Coast EEZ, NMFS recognizes there is uncertainty surrounding the number of 
ship collisions and mortalities. Sample sizes are small and identified cases are likely biased 
towards species that are large and easy to identify. Of humpback whales identified to have been 
struck by a vessel, there are currently no reports of the vessel belonging to the PCGF fleet 
although such an interaction may have occurred in the past. 

Humpback whales may also be affected by a number of other threats throughout their range, 
including harassment from vessels, oil spills, and other sources of strandings. Although 
harassment can occur from vessels approaching humpbacks, there have been no documented 
findings suggesting these activities are resulting in mortality or serious injury of individuals. 
Encounters with pollutants, especially during oil spill events, are another threat to humpback 
whales and their critical habitats. There are periodic strandings of humpback whales that cannot 
be attributed to specific threats such as vessel collisions or entanglements, although the reasons 
behind these events are unknown. 

While the threat of climate change to ESA-listed DPSs humpback whales is uncertain, shifts in 
prey distribution and abundance due to climate change and other environmental conditions may 
lead to corresponding shifts in humpback whale distribution. This could increase PCGF risk to 
humpback whales by increasing the rate of overlap between fisheries and whales, as well as other 
threats described in the Environmental Baseline section. Although we cannot precisely estimate 
the magnitude of future changes and their impacts, significant changes to bycatch of humpbacks 
and other baseline threats would be necessary to appreciably reduce the likelihood of survival 
and recovery of ESA-listed DPSs, based on available information and current assessments. 

In the Cumulative Effects section, we did not identify additional state or private activities that are 
reasonably certain to occur within the action area and could result in cumulative effects to 
ESA-listed species. 

In the Effects of the Action section we evaluated the potential for impacts of the PCGF to ESA-
listed humpback whales from entanglement in fishing gear, prey removal, vessel collisions, and 
pollution. After evaluating the vessel activities expected to occur as a result of the proposed 
action, we concluded that the effects of vessel collisions, oil spills, and marine debris adversely 
affecting humpback whales were improbable or minor. The removal of humpback whale prey by 
PCGF activities was also evaluated, and we concluded sardines, Pacific herring, and anchovies 
are not caught in amounts that would reduce the prey available by a detectable amount for 
humpback whales in the action area. Entanglement in fishing gear was identified as the primary 
source of potential adverse impacts associated with the proposed action. In addition to 
interactions with the sablefish pot fishery that we have previously anticipated, recent information 
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has indicated that interactions with commercial PCGF hook-and-line and midwater trawl 
fisheries should be anticipated in the future as well. Because there are multiple DPSs present 
along the U.S. West Coast, we first considered the impacts of the proposed action on humpback 
whales in the action area, then apportioned the potential impacts to the ESA-listed DPSs. 

After considering past entanglements, available bycatch estimates, and trends in overlap of 
fishing effort and predicted humpback whale density, we estimate up to 6.62 humpback whales 
(from any of the three DPSs off the West Coast, both listed and unlisted) could be entangled in 
any given year, with the possibility of 6.25 killed or seriously injured in any given year as a 
result of the proposed action, if the maximum number of entanglements anticipated happened 
across all components of the PCGF in the same year (which is unlikely). We also anticipate that 
the annual average over any five-year period will not exceed 2.67 individual(s) entangled, 
leading to no more than 2.30 serious injuries or mortalities over that same five-year period. For 
the purposes of this biological opinion, we assume all age-classes and sexes are equally 
vulnerable and of equal significance. We expect these mortalities or serious injuries could occur 
to any individual in the population. 

While risk reduction measures are part of the proposed action, including minimization of the 
extent of surface gear used, and voluntary reduction in the use of one vertical end line, the 
contribution of these measures towards reduced entanglement risk is unknown or uncertain. In 
particular, it is not yet clear to what extent PCGF fixed gear fishers will take advantage of the 
opportunity to remove one end line. New gear marking measures are likely to be effective in 
2026, which are expected to help improve our ability to identify gear belonging to the PCGF that 
may be involved in entanglements reported opportunistically. Data collection from these events 
can help improve bycatch/risk evaluations, and reinforce confidence that unidentified gears 
involved in reported entanglements do not belong to the PCGF. Though this action is not 
expected to reduce the likelihood of entanglements with PCGF gear in the near-term, over time 
implementation of these measures will improve approaches for evaluating entanglement risk 
associated with this and other U.S. West Coast fisheries. This will facilitate future risk reduction 
efforts that are focused towards the appropriate sources of entanglements. 

 

2.7.1.1 Mexico DPS Humpback Whales 
As described in the Status of the Species (Section 2.2.2.1.1), there are no recent estimates of the 
entire Mexico DPS specifically, but the best available information indicates that there are at least 
7,500 individuals in the Mexico DPS humpback whales. The most recent estimate of the 
Mainland Mexico - U.S. West Coast stock is 3,477 (CV = 0.101), and the most recent 2022 SAR 
(Carretta et al. 2023b) calculated PBR of 43 whales per year, although this only accounts for 
individuals from the Mexico DPS that forage off the U.S. West Coast, and does not include the 
portion that forages in other places such as Alaska. 

We estimated the potential for incidental capture and M/SI of Mexico DPS humpback whales due 
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to entanglements in PCGF pot, hook-and-line, and midwater trawl gear. As described in Section 
2.5.3.1, we estimated that in total up to 3.28 Mexico DPS humpback whales may be 
entangled/hooked/captured in PCGF gear in any year, or up to 1.34 per year on average over any 
5-year period, and up to 3.1 may be killed in any year, or up to 1.16 per year on average over any 
5-year period, as a result of the proposed action. Over time, this mortality would represent at 
most an impact of no more than 0.04% of the DPS abundance in any year, and no more than 
0.02% of the DPS abundance per year over any 5-year period. 

Throughout the action area, Mexico DPS humpback whales encounter other fisheries as well. As 
summarized in the Environmental Baseline (Section 2.4.2), there were 136 observed 
entanglements/interactions between commercial fisheries and humpback whales between 2016-
2020 in California, Oregon, and Washington. From these interactions, there is an estimated mean 
M/SI of 11.4 Mexico DPS humpback whales per year. Non-commercial fisheries make up a 
small portion of reported fishery interaction cases but, due to minimal mandated accounts of 
effort and entanglements, the true impact of recreational fisheries may be higher. Between 2016 
and 2020, recreational fisheries in California, Oregon, and Washington, which includes tribal and 
non-tribal fisheries, had an estimated mean annual M/SI of 0.56 Mexico DPS humpback whales. 

Other sources of mortality for Mexico DPS humpbacks within the action area include vessel 
strikes. From 2016 through 2020, there were 14 confirmed humpback whale vessel strike cases 
reported, leading to an estimated M/SI of 13.2 whales over five years or an average of 2.6 whales 
seriously injured or killed per year. Rockwood et al. (2017) estimated as many as 22 humpback 
whales may be killed each year from ship strikes in the U.S. West Coast EEZ, and based on DPS 
proportions that would result in an estimated 10.15 of these whales belonging to the Mexico 
DPS, although there is evidence to suggest these are overestimates (Garrison et al. 2022). While 
this threat persists, the current level of ship strikes is not believed to be impeding the recovery of 
ESA-listed humpback whale DPSs (NMFS 2022c), and risks may be further reduced by 
voluntary speed reduction measures in California coastal waters. 

Based on the current status and trajectory of Mexico DPS humpback whales as described in the 
Status of the Species (increasing up to 8% a year), and considering sources of ongoing mortality 
and serious injury as described in Environmental Baseline, we conclude the additional DPS-level 
mortality that could occur as a result of the proposed action (i.e., the loss of a little more than one 
individual annually, on average, over time) is not likely to reduce the abundance or reproduction 
of this species to an extent that it would appreciably reduce the likelihood of the survival and 
recovery of the DPS. 

 

2.7.1.2 Central America DPS Humpback Whales 
As described in the Status of the Species (section 2.2.2.1.2), the Central America DPS has an 
estimated population of 1,496 whales (CV = 0.171), with a minimum population estimate of 
1,284 whales. Based on this information, the most recent 2022 SAR (Carretta et al. 2023a) 
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calculated PBR of 3.5 whales per year in U.S. waters. 

One of the primary factors in the recent listing decision to retain an endangered status for this 
DPS is the risk of extinction due to its relatively small population size. Since then, NMFS has 
determined the population has grown, although it remains relatively small and is not increasing 
at the same rate as the Mexico DPS. This remains an area of uncertainty and requires further 
study, given the variable growth rates among humpback whale populations but observed 
population increases off the U.S. West Coast. While a recovery plan for the newly listed Central 
America DPS has not been developed, an outline for the recovery of both Central America and 
Mexico DPSs was created in 2022 which does highlight fishery entanglement, vessel strikes, and 
low abundance as the primary threats to the Central America DPS. 

We considered possible effects of the proposed action on Central America DPS humpback 
whales due to entanglements in PCGF pot, hook-and-line, and midwater trawl gear. As described 
in Section 2.5.1, we estimated that in total up to 2.21 Central America DPS humpback whales 
may be entangled/hooked/captured in PCGF gear in any given year, or 0.90 per year on average 
over any 5-year period, and up to 2.09 may be killed annually, or up to 0.77 per year on average 
over any 5-year period, as a result of the proposed action. This mortality would represent at most 
an impact of no more than 0.14% of the DPS abundance in any year, and over time, no more 
than 0.05% of the DPS abundance per year over any 5-year period. In reality, the PCGF will 
likely account for an even smaller amount of human-caused mortality of the Central America 
DPS population over the duration of the proposed action because our anticipated bycatch levels 
and associated expectations for mortality are maximums that are unlikely to occur every year. 

As described in the Status of the Species (section 2.2.2.1.2), the Central America DPS has an 
estimated population of 1,496 whales. Given this information, we expect that interactions with 
the PCGF could result in the removal of up to 0.1% (2.09/1,496) of the Central America DPS 
during any year, and over time, no more than 0.05% (0.77/1,496) of the Central America DPS 
each year over any 5-year period. 

Throughout the action area, Central America DPS humpback whales interact with other fisheries 
as well. As summarized in the Environmental Baseline (Section 2.4.2), there were 136 observed 
entanglements/interactions between commercial fisheries and humpback whales in California, 
Oregon, and Washington between 2016 and 2020. These interactions resulted in a mean annual 
M/SI of 8.1 for Central America humpback whales. Non-commercial sources make up a small 
portion of mortality and serious injury for humpback whales. Between 2016 and 2020, there 
were nine observed interactions in California, Oregon, and Washington, resulting in an estimated 
mean annual M/SI of 0.35 for Central America DPS humpbacks. 

Vessel collisions are another threat to Central America humpbacks within the action area. From 
2016 to 2020, there were 14 confirmed humpback whale vessel strike cases reported. Rockwood 
et al. (2017) estimated as many as 22 humpback whales may be killed by vessel strikes on the 
U.S. West Coast each year, of which an estimated 6.45 whales would belong to the Central 
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America DPS, although there is evidence to suggest this is an overestimate (Garrison et al. 
2022). Despite the presence of this threat and the lower rate of growth of this DPS, the 
population continues to grow. The mitigation of serious injury or mortality from vessel strikes 
may be due in part to the implementation of actions reducing vessel speeds across the U.S. West 
Coast waters, including zones of seasonal vessel speed reductions. 

Given the current status and trajectory of Central America DPS humpback whales as described in 
the Status of the Species (increasing at a rate estimate at 1.6%), and considering sources of 
ongoing mortality and serious injury as described in the Environmental Baseline, we conclude 
that the additional DPS-level mortality that may occur as a result of the proposed action (i.e., the 
loss of less than one individual annually, on average, over time) is not likely to reduce the 
abundance or reproduction of this species to a level that would appreciably reduce the likelihood 
of the survival and recovery of this DPS. 

 
2.7.2 Leatherback Sea Turtles 

As discussed in the Status of the Species (section 2.2.2.2), leatherback sea turtles are globally 
listed as endangered. The species is composed of seven populations, but the proposed action only 
has the potential to adversely affect the West Pacific and East Pacific populations, although we 
have assumed that the potential risk to the Eastern Pacific Ocean (EPO) population to be 
extremely low. As described in the Status of the Species and Effects of the Action sections above, 
no leatherback sea turtles sampled off the U.S. West Coast have ever been genetically assigned to 
the East Pacific population. It is therefore unlikely that PCGF activities would interact with an 
East Pacific population individual, and we assume any potential interactions with the fishery 
would only involve individuals from the West Pacific population. In addition, as described 
above, critical habitat was revised in 2012 (77 FR 4170) for leatherbacks to include additional 
areas along the U.S. West Coast which provided added protection of the habitat PBFs, primarily 
their main prey resource, jellyfish. 

The Western Pacific population of leatherback sea turtles primarily nest at beaches in Indonesia 
and the Solomon Islands, and long-term monitoring surveys at Jamursba-Medi and Wermon 
beaches have provided important information for understanding the abundance of nesting 
females, trends, and hatchling success. The best current estimated adult female abundance in the 
West Pacific population is 1,054 individuals (Martin et al. 2020a). Assuming a 73% female sex 
ratio yields an estimated 1,443 adult leatherbacks in the West Pacific population, and based on 
this and life history parameters, survival rates, life stage ratios, and nutritional demands, NMFS 
estimates the juvenile and adult population size of this population to be 100,000 leatherback 
turtles (Jones et al. 2012, Martin et al. 2020a, NMFS 2023d). Based on information from these 
nesting beaches, the Western Pacific population has been exhibiting low hatching success and 
decreases in nesting population trends. Recent preliminary data from the two index beaches 
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indicates nest numbers were relatively stable from 2017 to 2021 (Lontoh et al. in prep); however, 
the data are not available in sufficient detail to update the Martin et al. (2020a) model. Using the 
median trend in annual nest counts from Jamursba-Medi (2001-2017) and Wermon (2006-2017), 
Martin et al. (2020a) estimated the combined nest count trends for the two index beaches to be 
declining by 6% annually. However, nest success rates have increased from 35% prior to 2017 to 
over 50% from 2017 to 2019 due to increased conservation efforts (Pakiding et al. 2020). 

A recent discovery of a previously undocumented nesting area on Buru Island, Indonesia and 
relatively new sites on the Solomon Islands suggest that additional undocumented nesting 
habitats may exist on other remote or infrequently monitored islands of the Western Pacific 
(NMFS and USFWS 2020). We are seeing a positive growth trend using a newly established 
monitoring program (since 2017) on Buru Island, Indonesia which estimates approximately 103 
adult female nesters. Over the six years of data collected by this monitoring program (which may 
span two remigration intervals for leatherbacks), Buru Island is showing an increasing trend of 
10.1% per year, which is a positive sign for this subpopulation. 

For the East Pacific population, NMFS and USFWS (2020) calculated a minimum total of 1,007 
nesting females based on monitoring data from nesting beaches in Costa Rica, Nicaragua, and 
approximately 70-75% of the total nesting areas in Mexico. The total adult population was 
estimated at 1,274 individuals in 2020, which includes both males and females and 
extrapolations based on juvenile to adult ratios. Based on an assumption of adults comprising a 
mean of 2.1% of the total population size, this suggests 60,611 individuals for the East Pacific 
population in 2020. However, there are secondary beaches that may not be surveyed as regularly 
so the abundance and trends of this population are uncertain. The trend at nesting beaches in 
Mexico and Costa Rica show an annual decline of -4.3% (given the worst-case scenario) and a -
15.5%, respectively (NMFS 2023d). 

As described in the Environmental Baseline (section 2.4.3), a number of threats are likely 
contributing to the ongoing decline of Pacific leatherback populations. Fishery interactions 
through bycatch and directed harvest are major threats to leatherback sea turtles throughout their 
range. They are vulnerable to a variety of fisheries in coastal areas and the high seas of the 
Pacific Ocean, and the true magnitude of fishery interactions with leatherback turtles is 
unknown. Within U.S. domestic fisheries, leatherbacks have been reported interacting with 
longline fleets based out of Hawaii and American Samoa (which are estimated to capture no 
more than 37 leatherback turtles per year, combined), and the tuna purse seine fishery operating 
in the Western and Central Pacific Ocean. The summer nesting component of the Western Pacific 
population is especially at risk of interacting with U.S. and international pelagic longline fleets 
due to the overlap of the fleets’ fishing grounds and the turtles’ migratory path to foraging 
grounds in central California. Although we know of two bycatch hotspots in the Pacific Ocean 
(one in central North Pacific and a second in eastern Australia (Hays et al. 2023)), the true 
magnitude of leatherbacks caught as bycatch is difficult to estimate due to low observer coverage 
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and inconsistent reporting in international fisheries. Leatherback turtles also occur as bycatch in 
small-scale coastal fisheries, but there is also little information about these events. 

Within the action area, much of the foraging habitat for leatherback sea turtles on the U.S. West 
Coast overlaps with fishing grounds within the EEZ, posing a risk of interactions with domestic 
fisheries. Fourteen strandings of leatherbacks reported since 1963 had evidence of fishery 
interactions, and genetic analysis on all stranded turtles determined they were from the West 
Pacific population. The drift gillnet fishery had the highest proportion of interactions with 
leatherback sea turtles and, with the establishment of the PLCA off of California, there was up to 
an 80% decline in fishery interactions with the drift gillnet fishery. The most recent interaction 
between the PCGF and leatherbacks was in 2008 where one turtle was found entangled and 
deceased in sablefish trap gear offshore of Fort Bragg, CA (NMFS 2012b). 

Leatherback turtles may also be affected by a number of other threats throughout their range, 
including from entrainment in power plants, interactions with marine debris, pollutants, and 
vessel collisions. According to NMFS stranding data, one leatherback turtle was entrained in a 
power plant since 1975. Marine debris can pose a significant threat to leatherbacks, especially 
when ingested or entangled on the body; and two stranded leatherbacks have been reported on 
the U.S. West Coast with plastic in their digestive systems (although the plastic was not 
identified as the primary cause of mortality), and the true extent of such incidents is unknown. 
Other forms of pollution such as contaminants from terrestrial sources have the potential to affect 
the survival and productivity of leatherback turtles, as some chemicals identified in runoff 
flowing into coastal areas where leatherbacks forage are known endocrine disruptors. 
Additionally, agricultural runoff and/or other inputs may lead to HABs and domoic acid 
poisoning in leatherbacks, as was observed in 2008 (Harris et al. 2011). 

On their nesting beaches, leatherback turtles and their eggs are also subject to legal and illegal 
harvest despite protections in place for turtles and eggs. Leatherback turtles are also occasionally 
found injured or killed by vessels on the U.S. West Coast, although there have been no reported 
strandings of leatherbacks associated with vessel strikes since 2017, and voluntary speed 
reduction zones for whales off the California coast may be reducing the risk of such interactions. 
There are also current, ongoing impacts from offshore energy exploration, development, and 
operations on leatherbacks off the U.S. West Coast, which may include vessel traffic, increased 
noise pollution, and exposure to pollutants. Small numbers of leatherbacks may also be 
intentionally captured and sampled for scientific research, although these activities are expected 
to result in such low levels of mortality (i.e., one over a 10-year period) that such activities are 
not considered a factor limiting recovery of the species. 

In 2021, NMFS featured leatherback sea turtles under the Species in the Spotlight Action Plan, 
which aims to provide immediate, targeted efforts to halt declines and stabilize populations of the 
species most at-risk of extinction in the near future. Under the plan, NMFS outlined actions 
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needed in the next five years to address the most urgent threats to the species which (1) include 
protecting and managing leatherback populations in the marine habitat, and (2) monitoring and 
reducing incidental mortality in commercial and recreational fisheries. This plan also expands to 
improving protections of nesting beaches and continued long-term monitoring, especially at 
index nesting beaches. 

Although we cannot precisely estimate the magnitude of future changes and their impacts, 
climate change is likely to have widespread impacts on nesting grounds, foraging areas, and 
migration patterns for leatherback turtles. Changes in temperatures on nesting beaches may alter 
hatching success or hatchling sex ratio, further straining the recovery of the species. Climate 
change may also affect ocean temperatures and currents, which leatherbacks rely on to navigate 
towards foraging and nesting grounds during their long migrations. This could increase risks to 
leatherback turtles by shifting prey or fishery distributions, or exacerbate other threats described 
in the Environmental Baseline. 

In the Cumulative Effects section, we did not identify additional state or private activities that are 
reasonably certain to occur within the action area and could result in cumulative effects to ESA-
listed species. 

In the Effects of the Action section we evaluated the potential for impacts of the PCGF to ESA-
listed leatherback sea turtles from entanglement in fishing gear, prey removal, vessel collisions, 
and pollution. After evaluating the vessel activities expected to occur as a result of the proposed 
action, we concluded that the effects of vessel collisions, oil spills, and marine debris as a result 
of the PCGF would be improbable or minor. The removal of leatherback prey by PCGF activities 
was also evaluated, and we concluded jellyfish and other invertebrate species are not caught in 
amounts that would reduce prey available by a detectable amount to leatherbacks in the action 
area. 

Our analysis determined the primary impacts of the proposed action on ESA-listed leatherback 
sea turtles would be from entanglement interactions with PCGF fishing gear, specifically 
sablefish pot gear. Although there have not been documented interactions between leatherback 
sea turtles and the PCGF in recent years, the risk of entanglements persists because of the 
overlap in leatherback foraging grounds and fishing grounds utilized by the PCGF. We estimated 
the annual impact to the West Pacific population from the PCGF to be no more than 1.67 turtles 
entangled and killed in any given year, or no more than an average of 0.86 turtles over any 5-
year period. Given this information, we expect that entanglements with PCGF sablefish pot gear 
could lead to removal of 0.1% (1.12/1,054) of the total Western Pacific adult female population 
in any given year, and no more than an average of 0.06% (0.58/1,054) of the Western Pacific 
adult female population per year over any 5-year period. No additional leatherback 
entanglements are anticipated from any other sectors of the PCGF. 

Previous consultations on the other fishery actions that affect Western Pacific leatherbacks have 
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considered the impact of small numbers of leatherback mortality. The 2023 drift gillnet 
biological opinion concluded that up to 1 death of leatherbacks per year was likely below a level 
that would appreciably affect survival and recovery (NMFS 2023d). Other actions looking at the 
effect of losing one female considered the prospect that conservation actions in recent years were 
likely to facilitate the chance that increases in young turtles would act as a buffer to provide more 
recruits into the adult population, in context with the very small level of impact expected. In the 
NMFS (2012a) biological opinion on the Hawaii-based SSLL longline fishery, two different 
modeling approaches considered the impact of annually removing four adult females from the 
population per year using analyses by Van Houtan (2011), and neither of these models offered 
evidence that an appreciable difference of relative extinction risk was detectable from the 
removal of four adult females. The 2023 biological opinion on the DGN fishery also concluded 
that the loss of one adult female per year from the DGN fishery presented negligible additional 
risk to survival and recovery of the Western Pacific leatherback sea turtle population. We note 
that the limited risk to the population from the DGN will be eliminated during this Proposed 
Action, starting in 2028. Recent PVAs that have assessed the removal of leatherbacks in the 
Hawaii and American Samoa-based longline fisheries (Martin et al. 2020a, Siders et al. 2023; 
NMFS 2023c, 2023d) have yet to quantitatively conclude discernible changes in the risk of 
extinction to leatherbacks in the Western Pacific as a result of the levels of impact considered in 
those longline fisheries. 

The expected impacts to this leatherback population from the PCGF estimated in this Biological 
Opinion are less (in some cases substantially) than what has been quantitatively analyzed in the 
models and analyses described above. As a result, we conclude that the resultant impact of 
repeating any of these modeling exercises considering the removal of one female approximately 
every two years (0.59 per year) would predictably also conclude that no discernable risk of 
extinction would be evident from analysis of the impact of the PCGF. These results are 
consistent in that none of the modeling or analytical results have yet to quantitatively describe 
changes in extinction risks to leatherback in the Pacific attributed to the type of low level of 
impact anticipated under this Proposed Action. 

In order for the Western Pacific population of leatherback sea turtles to remain viable, it is 
reasonable to expect that the dominant factors currently (and historically for such a long-lived 
species) affecting survival must improve. As described in the Status of the Species (section 
2.2.2.2), significant conservation actions have been taken throughout the range of Western 
Pacific leatherbacks to address and reduce these threats from historical levels that were driving 
the significant population declines that have been documented. Recent data from the nesting 
beaches may be pointing to early signs that conservation actions are having some positive 
influence as survival rates appear to be improving. 

The NMFS and USFWS (1998) recovery plan for leatherback sea turtles in the U.S. Pacific 
Ocean contains a number of goals and criteria that should be met to achieve recovery for this 
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species. A number of these goals are being addressed through the research efforts determining 
stock structure of populations and monitoring their status, at least for populations that range into 
U.S. waters. It seems likely that any abundance goals for leatherback populations, including the 
WPO, rest on the productivity of nesting beaches in concert with increased survival rates of 
individuals throughout their range and life-cycle. 

The optimal chance of leatherback sea turtle recovery in the Pacific rests in the reproductive 
capability and the relatively high fecundity of sea turtles. Each female leatherback produces 
around 400 eggs each season they reproduce (Tapilatu and Tiwari 2007; Hitipuew et al. 2007; 
Dutton et al. 2007). Regardless of how many times a female does reproduce, only one out of all 
these offspring hatchlings needs to survive as an adult female to achieve replacement, although 
we should not discount the importance of male survival to ensure reproductive capacity into the 
future. The current sex ratio of this population has been estimated at 73% female. While skewed 
sex ratio could be a problem in general, it may also underlie the potential for relatively high 
productivity and population growth rates should other factors affecting survival across their life-
cycle become more favorable. The mating system of sea turtles is both polyandrous (1 female 
fertilized by more than 1 male) and polygynous (1 male mates with more than 1 female), and 
occurs in areas where turtles congregate near natal home ranges (see Bell et al. 2010 review). 
Males from some sea turtle species have been found to return to waters adjacent to some nesting 
beaches more often than females, but it is unclear whether potentially reduced males due to 
climate change variability (hotter sand temperatures produce more female hatchlings) may 
impact the maintenance of breeding rates (Hays et al. 2010). It seems possible that fewer males 
than females may be needed for adequate mating, with the added benefit that an increased 
percentage of females could lead to more nesting activity and egg production. 

Studies have concluded that there was no evidence for depensation (reduced fertility due to small 
population size) for various green and loggerhead sea turtle populations that were examined, 
even for very small turtle populations (Bell et al. 2010). These factors suggest that recovery 
potential exists for small turtle populations that are much smaller than the current WPO 
leatherback population, and a number of small populations of turtles have shown signs of 
recovering fairly quickly after conservation efforts have been implemented (see Bell et al. 2010 
for review). It has also been documented that much smaller populations of much less productive 
species have rebounded quickly given the right conditions (e.g., Mediterranean monk seals; 
Martinez-Jauregui et al. 2012). 

After analyzing the risk of the PCGF to leatherback turtles, and based on the current status and 
trajectory of ESA-listed leatherbacks as described in the Status of the Species, and considering 
sources of ongoing mortality and serious injury as described in Environmental Baseline, we 
conclude the additional mortality of a small number of individuals (less than two annually) that 
could occur as a result of the proposed action is not likely to reduce the abundance or 
reproduction of the West Pacific population of leatherback sea turtles. Based on this, we further 
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conclude these impacts on this one population of leatherback turtles is not likely to reduce the 
overall numbers, reproduction, and geographic distribution of the species as a whole to the extent 
it would appreciably reduce the likelihood of survival and recovery of the species. Given the 
current global status and range of threats leatherback turtles face throughout their range, we 
conclude the additional estimated mortality that would occur as a result of the proposed action is 
not likely to reduce the abundance or reproduction of this species to an extent that would 
appreciably reduce the likelihood of the survival and recovery of the species. 

 
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 the cumulative effects, it is NMFS’ biological 
opinion that the proposed action is not likely to jeopardize the continued existence of the Mexico 
DPS of humpback whales, the Central America DPS of humpback whales, or leatherback sea 
turtles, or destroy or adversely modify their designated critical habitats. 

 
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. As noted further below, some forms of take associated with this action 
and addressed elsewhere in this biological opinion are not covered by this exemption. 

A marine mammal species or population which is listed as threatened or endangered under the 
ESA is, by definition, also considered a strategic stock and depleted under the MMPA. Section 
7(b)(4) of the ESA provides for an incidental take statement for threatened and endangered 
marine mammals only if authorized pursuant to section 101(a)(5) of the MMPA. The marine 
mammal portion of this ITS is effective for the duration of any applicable authorization under 
section 101(a)(5) of the Marine Mammal Protection Act, confirmed in writing as necessary by 
the Protected Resources Division of the NMFS West Coast Region. 

2.9.1 Amount or Extent of Take 
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In the opinion, NMFS determined that incidental take is reasonably certain to occur as follows: 

We anticipate that take of humpback whales would occur through entanglement with PCGF 
fishing gear including pot, hook-and-line, and midwater trawl gear, as a result of the proposed 
continued operation of the PCGF. The expected bycatch of humpback whales in the PCGF that 
we anticipate is described in Table 26: 

Table 26. Take of ESA-listed humpback whale DPSs in the PCGF, by gear type. 
 

Mexico DPS Central America DPS 
 

Annual Max Max 5-year 
Running Ave 

Annual Max Max 5-year 
Running Ave 

Total Bycatch 
in PCGF 
Sablefish Pots 

2.29 1.03 1.55 0.69 

Anticipated 
M/SI in PCGF 
Sablefish Pots 

2.11 0.95 1.43 0.63 

Total Bycatch 
in 
Commercial 
PCGF 
Hook-and-
Line 
Gear 

0.47 0.1 0.29 0.06 

Anticipated 
M/SI in 
Commercial 
PCGF 
Hook-and-
Line 

Gear 

0.47 0.1 0.29 0.06 
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Total Bycatch 
in PCGF Hake 
Midwater 

Trawl 

0.52 0.21 0.37 0.15 

Anticipated 
M/SI in 
PCGF Hake 
Midwater 

Trawl 

0.52 0.11 0.37 0.08 

Total 
Bycatch in 
the PCGF 

3.28 1.34 2.21 0.90 

Anticipated 
M/SI in the 
PCGF 

3.1 1.16 2.09 0.77 

 
We estimate up to 6.62 humpback whales (from any of the three DPSs off the West Coast, both 
listed and unlisted) could be entangled in any given year, with the possibility of 6.25 killed or 
seriously injured in any given year as a result of the PCGF. We also anticipate that the annual 
average over any five-year period will not exceed 2.67 individual(s) entangled, leading to no 
more than 2.30 serious injuries or mortalities over that same five-year period.  
 
We anticipate that take of leatherback sea turtles would occur through entanglement with 
sablefish pot fishing gear, specifically in the OA sector, as a result of the continued operation of 
the PCGF. The expected bycatch of leatherback sea turtles in the PCGF that we anticipate is 
described in Table 27: 

Table 27. Take of leatherback sea turtles in the PCGF, by gear type. 
 

Leatherback Turtles 

Annual Max Max 5-year Running Ave 
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Total Bycatch 
in PCGF 
Sablefish Pots 

 
1.67 

 
0.86 

Anticipated 
M/SI in PCGF 
Sablefish Pots 

1.67 0.86 

Our expectation is that information on the amount and extent of humpback whales and 
leatherback sea turtles incidentally taken in the PCGF will come primarily from the bycatch 
estimates produced by the NWFSC. Secondarily, opportunistic reports of humpback whale and 
leatherback sea turtle entanglements reported to the NMFS WCR Marine Mammal Stranding 
Program and Turtle Stranding Program will be available to help ground truth these estimates, 
especially as a potential indicator of obvious discordance between estimated and known actual 
incidents of bycatch. From either source, information to determine the DPS of any humpback 
whale bycatch in the PCGF may not be available. As a result, we also rely upon the number of 
all humpback whales that are reported entangled (estimated or observed) and subsequently killed 
or seriously injured as a result of the PCGF, and our assumptions about the distribution of 
humpback whale DPSs along the U.S. West Coast and PCGF fishing effort described in this 
opinion, to inform monitoring for the numbers of humpback whales that may be associated with 
each respective ESA-listed humpback whale DPS.  

If four or more humpback whales from the Mexico DPS are observed or estimated to have been 
incidentally captured in the PCGF in any one year, or if the 5-year running average of the 
Mexico DPS bycatch exceeds 1.34 per year, then we would conclude that the incidental take 
threshold for Mexico DPS has been exceeded. If three or more humpback whales from the 
Central America DPS are observed or estimated to have been incidentally captured in the PCGF 
in any one year, or if the 5-year running average of the Central America DPS whale bycatch 
exceeds 0.90 per year, then we would conclude that the incidental take threshold for Central 
America DPS has been exceeded. However, given that the DPS of whales that are observed or 
estimated to have been incidentally entangled in the PCGF may not be readily discernible,  we 
also acknowledge that the DPS for a specific entanglement may be unknown. Therefore, if seven 
or more humpback whales are observed or estimated to have been incidentally captured in the 
PCGF in any one year, or if the 5-year running average of humpback whale bycatch exceeds 2.67 
per year, then we would conclude that the incidental take threshold of both the ESA-listed 
Mexico DPS and Central America DPS humpback whales would have been exceeded.  

If two or more leatherback sea turtles are observed or estimated to have been incidentally 
captured in the PCGF in any one year, or if the 5-year running average of leatherback sea turtle 
bycatch exceeds 0.86 per year, then we would conclude that the incidental take threshold of 
Western Pacific leatherback sea turtles would have been exceeded. 
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2.9.2 Effect of the Take 
In the 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 Mexico DPS of 
humpback whales, the Central America DPS of humpback whales, or leatherback sea turtles, or 
destroy or adversely modify their critical habitats. 

2.9.3 Reasonable and Prudent Measures 

“Reasonable and prudent measures” refer to those actions the Director considers necessary or 
appropriate to minimize the impact of the incidental take on the species (50 CFR 402.02).  

The reasonable and prudent measures (RPMs) included below, along with their implementing 
terms and conditions, are designed to minimize the impact of incidental take that might 
otherwise result from the proposed action. NMFS concludes that the following RPMs are 
necessary and appropriate to minimize or to monitor the incidental take of ESA-listed humpback 
whales and leatherback sea turtles resulting from the proposed action.  

(1) NMFS shall monitor the PCGF to ensure compliance with the regulatory and 
conservation measures included in the proposed action and the identified amount or 
extent of incidental take, including collection and evaluation of data on the capture, 
injury, and mortality of humpback whales. 

2.9.4 Terms and Conditions 
In order to be exempt from the prohibitions of section 9 of the ESA, the National Marine 
Fisheries Service must comply with the following terms and conditions. The National Marine 
Fisheries Service 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. 

The following terms and conditions implement reasonable and prudent measure 1: 

(1) NMFS SFD, in coordination with the NWFSC WCGOP, shall ensure observer 
coverage and/or other monitoring methods in the PCGF maintains the capability to 
provide scientifically defensible humpback whale and leatherback bycatch estimates 
for all PCGF fixed gear pot, fixed gear hook-and-line, and midwater trawl sectors to 
confirm that the anticipated incidental take threshold for PCGF fisheries is not 
exceeded. When feasible, NMFS should consider additional monitoring options to 
reduce uncertainty in humpback whale and leatherback sea turtle bycatch estimates, 
and increase the understanding of the fishery dynamics in PCGF fixed gear pot, fixed 
gear hook-and-line, and midwater trawl fisheries. 
(2) NMFS shall support monitoring of the implementation of gear marking 
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regulations for PCGF fixed gear pot and bottom longline gear that are expected to be 
implemented by 2026. 

(a) After three years of implementation of the regulations, NMFS SFD shall 
assess the relative operational effectiveness of these gear marking 
requirements, and confer with NMFS PRD on development of any 
recommendations for modification to improve future implementation. 

(3) NMFS shall monitor PCGF fixed gear set gear configurations to: 
(a) Determine the number of sets that use one or two vertical end lines, in 
order to track usage of the voluntary risk reduction measure that requires only 
use of one vertical end line that is expected to be implemented by 2026. 
(b) Determine the extent of use of different types of pots, along with other 
associated information on the type of gear used in association with different 
types of pots. 
(c) NMFS shall also evaluate if information collected on gear configurations 
can be incorporated into bycatch estimates for PCGF fixed gear fisheries. 

(4) NMFS SFD, in coordination with the NWFSC WCGOP, shall investigate the 
feasibility of monitoring PCGF fixed gear hook-and-line effort such that independent 
accounting of fishing effort and observer coverage with different hook-and-line gear 
types can be generated. 
(5) NMFS SFD, in coordination with the NWFSC WCGOP, shall report on at least a 
biennial basis (once every 2 years) on the annual effort and bycatch estimates 
associated with PCGF fisheries as follows: 

(a) Fixed gear pot sets, by sector. 
(b) Fixed gear hook-and-line sets, by sector and, as possible, gear type. 
(c) Midwater trawl tow hours, by sector. 
(d) Reports shall be provided to NMFS Long Beach PRD Branch Chief (Dan 
Lawson, dan.lawson@noaa.gov), with the first report to be submitted no later 
than June 30th, 2027, which would include two years of PCGF data following 
completion of this Opinion. Subsequent reporting is required within at least 
every two years afterward. 

(6) Incidental take of humpback whales and leatherback sea turtles documented 
through the WCGOP should be reported to NMFS Long Beach PRD Branch Chief 
(Dan Lawson, dan.lawson@noaa.gov) as soon as possible, following completion of 
the data collection, review, and observer debrief processes. 

 
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 

mailto:dan.lawson@noaa.gov
mailto:dan.lawson@noaa.gov
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discretionary measures to minimize or avoid adverse effects of a proposed action on listed 
species or regarding the development of information (50 CFR 402.02). Implementing these 
recommendations would provide information for future considerations of how to reduce the 
effects of the PCGF on Central America DPS and Mexico DPS humpback whales and 
leatherback sea turtles. 

 
(1) NMFS should engage with the PFMC and other entities, including industry 
representatives, on how to encourage the use of risk reduction measures through 
implementation of best practices. 
(2) NMFS should evaluate the expanded use and potential entanglement risk 
differences between slinky pots and traditional pots, as well as the potential for slinky 
pots in reducing the extent of injuries that may occur. NMFS will report findings and 
recommendations related to any potential benefits for reducing entanglements or 
injuries to the PFMC, when available. 
(3) NMFS should encourage the testing of pop-up/on-demand gear in concert with 
the implementation of the voluntary risk reduction measure requiring use of only one 
vertical end line by developing the capacity to support gear testing. While having the 
option to have one end of the gear free from requirements to be attached to a buoy at 
the surface at all time is a risk reduction measure, the use of an on-demand/ropeless 
system could offer insurance against the potential for gear loss, or the extra time spent 
in recovery of gear, should the string break during hauling or setting of pots. These 
efforts could also evaluate the feasibility and develop strategies to advance the 
broader use of this technology in the future. 
(4) NMFS should assess the overlap of humpback whales and midwater hake trawl 
gear in data from 2023 and 2024 (and beyond) to help evaluate the underlying 
dynamics associated with recent interactions in the midwater hake trawl fishery. 

(a) Following this evaluation, NMFS should provide findings and 
recommendations associated with minimizing the risk of future humpback 
whale interactions with midwater hake trawl to the PMFC, when available. 

(5) NMFS WCR, in coordination with NMFS Science Centers (NWFSC and 
SWFSC), should investigate how to refine bycatch estimates for leatherback sea 
turtles and ESA-listed humpback whales in PCGF fisheries based on updated 
information about their presence, abundance, and distribution off the U.S. West Coast. 
(6) Scientific tools and frameworks: To reduce real-time geographic overlap of 
humpback whales and PCGF fisheries, and therefore the risk of interactions with 
Central America DPS and Mexico DPS of humpback whales, NMFS should 
encourage the exploration and implementation of new and existing scientific tools and 
frameworks in coordination with the PFMC, including consideration of using: 

(a) Near-real time environmental data streams to predict humpback whale 
concentrations (e.g., predictive models used in Appendix A), forage 
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conditions, habitat compression (e.g., Schroeder et al. 2022), and other 
ecosystem indicators.14 
(b) Environmental data to predict patterns of fishing effort. 
(c) Observational/survey data and other tools to identify spatial/temporal areas 
of concern to avoid in a dynamic management approach. 
(d) Ongoing monitoring and evaluation of co-occurrence dynamics between 
ESA-listed species and PCGF fisheries. 

 
2.11. Reinitiation of Consultation 

This concludes formal consultation for the Continuing Operation of the Pacific Coast Groundfish 
Fishery (Reinitiation 2024) – Humpback whale (Megaptera novaeangliae) and Leatherback sea 
turtle (Dermochelys coriacea). 

Under 50 CFR 402.16(a): “Reinitiation of consultation is required and shall be requested by the 
Federal agency where discretionary Federal agency involvement or control over the action has 
been retained or is authorized by law and: (1) If the amount or extent of taking specified in the 
incidental take statement is exceeded; (2) If new information reveals effects of the agency action 
that may affect listed species or critical habitat in a manner or to an extent not previously 
considered; (3) If the identified action is subsequently modified in a manner that causes an effect 
to the listed species or critical habitat that was not considered in the biological opinion or written 
concurrence; or (4) If a new species is listed or critical habitat designated that may be affected by 
the identified action.” 

 
2.12.“Not Likely to Adversely Affect” Determinations 

The opinion also examines the condition of critical habitat throughout the designated area, 
evaluates the conservation value of the coastal and marine environments that make up the 
designated area, and discusses the function of the PBFs that are essential for the conservation of 
the species. The following ESA-listed species’ designated critical habitats are not likely to be 
adversely affected by the proposed action, for the reasons explained below. 

Under the ESA, “effects of the action” are all consequences to listed species or critical habitat 
that are caused by the proposed action, including the consequences of other activities that are 
caused by the proposed action. A consequence is caused by the proposed action if it would not 
occur but for the proposed action and it is reasonably certain to occur. Effects of the action may 
occur later in time and may include consequences occurring outside the immediate area involved 
in the action (50 CFR 402.02). When evaluating whether the proposed action is not likely to 

                                                 
14 https://www.integratedecosystemassessment.noaa.gov/regions/california-current/the-ecosystem-context-reducing-
west-coast-whale-entanglements 
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adversely affect listed species or critical habitat, NMFS considers whether the effects are 
expected to be completely beneficial, insignificant, or discountable. Completely beneficial 
effects are contemporaneous positive effects without any adverse effects to the species or critical 
habitat. Insignificant effects relate to the size of the impact and should never reach the scale 
where take occurs. Effects are considered discountable if they are extremely unlikely to occur. 

2.12.1 Effects of the Proposed Action on Critical Habitat for Humpback 
Whales 

Designated critical habitat for the Mexico DPS of humpback whales includes approximately 
116,098 nmi2 of marine habitat within the North Pacific Ocean, including areas within portions 
of the eastern Bering Sea, the Gulf of Alaska, and CCE (86 FR 21082; Figure 29). In general, off 
Washington and Oregon, the nearshore boundaries are defined by the 50-m isobaths and the 
offshore boundaries are defined by the 1,200-m to 2,000-m isobaths (southern Oregon). Critical 
habitat also includes waters within the U.S. portion of the Strait of Juan de Fuca to Angeles 
Point, Washington. Off California, the nearshore boundary is defined from 15-50-m isobaths and 
the offshore boundary is defined between 2,000-m to 3,700-m isobaths, depending on the 
latitude. Designated critical habitat for the Central America DPS includes approximately 48,521 
nmi2 of marine habitat within the North Pacific Ocean that overlaps with the same areas off 
Washington, Oregon and California that are designated for the Mexico DPS (86 FR 21082; 
Figure 30). 

There is only one PBF determined to be essential to the conservation of both DPSs of ESA-listed 
humpback whales, which is defined as: “prey species, primarily euphausiids and small pelagic 
schooling fishes of sufficient quality, abundance, and accessibility within humpback whale 
feeding areas to support feeding and population growth” (86 FR 21082). 

Humpback whales from both DPSs travel to U.S. coastal waters to access energy-rich feeding 
areas and demonstrate high fidelity to specific locations, indicating the importance of these 
feeding areas. Although humpback whales are generalist predators with varying prey availability, 
their diet within the CCE includes Pacific sardine (Sardinops sagax), northern anchovy 
(Engraulis mordax), Pacific herring (Clupea pallasii), euphausiids (specifically Euphausia, 
Thysanoessa, Nyctiphanes, Nematoscelis), capelin (Mallotus villosus), juvenile walleye pollock 
(Gasdus chalcogrammus), Pacific sand lance (Ammodytes personatus), and occasionally juvenile 
rockfish (Sebastes) (86 FR 21082). Humpback whales switch between prey based on abundance 
and quality, resulting in a diet composition that varies spatially and temporally. Humpback 
whales rarely feed in breeding grounds or during migrations, necessitating adequate prey 
resources within feeding areas to build fat stores for survival, growth, reproduction, lactation, 
seasonal migrations, and other life functions. Thus, whales must accumulate enough energy to 
cover the costs associated with migration and reproductive activities (NMFS, 2019). Designated 
critical habitat for these DPSs overlaps with the PCGF, particularly the trawl fisheries (e.g., CS 

https://www.zotero.org/google-docs/?broken=caTmFj
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bottom trawl, midwater hake and midwater rockfish, and tribal shoreside sectors) that may 
unintentionally capture prey identified as essential for the recovery of the Mexico and Central 
America DPSs of humpback whales (i.e., Pacific sardines, northern anchovies, and herring).  

 
Figure 29: Critical habitat designated for the Mexico DPS of humpback whales along the 
Pacific Coast. 
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Figure 30: Critical habitat designated for the Central America DPS of humpback whales 
along the Pacific Coast. 

Analysis 

In this section, we will evaluate all the consequences to designated critical habitat for the Central 
America and Mexico DPSs of humpback whales caused by the proposed action, including other 
activities caused by the proposed action. From 2002-2022, WCGOP GEMM data identified 695 
marine species caught in the PCGF, with 232 caught in excess of one metric ton. Other than 
euphausiids, primary prey species for humpbacks including Pacific sardines, Pacific herring, and 
northern anchovy, have been documented as bycatch in the PCGF. Humpbacks are generalists, 
targeting and switching between a variety of prey depending on availability influenced by 
oceanographic conditions. Unlike most baleen whales which forage primarily on euphausiids 
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(krill), humpbacks will shift trophic selections, depending on oceanographic conditions, between 
krill and small schooling fish (primarily anchovies and sardines). 

Scientists estimate large baleen whales consume approximately between three to four percent of 
their body weight daily. Assuming a large humpback whale weighs ~40 tons, during a typical 
summer feeding day one whale may consume between 1-1.5 tons of food (Clapham and Baxter 
2013). Given that humpback whales generally feed off the U.S. West Coast from April through 
November (~8 months), one humpback whale can eat up to 240 tons of food during the foraging 
season within the action area. 

Along the U.S. West Coast there are identified parent and core Biologically Important Areas 
(BIAs) for humpback whales, which both occur from March to November and span coastal 
waters from the Channel Islands to Canada (Calambokidis et al. 2024). The BIAs are based on 
observed high concentrations of feeding animals, SWFSC survey data, and whale tagging data. 
The larger parent BIA is smaller than the area designated as critical habitat due to national 
security considerations, but still spans 140,000 km2 representing 20% of the area of the U.S. 
West Coast EEZ, and encompasses 93% of sightings of feeding whales, 91% of the sightings 
from SWFSC surveys, and a median 98% of the areas used by tagged humpback whales 
(Calambokidis et al. 2024). The core BIA represents 27% of the parent BIA, encompasses 75% 
of feeding sightings, 60% median of the area used by tagged whales, and 42% of the SWFSC 
sightings. In context with the identification of the updated BIAs, we also note that humpback 
whale abundance has increased approximately 8.2% annually in the California Current since 
1989 (Caretta et al. 2023), suggesting that foraging conditions off the U.S. West Coast have been 
capable of supporting robust growth of populations that occur here. 

Historical data from whaling ship logbooks in the 1920s show the majority of humpback whale 
stomachs contained primarily sardines and “shrimp” (presumed to be euphausiids) (Clapham et 
al. 1997). In the late 1950s and early 1960s, an examination of nearly 150 humpback whale 
stomachs found over 60% of the stomachs contained anchovies and 36% contained euphausiids 
(Rice 1963). Data from this study indicated a distinct shift in targeted prey when the biomass of 
one fish species was very low (e.g., sardines in the 1950s and 1960s). Scientists collected 259 
skin samples from whales throughout the CCE (1993-2012) and used stable isotope analysis to 
evaluate the relative contribution of euphausiids versus fish to the diet (Fleming et al. 2016). 

Shifts in stable isotope signatures over the 20-year period corresponded to shifts in relative prey 
abundance and changing oceanographic conditions within the CCE. Specifically, krill dominated 
humpback whale diets during positive phases of the PDO, with cool SST and strong upwelling 
contributing to high krill biomass (Fleming et al. 2016). Conversely, schooling fish dominated 
diets during years characterized by negative North Pacific Gyre Oscillation index shifts, delayed 
seasonal upwelling, and warmer temperatures. These results suggest dominant prey in humpback 
whale diets oscillated between krill and fish during the 20-year period, depending on the relative 
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abundance of each prey item driven by bottom-up environmental circumstances. 

Neither the WCGOP or GEMM databases have documented any bycatch of euphausiids in the 
PCGF, likely because euphausiids are typically not caught in the size of trawl nets (or other gear) 
used in the PCGF, or are too small to be counted or measured as bycatch. In March 2006, the 
CPS FMP was amended to prohibit harvest of all species of krill in the U.S. EEZ. While not 
specific to humpback whales, this amendment was passed to prevent the development of a 
commercial fishery which could potentially deplete krill stocks and thereby impact many other 
predators in the ecosystem. Similarly, commercial fisheries are prohibited from developing new 
fisheries targeting other currently unfished and unmanaged forage fish off the U.S. West Coast. 
Despite these management measures, during years favorable to small schooling fish the PCGF 
(primarily trawl fisheries) could potentially catch and remove prey species targeted by 
humpbacks. 

To adequately analyze the effects of the proposed action on designated critical habitat, we 
reviewed the GEMM database, which includes expanded estimations by fishery sector of all 
species that were observed in the catch. From 2002-2022, several sectors in the PCGF caught 
sardines as bycatch: hake CP and MS, CS bottom and midwater trawl, CS pot, LE TL hook-and-
line, LE hook-and-line, OA hook-and-line and pot, tribal at-sea hake, and tribal shoreside 
sectors. The tribal shoreside fishery caught the majority of sardines. Between 2002 and 2022, the 
tribal shoreside fishery caught between 0 mt and 1,128 mt (2012) of sardines, averaging ~119 mt 
annually. In recent years, sectors with notable levels of sardine bycatch include the at-sea hake 
MS (4.4 mt in 2022; 9.4 mt in 2021), midwater hake (11 mt in 2021), and at-sea hake CP (9.6 mt 
in 2021). From 2002-2022, the at-sea hake MS caught an average of 0.83 mt of sardines 
annually, the midwater hake sector caught an average of 1.2 mt of sardines annually, and the at-
sea hake CP sector caught an average of 0.68 mt of sardines annually. 

Most PCGF sectors caught northern anchovy in low numbers (0.01 to 1 metric tons per year). 
There are a few anomalies, such as in 2016 when the tribal shoreside fishery caught 112 metric 
tons of northern anchovy, while in other years, northern anchovies were not part of the discarded 
catch. Overall, the PCGF has recently had very low, if any, bycatch of northern anchovies. 

Most PCGF sectors caught Pacific herring as bycatch, ranging from 1 to 190 mt per year. The 
most Pacific herring caught in a fishery in one year was 190 mt in 2019 in the midwater hake 
fishery. The midwater hake fishery averaged 82.3 mt of Pacific herring per year from 2018-2022. 
When humpbacks feed on small schooling fish off the U.S. West Coast, they primarily target 
sardines and anchovies; however, they favor Pacific herring in Alaskan waters where the species 
is more plentiful. 

Organic pollutants, including petroleum products (or oil spills) used by fishing vessels in the 
PCGF, may directly impact prey that humpbacks rely on, killing organisms, reducing their 
fitness through sub-lethal effects, and potentially disrupting the structure and function of marine 
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communities and ecosystems. Given the continual and dispersed movement of vessels within the 
action area, we do not anticipate petroleum releases into the marine environment will cause acute 
or chronic exposure to these organisms within the pelagic ecosystem, particularly because the 
prey are mobile. 

In summary, (1) the bycatch of humpback whale prey species by the PCGF is limited in amount, 
(2) humpbacks can switch to other schooling fish or euphausiids (when available), (3) and 
humpback whale abundance has been increasing, due in part to the foraging conditions along the 
U.S. West Coast. In Section 2.5.1.5 Risk of Prey Removal, we determined the potential removal 
of prey by the PCGF represents a negligible portion of the prey needs of the humpback whale 
DPSs in the action area that would not result in impaired feeding opportunities or adverse effects 
to the health of humpback whales. We conclude that PCGF prey removals will have insignificant 
effects on the abundance of prey available in both the Central America and Mexico humpback 
whale DPSs’ critical habitat. As summarized in Section 2.5.1.6 Risk of Pollution and 
Contaminants, we anticipate any effects of pollution through petroleum use or minor oil spills 
will be insignificant on the quantity or quality of prey resources targeted by humpback whales, 
the PBF for critical habitat within the action area. Based on this analysis, NMFS finds the 
proposed action is not likely to adversely affect critical habitat for the Central America DPS and 
Mexico DPS of humpback whales. 

 
2.12.2 Effects of the Proposed Action on Critical Habitat for Leatherback 
Sea Turtles 

On January 26, 2012, NMFS issued a final rule revising the critical habitat for leatherback sea 
turtles, designating areas within the Pacific Ocean (77 FR 4170). Previously, critical habitat for 
this species was limited to the island of St. Croix, U.S. Virgin Island for the Northwest Atlantic 
leatherback population. The new designation for Pacific leatherbacks includes approximately 
17,000 mi2 (43,798 km2) along the California coast from Point Arena to Point Arguello east of 
the 3,000 meters depth contour; and 25,000 mi2 (64,760 km2) from Cape Flattery, Washington to 
Cape Blanco, Oregon east of the 2,000 meters depth contour (Figure 31). 

The leatherback sea turtle Critical Habitat Review Team (CHRT) identified one essential PBF 
necessary for the conservation of leatherbacks in the U.S. West Coast: the occurrence of prey 
species, primarily scyphomedusae of the order Semaeostomeae, more commonly known as 
brown sea nettles (e.g., Chrysaora, Aurelia, Phacellophora, and Cyanea)(77 FR 4170). These 
prey must be of sufficient condition, distribution, diversity, abundance, and density to support 
individual and population growth, reproduction, and development. Leatherbacks are specialists, 
primarily feeding on gelatinous zooplankton such as jellyfish or pyrosomes. Changes in the 
abundance, distribution, or density of these prey items could significantly impact their migration 
pathways, foraging grounds, and overall health. Leatherbacks undertake large trans-ocean 
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migrations to the CCE to forage in highly productive environments to support their growth, 
development, and ultimately return migration to reproduce. Populations exhibit high fidelity to 
feeding grounds, which indicates the importance of the CCE to continuously provide a 
productive and sustainable environment for endangered leatherbacks to survive. 

The waters off California are a primary foraging area for leatherbacks (Benson et al., 2007a), 
particularly within upwelling shadows and retention areas (Graham, 1994). The region near the 
2000-3000m isobaths create a quasi-stationary front where warm offshore waters meet cooler 
coastal upwelled waters, concentrating sea nettles. Point Arguello acts as a biogeographic barrier 
causing deviations in physical, oceanic, and biological processes north and south of it. 
Specifically, Point Arguello separates the newly upwelling waters of the central California coast 
which produce abundant prey of proper distribution, diversity, and density for foraging that is 
essential to the conservation of the species, from the warmer, and less productive waters of the 
Southern California Bight. 

From Cape Flattery, WA to Cape Blanco, OR, important habitats include the Columbia River 
Plume and Heceta Bank, OR. Large densities of primary prey species occur seasonally north of 
Cape Blanco (Shenker, 1984; Reese et al., 2005; Suchman & Brodeur, 2005). Other jellyfish 
species, such as moon jellies (Aurelia labiata) and egg yolk jellies (Phacellophora 
camtschatica), dominate south of Cape Blanco (Reese et al., 2005; Suchman & Brodeur, 2005). 
Cape Blanco provides a ‘break’ in physical, biological, and oceanic properties due to substrate 
and current pattern variances (Barth et al., 2000; Peterson et al., 2002). The area from Cape 
Flattery to Cape Blanco produces abundant prey of sufficient condition, distribution, diversity, 
and density for foraging that is essential to the conservation of the species.

https://www.zotero.org/google-docs/?broken=0g0rfH
https://www.zotero.org/google-docs/?broken=0g0rfH
https://www.zotero.org/google-docs/?broken=2u9tTk
https://www.zotero.org/google-docs/?broken=1sXfru
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https://www.zotero.org/google-docs/?broken=0CYuLh
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Figure 31. Leatherback sea turtle designated critical habitat along the Pacific Coast 

 

Analysis 

The primary prey species of leatherback sea turtles are jellyfish, especially brown sea nettles and 
moon jellies, but also includes organisms from the phylum Cnidaria, the family Scyphomedusae, 
the order Semaeotomeae, and the genuses of Chrysaora, Aurelia, Phacellophora, and Cyanea, as 
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well as tunicates, broadly identified as salps or pyrosomes. These subcategories constitute the 
gelatinous prey items that are caught in the PCGF which are analyzed for impacts to leatherback 
critical habitat. Leatherbacks are specialists that only consume gelatinous zooplankton, therefore 
lacking foraging ability to switch to different prey items if there is a change in the abundance, 
distribution, or density of jellyfish or tunicates. 

Estimates suggest an individual leatherback in the Pacific will eat approximately ~1,000 mt of 
jellyfish in a lifetime (Jones et al. 2012). Pacific leatherbacks migrate within the action area for 
three to five years at a time to forage, migrate out of the action area during winter time to warmer 
waters, and return back to their nesting beaches every two to four years. Assuming a leatherback 
female lives for 45 to 50 years on average and reaches sexual maturity at 17 years (range = 

12-28, Avens et al. 2020), that leaves 33 years for an individual to migrate between foraging and 
nesting grounds, taking up to a single year for every trans-Pacific migration, and ultimately two 
years to return to the action area (Benson et al. 2020). By the time the female returns, she will be 
19 years old and, conservatively, may stay for five years to forage before migrating again. 

Assuming this process continues, and the individual survives until age 45-50, she would spend 
approximately 20 years within the action area foraging, without factoring in the amount of time 
the animal is away in warmer waters in the winter time. Spending 20 out of 50 years foraging, or 
roughly 40% of their lifetime, we estimate around 400 mt of jellyfish (out of ~1,000 mt 
consumed in a lifetime) will be consumed by an individual in their lifetime in the CCE, or 20 mt 
annually. Martin et al. (2020a) conservatively estimated there to be adult nesting 1,054 females 
(888-1,256) within the Western Pacific population. NMFS estimates, based on Martin et al. 
(2020a) and Jones et al. (2012), that the entire population (including juveniles and males) is 
around 100,000 individuals (47,000-195,000). With respect to the number of individuals off the 

U.S. West Coast, biologists estimated an annual average of 55 turtles foraged off of Central 
California from 2004-2017 (NMFS 2020e). Benson et al. (2020) documented peak abundance in 
2016 with 106 leatherbacks (95% CI: 51-221) off Central California, but noted that there is no 
current estimate for the number of unique individuals foraging off the U.S. West Coast. 
Assuming an average of 55 turtles a year are present off the U.S West Coast, about 1,100 mt of 
prey items would be required to sustain the population on average each year. 

Within the action area, leatherbacks have been documented feeding on gelatinous zooplankton 
with sea nettles contributing the most (72%) to diets of leatherbacks off of California followed 
by filter feeding thaliaceans (18%), Aurelia (5%), and Phacellophora (3%) (Hetherington et al. 
2019). Scyphozoan abundances are influenced by upwelling or lack thereof on the California 
coast, where periods of strong upwelling coincide with increases in scyphozoans, and reduced or 
delayed upwelling can concentrate leatherbacks in areas with higher abundances of C. fuscescens 
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(Benson et al. 2007a). Delayed or reduced upwelling also coincides with increases in salps and 
pyrosomes, which are the next large contributors to their diet (Hetherington et al. 2019). There is 
evidence to suggest pyrosomes are experiencing range shifts within the CCE, which may cause 
them to become a larger proportion of leatherback diets (Sutherland et al. 2018). Given the 
variability of the PDO and its impact on upwelling in the action area, leatherbacks may be able to 
transition from scyphozoans to thaliaceans, and vice versa, to adapt to future environmental 
changes. 

According to the WCGOP, it is difficult to measure bycatch of gelatinous zooplankton in the 
PCGF as many individuals are damaged by fishing gear, making it difficult to discern individual 
counts, identify species, or weigh items. Unidentified tunicates have been documented as 
bycatch in the PCGF, but all reported values from 2002-2022 are under 1 mt (NWFSC, GEMM). 
PCGF sectors identified to catch tunicates include the CS bottom and midwater trawls, CS hook-
and-line and pot, LE TL pot, LE hook-and-line and pot, LE trawl, and OA pot. Chrysaoraand 
Aurelia have been caught a few times for PCGF research purposes, but their limited catch is 
negligible. 

Analyzing the GEMM database, there is documented catch of jellyfish and tunicates, with 
individual species aggregated into these categories. From 2002-2022, between 5 and 820 mt of 
jellyfish were caught annually, and from 0 to 5 mt of tunicates. These numbers are fairly 
negligible, especially compared to the amount of jellyfish required to sustain a leatherback sea 
turtle annually within the action area, and the estimated number of jellyfish off the U.S. West 
Coast. Although the total biomass of jellyfish species in the action area off the U.S. West Coast 
is difficult to estimate, a mean areal density of 251,522 ± 57,504 jellyfish per square nautical 
mile (jellies/nm2) has been calculated in the central California foraging area of leatherback turtles 
based on acoustic backscatter survey data (Graham 2009). While this estimate refers to more 
species than just sea nettles or moon jellies, these species are significant contributors to the total 
jellyfish population in the CCE within designated critical habitat for leatherbacks along the U.S. 
West Coast, which is a significant component to why this area appears to be preferred foraging 
habitat for leatherbacks in the summer and fall. Sea nettles can achieve very large sizes of up to 
30 inches in diameters (bell size), weighing many kilograms. Moon jellies are smaller, but still 
get as large as 15 inches in diameter. There is no standard conversion of jellyfish biomass to the 
number of individuals for these species to make specific quantitative relationships between. But 
we can use the density provided by Graham (2009) to estimate how many jellyfish might be 
found in the entire area designated as critical habitat for leatherbacks. Conservatively applying 
the low end of the Graham (2009) jellyfish density estimate in central California (251,522 - 
57,504 = 194,018 jellies/nm2) to the total square mileage of leatherback critical habitat 
(approximately 42,000 m2), we estimate at least 3 billion jellyfish are in leatherback critical 
habitat. It is unknown if the density of jellyfish is similar through the entire leatherback critical 
habitat area, especially outside of Central California, and what proportion sea nettles and moon 
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jellies constitute throughout. However, based on the best available information we estimate that 
there are likely hundreds of million, if not billions, of these individuals scattered throughout this 
area. The potential capture and removal of 820 mt (820,000 kg) during a single year most likely 
represents a very small fraction of the total jellyfish population available to leatherbacks. The 
average weight of these jellyfish species is not clear, but even if the average sea nettle and moon 
jellyfish are only 0.1 kg (likely an underestimate), the PCGF is capturing only on the order of 0.3 
percent of the available jellyfish likely to be important food for leatherbacks within designated 
critical habitat (8,200,000 jellyfish out of 3 billion). Therefore, even if jellyfish were caught at 
their upper observed rate of 820 mt annually, this likely would have an insignificant effect on the 
abundance or distribution of jellyfish in the action area. 

Organic pollutants, including petroleum products (or oil spills) used by fishing vessels in the 
PCGF, may directly impact the prey that leatherbacks rely on, kill organisms, reduce fitness 
through sub-lethal effects, and potentially disrupt the structure and function of marine 
communities and ecosystems. Specifically, coastally-associated gelatinous zooplankton have 
been shown to bloom and increase in the presence of pollution or crude oil: Aurelia in Tokyo and 
Osaka Bays, the Black Sea, and the Gulf of Mexico (Purcell et al. 2001; Arai 2001), ctenophores 
in the Black and Caspian Seas (GESAMP 1997; Faasse & Bayha 2006; Fuentes et al. 2010), and 
Aurelia and Mnemiopsis in the Gulf of Mexico (Almeda et al. 2013). However, coastal pollution 
has also been associated with the loss of diversity in gelatinous zooplankton (Purcell et al. 2001; 
Arai 2001), with less known about the effects of oil pollution on offshore pelagic species. Given 
the continual and dispersed movement of vessels within the action area, we do not anticipate that 
petroleum releases from PCGF vessels into the marine environment will cause acute or chronic 
exposure to these organisms, particularly because the prey are mobile. 

In summary, the bycatch of leatherback turtle prey species by the PCGF is anticipated to be 
minimal relative to prey abundance, and leatherbacks can switch from cnidarians to tunicates 
when environmental variables affect prey population abundances. Consequently, we expect the 
removal of leatherback prey by the PCGF would have insignificant impacts on the abundance, 
density, or distribution of available prey in the action area. As summarized in Section 2.5.2.6 
Risk of Pollution and Contaminants, we anticipate the effects of pollution from petroleum use or 
minor oil spills would have insignificant impacts to the abundance, distribution, or condition of 
prey resources targeted by leatherback sea turtles within the action area. Based on this analysis, 
NMFS finds that the proposed action is not likely to adversely affect designated critical habitat 
for leatherback sea turtles. 

 
3 DATA QUALITY ACT DOCUMENTATION 
AND PRE-DISSEMINATION REVIEW 

The Data Quality Act (DQA) specifies three components contributing to the quality of a 
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document. They are utility, integrity, and objectivity. This section of the opinion addresses these 
DQA components, documents compliance with the DQA, and certifies that this opinion has 
undergone pre-dissemination review. 

 

3.1 Utility 

Utility principally refers to ensuring that the information contained in this consultation is helpful, 
serviceable, and beneficial to the intended users. The intended users of this opinion are the 
National Marine Fisheries Service. Other interested users could include others interested in the 
conservation of the affected ESUs/DPS. Individual copies of this opinion were provided to the 
National Marine Fisheries Service. The document will be available within two weeks at the 
NOAA Library Institutional Repository [https://repository.library.noaa.gov/welcome]. The 
format and naming adheres to conventional standards for style. 

3.2 Integrity 

This consultation was completed on a computer system managed by NMFS in accordance with 
relevant information technology security policies and standards set out in Appendix III, ‘Security 
of Automated Information Resources,’ Office of Management and Budget Circular A-130; the 
Computer Security Act; and the Government Information Security Reform Act. 

3.3 Objectivity 

Information Product Category: Natural Resource Plan 

Standards: This consultation and supporting documents are clear, concise, complete, and 
unbiased; and were developed using commonly accepted scientific research methods. They 
adhere to published standards including the NMFS ESA Consultation Handbook, ESA 
regulations, 50 CFR 402.01 et seq., and the MSA implementing regulations regarding EFH, 50 
CFR 600. 

Best Available Information: This consultation and supporting documents use the best available 
information, as referenced in the References section. The analyses in this opinion contain more 
background on information sources and quality. 

Referencing: All supporting materials, information, data and analyses are properly referenced, 
consistent with standard scientific referencing style. 

Review Process: This consultation was drafted by NMFS staff with training in, and reviewed in 
accordance with West Coast Region ESA quality control and assurance processes. 
  



195  

 

4 References 
Federal Register Notices 

June 2, 1970 (35 FR 8491). Final Rule: Conservation of Endangered Species and Other 
Fish and Wildlife.  

December 2, 1970 (35 FR 18319). Final Rule: Conservation of Endangered Species and 
Other Fish and Wildlife – List of Endangered Foreign Fish and Wildlife.  

May 31, 2001 (66 FR 29502). Final Rule: Regulations Governing the Approach to 
Humpback Whales in Alaska. 

April 2, 2004 (69 FR 17329). Final rule: Fisheries Off West Coast States and in the 
Western Pacific; Western Pacific Pelagic Fisheries; Pelagic Longline Fishing 
Restrictions, Seasonal Area Closure, Limit on Swordfish Fishing Effort, Gear 
Restrictions, and Other Sea Turtle Take Mitigation Measures. 

May 11, 2006 (72 FR 27408). Final Rule: Magnuson-Stevens Act Provisions; Fisheries 
off West Coast States; Pacific Coast Groundfish Fishery.  

January 26, 2012 (77 FR 4170). Final Rule: Endangered and Threatened Species: Final 
Rule to Revise the Critical Habitat Designation for the Endangered Leatherback Sea 
Turtle. 

November 4, 2013 (78 FR 66139). Final Rule: Endangered and Threatened Species; 
Delisting of the Eastern Distinct Population Segment of Steller Sea Lion Under the 
Endangered Species Act; Amendment to Special Protection Measures for Endangered 
Marine Mammals. 

February 11, 2016 (81 FR 7414). Final Rule: Listing Endangered and Threatened Species 
and Designating Critical Habitat; Implementing Changes to the Regulations for 
Designating Critical Habitat.  

September 8, 2016 (81 FR 62260). Final Rule: Endangered and Threatened Species; 
Identification of 14 Distinct Population Segments of the Humpback Whale (Megaptera 
novaeangliae) and Revision of Species-Wide Listing.  

December 3, 2018 (83 FR 62269). Final Rule: Magnuson-Stevens Act Provisions; 
Fisheries Off West Coast States; Pacific Coast Groundfish Fishery; Groundfish Bottom 
Trawl and Midwater Trawl Gear in the Trawl Rationalization Program.  

November 19, 2019 (84 FR 63966). Final Rule: Magnuson-Stevens Act Provisions; 
Fisheries Off West Coast States; Pacific Coast Groundfish Fishery; Pacific Fishery 
Management Plan; Amendment 28  



196  

August 27, 2019 (84 FR 44976 & 84 FR 44977). Final Rule: Endangered and Threatened 
Wildlife and Plants; Regulations for Interagency Cooperation.  

October 9, 2019 (84 FR 54354). Final Rule: Endangered and Threatened Wildlife and 
Plants: Proposed Rule To Designate Critical Habitat for the Central America, Mexico, 
and Western North Pacific Distinct Population Segments of Humpback Whales  

September 17, 2020 (85 FR 57988). Final Rule: Pacific Island Fisheries; Sea Turtle 
Limits in the Hawaii Shallow-Set Longline Fishery. 

April 21, 2021 (86 FR 21082). Final Rule: Endangered and Threatened Wildlife and 
Plants: Designating Critical Habitat for the Central America, Mexico, and Western North 
Pacific Distinct Population Segments of Humpback Whales. 

June 24, 2021 (86 FR 33142). Notification of Agency Decision: Fisheries Off West Coast 
States; Coastal Pelagic Species Fisheries; Amendment 18 to the Coastal Pelagic Species 
Fishery Management Plan. 

December 16, 2022 (87 FR 77007). Final Rule: Magnuson-Stevens Act Provisions; 
Fisheries Off West Coast States; Pacific Coast Groundfish Fishery; Pacific Coast 
Groundfish Fishery Management Plan; Amendment 30; 2023-24 Biennial Specifications 
and Management Measures. 

January 24, 2023 (88 FR 4162). Notice: Draft 2022 Marine Mammal Stock Assessment 
Reports. 

June 5, 2023 (88 FR 36607). Notice of Availability of Study: Port Access Route Study: 
The Pacific Coast from Washington to California. 

December 1, 2023 (88 FR 83830). Final Rule: Magnuson-Stevens Act Provisions; 
Fisheries Off West Coast States; Pacific Coast Groundfish Fishery; Pacific Coast 
Groundfish Fishery Management Plan; Amendment 32; Modifications to Non-Trawl 
Sector Area Management Measures. 

April 5, 2024 (89 FR 24268). Final Rule: Endangered and Threatened Wildlife and 
Plants; Regulations for Interagency Cooperation. 

September 24, 2024 (89 FR 77789). Proposed Rule: Marine Mammal Protection Act List 
of Fisheries for 2025. 

Literature Cited 

Aguilar, A., Borrell, A., & Reijnders, P. J. H. (2002). Geographical and temporal 
variation in levels of organochlorine contaminants in marine mammals. Marine 
Environmental Research, 53(5), 425–452. https://doi.org/10.1016/S0141-1136(01)00128-
3 

https://www.zotero.org/google-docs/?broken=j2s4wE
https://www.zotero.org/google-docs/?broken=j2s4wE
https://www.zotero.org/google-docs/?broken=j2s4wE
https://www.zotero.org/google-docs/?broken=j2s4wE


197  

Alfaro-Shigueto, J., Mangel, J. C., Bernedo, F., Dutton, P. H., Seminoff, J. A., & Godley, 
B. J. (2011). Small-scale fisheries of Peru: A major sink for marine turtles in the Pacific. 
Journal of Applied Ecology, 48, 1432–1440. https://doi.org/10.1111/j.1365-
2664.2011.02040.x 

Almeda, R., Wambaugh, Z., Chai, C., Wang, Z., Liu, Z., & Buskey, E. J. (2013). Effects 
of Crude Oil Exposure on Bioaccumulation of Polycyclic Aromatic Hydrocarbons and 
Survival of Adult and Larval Stages of Gelatinous Zooplankton. PLoS ONE, 8(10), 
e74476. https://doi.org/10.1371/journal.pone.0074476 

Amrein, A. M., Guzman, H. M., Surrey, K. C., Polidoro, B., & Gerber, L. R. (2020). 
Impacts of Whale Watching on the Behavior of Humpback Whales (Megaptera 
novaeangliae) in the Coast of Panama. Frontiers in Marine Science, 7, 601277. 
https://doi.org/10.3389/fmars.2020.601277 

Angliss, R. P., & DeMaster, D. P. (1998). Differentiating Serious and Non-Serious Injury 
of Marine Mammals Taken Incidental to Commercial Fishing Operations: Report of the 
Serious Injury Workshop 1-2 April 1997, Silver Spring, Maryland (NOAA Technical 
Memorandum NMFS-OPR-13). 

Arai, M. N. (2001). Pelagic coelenterates and eutrophication: A review. Hydrobiologia, 
69–87. https://doi.org/10.1007/978-94-010-0722-1_7 

Auth, T. D., Daly, E. A., Brodeur, R. D., & Fisher, J. L. (2018). Phenological and 
distributional shifts in ichthyoplankton associated with recent warming in the northeast 
Pacific Ocean. Global Change Biology, 24, 259–272. https://doi.org/10.1111/gcb.13872 

Avens, L., Goshe, L. R., Zug, G. R., Balazs, G. H., Benson, S. R., & Harris, H. (2020). 
Regional comparison of leatherback sea turtle maturation attributes and reproductive 
longevity. Marine Biology, 167, 4. https://doi.org/10.1007/s00227-019-3617-y 

Bachman, M. J., Keller, J. M., West, K. L., & Jensen, B. A. (2014). Persistent organic 
pollutant concentrations in blubber of 16 species of cetaceans stranded in the Pacific 
Islands from 1997 through 2011. Science of The Total Environment, 488–489, 115–123. 
https://doi.org/10.1016/j.scitotenv.2014.04.073 

Bailey, H., Fossette, S., Bograd, S. J., Shillinger, G. L., Swithenbank, A. M., Georges, J.-
Y., Gaspar, P., Strömberg, K. H. P., Paladino, F. V., Spotila, J. R., Block, B. A., & Hays, 
G. C. (2012). Movement Patterns for a Critically Endangered Species, the Leatherback 
Turtle (Dermochelys coriacea), Linked to Foraging Success and Population Status. PLoS 
ONE, 7(5), e36401. https://doi.org/10.1371/journal.pone.0036401 

Bailey, H., Senior, B., Simmons, D., Rusin, J., Picken, G., & Thompson, P. M. (2010). 
Assessing underwater noise levels during pile-driving at an offshore windfarm and its 
potential effects on marine mammals. Marine Pollution Bulletin, 60, 888–897. 
https://doi.org/10.1016/j.marpolbul.2010.01.003 

https://www.zotero.org/google-docs/?broken=utXWQ0
https://www.zotero.org/google-docs/?broken=utXWQ0
https://www.zotero.org/google-docs/?broken=utXWQ0
https://www.zotero.org/google-docs/?broken=utXWQ0
https://www.zotero.org/google-docs/?broken=pvrHAC
https://www.zotero.org/google-docs/?broken=pvrHAC
https://www.zotero.org/google-docs/?broken=pvrHAC
https://www.zotero.org/google-docs/?broken=pvrHAC
https://www.zotero.org/google-docs/?broken=Gx84j3
https://www.zotero.org/google-docs/?broken=Gx84j3
https://www.zotero.org/google-docs/?broken=Gx84j3
https://www.zotero.org/google-docs/?broken=Gx84j3
https://www.zotero.org/google-docs/?broken=0TVqD6
https://www.zotero.org/google-docs/?broken=0TVqD6
https://www.zotero.org/google-docs/?broken=0TVqD6
https://www.zotero.org/google-docs/?broken=0TVqD6
https://www.zotero.org/google-docs/?broken=AdAJ9E
https://www.zotero.org/google-docs/?broken=AdAJ9E
https://www.zotero.org/google-docs/?broken=xk8Moq
https://www.zotero.org/google-docs/?broken=xk8Moq
https://www.zotero.org/google-docs/?broken=xk8Moq
https://www.zotero.org/google-docs/?broken=rb2Ibn
https://www.zotero.org/google-docs/?broken=rb2Ibn
https://www.zotero.org/google-docs/?broken=rb2Ibn
https://www.zotero.org/google-docs/?broken=JAWtg8
https://www.zotero.org/google-docs/?broken=JAWtg8
https://www.zotero.org/google-docs/?broken=JAWtg8
https://www.zotero.org/google-docs/?broken=JAWtg8
https://www.zotero.org/google-docs/?broken=2JAcFj
https://www.zotero.org/google-docs/?broken=2JAcFj
https://www.zotero.org/google-docs/?broken=2JAcFj
https://www.zotero.org/google-docs/?broken=2JAcFj
https://www.zotero.org/google-docs/?broken=2JAcFj
https://www.zotero.org/google-docs/?broken=VoMvuI
https://www.zotero.org/google-docs/?broken=VoMvuI
https://www.zotero.org/google-docs/?broken=VoMvuI
https://www.zotero.org/google-docs/?broken=VoMvuI


198  

Barraza, A. D., Finlayson, K. A., Leusch, F. D. L., & Van De Merwe, J. P. (2021). 
Systematic review of reptile reproductive toxicology to inform future research directions 
on endangered or threatened species, such as sea turtles. Environmental Pollution, 286, 
117470. https://doi.org/10.1016/j.envpol.2021.117470 

Barreiros, J. P., & Raykov, V. S. (2014). Lethal lesions and amputation caused by plastic 
debris and fishing gear on the loggerhead turtle Caretta caretta (Linnaeus, 1758). Three 
case reports from Terceira Island, Azores (NE Atlantic). Marine Pollution Bulletin, 86, 
518–522. https://doi.org/10.1016/j.marpolbul.2014.07.020 

Barrios-Garrido, H., Shimada, T., Diedrich, A., & Hamann, M. (2020). Conservation and 
Enforcement Capacity index (CECi): Integrating human development, economy, and 
marine turtle status. Journal of Environmental Management, 262, 110311. 
https://doi.org/10.1016/j.jenvman.2020.110311 

Barth, J. A., Pierce, S. D., & Smith, R. L. (2000). A separating coastal upwelling jet at 
Cape Blanco, Oregon and its connection to the California Current System. Deep Sea 
Research Part II, 47, 783–810. https://doi.org/10.1016/S0967-0645(99)00127-7 

Baugh, K. A., Robbins, J., Schultz, I. R., & Ylitalo, G. M. (2023). Persistent organic 
pollutants in female humpback whales Megaptera novaeangliae from the Gulf of Maine. 
Environmental Pollution, 316, 120616. https://doi.org/10.1016/j.envpol.2022.120616 

Becker, E., Carretta, J. V., Forney, K. A., Barlow, J., Brodie, S., Hoopes, R., Jacox, M. 
G., Maxwell, S. M., Redfern, J. V., Sisson, N. B., Welch, H., & Hazen, E. L. (2020). 
Performance evaluation of cetacean species distribution models developed using 
generalized additive models and boosted regression trees. Ecology and Evolution, 10(12), 
5759–5784. https://doi.org/10.1002/ece3.6316 

Bell, C. D., Blumenthal, J. M., Broderick, A. C., & Godley, B. J. (2010). Investigating 
Potential for Depensation in Marine Turtles: How Low Can You Go? Conservation 
Biology, 24(1), 226–235. https://doi.org/10.1111/j.1523-1739.2009.01313.x 

Benson, S., Croll, D. A., Marinovic, B. B., Chavez, F. P., & Harvey, J. T. (2002). 
Changes in the cetacean assemblage of a coastal upwelling ecosystem during El Niño 
1997–98 and La Niña 1999. Progress in Oceanography, 54, 279–291. 
https://doi.org/10.1016/S0079-6611(02)00054-X 

Benson, S., Dutton, P. H., Hitipeuw, C., Samber, B., Bakarbessy, J., & Parker, D. 
(2007a). Post-Nesting Migrations of Leatherback Turtles (Dermochelys coriacea) from 
Jamursba-Medi, Bird’s Head Peninsula, Indonesia. Chelonian Conservation and Biology, 
6(1), 150–154. https://doi.org/10.2744/1071-8443(2007)6[150:PMOLTD]2.0.CO;2 

Benson, S., Kisokau, K. M., Ambio, L., Rei, V., Dutton, P. H., & Parker, D. (2007b). 
Beach Use, Internesting Movement, and Migration of Leatherback Turtles, Dermochelys 
coriacea, Nesting on the North Coast of Papua New Guinea. Chelonian Conservation and 
Biology, 6(1), 7–14. https://doi.org/10.2744/1071-8443(2007)6[7:BUIMAM]2.0.CO;2 

https://www.zotero.org/google-docs/?broken=uvosX6
https://www.zotero.org/google-docs/?broken=uvosX6
https://www.zotero.org/google-docs/?broken=uvosX6
https://www.zotero.org/google-docs/?broken=uvosX6
https://www.zotero.org/google-docs/?broken=0YpUMh
https://www.zotero.org/google-docs/?broken=0YpUMh
https://www.zotero.org/google-docs/?broken=0YpUMh
https://www.zotero.org/google-docs/?broken=0YpUMh
https://www.zotero.org/google-docs/?broken=Hd5fJ1
https://www.zotero.org/google-docs/?broken=Hd5fJ1
https://www.zotero.org/google-docs/?broken=Hd5fJ1
https://www.zotero.org/google-docs/?broken=Hd5fJ1
https://www.zotero.org/google-docs/?broken=qrOMNR
https://www.zotero.org/google-docs/?broken=qrOMNR
https://www.zotero.org/google-docs/?broken=qrOMNR
https://www.zotero.org/google-docs/?broken=CBK6yB
https://www.zotero.org/google-docs/?broken=CBK6yB
https://www.zotero.org/google-docs/?broken=CBK6yB
https://www.zotero.org/google-docs/?broken=7llnUS
https://www.zotero.org/google-docs/?broken=7llnUS
https://www.zotero.org/google-docs/?broken=7llnUS
https://www.zotero.org/google-docs/?broken=7llnUS
https://www.zotero.org/google-docs/?broken=7llnUS
https://www.zotero.org/google-docs/?broken=rUfF8y
https://www.zotero.org/google-docs/?broken=rUfF8y
https://www.zotero.org/google-docs/?broken=rUfF8y
https://www.zotero.org/google-docs/?broken=YguLWY
https://www.zotero.org/google-docs/?broken=YguLWY
https://www.zotero.org/google-docs/?broken=YguLWY
https://www.zotero.org/google-docs/?broken=YguLWY
https://www.zotero.org/google-docs/?broken=BuiMse
https://www.zotero.org/google-docs/?broken=BuiMse
https://www.zotero.org/google-docs/?broken=BuiMse
https://www.zotero.org/google-docs/?broken=BuiMse
https://doi.org/10.2744/1071-8443(2007)6%5b150:PMOLTD%5d2.0.CO;2
https://www.zotero.org/google-docs/?broken=U0VV1g
https://www.zotero.org/google-docs/?broken=U0VV1g
https://www.zotero.org/google-docs/?broken=U0VV1g
https://www.zotero.org/google-docs/?broken=U0VV1g


199  

Benson, S., Eguchi, T., Foley, D. G., Forney, K. A., Bailey, H., Hitipeuw, C., Samber, B. 
P., Tapilatu, R. F., Rei, V., Ramohia, P., Pita, J., & Dutton, P. H. (2011). Large-scale 
movements and high-use areas of western Pacific leatherback turtles, Dermochelys 
coriacea. Ecosphere, 2(7), 1–27. https://doi.org/10.1890/ES11-00053.1 

Benson, S., Tapilatu, R. F., Pilcher, N., Santidrian Tomillo, P., & Sarti Martinez, L. 
(2015). Leatherback Turtle Populations in the Pacific Ocean. In The Leatherback Turtle: 
Biology and Conservation (pp. 110–122). John Hopkins University Press. 

Benson, S., Forney, K. A., Moore, J. E., LaCasella, E. L., Harvey, J. T., & Carretta, J. V. 
(2020). A long-term decline in the abundance of endangered leatherback turtles, 
Dermochelys coriacea, at a foraging ground in the California Current Ecosystem. Global 
Ecology and Conservation, 24, e01371. https://doi.org/10.1016/j.gecco.2020.e01371 

Bettridge, S., Baker, C. S., Barlow, J., Clapham, P. J., Ford, M., Gouveia, D., Mattila, D. 
K., Pace, R. M., Rosel, P. E., Silber, G. K., & Wade, P. R. (2015). STATUS REVIEW OF 
THE HUMPBACK WHALE (MEGAPTERA NOVAEANGLIAE) UNDER THE 
ENDANGERED SPECIES ACT. U.S. Department of Commerce; NOAA-TM-NMFS-
SWFSC-540. https://repository.library.noaa.gov/view/noaa/4883 

Beverly, S., & Chapman, L. (2007). Interactions between sea turtles and pelagic longline 
fisheries (p. 79). 

Binckley, C. A., Spotila, J. R., Wilson, K. S., & Paladino, F. V. (1998). Sex 
Determination and Sex Ratios of Pacific Leatherback Turtles, Dermochelys coriacea. 
Copeia, 1998(2), 291–300. https://doi.org/10.2307/1447425 

Blair, H. B., Merchant, N. D., Friedlaender, A. S., Wiley, D. N., & Parks, S. E. (2016). 
Evidence for ship noise impacts on humpback whale foraging behaviour. Biology Letters, 
12, 20160005. https://doi.org/10.1098/rsbl.2016.0005 

Blechschmidt, J., Wittmann, M. J., & Blüml, C. (2020). Climate Change and Green Sea 
Turtle Sex Ratio—Preventing Possible Extinction. Genes, 11(5), 588. 
https://doi.org/10.3390/genes11050588 

Bostrom, B. L., & Jones, D. R. (2007). Exercise warms adult leatherback turtles. 
Comparative Biochemistry and Physiology Part A, 147, 323–331. 
https://doi.org/10.1016/j.cbpa.2006.10.032 

Brodeur, R. D., Hunsicker, M., Hann, A., & Miller, T. W. (2019). Effects of warming 
ocean conditions on feeding ecology of small pelagic fishes in a coastal upwelling 
ecosystem: A shift to gelatinous food sources. Marine Ecology Progress Series, 617–618, 
149–163. https://doi.org/10.3354/meps12497 

Brotz, L., Cheung, W. W. L., Kleisner, K., Pakhomov, E., & Pauly, D. (2012). Increasing 
jellyfish populations: Trends in Large Marine Ecosystems. Hydrobiologia, 690, 3–20. 
https://doi.org/10.1007/s10750-012-1039-7 

https://www.zotero.org/google-docs/?broken=vZ25Ub
https://www.zotero.org/google-docs/?broken=vZ25Ub
https://www.zotero.org/google-docs/?broken=vZ25Ub
https://www.zotero.org/google-docs/?broken=vZ25Ub
https://www.zotero.org/google-docs/?broken=O3DimJ
https://www.zotero.org/google-docs/?broken=O3DimJ
https://www.zotero.org/google-docs/?broken=O3DimJ
https://www.zotero.org/google-docs/?broken=jaa23A
https://www.zotero.org/google-docs/?broken=jaa23A
https://www.zotero.org/google-docs/?broken=jaa23A
https://www.zotero.org/google-docs/?broken=jaa23A
https://www.zotero.org/google-docs/?broken=J8p7Kg
https://www.zotero.org/google-docs/?broken=J8p7Kg
https://www.zotero.org/google-docs/?broken=J8p7Kg
https://www.zotero.org/google-docs/?broken=J8p7Kg
https://www.zotero.org/google-docs/?broken=J8p7Kg
https://www.zotero.org/google-docs/?broken=Dexlxh
https://www.zotero.org/google-docs/?broken=Dexlxh
https://www.zotero.org/google-docs/?broken=HCzveV
https://www.zotero.org/google-docs/?broken=HCzveV
https://www.zotero.org/google-docs/?broken=HCzveV
https://www.zotero.org/google-docs/?broken=UIuOwI
https://www.zotero.org/google-docs/?broken=UIuOwI
https://www.zotero.org/google-docs/?broken=UIuOwI
https://www.zotero.org/google-docs/?broken=J98Gry
https://www.zotero.org/google-docs/?broken=J98Gry
https://www.zotero.org/google-docs/?broken=J98Gry
https://www.zotero.org/google-docs/?broken=a2sKCr
https://www.zotero.org/google-docs/?broken=a2sKCr
https://www.zotero.org/google-docs/?broken=a2sKCr
https://www.zotero.org/google-docs/?broken=dqR11k
https://www.zotero.org/google-docs/?broken=dqR11k
https://www.zotero.org/google-docs/?broken=dqR11k
https://www.zotero.org/google-docs/?broken=dqR11k
https://www.zotero.org/google-docs/?broken=U0e05q
https://www.zotero.org/google-docs/?broken=U0e05q
https://www.zotero.org/google-docs/?broken=U0e05q


200  

Butterworth, A. (Ed.). (2017). Marine Mammal Welfare: Human Induced Change in the 
Marine Environment and its Impacts on Marine Mammal Welfare (Vol. 17). Springer 
International Publishing. https://doi.org/10.1007/978-3-319-46994-2 

Calambokidis, J., Falcone, E. A., Quinn, T. J., Burdin, A. M., Clapham, P. J., Gabriele, C. 
M., LeDuc, R., Mattila, D. K., Rojas-Bracho, L., Straley, J. M., Taylor, B. L., Urban-
Ramirez, J., Weller, D., Witteveen, B. H., Yamaguchi, M., Bendlin, A., Camacho, D., 
Flynn, K., Havron, A., … Maloney, N. (2008). SPLASH: Structure of Populations, Levels 
of ABundance and Status of HUmpback Whales in the North Pacific. Final Report for 
Contract AB133F-03-RP-00078. https://faunalytics.org/wp-
content/uploads/2015/05/SPLASH-contract-Report-May08.pdf 

Calambokidis, J., & Barlow, J. (2020). Updated abundance estimates for blue and 
humpback whales along the U.S. West Coast using data through 2018. U.S. Department 
of Commerce. NOAA Technical Memorandum. https://doi.org/10.25923/ZRTH-8N96 

Calambokidis, J., Kratofil, M. A., Palacios, D. M., Lagerquist, B. A., Schorr, G. S., 
Hanson, M. B., Baird, R. W., Forney, K. A., Becker, E. A., Rockwood, R. C., & Hazen, 
E. L. (2024). Biologically Important Areas II for cetaceans within U.S. and adjacent 
waters—West Coast Region. Frontiers in Marine Science, 11. 
https://doi.org/10.3389/fmars.2024.1283231 

Campbell-Malone, R., Barco, S. G., Daoust, P.-Y., Knowlton, A. R., McLellan, W. A., 
Rotstein, D. S., & Moore, M. J. (2008). Gross and Histologic Evidence of Sharp and 
Blunt Trauma in North Atlantic Right Whales (Eubalaena glacialis) Killed by Vessels. 
Journal of Zoo and Wildlife Medicine, 39(1), 37–55. https://doi.org/10.1638/2006-0057.1 

Carretta, J. V. (2018). A machine-learning approach to assign species to ‘unidentified’ 
entangled whales. Endangered Species Research, 36, 89–98. 
https://doi.org/10.3354/esr00894 

Carretta, J. V., Greenman, J., Wilkinson, K., Saez, L., Lawson, D., & Viezbicke, J. 
(2022). Sources of human-related injury and mortality for U.S. Pacific west coast marine 
mammal stock assessments, 2016-2020. U.S. Department of Commerce. NOAA-TM-
NMFS-SWFSC-670. https://doi.org/10.25923/D79A-KG51 

Carretta, J. V., Greenman, J., Wilkinson, K., Saez, L., Lawson, D., & Viezbicke, J. 
(2023a). Sources of Human-Related Injury and Mortality for U.S. Pacific West Coast 
Marine Mammal Stock Assessments, 2017-2021 (NOAA Technical Memorandum 
NOAA-TM-NMFS-SWFSC-690). National Marine Fisheries Service. 
https://doi.org/10.25923/qwf2-9b97 

Carretta, J. V., Oleson, E. M., Forney, K. A., Weller, D. W., Lang, A. R., Baker, J., Orr, 
A. J., Hanson, B., Barlow, J., Moore, J. E., Wallen, M., & Brownell Jr, R. L. (2023b). 
U.S. PACIFIC MARINE MAMMAL STOCK ASSESSMENTS: 2022. U.S. Department of 
Commerce; NOAA-TM-NMFS-SWFSC-684. https://media.fisheries.noaa.gov/2023-
08/Final-2022-Pacific-SAR.pdf 

https://www.zotero.org/google-docs/?broken=C65VAa
https://www.zotero.org/google-docs/?broken=C65VAa
https://www.zotero.org/google-docs/?broken=C65VAa
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=eCHAZq
https://www.zotero.org/google-docs/?broken=ykYaq9
https://www.zotero.org/google-docs/?broken=ykYaq9
https://www.zotero.org/google-docs/?broken=ykYaq9
https://www.zotero.org/google-docs/?broken=rTXwQD
https://www.zotero.org/google-docs/?broken=rTXwQD
https://www.zotero.org/google-docs/?broken=rTXwQD
https://www.zotero.org/google-docs/?broken=rTXwQD
https://www.zotero.org/google-docs/?broken=rTXwQD
https://www.zotero.org/google-docs/?broken=4jYq4Q
https://www.zotero.org/google-docs/?broken=4jYq4Q
https://www.zotero.org/google-docs/?broken=4jYq4Q
https://www.zotero.org/google-docs/?broken=4jYq4Q
https://www.zotero.org/google-docs/?broken=hrs0Kz
https://www.zotero.org/google-docs/?broken=hrs0Kz
https://www.zotero.org/google-docs/?broken=hrs0Kz
https://www.zotero.org/google-docs/?broken=q87ILI
https://www.zotero.org/google-docs/?broken=q87ILI
https://www.zotero.org/google-docs/?broken=q87ILI
https://www.zotero.org/google-docs/?broken=q87ILI
https://www.zotero.org/google-docs/?broken=8BbTK3
https://www.zotero.org/google-docs/?broken=8BbTK3
https://www.zotero.org/google-docs/?broken=8BbTK3
https://www.zotero.org/google-docs/?broken=8BbTK3
https://www.zotero.org/google-docs/?broken=8BbTK3
https://www.zotero.org/google-docs/?broken=1knxtH
https://www.zotero.org/google-docs/?broken=1knxtH
https://www.zotero.org/google-docs/?broken=1knxtH
https://www.zotero.org/google-docs/?broken=1knxtH
https://media.fisheries.noaa.gov/2023-08/Final-2022-Pacific-SAR.pdf
https://media.fisheries.noaa.gov/2023-08/Final-2022-Pacific-SAR.pdf


201  

Carroll, A. G., Przeslawski, R., Duncan, A., Gunning, M., & Bruce, B. (2017). A critical 
review of the potential impacts of marine seismic surveys on fish & invertebrates. Marine 
Pollution Bulletin, 114, 9–24. https://doi.org/10.1016/j.marpolbul.2016.11.038 

Caurant, F., Bustamante, P., Bordes, M., & Miramand, P. (1999). Bioaccumulation of 
Cadmium, Copper and Zinc in some Tissues of Three Species of Marine Turtles Stranded 
Along the French Atlantic Coasts. Marine Pollution Bulletin, 38(12), 1085–1091. 
https://doi.org/10.1016/S0025-326X(99)00109-5 

Cavole, L. M., Demko, A. M., Diner, R. E., Giddings, A., Pagniello., C. M. L. S., 
Paulsen, M.-L., Ramirez-Valdez, A., Schwenck, S. M., Yen, N. K., Zill, M. E., & Franks, 
P. J. S. (2016). Biological Impacts of the 2013-2015 warm-water anomaly in the 
northeast Pacific. Oceanography, 29(2), 273–285. 

Chan, E. H., & Liew, H. C. (1995). Incubation temperatures and sex-ratios in the 
Malaysian leatherback turtle Dermochelys coriacea. Biological Conservation, 74(3), 
169–174. https://doi.org/10.1016/0006-3207(95)00027-2 

Chan, F., Barth, J. A., Blanchette, C. A., Byrne, R. H., Chavez, F., Cheriton, O., Feely, R. 
A., Friederich, G., Gaylord, B., Gouhier, T., Hacker, S., Hill, T., Hofmann, G., 
McManus, M. A., Menge, B. A., Nielsen, K. J., Russell, A., Sanford, E., Sevadjian, J., & 
Washburn, L. (2017). Persistent spatial structuring of coastal ocean acidification in the 
California Current System. Scientific Reports, 7, 2526. https://doi.org/10.1038/s41598-
017-02777-y 

Chan, H. L., & Pan, M. (2012). Spillover Effects of Environmental Regulation for Sea 
Turtle Protection: The Case of the Hawaii Shallow-set Longline Fishery (NOAA 
Technical Memorandum NMFS-PIFSC-30; p. 38 p. + Appendices.). U.S. Department of 
Commerce. 

Chavez, F. P., Ryan, J., Lluch-Cota, S. E., & Ñiquen C., M. (2003). From Anchovies to 
Sardines and Back: Multidecadal Change in the Pacific Ocean. Science, 299(5604), 217–
221. https://doi.org/10.1126/science.1075880 

Cheeseman, T., Barlow, J., Acebes, J. M., Audley, K., Bejder, L., Birdsall, C., 
Bracamontes, O. S., Bradford, A. L., Byington, J., Calambokidis, J., Cartwright, R., 
Cedarleaf, J., García Chavez, A. J., Currie, J., De Castro, R. C., De Weerdt, J., Doe, N., 
Doniol-Valcroze, T., Dracott, K., … Clapham, P. (2024). Bellwethers of change: 
Population modelling of North Pacific humpback whales from 2002 through 2021 reveals 
shift from recovery to climate response. Royal Society Open Science, 11, 231462. 
https://doi.org/10.1098/rsos.231462 

Cholewiak, D., Clark, C., Ponirakis, D., Frankel, A., Hatch, L., Risch, D., Stanistreet, J., 
Thompson, M., Vu, E., & Van Parijs, S. (2018). Communicating amidst the noise: 
Modeling the aggregate influence of ambient and vessel noise on baleen whale 
communication space in a national marine sanctuary. Endangered Species Research, 36, 
59–75. https://doi.org/10.3354/esr00875 

https://www.zotero.org/google-docs/?broken=7xP0bg
https://www.zotero.org/google-docs/?broken=7xP0bg
https://www.zotero.org/google-docs/?broken=7xP0bg
https://www.zotero.org/google-docs/?broken=F9ghOp
https://www.zotero.org/google-docs/?broken=F9ghOp
https://www.zotero.org/google-docs/?broken=F9ghOp
https://www.zotero.org/google-docs/?broken=F9ghOp
https://www.zotero.org/google-docs/?broken=MJh2Am
https://www.zotero.org/google-docs/?broken=MJh2Am
https://www.zotero.org/google-docs/?broken=MJh2Am
https://www.zotero.org/google-docs/?broken=MJh2Am
https://www.zotero.org/google-docs/?broken=XOJs8J
https://www.zotero.org/google-docs/?broken=XOJs8J
https://www.zotero.org/google-docs/?broken=XOJs8J
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=hp7u1Y
https://www.zotero.org/google-docs/?broken=Be0BPz
https://www.zotero.org/google-docs/?broken=Be0BPz
https://www.zotero.org/google-docs/?broken=Be0BPz
https://www.zotero.org/google-docs/?broken=Be0BPz
https://www.zotero.org/google-docs/?broken=Geu7Z8
https://www.zotero.org/google-docs/?broken=Geu7Z8
https://www.zotero.org/google-docs/?broken=Geu7Z8
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=fXCKSa
https://www.zotero.org/google-docs/?broken=4aJ85c
https://www.zotero.org/google-docs/?broken=4aJ85c
https://www.zotero.org/google-docs/?broken=4aJ85c
https://www.zotero.org/google-docs/?broken=4aJ85c
https://www.zotero.org/google-docs/?broken=4aJ85c


202  

Cipro, C. V. Z., Cherel, Y., Bocher, P., Caurant, F., Miramand, P., & Bustamante, P. 
(2018). Trace elements in invertebrates and fish from Kerguelen waters, southern Indian 
Ocean. Polar Biology, 41, 175–191. https://doi.org/10.1007/s00300-017-2180-6 

Clapham, P. J., Leatherwood, S., Szczepaniak, I., & Brownell, R. L. (1997). CATCHES 
OF HUMPBACK AND OTHER WHALES FROM SHORE STATIONS AT MOSS 
LANDING AND TRINIDAD, CALIFORNIA, 1919–1926. Marine Mammal Science, 
13(3), 368–394. https://doi.org/10.1111/j.1748-7692.1997.tb00646.x 

Clapham, P., & Baxter, C. (2013). Winged Leviathan: The Story of the Humpback Whale. 
Grantown-on-Spey, Scotland. 

Clarke, S., Sato, M., Small, C., Sullivan, B., Inoue, Y., & Ochi, D. (2014). Bycatch in 
Longline Fisheries for Tuna and Tuna-like Species: A Global Review of Status and 
Mitigation Measures. FAO Fisheries and Aquaculture Technical Paper. 

Clarke, S. (2017). Joint Analysis of Sea Turtle Mitigation Effectiveness (WCPFC-SC13-
2017). Western and Central Pacific Fisheries Commission. 

Coelho, R., Santos, M. N., Fernandez-Carvalho, J., & Amorim, S. (2015). Effects of hook 
and bait in a tropical northeast Atlantic pelagic longline fishery: Part I—Incidental sea 
turtle bycatch. Fisheries Research, 164, 302–311. 
https://doi.org/10.1016/j.fishres.2014.11.008 

Conn, P. B., & Silber, G. K. (2013). Vessel speed restrictions reduce risk of collision‐
related mortality for North Atlantic right whales. Ecosphere, 4(4), 1–16. 
https://doi.org/10.1890/ES13-00004.1 

Cózar, A., Sanz-Martín, M., Martí, E., González-Gordillo, J. I., Ubeda, B., Gálvez, J. Á., 
Irigoien, X., & Duarte, C. M. (2015). Plastic Accumulation in the Mediterranean Sea. 
PLOS ONE, 10(4), e0121762. https://doi.org/10.1371/journal.pone.0121762 

Crear, D., Lawson, D., Seminoff, J., Eguchi, T., LeRoux, R., & Lowe, C. (2016). 
Seasonal shifts in the movement and distribution of green sea turtles Chelonia mydas in 
response to anthropogenically altered water temperatures. Marine Ecology Progress 
Series, 548, 219–232. https://doi.org/10.3354/meps11696 

Crossland, S. L. (2003). Factors disturbing leatherback turtles (Dermochelys coriacea) 
on two nesting beaches within Suriname’s Galibi Nature Preserve. Proceedings of the 
Twenty-second Annual Symposium on Sea Turtle Biology and Conservation, Miami, 
Florida. 

Currie, J. J., McCordic, J. A., Olson, G. L., Machernis, A. F., & Stack, S. H. (2021). The 
Impact of Vessels on Humpback Whale Behavior: The Benefit of Added Whale 
Watching Guidelines. Frontiers in Marine Science, 8, 601433. 
https://doi.org/10.3389/fmars.2021.601433 

https://www.zotero.org/google-docs/?broken=YRyR5I
https://www.zotero.org/google-docs/?broken=YRyR5I
https://www.zotero.org/google-docs/?broken=YRyR5I
https://www.zotero.org/google-docs/?broken=6esBBH
https://www.zotero.org/google-docs/?broken=6esBBH
https://www.zotero.org/google-docs/?broken=6esBBH
https://www.zotero.org/google-docs/?broken=6esBBH
https://www.zotero.org/google-docs/?broken=BUeb91
https://www.zotero.org/google-docs/?broken=BUeb91
https://www.zotero.org/google-docs/?broken=qt5bpw
https://www.zotero.org/google-docs/?broken=qt5bpw
https://www.zotero.org/google-docs/?broken=qt5bpw
https://www.zotero.org/google-docs/?broken=lyaaY3
https://www.zotero.org/google-docs/?broken=lyaaY3
https://www.zotero.org/google-docs/?broken=RbLcU2
https://www.zotero.org/google-docs/?broken=RbLcU2
https://www.zotero.org/google-docs/?broken=RbLcU2
https://www.zotero.org/google-docs/?broken=RbLcU2
https://www.zotero.org/google-docs/?broken=oCGqkc
https://www.zotero.org/google-docs/?broken=oCGqkc
https://www.zotero.org/google-docs/?broken=oCGqkc
https://www.zotero.org/google-docs/?broken=xa6ljj
https://www.zotero.org/google-docs/?broken=xa6ljj
https://www.zotero.org/google-docs/?broken=xa6ljj
https://www.zotero.org/google-docs/?broken=a6vvqw
https://www.zotero.org/google-docs/?broken=a6vvqw
https://www.zotero.org/google-docs/?broken=a6vvqw
https://www.zotero.org/google-docs/?broken=a6vvqw
https://www.zotero.org/google-docs/?broken=aD5ooK
https://www.zotero.org/google-docs/?broken=aD5ooK
https://www.zotero.org/google-docs/?broken=aD5ooK
https://www.zotero.org/google-docs/?broken=aD5ooK
https://www.zotero.org/google-docs/?broken=i2AC8q
https://www.zotero.org/google-docs/?broken=i2AC8q
https://www.zotero.org/google-docs/?broken=i2AC8q
https://www.zotero.org/google-docs/?broken=i2AC8q


203  

Curtis, K. A., Moore, J. E., & Benson, S. R. (2015). Estimating Limit Reference Points 
for Western Pacific Leatherback Turtles (Dermochelys coriacea) in the U.S. West Coast 
EEZ. PLOS ONE, 10(9), e0136452. https://doi.org/10.1371/journal.pone.0136452 

Curtis, K. A., Calambokidis, J., Audley, K., Castaneda, M. G., De Weerdt, J., Garcia 
Chaves, A. J., Garita, F., Martinez-Loustalot, P., Palacios-Alfaro, J., Perez, B., Quintana-
Rizzo, E., Ramirez Barragan, R., Ransome, N., Rasmussen, K., R, J. U., Villegas Zurita, 
F., Flynn, K., Cheeseman, T., Barlow, J., … Moore, J. (2022). Abundance of humpback 
whales (Megaptera novaeangliae) wintering in Central America and southern Mexico 
from a one-dimensional spatial capture-recapture model. U.S. Department of Commerce; 
NOAA Technical Memorandum NMFS-SWFSC-661. 
https://repository.library.noaa.gov/view/noaa/40459 

Davenport, J., Holland, D. L., & East, J. (1990). Thermal and biochemical characteristics 
of the lipids of the leatherback turtle Dermochelys coriacea: Evidence of endothermy. 
Journal of the Marine Biological Association of the United Kingdom, 70(1), 33–41. 
https://doi.org/10.1017/S0025315400034172 

Davenport, J., Plot, V., Georges, J.-Y., Doyle, T. K., & James, M. C. (2011). Pleated 
turtle escapes the box – shape changes in Dermochelys coriacea. Journal of Experimental 
Biology, 214(20), 3474–3479. https://doi.org/10.1242/jeb.057182 

Desforges, J.-P. W., Galbraith, M., & Ross, P. S. (2015). Ingestion of Microplastics by 
Zooplankton in the Northeast Pacific Ocean. Archives of Environmental Contamination 
and Toxicology, 69(3), 320–330. https://doi.org/10.1007/s00244-015-0172-5 

Donoso, M., & Dutton, P. H. (2010). Sea turtle bycatch in the Chilean pelagic longline 
fishery in the southeastern Pacific: Opportunities for conservation. Biological 
Conservation, 143(11), 2672–2684. https://doi.org/10.1016/j.biocon.2010.07.011 

Duncan, E. M., Broderick, A. C., Fuller, W. J., Galloway, T. S., Godfrey, M. H., 
Hamann, M., Limpus, C. J., Lindeque, P. K., Mayes, A. G., Omeyer, L. C. M., Santillo, 
D., Snape, R. T. E., & Godley, B. J. (2019). Microplastic ingestion ubiquitous in marine 
turtles. Global Change Biology, 25(2), 744–752. https://doi.org/10.1111/gcb.14519 

Dutton, P. H., Bowen, B. W., Owens, D. W., Barragan, A., & Davis, S. K. (1999). Global 
phylogeography of the leatherback turtle (Dermochelys coriacea). Journal of Zoology, 
248(3), 397–409. https://doi.org/10.1111/j.1469-7998.1999.tb01038.x 

Dutton, P. H., Hitipeuw, C., Zein, M., Benson, S. R., Petro, G., Pita, J., Rei, V., Ambio, 
L., & Bakarbessy, J. (2007). Status and Genetic Structure of Nesting Populations of 
Leatherback Turtles (Dermochelys coriacea) in the Western Pacific. Chelonian 
Conservation and Biology, 6(1), 47–53. https://doi.org/10.2744/1071-
8443(2007)6[47:SAGSON]2.0.CO;2 

Dwyer, S., Kozmian-Ledward, L., & Stockin, K. (2014). Short-term survival of severe 
propeller strike injuries and observations on wound progression in a bottlenose dolphin. 

https://www.zotero.org/google-docs/?broken=mzxR3O
https://www.zotero.org/google-docs/?broken=mzxR3O
https://www.zotero.org/google-docs/?broken=mzxR3O
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=BVogEk
https://www.zotero.org/google-docs/?broken=EYwaLl
https://www.zotero.org/google-docs/?broken=EYwaLl
https://www.zotero.org/google-docs/?broken=EYwaLl
https://www.zotero.org/google-docs/?broken=EYwaLl
https://www.zotero.org/google-docs/?broken=mlRbir
https://www.zotero.org/google-docs/?broken=mlRbir
https://www.zotero.org/google-docs/?broken=mlRbir
https://www.zotero.org/google-docs/?broken=upNSMh
https://www.zotero.org/google-docs/?broken=upNSMh
https://www.zotero.org/google-docs/?broken=upNSMh
https://www.zotero.org/google-docs/?broken=uS89QZ
https://www.zotero.org/google-docs/?broken=uS89QZ
https://www.zotero.org/google-docs/?broken=uS89QZ
https://www.zotero.org/google-docs/?broken=aaUTVz
https://www.zotero.org/google-docs/?broken=aaUTVz
https://www.zotero.org/google-docs/?broken=aaUTVz
https://www.zotero.org/google-docs/?broken=aaUTVz
https://www.zotero.org/google-docs/?broken=sAZYun
https://www.zotero.org/google-docs/?broken=sAZYun
https://www.zotero.org/google-docs/?broken=sAZYun
https://www.zotero.org/google-docs/?broken=6nf4pn
https://www.zotero.org/google-docs/?broken=6nf4pn
https://www.zotero.org/google-docs/?broken=6nf4pn
https://www.zotero.org/google-docs/?broken=6nf4pn
https://www.zotero.org/google-docs/?broken=6nf4pn
https://www.zotero.org/google-docs/?broken=xpOgfG
https://www.zotero.org/google-docs/?broken=xpOgfG


204  

New Zealand Journal of Marine and Freshwater Research, 48(2), 294–302. 
https://doi.org/10.1080/00288330.2013.866578 

Eckert, K. L., & Eckert, S. A. (2012). Designing Surveys of Abundance at Sea Turtle 
Nesting Beaches. Wider Caribbean Sea Turtle Conservation Network (WIDECAST); 
Technical Report No. 15. 

Eckert, K. L., Eckert, S. A., Adams, T. W., & Tucker, A. D. (1989). Inter-Nesting 
migrations by leatherback sea turtles (Dermochelys coriacea) in the West Indies. 
Herpetologica, 45(2), 190–194. 

Eckert, K. L., Wallace, B. P., Spotila, J. R., & Bell, B. A. (2015). Nesting ecology and 
reproductive investment of the leatherback turtle. In The leatherback turtle. Biology and 
Conservation (pp. 63–73). JHU Press. 

Eckert, S. A. (2002). Swim speed and movement patterns of gravid leatherback sea 
turtles (Dermochelys coriacea) at St Croix, US Virgin Islands. Journal of Experimental 
Biology, 205(23), 3689–3697. https://doi.org/10.1242/jeb.205.23.3689 

Eckert, S. A., Nellis, D. W., Eckert, K. L., & Kooyman, G. L. (1986). Diving patterns of 
two leatherback sea turtles (Dermochelys coriacea) during internesting intervals at Sandy 
Point, St. Croix, US Virgin Islands. Herpetologica, 42(3), 381–388. 
https://www.jstor.org/stable/3892317 

Eguchi, T., Bredvik, J., Graham, S., LeRoux, R., Saunders, B., & Seminoff, J. (2020). 
Effects of a power plant closure on home ranges of green turtles in an urban foraging 
area. Endangered Species Research, 41, 265–277. https://doi.org/10.3354/esr01027 

Elfes, C. T., VanBlaricom, G. R., Boyd, D., Calambokidis, J., Clapham, P. J., Pearce, R. 
W., Robbins, J., Salinas, J. C., Straley, J. M., Wade, P. R., & Krahn, M. M. (2010). 
Geographic variation of persistent organic pollutant levels in humpback whale ( 
Megaptera novaeangliae ) feeding areas of the North Pacific and North Atlantic. 
Environmental Toxicology and Chemistry, 29(4), 824–834. 
https://doi.org/10.1002/etc.110 

Faasse, M. A., & Bayha, K. M. (2006). The ctenophore Mnemiopsis leidyi A. Agassiz 
1865 in coastal waters of the Netherlands: An unrecognized invasion? Aquatic INvasions, 
1(4), 270–277. 

Finneran, J. J., & Schlundt, C. E. (2013). Effects of fatiguing tone frequency on 
temporary threshold shift in bottlenose dolphins ( Tursiops truncatus ). The Journal of the 
Acoustical Society of America, 133(3), 1819–1826. https://doi.org/10.1121/1.4776211 

Fleming, A., Clark, C. T., Calambokidis, J., & Barlow, J. (2016). Humpback whale diets 
respond to variance in ocean climate and ecosystem conditions in the California Current. 
Global Change Biology, 22(3), 1214–1224. https://doi.org/10.1111/gcb.13171 

https://www.zotero.org/google-docs/?broken=xpOgfG
https://www.zotero.org/google-docs/?broken=xpOgfG
https://www.zotero.org/google-docs/?broken=YEGOaN
https://www.zotero.org/google-docs/?broken=YEGOaN
https://www.zotero.org/google-docs/?broken=YEGOaN
https://www.zotero.org/google-docs/?broken=kVvTNE
https://www.zotero.org/google-docs/?broken=kVvTNE
https://www.zotero.org/google-docs/?broken=kVvTNE
https://www.zotero.org/google-docs/?broken=Po0pqZ
https://www.zotero.org/google-docs/?broken=Po0pqZ
https://www.zotero.org/google-docs/?broken=Po0pqZ
https://www.zotero.org/google-docs/?broken=N730dt
https://www.zotero.org/google-docs/?broken=N730dt
https://www.zotero.org/google-docs/?broken=N730dt
https://www.zotero.org/google-docs/?broken=e8O5xA
https://www.zotero.org/google-docs/?broken=e8O5xA
https://www.zotero.org/google-docs/?broken=e8O5xA
https://www.zotero.org/google-docs/?broken=e8O5xA
https://www.zotero.org/google-docs/?broken=ch4Gby
https://www.zotero.org/google-docs/?broken=ch4Gby
https://www.zotero.org/google-docs/?broken=ch4Gby
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=UM5xIF
https://www.zotero.org/google-docs/?broken=Si3ubq
https://www.zotero.org/google-docs/?broken=Si3ubq
https://www.zotero.org/google-docs/?broken=Si3ubq
https://www.zotero.org/google-docs/?broken=0aZ1S4
https://www.zotero.org/google-docs/?broken=0aZ1S4
https://www.zotero.org/google-docs/?broken=0aZ1S4
https://www.zotero.org/google-docs/?broken=Iagf77
https://www.zotero.org/google-docs/?broken=Iagf77
https://www.zotero.org/google-docs/?broken=Iagf77


205  

Foley, A. M., Stacy, B. A., Hardy, R. F., Shea, C. P., Minch, K. E., & Schroeder, B. A. 
(2019). Characterizing watercraft‐related mortality of sea turtles in Florida. The Journal 
of Wildlife Management, 83(5), 1057–1072. https://doi.org/10.1002/jwmg.21665 

Fournet, M. E., Matthews, L. P., & Gabriele, C. (2021). The impact of the “Anthropause” 
on the communication and acoustic habitat of Southeast Alaskan humpback whales. The 
Journal of the Acoustical Society of America, 149(4_Supplement), A136–A136. 
https://doi.org/10.1121/10.0005328 

Freed, J. C., Young, N. C., Brower, A. A., Delean, B. J., Muto, M. M., Raum-Suryan, K. 
L., Savage, K. M., Teerlink, S. S., Jemison, L. A., Wilkinson, K. M., Jannot, J. E., & 
Somers, K. A. (2023). Human-Caused Mortality and Injury of NMFS-Managed Alaska 
Marine Mammal Stocks, 2017-2021 (AFSC Processed Report) [Processed Report]. 
https://doi.org/10.25923/rpkz-pb10 

Freed, J. C., Young, N. C., Delean, B. J., Helker, V. T., Muto, M. M., Savage, K. M., 
Teerlink, S. S., Jemison, L. A., Wilkinson, K. M., & Jannot, J. E. (2022). Human-caused 
mortality and injury of NMFS-managed Alaska marine mammal stocks, 2016-2020. U.S. 
Department of Commerce; NOAA Tech. Memo. NMFS-AFSC-442. 

Fuentes, M. M. P. B., Limpus, C. J., & Hamann, M. (2011). Vulnerability of sea turtle 
nesting grounds to climate change: VULNERABILITY ASSESSMENT FRAMEWORK. 
Global Change Biology, 17(1), 140–153. https://doi.org/10.1111/j.1365-
2486.2010.02192.x 

Fuentes, V. L., Angel, D. L., Bayha, K. M., Atienza, D., Edelist, D., Bordehore, C., Gili, 
J.-M., & Purcell, J. E. (2010). Blooms of the invasive ctenophore, Mnemiopsis leidyi, 
span the Mediterranean Sea in 2009. Hydrobiologia, 645(1), 23–37. 
https://doi.org/10.1007/s10750-010-0205-z 

Garrison, L. P., Adams, J., Patterson, E. M., & Good, C. P. (2022). Assessing the risk of 
vessel strike mortality in North Atlantic right whales along the U.S. East Coast. U.S. 
Department of Commerce; NOAA Technical Memorandum NOAA NMFS-SEFSC-757. 

Gaspar, P., Georges, J.-Y., Fossette, S., Lenoble, A., Ferraroli, S., & Le Maho, Y. (2006). 
Marine animal behaviour: Neglecting ocean currents can lead us up the wrong track. 
Proceedings of the Royal Society of London. Series B: Biological Sciences, 273(1602), 
2697–2702. https://doi.org/10.1098/rspb.2006.3623 

Gaspar, P., Benson, S., Dutton, P., Réveillère, A., Jacob, G., Meetoo, C., Dehecq, A., & 
Fossette, S. (2012). Oceanic dispersal of juvenile leatherback turtles: Going beyond 
passive drift modeling. Marine Ecology Progress Series, 457, 265–284. 
https://doi.org/10.3354/meps09689 

Gaspar, P., & Lalire, M. (2017). A model for simulating the active dispersal of juvenile 
sea turtles with a case study on western Pacific leatherback turtles. PLOS ONE, 12(7), 
e0181595. https://doi.org/10.1371/journal.pone.0181595 

https://www.zotero.org/google-docs/?broken=JcoDlz
https://www.zotero.org/google-docs/?broken=JcoDlz
https://www.zotero.org/google-docs/?broken=JcoDlz
https://www.zotero.org/google-docs/?broken=dbYFep
https://www.zotero.org/google-docs/?broken=dbYFep
https://www.zotero.org/google-docs/?broken=dbYFep
https://www.zotero.org/google-docs/?broken=dbYFep
https://www.zotero.org/google-docs/?broken=r5jJB3
https://www.zotero.org/google-docs/?broken=r5jJB3
https://www.zotero.org/google-docs/?broken=r5jJB3
https://www.zotero.org/google-docs/?broken=r5jJB3
https://www.zotero.org/google-docs/?broken=r5jJB3
https://www.zotero.org/google-docs/?broken=GZmdx7
https://www.zotero.org/google-docs/?broken=GZmdx7
https://www.zotero.org/google-docs/?broken=GZmdx7
https://www.zotero.org/google-docs/?broken=GZmdx7
https://www.zotero.org/google-docs/?broken=xpnYnr
https://www.zotero.org/google-docs/?broken=xpnYnr
https://www.zotero.org/google-docs/?broken=xpnYnr
https://www.zotero.org/google-docs/?broken=xpnYnr
https://www.zotero.org/google-docs/?broken=cfAuFI
https://www.zotero.org/google-docs/?broken=cfAuFI
https://www.zotero.org/google-docs/?broken=cfAuFI
https://www.zotero.org/google-docs/?broken=cfAuFI
https://www.zotero.org/google-docs/?broken=Y5XBdI
https://www.zotero.org/google-docs/?broken=Y5XBdI
https://www.zotero.org/google-docs/?broken=Y5XBdI
https://www.zotero.org/google-docs/?broken=Uljcah
https://www.zotero.org/google-docs/?broken=Uljcah
https://www.zotero.org/google-docs/?broken=Uljcah
https://www.zotero.org/google-docs/?broken=Uljcah
https://www.zotero.org/google-docs/?broken=PvcaWZ
https://www.zotero.org/google-docs/?broken=PvcaWZ
https://www.zotero.org/google-docs/?broken=PvcaWZ
https://www.zotero.org/google-docs/?broken=PvcaWZ
https://doi.org/10.3354/meps09689
https://www.zotero.org/google-docs/?broken=6los0H
https://www.zotero.org/google-docs/?broken=6los0H
https://www.zotero.org/google-docs/?broken=6los0H


206  

Geraci, J. R., Anderson, D. M., Timperi, R. J., St. Aubin, D. J., Early, G. A., Prescott, J. 
H., & Mayo, C. A. (1989). Humpback whales (Megaptera novaeangliae) fatally poisoned 
by dinoflagellate toxin. Canadian Journal of Fisheries and Aquatic Science, 46, 1895. 

GESAMP. (1997). Opportunistic settlers and the problem of the ctenophore Mnemiopsis 
leidyi invasion in the Black Sea. Rep.Stud.GESAMP, 58, 84. 

Gilman, E., Kobayashi, D., Swenarton, T., Brothers, N., Dalzell, P., & Kinan-Kelly, I. 
(2007). Reducing sea turtle interactions in the Hawaii-based longline swordfish fishery. 
Biological Conservation, 139, 19–28. https://doi.org/10.1016/j.biocon.2007.06.002 

Gilman, E. (2016). Biodegradable fishing gear: Part of the solution to ghost fishing and 
marine pollution. Animal Conservation, 19(4), 320–321. 
https://doi.org/10.1111/acv.12298 

Gilman, E., Chopin, F., Suuronen, P., & Kuemlangan, B. (2016). Abandoned, lost and 
discarded gillnets and trammel nets (600; FAO Fisheries and Aquaculture Technical 
Paper). 

Gjertsen, H., & Pakiding, F. (2011). Socioeconomic research and capacity-building to 
strengthen conservation of Western Pacific leatherback turtles in Bird’s Head, Papua 
Barat, Indonesia. Jayapura: WWF Bioregion Sahul and Universitas Negeri Papua, 
Manokwari. 

Goff, G. P., & Stenson, G. B. (1988). Brown adipose tissue in leatherback sea turtles: A 
thermogenic organ in an endothermic reptile? American Society of Icthyologists and 
Herpetologists, 1988(4), 1071–1075. 

Gomes, D. G. E., Ruzicka, J. J., Crozier, L. G., Huff, D. D., Brodeur, R. D., & Stewart, J. 
D. (2024). Marine heatwaves disrupt ecosystem structure and function via altered food 
webs and energy flux. Nature Communications, 15(1), 1988. 
https://doi.org/10.1038/s41467-024-46263-2 

Goverse, E., & Hilterman, M. (2003). Leatherbacks stuck in the mud: A matter of life or 
death? Proceedings of the Twenty-second Annual Symposium on Sea Turtle Biology and 
Conservation, Miami, Florida. 

Graham, T. R. (2009). Scyphozoan jellies as prey for leatherback sea turtles off central 
California. San Jose State University. 

Graham, W. M. (1994). The physical oceanography an ecology of upwelling shadows 
[Dissertation]. University of California Santa Cruz. 

Graham, W. M., Pagès, F., & Hamner, W. M. (2001). A physical context for gelatinous 
zooplankton aggregations: A review. Hydrobiologia, 199–212. 
https://doi.org/10.1023/A:1011876004427 

https://www.zotero.org/google-docs/?broken=ZBtMS4
https://www.zotero.org/google-docs/?broken=ZBtMS4
https://www.zotero.org/google-docs/?broken=ZBtMS4
https://www.zotero.org/google-docs/?broken=XkaKW5
https://www.zotero.org/google-docs/?broken=XkaKW5
https://www.zotero.org/google-docs/?broken=GEsWr3
https://www.zotero.org/google-docs/?broken=GEsWr3
https://www.zotero.org/google-docs/?broken=GEsWr3
https://www.zotero.org/google-docs/?broken=O0qTDk
https://www.zotero.org/google-docs/?broken=O0qTDk
https://www.zotero.org/google-docs/?broken=O0qTDk
https://www.zotero.org/google-docs/?broken=TXdeU6
https://www.zotero.org/google-docs/?broken=TXdeU6
https://www.zotero.org/google-docs/?broken=TXdeU6
https://www.zotero.org/google-docs/?broken=JZreKI
https://www.zotero.org/google-docs/?broken=JZreKI
https://www.zotero.org/google-docs/?broken=JZreKI
https://www.zotero.org/google-docs/?broken=JZreKI
https://www.zotero.org/google-docs/?broken=1uCmMP
https://www.zotero.org/google-docs/?broken=1uCmMP
https://www.zotero.org/google-docs/?broken=1uCmMP
https://www.zotero.org/google-docs/?broken=neNcnm
https://www.zotero.org/google-docs/?broken=neNcnm
https://www.zotero.org/google-docs/?broken=neNcnm
https://www.zotero.org/google-docs/?broken=neNcnm
https://www.zotero.org/google-docs/?broken=obzkG8
https://www.zotero.org/google-docs/?broken=obzkG8
https://www.zotero.org/google-docs/?broken=obzkG8
https://www.zotero.org/google-docs/?broken=EjODpS
https://www.zotero.org/google-docs/?broken=EjODpS
https://www.zotero.org/google-docs/?broken=LcNPXq
https://www.zotero.org/google-docs/?broken=LcNPXq
https://www.zotero.org/google-docs/?broken=ovO0pL
https://www.zotero.org/google-docs/?broken=ovO0pL
https://www.zotero.org/google-docs/?broken=ovO0pL


207  

Greer, A. E., Lazell, J. D., & Wright, R. M. (1973). Anatomical Evidence for a Counter-
current Heat Exchanger in the Leatherback Turtle (Dermochelys coriacea). Nature, 
244(5412), 181–181. https://doi.org/10.1038/244181a0 

Greig, N. C., Hines, E. M., Cope, S., & Liu, X. (2020). Using Satellite AIS to Analyze 
Vessel Speeds Off the Coast of Washington State, U.S., as a Risk Analysis for Cetacean-
Vessel Collisions. Frontiers in Marine Science, 7, 109. 
https://doi.org/10.3389/fmars.2020.00109 

Guirlet, E., Das, K., & Girondot, M. (2008). Maternal transfer of trace elements in 
leatherback turtles (Dermochelys coriacea) of French Guiana. Aquatic Toxicology, 88(4), 
267–276. https://doi.org/10.1016/j.aquatox.2008.05.004 

Gulland, F. M. D. (2006). Review of the Marine Mammal Unusual Mortality Event 
Response Program of the National Marine Fisheries Service (37). U.S. Department of 
Commerce; NOAA Technical Memorandum NMFS-OPR-33. 

Guzman, H. M., Kaiser, S., & Van Hinsberg, V. J. (2020). Accumulation of trace 
elements in leatherback turtle (Dermochelys coriacea) eggs from the south-western 
Caribbean indicates potential health risks to consumers. Chemosphere, 243, 125424. 
https://doi.org/10.1016/j.chemosphere.2019.125424 

Hamann, M., Cuong, C. T., Hong, N. D., Thuoc, P., & Thuhuen, B. T. (2006). 
Distribution and abundance of marine turtles in the Socialist Republic of Viet Nam. 
Biodiversity & Conservation, 15, 3703–3720. https://doi.org/10.1007/s10531-005-4880-4 

Hamelin, K. M., James, M. C., Ledwell, W., Huntington, J., & Martin, K. (2017). 
Incidental capture of leatherback sea turtles in fixed fishing gear off Atlantic Canada. 
Aquatic Conservation: Marine and Freshwater Ecosystems, 27(3), 631–642. 
https://doi.org/10.1002/aqc.2733 

Hanson, M. B., Good, T. P., Somers, K. A., Richerson, K., & Jannot, J. E. (2023). 
Estimated Humpback Whale Bycatch in the U.S. West Coast Groundfish Fisheries, 2002 
– 2021 (Agenda Item H.6.a NMFS Report 5). 

Harris, H. S., Benson, S. R., Gilardi, K. V., Poppenga, R. H., Work, T. M., Dutton, P. H., 
& Mazet, J. A. K. (2011). COMPARATIVE HEALTH ASSESSMENT OF WESTERN 
PACIFIC LEATHERBACK TURTLES (DERMOCHELYS CORIACEA) FORAGING 
OFF THE COAST OF CALIFORNIA, 2005–2007. Journal of Wildlife Diseases, 47(2), 
321–337. https://doi.org/10.7589/0090-3558-47.2.321 

Harrison, A.-L., Costa, D. P., Winship, A. J., Benson, S. R., Bograd, S. J., Antolos, M., 
Carlisle, A. B., Dewar, H., Dutton, P. H., Jorgensen, S. J., Kohin, S., Mate, B. R., 
Robinson, P. W., Schaefer, K. M., Shaffer, S. A., Shillinger, G. L., Simmons, S. E., 
Weng, K. C., Gjerde, K. M., & Block, B. A. (2018). The political biogeography of 
migratory marine predators. Nature Ecology & Evolution, 2(10), 1571–1578. 
https://doi.org/10.1038/s41559-018-0646-8 

https://www.zotero.org/google-docs/?broken=mejCUK
https://www.zotero.org/google-docs/?broken=mejCUK
https://www.zotero.org/google-docs/?broken=mejCUK
https://www.zotero.org/google-docs/?broken=1vFQJC
https://www.zotero.org/google-docs/?broken=1vFQJC
https://www.zotero.org/google-docs/?broken=1vFQJC
https://www.zotero.org/google-docs/?broken=1vFQJC
https://www.zotero.org/google-docs/?broken=t12D7Y
https://www.zotero.org/google-docs/?broken=t12D7Y
https://www.zotero.org/google-docs/?broken=t12D7Y
https://www.zotero.org/google-docs/?broken=Wj1RgQ
https://www.zotero.org/google-docs/?broken=Wj1RgQ
https://www.zotero.org/google-docs/?broken=Wj1RgQ
https://www.zotero.org/google-docs/?broken=12OdfA
https://www.zotero.org/google-docs/?broken=12OdfA
https://www.zotero.org/google-docs/?broken=12OdfA
https://www.zotero.org/google-docs/?broken=12OdfA
https://www.zotero.org/google-docs/?broken=liaaYn
https://www.zotero.org/google-docs/?broken=liaaYn
https://www.zotero.org/google-docs/?broken=liaaYn
https://www.zotero.org/google-docs/?broken=YmLPPN
https://www.zotero.org/google-docs/?broken=YmLPPN
https://www.zotero.org/google-docs/?broken=YmLPPN
https://www.zotero.org/google-docs/?broken=YmLPPN
https://www.zotero.org/google-docs/?broken=6tMJ6J
https://www.zotero.org/google-docs/?broken=6tMJ6J
https://www.zotero.org/google-docs/?broken=6tMJ6J
https://www.zotero.org/google-docs/?broken=SiO8HJ
https://www.zotero.org/google-docs/?broken=SiO8HJ
https://www.zotero.org/google-docs/?broken=SiO8HJ
https://www.zotero.org/google-docs/?broken=SiO8HJ
https://www.zotero.org/google-docs/?broken=SiO8HJ
https://www.zotero.org/google-docs/?broken=BtSn1B
https://www.zotero.org/google-docs/?broken=BtSn1B
https://www.zotero.org/google-docs/?broken=BtSn1B
https://www.zotero.org/google-docs/?broken=BtSn1B
https://www.zotero.org/google-docs/?broken=BtSn1B
https://www.zotero.org/google-docs/?broken=BtSn1B


208  

Harvey, J. B. J., Johnson, S. B., Fisher, J. L., Peterson, W. T., & Vrijenhoek, R. C. 
(2017). Comparison of morphological and next generation DNA sequencing methods for 
assessing zooplankton assemblages. Journal of Experimental Marine Biology and 
Ecology, 487, 113–126. https://doi.org/10.1016/j.jembe.2016.12.002 

Hawkes, L., Broderick, A., Godfrey, M., & Godley, B. (2009). Climate change and 
marine turtles. Endangered Species Research, 7, 137–154. 
https://doi.org/10.3354/esr00198 

Hawkins, A. D., & Popper, A. N. (2017). A sound approach to assessing the impact of 
underwater noise on marine fishes and invertebrates. ICES Journal of Marine Science, 
74(3), 635–651. https://doi.org/10.1093/icesjms/fsw205 

Hays, G. C. (2000). The Implications of Variable Remigration Intervals for the 
Assessment of Population Size in Marine Turtles. Journal of Theoretical Biology, 206(2), 
221–227. https://doi.org/10.1006/jtbi.2000.2116 

Hays, G. C., Fossette, S., Katselidis, K. A., Schofield, G., & Gravenor, M. B. (2010). 
Breeding Periodicity for Male Sea Turtles, Operational Sex Ratios, and Implications in 
the Face of Climate Change. Conservation Biology, 24(6), 1636–1643. 
https://doi.org/10.1111/j.1523-1739.2010.01531.x 

Hays, G. C., Morrice, M., & Tromp, J. J. (2023). A review of the importance of south-
east Australian waters as a global hotspot for leatherback turtle foraging and 
entanglement threat in fisheries. Marine Biology, 170(6), 74. 
https://doi.org/10.1007/s00227-023-04222-3 

Hazel, J., Lawler, I. R., Marsh, H., & Robson, S. (2007). Vessel speed increases collision 
risk for the green turtle Chelonia mydas. Endangered Species Research, 3, 105–113. 

Hazen, E. L., Jorgensen, S., Rykaczewski, R. R., Bograd, S. J., Foley, D. G., Jonsen, I. 
D., Shaffer, S. A., Dunne, J. P., Costa, D. P., Crowder, L. B., & Block, B. A. (2012). 
Predicted habitat shifts of Pacific top predators in a changing climate. Nature Climate 
Change, 3(3), 234–238. https://doi.org/10.1038/nclimate1686 

Heaslip, S. G., Iverson, S. J., Bowen, W. D., & James, M. C. (2012). Jellyfish Support 
High Energy Intake of Leatherback Sea Turtles (Dermochelys coriacea): Video Evidence 
from Animal-Borne Cameras. PLoS ONE, 7(3), e33259. 
https://doi.org/10.1371/journal.pone.0033259 

Hetherington, E., Kurle, C., Benson, S., Jones, T., & Seminoff, J. (2019). Re-examining 
trophic dead ends: Stable isotope values link gelatinous zooplankton to leatherback 
turtles in the California Current. Marine Ecology Progress Series, 632, 205–219. 
https://doi.org/10.3354/meps13117 

Hill, A. N., Karniski, C., Robbins, J., Pitchford, T., Todd, S., & Asmutis‐Silvia, R. 
(2017). Vessel collision injuries on live humpback whales, Megaptera novaeangliae, in 

https://www.zotero.org/google-docs/?broken=yD8DsQ
https://www.zotero.org/google-docs/?broken=yD8DsQ
https://www.zotero.org/google-docs/?broken=yD8DsQ
https://www.zotero.org/google-docs/?broken=yD8DsQ
https://www.zotero.org/google-docs/?broken=sEUTvF
https://www.zotero.org/google-docs/?broken=sEUTvF
https://www.zotero.org/google-docs/?broken=sEUTvF
https://www.zotero.org/google-docs/?broken=UB6kLv
https://www.zotero.org/google-docs/?broken=UB6kLv
https://www.zotero.org/google-docs/?broken=UB6kLv
https://www.zotero.org/google-docs/?broken=0aeUaX
https://www.zotero.org/google-docs/?broken=0aeUaX
https://www.zotero.org/google-docs/?broken=0aeUaX
https://www.zotero.org/google-docs/?broken=5tqutg
https://www.zotero.org/google-docs/?broken=5tqutg
https://www.zotero.org/google-docs/?broken=5tqutg
https://www.zotero.org/google-docs/?broken=5tqutg
https://www.zotero.org/google-docs/?broken=v3pEni
https://www.zotero.org/google-docs/?broken=v3pEni
https://www.zotero.org/google-docs/?broken=v3pEni
https://www.zotero.org/google-docs/?broken=v3pEni
https://www.zotero.org/google-docs/?broken=GmHteS
https://www.zotero.org/google-docs/?broken=GmHteS
https://www.zotero.org/google-docs/?broken=i9elRR
https://www.zotero.org/google-docs/?broken=i9elRR
https://www.zotero.org/google-docs/?broken=i9elRR
https://www.zotero.org/google-docs/?broken=i9elRR
https://www.zotero.org/google-docs/?broken=rOuk0c
https://www.zotero.org/google-docs/?broken=rOuk0c
https://www.zotero.org/google-docs/?broken=rOuk0c
https://www.zotero.org/google-docs/?broken=rOuk0c
https://www.zotero.org/google-docs/?broken=wVX5Vn
https://www.zotero.org/google-docs/?broken=wVX5Vn
https://www.zotero.org/google-docs/?broken=wVX5Vn
https://www.zotero.org/google-docs/?broken=wVX5Vn
https://www.zotero.org/google-docs/?broken=65Jikz
https://www.zotero.org/google-docs/?broken=65Jikz


209  

the southern Gulf of Maine. Marine Mammal Science, 33(2), 558–573. 
https://doi.org/10.1111/mms.12386 

Hitipeuw, C., & Maturbongs, J. (2002). Marine turtle conservation program, Jamursba-
Medi nesting beach, north coast of the Bird’s Head Peninsula, Papua. In Proceedings of 
the Western Pacific Sea Turtle Cooperative Research and Management Workshop, 161–
175. 

Hitipeuw, C., Dutton, P. H., Benson, S., Thebu, J., & Bakarbessy, J. (2007). Population 
Status and Internesting Movement of Leatherback Turtles, Dermochelys coriacea, 
Nesting on the Northwest Coast of Papua, Indonesia. Chelonian Conservation and 
Biology, 6(1), 28–36. https://doi.org/10.2744/1071-8443(2007)6[28:PSAIMO]2.0.CO;2 

Houghton, J., Holt, M. M., Giles, D. A., Hanson, M. B., Emmons, C. K., Hogan, J. T., 
Branch, T. A., & VanBlaricom, G. R. (2015). The Relationship between Vessel Traffic 
and Noise Levels Received by Killer Whales (Orcinus orca). PLoS ONE, 10(12), 
e0140119. https://doi.org/10.1371/journal.pone.0140119 

Huang, H.-W. (2015). Conservation Hotspots for the Turtles on the High Seas of the 
Atlantic Ocean. PLOS ONE, 10(8), e0133614. 
https://doi.org/10.1371/journal.pone.0133614 

IAC. (2012). Eastern Pacific leatherback turtles (Dermochelys coriacea): A summary of 
current conservation status, challenges, and opportunities. Inter-America Convention for 
the Protection and Conservation of Sea Turtles; CIT-CCE5-2012-Tec.3. 

Innis, C., Merigo, C., Dodge, K., Tlusty, M., Dodge, M., Sharp, B., Myers, A., McIntosh, 
A., Wunn, D., Perkins, C., Herdt, T. H., Norton, T., & Lutcavage, M. (2010). Health 
Evaluation of Leatherback Turtles (Dermochelys coriacea) in the Northwestern Atlantic 
During Direct Capture and Fisheries Gear Disentanglement. Chelonian Conservation and 
Biology, 9(2), 205–222. https://doi.org/10.2744/CCB-0838.1 

IPCC. (2007). Climate Change 2007: Synthesis Report (p. 104). IPCC. 

IPCC. (2019). Summary for Policymakers. In IPCC: Special Report on the Ocean and 
Cryosphere in a Changing Climate (pp. 3–35). Cambridge University Press. 
https://doi.org/10.1017/9781009157964.001. 

IUCN. (2018). Megaptera novaeangliae: Cooke, J.G.: The IUCN Red List of Threatened 
Species 2018: e.T13006A50362794 [Dataset]. https://doi.org/10.2305/IUCN.UK.2018-
2.RLTS.T13006A50362794.en 

James, M. C., Andrea Ottensmeyer, C., & Myers, R. A. (2005). Identification of high‐use 
habitat and threats to leatherback sea turtles in northern waters: New directions for 
conservation. Ecology Letters, 8(2), 195–201. https://doi.org/10.1111/j.1461-
0248.2004.00710.x 

https://www.zotero.org/google-docs/?broken=65Jikz
https://www.zotero.org/google-docs/?broken=65Jikz
https://www.zotero.org/google-docs/?broken=5LPJY7
https://www.zotero.org/google-docs/?broken=5LPJY7
https://www.zotero.org/google-docs/?broken=5LPJY7
https://www.zotero.org/google-docs/?broken=5LPJY7
https://www.zotero.org/google-docs/?broken=Vc75Bc
https://www.zotero.org/google-docs/?broken=Vc75Bc
https://www.zotero.org/google-docs/?broken=Vc75Bc
https://www.zotero.org/google-docs/?broken=Vc75Bc
https://www.zotero.org/google-docs/?broken=UyF7ts
https://www.zotero.org/google-docs/?broken=UyF7ts
https://www.zotero.org/google-docs/?broken=UyF7ts
https://www.zotero.org/google-docs/?broken=UyF7ts
https://www.zotero.org/google-docs/?broken=b4cqOT
https://www.zotero.org/google-docs/?broken=b4cqOT
https://www.zotero.org/google-docs/?broken=b4cqOT
https://www.zotero.org/google-docs/?broken=eJzfYT
https://www.zotero.org/google-docs/?broken=eJzfYT
https://www.zotero.org/google-docs/?broken=eJzfYT
https://www.zotero.org/google-docs/?broken=QT6j3C
https://www.zotero.org/google-docs/?broken=QT6j3C
https://www.zotero.org/google-docs/?broken=QT6j3C
https://www.zotero.org/google-docs/?broken=QT6j3C
https://www.zotero.org/google-docs/?broken=QT6j3C
https://www.zotero.org/google-docs/?broken=N1JNui
https://www.zotero.org/google-docs/?broken=vDAiM1
https://www.zotero.org/google-docs/?broken=vDAiM1
https://www.zotero.org/google-docs/?broken=vDAiM1
https://www.zotero.org/google-docs/?broken=JsKflm
https://www.zotero.org/google-docs/?broken=JsKflm
https://www.zotero.org/google-docs/?broken=JsKflm
https://www.zotero.org/google-docs/?broken=tvOB4z
https://www.zotero.org/google-docs/?broken=tvOB4z
https://www.zotero.org/google-docs/?broken=tvOB4z
https://www.zotero.org/google-docs/?broken=tvOB4z


210  

Jannot, J. E., Ward, E. J., Somers, K. A., Feist, B. E., Good, T. P., Lawson, D., & 
Carretta, J. V. (2021). Using Bayesian Models to Estimate Humpback Whale 
Entanglements in the United States West Coast Sablefish Pot Fishery. Frontiers in 
Marine Science, 8, 775187. https://doi.org/10.3389/fmars.2021.775187 

Jannot, J., Heery, E., Bellman, M. A., & Majewski, J. (2011). Estimated bycatch of 
marine mammals, seabirds, and sea turtles in the U.S. west coast commercial groundfish 
fishery, 2002-2009. Northwest Fisheries Science Center, West Coast Groundfish 
Observer Program; NWFSC 2725. 

Jensen, A. S., & Silber, G. K. (2003). Large Whale Ship Strike Database (NOAA 
Technical Memorandum NMFS-OPR-25). National Marine Fisheries Service. 

Jensen, M. P., Allen, C. D., Eguchi, T., Bell, I. P., LaCasella, E. L., Hilton, W. A., Hof, 
C. A. M., & Dutton, P. H. (2018). Environmental Warming and Feminization of One of 
the Largest Sea Turtle Populations in the World. Current Biology, 28(1), 154-159.e4. 
https://doi.org/10.1016/j.cub.2017.11.057 

Jino, N., Judge, H., Revoh, O., Pulekera, V., Grinham, A., Albert, S., & Jino, H. (2018). 
Community-based Conservation of Leatherback Turtles in Solomon Islands: Local 
Responses to Global Pressures. Conservation and Society, 16(4), 459. 
https://doi.org/10.4103/cs.cs_17_33 

Jones, T. T., Bostrom, B. L., Hastings, M. D., Van Houtan, K. S., Pauly, D., & Jones, D. 
R. (2012). Resource Requirements of the Pacific Leatherback Turtle Population. PLoS 
ONE, 7(10), e45447. https://doi.org/10.1371/journal.pone.0045447 

Kannan, K., Blankenship, A. L., Jones, P. D., & Giesy, J. P. (2000). Toxicity Reference 
Values for the Toxic Effects of Polychlorinated Biphenyls to Aquatic Mammals. Human 
and Ecological Risk Assessment: An International Journal, 6(1), 181–201. 
https://doi.org/10.1080/10807030091124491 

Kaplan, I. C. (2005). A risk assessment for Pacific leatherback turtles (Dermochelys 
coriacea). Canadian Journal of Fisheries and Aquatic Sciences, 62, 1710–1719. 
https://doi.org/10.1139/F05-121 

Karpouzli, E., & Leaper, R. (2004). Opportunistic observations of interactions between 
sperm whales and deep‐water trawlers based on sightings from fisheries observers in the 
northwest Atlantic. Aquatic Conservation: Marine and Freshwater Ecosystems, 14(1), 
95–103. https://doi.org/10.1002/aqc.595 

Kaschner, K., Tittensor, D. P., Ready, J., Gerrodette, T., & Worm, B. (2011). Current and 
Future Patterns of Global Marine Mammal Biodiversity. PLoS ONE, 6(5), e19653. 
https://doi.org/10.1371/journal.pone.0019653 

Kaska, Y., Ilgaz, C., Ozdemir, A., Baskale, E., Turkozan, O., Baran, I., & Stachowitsch, 
M. (2006). Sex ratio estimations of loggerhead sea turtle hatchlings by histological 

https://www.zotero.org/google-docs/?broken=RW3USh
https://www.zotero.org/google-docs/?broken=RW3USh
https://www.zotero.org/google-docs/?broken=RW3USh
https://www.zotero.org/google-docs/?broken=RW3USh
https://www.zotero.org/google-docs/?broken=3s8g1I
https://www.zotero.org/google-docs/?broken=3s8g1I
https://www.zotero.org/google-docs/?broken=3s8g1I
https://www.zotero.org/google-docs/?broken=3s8g1I
https://www.zotero.org/google-docs/?broken=Q42wKT
https://www.zotero.org/google-docs/?broken=Q42wKT
https://www.zotero.org/google-docs/?broken=7Ke94w
https://www.zotero.org/google-docs/?broken=7Ke94w
https://www.zotero.org/google-docs/?broken=7Ke94w
https://www.zotero.org/google-docs/?broken=7Ke94w
https://www.zotero.org/google-docs/?broken=a4hVtu
https://www.zotero.org/google-docs/?broken=a4hVtu
https://www.zotero.org/google-docs/?broken=a4hVtu
https://www.zotero.org/google-docs/?broken=a4hVtu
https://www.zotero.org/google-docs/?broken=ISpCsf
https://www.zotero.org/google-docs/?broken=ISpCsf
https://www.zotero.org/google-docs/?broken=ISpCsf
https://www.zotero.org/google-docs/?broken=x2j0AR
https://www.zotero.org/google-docs/?broken=x2j0AR
https://www.zotero.org/google-docs/?broken=x2j0AR
https://www.zotero.org/google-docs/?broken=x2j0AR
https://www.zotero.org/google-docs/?broken=N91Lq0
https://www.zotero.org/google-docs/?broken=N91Lq0
https://www.zotero.org/google-docs/?broken=N91Lq0
https://www.zotero.org/google-docs/?broken=R26cPf
https://www.zotero.org/google-docs/?broken=R26cPf
https://www.zotero.org/google-docs/?broken=R26cPf
https://www.zotero.org/google-docs/?broken=R26cPf
https://www.zotero.org/google-docs/?broken=HDcYHX
https://www.zotero.org/google-docs/?broken=HDcYHX
https://www.zotero.org/google-docs/?broken=HDcYHX
https://www.zotero.org/google-docs/?broken=pkCRLc
https://www.zotero.org/google-docs/?broken=pkCRLc


211  

examination and nest temperatures at Fethiye beach, Turkey. Naturwissenschaften, 93, 
338–343. 

Katselidis, K. A., Schofield, G., Stamou, G., Dimopoulos, P., & Pantis, J. D. (2012). 
Females first? Past, present and future variability in offspring sex ratio at a temperate sea 
turtle breeding area. Animal Conservation, 15(5), 508–518. 
https://doi.org/10.1111/j.1469-1795.2012.00543.x 

Kavlock, R. J., Daston, G. P., DeRosa, C., Fenner-Crisp, P., Gray, L. E., Kaattari, S., 
Lucier, G., Luster, M., Mac, M. J., Maczka, C., Miller, R., Moore, J., Rolland, R., Scott, 
G., Sheehan, D. M., Sinks, T., & Tilson, H. A. (1996). Research needs for the risk 
assessment of health and environmental effects of endocrine disruptors: A report of the 
U.S. EPA-sponsored workshop. Environmental Health Perspectives, 104(suppl 4), 715–
740. https://doi.org/10.1289/ehp.96104s4715 

Kinch, J. (2006). A Socioeconomic assessment of the Huon Coast Leatherback Turtle 
Nesting Beach Projects (Labu Tale, Busama, Lababia and Paiawa), Morobe Province, 
Papua New Guinea. 60. 

Kinch, J., Anderson, P., & Anana, K. (2009). Assessment of leatherback turtle nesting 
and consumptive use in the autonomous region of Bougainville, Papua New Guinea. 
Western Pacific Regional Fisheries Management Council. 

King, J. R., Agostini, V. N., Harvey, C. J., McFarlane, G. A., Foreman, M. G. G., 
Overland, J. E., Di Lorenzo, E., Bond, N. A., & Aydin, K. Y. (2011). Climate forcing and 
the California Current ecosystem. ICES Journal of Marine Science, 68(6), 1199–1216. 
https://doi.org/10.1093/icesjms/fsr009 

Klein, S. G., Pitt, K. A., & Carroll, A. R. (2016). Reduced salinity increases susceptibility 
of zooxanthellate jellyfish to herbicide toxicity during a simulated rainfall event. 
Environmental Pollution, 209, 79–86. https://doi.org/10.1016/j.envpol.2015.11.012 

Knowlton, A. R., & Kraus, S. D. (2001). Mortality and serious injury of northern right 
whales (Eubalaena glacialis) in the western North Atlantic Ocean. Journal of Cetacean 
Research and Management, 2, 193–208. 

Kobayashi, S., Wada, M., Fujimoto, R., Kumazawa, Y., Arai, K., Watanabe, G., & Saito, 
T. (2017). The effects of nest incubation temperature on embryos and hatchlings of the 
loggerhead sea turtle: Implications of sex difference for survival rates during early life 
stages. Journal of Experimental Biology and Ecology, 486, 274–281. 
https://doi.org/10.1016/j.embe.2016.10.020 

Koenigstein, S., Jacox, M. G., Pozo Buil, M., Fiechter, J., Muhling, B. A., Brodie, S., 
Kuriyama, P. T., Auth, T. D., Hazen, E. L., Bograd, S. J., & Tommasi, D. (2022). 
Population projections of Pacific sardine driven by ocean warming and changing food 
availability in the California Current. ICES Journal of Marine Science, 79(9), 2510–
2523. https://doi.org/10.1093/icesjms/fsac191 

https://www.zotero.org/google-docs/?broken=pkCRLc
https://www.zotero.org/google-docs/?broken=pkCRLc
https://www.zotero.org/google-docs/?broken=dscaf3
https://www.zotero.org/google-docs/?broken=dscaf3
https://www.zotero.org/google-docs/?broken=dscaf3
https://www.zotero.org/google-docs/?broken=dscaf3
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ZODdA4
https://www.zotero.org/google-docs/?broken=ofmdBP
https://www.zotero.org/google-docs/?broken=ofmdBP
https://www.zotero.org/google-docs/?broken=ofmdBP
https://www.zotero.org/google-docs/?broken=1jzAtN
https://www.zotero.org/google-docs/?broken=1jzAtN
https://www.zotero.org/google-docs/?broken=1jzAtN
https://www.zotero.org/google-docs/?broken=5A04me
https://www.zotero.org/google-docs/?broken=5A04me
https://www.zotero.org/google-docs/?broken=5A04me
https://www.zotero.org/google-docs/?broken=5A04me
https://www.zotero.org/google-docs/?broken=OyTDi7
https://www.zotero.org/google-docs/?broken=OyTDi7
https://www.zotero.org/google-docs/?broken=OyTDi7
https://www.zotero.org/google-docs/?broken=uK61jo
https://www.zotero.org/google-docs/?broken=uK61jo
https://www.zotero.org/google-docs/?broken=uK61jo
https://www.zotero.org/google-docs/?broken=VvaxZF
https://www.zotero.org/google-docs/?broken=VvaxZF
https://www.zotero.org/google-docs/?broken=VvaxZF
https://www.zotero.org/google-docs/?broken=VvaxZF
https://www.zotero.org/google-docs/?broken=VvaxZF
https://www.zotero.org/google-docs/?broken=3QWBYo
https://www.zotero.org/google-docs/?broken=3QWBYo
https://www.zotero.org/google-docs/?broken=3QWBYo
https://www.zotero.org/google-docs/?broken=3QWBYo
https://www.zotero.org/google-docs/?broken=3QWBYo


212  

Kraus, S. D., Kenney, R. D., & Thomas, L. (2019). A framework for studying the effects 
of offshore wind development on marine mammals and turtles. Report prepared for the 
Massachusetts Clean Energy Center and the Bureau of Ocean Energy Management. 

Kuriyama, P. T. (2022). Assessment of the Northern anchovy (Engraulis mordax) central 
subpopulation in 2021 for U.S. management. https://doi.org/10.25923/JV24-1539 

Kuriyama, P. T., Hill, K. T., & Zwolinski, J. P. (2022). Update assessment of the Pacific 
sardine resource in 2022 for U.S. management in 2022-2023 (NOAA-TM-NMFS-
SWFSC 662). National Marine Fisheries Service. https://doi.org/10.25923/57mx-dj29 

Laist, D. W., Knowlton, A. R., Mead, J. G., Collet, A. S., & Podesta, M. (2001). 
Collisions Between Ships and Whales. Marine Mammal Science, 17(1), 35–75. 

Laute, A., Grove, T., Rasmussen, M., Smith, A., Loisa, O., & Fournet, M. (2022). Impact 
of whale-watching vessels on humpback whale calling behavior on an Icelandic foraging 
ground during the Covid-19 pandemic. Marine Ecology Progress Series, 701, 159–173. 
https://doi.org/10.3354/meps14202 

Learmonth, J. A., Macleod, C. D., Santos, M. B., Pierce, G. J., Crick, H. Q. P., & 
Robinson, R. A. (2006). Potential effects of climate change on marine mammals. 
Oceanography and Marine Biology: An Annual Review, 44, 431–464. 

Lebreton, L., Egger, M., & Slat, B. (2019). A global mass budget for positively buoyant 
macroplastic debris in the ocean. Scientific Reports, 9(1), 12922. 
https://doi.org/10.1038/s41598-019-49413-5 

Lebreton, L., Royer, S.-J., Peytavin, A., Strietman, W. J., Smeding-Zuurendonk, I., & 
Egger, M. (2022). Industrialised fishing nations largely contribute to floating plastic 
pollution in the North Pacific subtropical gyre. Scientific Reports, 12(1). 
https://doi.org/Industrialised fishing nations largely contribute to floating plastic pollution 
in the North Pacific subtropical gyre 

Leising, A., Hunsicker, M., Tolimieri, N., Williams, G., & Harley, A. (2024). 2023-2024 
CALIFORNIA CURRENT ECOSYSTEM STATUS REPORT (Agenda Item H.1.a). Pacific 
Fisheries Management Council. 

Lesage, V., Omrane, A., Doniol-Valcroze, T., & Mosnier, A. (2017). Increased proximity 
of vessels reduces feeding opportunities of blue whales in the St. Lawrence Estuary, 
Canada. Endangered Species Research, 32, 351–361. https://doi.org/10.3354/esr00825 

Lewison, R. L., Crowder, L. B., Wallace, B. P., Moore, J. E., Cox, T., Zydelis, R., 
McDonald, S., DiMatteo, A., Dunn, D. C., Kot, C. Y., Bjorkland, R., Kelez, S., Soykan, 
C., Stewart, K. R., Sims, M., Boustany, A., Read, A. J., Halpin, P., Nichols, W. J., & 
Safina, C. (2014). Global patterns of marine mammal, seabird, and sea turtle bycatch 
reveal taxa-specific and cumulative megafauna hotspots. Proceedings of the National 
Academy of Sciences, 111(14), 5271–5276. https://doi.org/10.1073/pnas.1318960111 

https://www.zotero.org/google-docs/?broken=UKadKa
https://www.zotero.org/google-docs/?broken=UKadKa
https://www.zotero.org/google-docs/?broken=UKadKa
https://www.zotero.org/google-docs/?broken=l5RLbx
https://www.zotero.org/google-docs/?broken=l5RLbx
https://www.zotero.org/google-docs/?broken=RK0ydq
https://www.zotero.org/google-docs/?broken=RK0ydq
https://www.zotero.org/google-docs/?broken=RK0ydq
https://www.zotero.org/google-docs/?broken=UUiP6f
https://www.zotero.org/google-docs/?broken=UUiP6f
https://www.zotero.org/google-docs/?broken=R1RxhD
https://www.zotero.org/google-docs/?broken=R1RxhD
https://www.zotero.org/google-docs/?broken=R1RxhD
https://www.zotero.org/google-docs/?broken=R1RxhD
https://www.zotero.org/google-docs/?broken=3WKLjo
https://www.zotero.org/google-docs/?broken=3WKLjo
https://www.zotero.org/google-docs/?broken=3WKLjo
https://www.zotero.org/google-docs/?broken=zrrpqN
https://www.zotero.org/google-docs/?broken=zrrpqN
https://www.zotero.org/google-docs/?broken=zrrpqN
https://www.zotero.org/google-docs/?broken=FaMUwf
https://www.zotero.org/google-docs/?broken=FaMUwf
https://www.zotero.org/google-docs/?broken=FaMUwf
https://www.zotero.org/google-docs/?broken=FaMUwf
https://www.zotero.org/google-docs/?broken=FaMUwf
https://www.zotero.org/google-docs/?broken=CyKaI5
https://www.zotero.org/google-docs/?broken=CyKaI5
https://www.zotero.org/google-docs/?broken=CyKaI5
https://www.zotero.org/google-docs/?broken=ZLjv6g
https://www.zotero.org/google-docs/?broken=ZLjv6g
https://www.zotero.org/google-docs/?broken=ZLjv6g
https://www.zotero.org/google-docs/?broken=SoWU3n
https://www.zotero.org/google-docs/?broken=SoWU3n
https://www.zotero.org/google-docs/?broken=SoWU3n
https://www.zotero.org/google-docs/?broken=SoWU3n
https://www.zotero.org/google-docs/?broken=SoWU3n
https://www.zotero.org/google-docs/?broken=SoWU3n


213  

Lewison, R. L., Freeman, S. A., & Crowder, L. B. (2004). Quantifying the effects of 
fisheries on threatened species: The impact of pelagic longlines on loggerhead and 
leatherback sea turtles. Ecology Letters, 7(3), 221–231. https://doi.org/10.1111/j.1461-
0248.2004.00573.x 

Lezama‐Ochoa, N., Brodie, S., Welch, H., Jacox, M. G., Pozo Buil, M., Fiechter, J., 
Cimino, M., Muhling, B., Dewar, H., Becker, E. A., Forney, K. A., Costa, D., Benson, S. 
R., Farchadi, N., Braun, C., Lewison, R., Bograd, S., & Hazen, E. L. (2024). Divergent 
responses of highly migratory species to climate change in the California Current. 
Diversity and Distributions, 30(2), e13800. https://doi.org/10.1111/ddi.13800 

Lizewski, K., Steel, D., Lohman, K., Albertson, G. R., Gonzalez Peral, J., Urban, R., 
Calambokidis, J., & Baker, C. S. (2021). Mixed-stock apportionment of humpback whales 
from feeding grounds to breeding grounds in the North Pacific based on mtDNA. 
International Whaling Commission; SC/68C/IA/01. 

Lontoh, D. (2014). Variation in tissue stable isotopes, body size, and reproduction of 
Western Pacific Leatherback Turtles [Thesis]. Moss Landing Marine Laboratories/San 
Jose State University. 

Macali, A., & Bergami, E. (2020). Jellyfish as innovative bioindicator for plastic 
pollution. Ecological Indicators, 115, 106375. 
https://doi.org/10.1016/j.ecolind.2020.106375 

Mace, P. M., Sullivan, K. J., & Cryer, M. (2014). Theevolution ofNewZealand’s fisheries 
science andmanagement systems under ITQs. ICES Journal of Marine Science, 71(2), 
204–215. https://doi.org/10.1093/icesjms/fst159 

Mackas, D. L., Goldblatt, R., & Lewis, A. G. (1998). Interdecadal variation in 
developmental timing of Neocalanus plumchrus populations at Ocean Station P in the 
subarctic North Pacific. Canadian Journal of Fisheries and Aquatic Sciences, 55(8), 
1878–1893. https://doi.org/10.1139/f98-080 

MacLeod, C. (2009). Global climate change, range changes and potential implications for 
the conservation of marine cetaceans: A review and synthesis. Endangered Species 
Research, 7, 125–136. https://doi.org/10.3354/esr00197 

Martien, K. K., Lang, A. R., Taylor, B. L., Rosel, P. E., Simmons, S. E., Oleson, E. M., 
Boveng, P., & Bradley Hanson, M. (2019). The DIP Delineation Handbook: A Guide to 
Using Multiple Lines of Evidence to Delineate Demographically Independent 
Populations of Marine Mammals (NOAA Technical Memorandum NMFS NOAA-TM-
NMFS-SWFSC-622). National Marine Fisheries Service. 

Martien, K. K., Hancock-Hanser, B. L., Lauf, M., Taylor, B. L., Archer, F. I., Urbán, J., 
Steel, D., Baker, C. S., & Calambokidis, J. (2020). Progress report on genetic assignment 
of humpback whales from the California-Oregon feeding aggregation to the mainland 
Mexico and Central America wintering grounds (NOAA Technical Memorandum 
NOAA-TM-NMFS-SWFSC-635). 

https://www.zotero.org/google-docs/?broken=nsG6Ff
https://www.zotero.org/google-docs/?broken=nsG6Ff
https://www.zotero.org/google-docs/?broken=nsG6Ff
https://www.zotero.org/google-docs/?broken=nsG6Ff
https://www.zotero.org/google-docs/?broken=3HW6e0
https://www.zotero.org/google-docs/?broken=3HW6e0
https://www.zotero.org/google-docs/?broken=3HW6e0
https://www.zotero.org/google-docs/?broken=3HW6e0
https://www.zotero.org/google-docs/?broken=3HW6e0
https://www.zotero.org/google-docs/?broken=WB1u8i
https://www.zotero.org/google-docs/?broken=WB1u8i
https://www.zotero.org/google-docs/?broken=WB1u8i
https://www.zotero.org/google-docs/?broken=WB1u8i
https://www.zotero.org/google-docs/?broken=AHGaUm
https://www.zotero.org/google-docs/?broken=AHGaUm
https://www.zotero.org/google-docs/?broken=AHGaUm
https://www.zotero.org/google-docs/?broken=OO7vh5
https://www.zotero.org/google-docs/?broken=OO7vh5
https://www.zotero.org/google-docs/?broken=OO7vh5
https://www.zotero.org/google-docs/?broken=nLLlpf
https://www.zotero.org/google-docs/?broken=nLLlpf
https://www.zotero.org/google-docs/?broken=nLLlpf
https://www.zotero.org/google-docs/?broken=4RwLmB
https://www.zotero.org/google-docs/?broken=4RwLmB
https://www.zotero.org/google-docs/?broken=4RwLmB
https://www.zotero.org/google-docs/?broken=4RwLmB
https://www.zotero.org/google-docs/?broken=KGQp9V
https://www.zotero.org/google-docs/?broken=KGQp9V
https://www.zotero.org/google-docs/?broken=KGQp9V
https://www.zotero.org/google-docs/?broken=ktg5qI
https://www.zotero.org/google-docs/?broken=ktg5qI
https://www.zotero.org/google-docs/?broken=ktg5qI
https://www.zotero.org/google-docs/?broken=ktg5qI
https://www.zotero.org/google-docs/?broken=ktg5qI
https://www.zotero.org/google-docs/?broken=huJfos
https://www.zotero.org/google-docs/?broken=huJfos
https://www.zotero.org/google-docs/?broken=huJfos
https://www.zotero.org/google-docs/?broken=huJfos
https://www.zotero.org/google-docs/?broken=huJfos


214  

Martien, K. K., Taylor, B. L., Archer, F. I., Audley, K., Calambokidis, J., Cheeseman, T., 
De Weerdt, J., Frisch-Jordán, A., Martinez-Loustalot, P., Ortega-Ortiz, C. D., Patterson, 
E. M., Ransome, N., Ruvelas, P., Urban-Ramirez, J., & Villegas-Zurita, F. (2021). 
Evaluation of Mexico Distinct Population Segment of Humpback Whales as units under 
the Marine Mammal Protection Act. Southwest Fisheries Science Center (U.S.). 
https://repository.library.noaa.gov/view/noaa/33497 

Martin, S. L., Siders, Z. A., Eguchi, T., Langseth, B., Yau, A., Baker, J., Ahrens, R., & 
Jones, T. T. (2020a). Update to Assessing the Population-level Impacts of North Pacific 
Loggerhead and Western Pacific Leatherback Turtle  Interactions: Inclusion of the 
Hawaii- based Deep-set and American Samoa- based Longline Fisheries (NOAA 
Technical Memorandum NMFS-PIFSC-101). National Marine Fisheries Service. 
https://doi.org/10.25923/pnf2-2g77 

Martin, S. L., Siders, Z., Eguchi, T., Langseth, B., Yau, A., Baker, J., Ahrens, R., & 
Jones, T. T. (2020b). Assessing the population-level impacts of North Pacific loggerhead 
and western Pacific leatherback turtle interactions in the Hawaii-based shallow-set 
longline fishery. U.S. Department of Commerce; NOAA Technical Memorandum 
NOAA-TM-NMFS-PIFSC-95. 

Martin, S. L., Stohs, S. M., & Moore, J. E. (2015). Bayesian inference and assessment for 
rare-event bycatch in marine fisheries: A drift gillnet fishery case study. Ecological 
Applications, 25(2), 416–429. https://doi.org/10.1890/14-0059.1 

Martinez, E., & Stockin, K. A. (2013). Blunt trauma observed in a common dolphin 
delphinus sp. Likely caused by a vessel collision in the Hauraki Gulf, New Zealand. 
Pacific Conservation Biology, 19(1), 19. https://doi.org/10.1071/PC130019 

Martínez-Jauregui, M., Tavecchia, G., Cedenilla, M. A., Coulson, T., Fernández de 
Larrinoa, P., Muñoz, M., & González, L. M. (2012). Population resilience of the 
Mediterranean monk seal Monachus monachus at Cabo Blanco peninsula. Marine 
Ecology Progress Series, 461, 273–281. https://doi.org/10.3354/meps09811 

Martínez-Loustalot, P., Audley, K., Cheeseman, T., De Weerdt, J., Frisch-Jordán, A., 
Guzón, O., Olio, M., Ortega-Ortiz, C. D., Ransome, N., Villegas-Zurita, F., & Urbán R., 
J. (2023). Towards the definition of the humpback whale population units along the 
Mexican and Central American coasts in the Pacific Ocean. Marine Mammal Science, 
39(2), 422–437. https://doi.org/10.1111/mms.12980 

Matsuzawa, Y., Sato, K., Sakamoto, W., & Bjorndal, K. A. (2002). Seasonal fluctuations 
in sand temperature: Effects on the incubationperiod and mortality of loggerhead sea 
turtle (Caretta caretta)pre-emergent hatchlings in Minabe, Japan. Marine Biology, 140, 
639–646. https://doi.org/10.1007/s00227-001-0724-2 

Mayhew, D. A., Jensen, L. D., Hanson, D. F., & Muessig, P. H. (2000). A comparative 
review of entrainment survival studies at power plants in estuarine environments. 
Environmental Science & Policy, 3, 295–301. https://doi.org/10.1016/S1462-
9011(00)00069-1 

https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=UPPUii
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=E357ty
https://www.zotero.org/google-docs/?broken=GlsAQB
https://www.zotero.org/google-docs/?broken=GlsAQB
https://www.zotero.org/google-docs/?broken=GlsAQB
https://www.zotero.org/google-docs/?broken=GlsAQB
https://www.zotero.org/google-docs/?broken=GlsAQB
https://www.zotero.org/google-docs/?broken=xdvoW0
https://www.zotero.org/google-docs/?broken=xdvoW0
https://www.zotero.org/google-docs/?broken=xdvoW0
https://www.zotero.org/google-docs/?broken=BwVbG8
https://www.zotero.org/google-docs/?broken=BwVbG8
https://www.zotero.org/google-docs/?broken=BwVbG8
https://www.zotero.org/google-docs/?broken=HRIrDb
https://www.zotero.org/google-docs/?broken=HRIrDb
https://www.zotero.org/google-docs/?broken=HRIrDb
https://www.zotero.org/google-docs/?broken=HRIrDb
https://www.zotero.org/google-docs/?broken=jCNkQq
https://www.zotero.org/google-docs/?broken=jCNkQq
https://www.zotero.org/google-docs/?broken=jCNkQq
https://www.zotero.org/google-docs/?broken=jCNkQq
https://www.zotero.org/google-docs/?broken=jCNkQq
https://www.zotero.org/google-docs/?broken=ldPdeY
https://www.zotero.org/google-docs/?broken=ldPdeY
https://www.zotero.org/google-docs/?broken=ldPdeY
https://www.zotero.org/google-docs/?broken=ldPdeY
https://www.zotero.org/google-docs/?broken=KfW4bm
https://www.zotero.org/google-docs/?broken=KfW4bm
https://www.zotero.org/google-docs/?broken=KfW4bm
https://www.zotero.org/google-docs/?broken=KfW4bm


215  

McCauley, R. D., Day, R. D., Swadling, K. M., Fitzgibbon, Q. P., Watson, R. A., & 
Semmens, J. M. (2017). Widely used marine seismic survey air gun operations negatively 
impact zooplankton. Nature Ecology & Evolution, 1(7), 0195. 
https://doi.org/10.1038/s41559-017-0195 

McCracken, M. L. (2000). Estimation of Sea Turtle Take and Mortalirt in the Hawaiian 
Longline Fisheries (H-00-06). Southwest Fisheries Science Center. 

McCracken, M. L. (2019). Hawaii Permitted Deep-set Longline Fishery Estimated 
Anticipated Take Levels for Endangered Species Act Listed Species and Estimated 
Anticipated Dead or Serious Injury  Levels for the Listed Marine Mammals (PIFSC Data 
Report DR-19-011). https://doi.org/10.25923/brkr-c471 

McKenzie, M. R., Templeman, M. A., & Kingsford, M. J. (2020). Detecting effects of 
herbicide runoff: The use of Cassiopea maremetens as a biomonitor to hexazinone. 
Aquatic Toxicology, 221, 105442. https://doi.org/10.1016/j.aquatox.2020.105442 

Mejías-Balsalobre, C., Restrepo, J., Borges, G., García, R., Rojas-Cañizales, D., Barrios-
Garrido, H., & Valverde, R. A. (2021). Local community perceptions of sea turtle egg 
use in Tortuguero, Costa Rica. Ocean & Coastal Management, 201, 105423. 
https://doi.org/10.1016/j.ocecoaman.2020.105423 

Moon, Y., Shim, W. J., & Hong, S. H. (2023). Characteristics of Plastic Debris Ingested 
by Sea Turtles: A Comprehensive Review. Ocean Science Journal, 58(4), 31. 
https://doi.org/10.1007/s12601-023-00124-z 

Moore, T. J., Redfern, J. V., Carver, M., Hastings, S., Adams, J. D., & Silber, G. K. 
(2018). Exploring ship traffic variability off California. Ocean & Coastal Management, 
163, 515–527. https://doi.org/10.1016/j.ocecoaman.2018.03.010 

Morten, J., Freedman, R., Adams, J. D., Wilson, J., Rubinstein, A., & Hastings, S. 
(2022). Evaluating Adherence With Voluntary Slow Speed Initiatives to Protect 
Endangered Whales. Frontiers in Marine Science, 9, 833206. 
https://doi.org/10.3389/fmars.2022.833206 

Mrosovsky, N. (1994). Sex Ratios of Sea Turtles. Journal of Experimental Zoology, 
270(1), 16–27. 

Muhling, B. A., Brodie, S., Smith, J. A., Tommasi, D., Gaitan, C. F., Hazen, E. L., Jacox, 
M. G., Auth, T. D., & Brodeur, R. D. (2020). Predictability of Species Distributions 
Deteriorates Under Novel Environmental Conditions in the California Current System. 
Frontiers in Marine Science, 7, 589. https://doi.org/10.3389/fmars.2020.00589 

Neeman, N., Robinson, N. J., Paladino, F. V., Spotila, J. R., & O’Connor, M. P. (2015). 
Phenology shifts in leatherback turtles (Dermochelys coriacea)dueto changes in sea 
surface temperature. Journal of Experimental Marine Biology and Ecology, 462, 113–
120. https://doi.org/10.1016/j.jembe.2015.10.019 

https://www.zotero.org/google-docs/?broken=SBxLgq
https://www.zotero.org/google-docs/?broken=SBxLgq
https://www.zotero.org/google-docs/?broken=SBxLgq
https://www.zotero.org/google-docs/?broken=SBxLgq
https://www.zotero.org/google-docs/?broken=5cXamb
https://www.zotero.org/google-docs/?broken=5cXamb
https://www.zotero.org/google-docs/?broken=qmpckn
https://www.zotero.org/google-docs/?broken=qmpckn
https://www.zotero.org/google-docs/?broken=qmpckn
https://www.zotero.org/google-docs/?broken=qmpckn
https://www.zotero.org/google-docs/?broken=PK2YbX
https://www.zotero.org/google-docs/?broken=PK2YbX
https://www.zotero.org/google-docs/?broken=PK2YbX
https://www.zotero.org/google-docs/?broken=3OsbeZ
https://www.zotero.org/google-docs/?broken=3OsbeZ
https://www.zotero.org/google-docs/?broken=3OsbeZ
https://www.zotero.org/google-docs/?broken=3OsbeZ
https://www.zotero.org/google-docs/?broken=Qp5UAy
https://www.zotero.org/google-docs/?broken=Qp5UAy
https://www.zotero.org/google-docs/?broken=Qp5UAy
https://www.zotero.org/google-docs/?broken=ua4U2J
https://www.zotero.org/google-docs/?broken=ua4U2J
https://www.zotero.org/google-docs/?broken=ua4U2J
https://www.zotero.org/google-docs/?broken=TtR9zM
https://www.zotero.org/google-docs/?broken=TtR9zM
https://www.zotero.org/google-docs/?broken=TtR9zM
https://www.zotero.org/google-docs/?broken=TtR9zM
https://www.zotero.org/google-docs/?broken=wGkQTy
https://www.zotero.org/google-docs/?broken=wGkQTy
https://www.zotero.org/google-docs/?broken=NGS08y
https://www.zotero.org/google-docs/?broken=NGS08y
https://www.zotero.org/google-docs/?broken=NGS08y
https://www.zotero.org/google-docs/?broken=NGS08y
https://www.zotero.org/google-docs/?broken=eu5SdD
https://www.zotero.org/google-docs/?broken=eu5SdD
https://www.zotero.org/google-docs/?broken=eu5SdD
https://www.zotero.org/google-docs/?broken=eu5SdD


216  

NMFS. (1991). Final Recovery Plan for the Humpback Whale (Megaptera 
novaeangliae). U.S. Department of Commerce. 

NMFS. (2006). Formal Consultation on the Continued Operation of the Diablo Canyon 
Nuclear Power Plant and the San Onofre Nuclear Generating Station. National Marine 
Fisheries Service. 

NMFS. (2012a). Continued operation of the Hawaii-based Shallow-set Longline 
Swordfish Fishery -under Amendment 18 to the Fishery Management Plan for Pelagic 
Fisheries of the Western Pacific Region. (ESA Section 7 Consultation). National Marine 
Fisheries Service. https://doi.org/10.25923/6s03-tv16 

NMFS. (2012b). Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion—
Continuing Operation of the Pacific Coast Groundfish Fishery. NMFS, West Coast 
Region, Portland, OR.; NWR-2012-876. 

NMFS. (2014). Biological Opinion on the Continued Operation of the Hawaii-based 
Deep-set Pelagic Longline Fishery. National Marine Fisheries Service, Pacific Islands 
Regional Office. Honolulu, HI. September 19, 2014. 

NMFS. (2015). Biological Opinion on the Continued Prosecution of Fisheries Research 
Conducted and Funded by the Southwest Fisheries Science Center; Issuance of a Letter 
of Authorization under the Marine Mammal Protect Act for the Incidental Take of Marine 
Mammals Pursuant to those Research Activities; and Issuance of a Scientific Research 
Permit under the Endangered Species Act for Directed Take of ESA-Listed Salmonids. 
National Marine Fisheries Service. 

NMFS. (2016a). Endangered Species Act Section 7 Consultation Supplement to the 2014 
Biological Opinion on the continued operation of the Hawaii deep-set longline fishery 
(PIR-2016-9869; ESA Section 7 Consultation). National Marine Fisheries Service. 

NMFS. (2016b). GUIDELINES FOR PREPARING STOCK ASSESSMENT REPORTS 
PURSUANT TO THE 1994 AMENDMENTS TO THE MMPA. National Marine Fisheries 
Service. 

NMFS. (2016c). Species in the Spotlight Priority Actions: 2016-2020 Pacific 
Leatherback Turtle. National Marine Fisheries Service. 
https://repository.library.noaa.gov/view/noaa/11874/noaa_11874_DS1.pdf 

NMFS. (2017). Endangered Species Act Section 7(a)(2) Concurrence Letter for the 
Proposed Continuation of Offshore Oil and Gas Development and Production Activities 
in the Southern California Planning Area (WCR-2017-8143). National Marine Fisheries 
Service. 

NMFS. (2018a). Endangered Species Act Section 7(a)(2) Biological Opinion on 
Consideration of an Exempted Fishing Permit to Fish with Longline Gear in the West 
Coast Exclusive Economic Zone. National Marine Fisheries Service, West Coast 
Regional Office. 

https://www.zotero.org/google-docs/?broken=aGD7tM
https://www.zotero.org/google-docs/?broken=aGD7tM
https://www.zotero.org/google-docs/?broken=XklrQX
https://www.zotero.org/google-docs/?broken=XklrQX
https://www.zotero.org/google-docs/?broken=XklrQX
https://www.zotero.org/google-docs/?broken=DQQQoQ
https://www.zotero.org/google-docs/?broken=DQQQoQ
https://www.zotero.org/google-docs/?broken=DQQQoQ
https://www.zotero.org/google-docs/?broken=DQQQoQ
https://www.zotero.org/google-docs/?broken=Ev8f0u
https://www.zotero.org/google-docs/?broken=Ev8f0u
https://www.zotero.org/google-docs/?broken=Ev8f0u
https://www.zotero.org/google-docs/?broken=pbpTH3
https://www.zotero.org/google-docs/?broken=pbpTH3
https://www.zotero.org/google-docs/?broken=pbpTH3
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=5b96SF
https://www.zotero.org/google-docs/?broken=863YPZ
https://www.zotero.org/google-docs/?broken=863YPZ
https://www.zotero.org/google-docs/?broken=863YPZ
https://www.zotero.org/google-docs/?broken=EqVKfT
https://www.zotero.org/google-docs/?broken=EqVKfT
https://www.zotero.org/google-docs/?broken=EqVKfT
https://www.zotero.org/google-docs/?broken=5tUTsh
https://www.zotero.org/google-docs/?broken=5tUTsh
https://www.zotero.org/google-docs/?broken=5tUTsh
https://www.zotero.org/google-docs/?broken=6s6Td2
https://www.zotero.org/google-docs/?broken=6s6Td2
https://www.zotero.org/google-docs/?broken=6s6Td2
https://www.zotero.org/google-docs/?broken=6s6Td2
https://www.zotero.org/google-docs/?broken=nyC8db
https://www.zotero.org/google-docs/?broken=nyC8db
https://www.zotero.org/google-docs/?broken=nyC8db
https://www.zotero.org/google-docs/?broken=nyC8db


217  

NMFS. (2018b). Endangered Species Act Section 7(a)(2) Consultation for the Proposed 
Issuance for Deep-Set Linked Buoy Gear Exempted Fishing Permits for Highly 
Migratory Species. National Marine Fisheries Service, West Coast Regional Office. 

NMFS. (2018c). Endangered Species Act Section 7(a)(2) Consultation for the Proposed 
Issuance of Deep-Set Buoy Gear Exempted Fishing Permits for Highly Migratory 
Species. National Marine Fisheries Service, West Coast Regional Office. 

NMFS. (2019a). Biological and Conference Opinion on the Proposed Implementation of 
a Program for the Issuance of Permits for Research and Enhancement Activities on 
Cetaceans in the Arctic, Atlantic, Indian, Pacific, and Southern Oceans (OPR-2018-
00019). National Marine Fisheries Service. https://doi.org/10.25923/xe8c-kg31 

NMFS. (2019b). Continued Authorization of the Hawaii Pelagic Shallow-Set Longline 
Fishery (Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion PIR-2018-
10335). 

NMFS. (2019c). Reviewing and Designating Stocks and Issuing Stock Assessment 
Reports under the Marine Mammals Protection Act. NMFS Procedural Instruction; 02-
204-03. 

NMFS. (2020a). 2019 West Coast Whale Entanglement Summary. National Marine 
Fisheries Service. 

NMFS. (2020b). Biological Report for the Designation of Critical Habitat for the Central 
America, Mexico, and Western North Pacific Distinct Population Segments of Humpback 
Whales (Megaptera novaeangliae). National Marine Fisheries Service. 

NMFS. (2020c). Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion—
Continuing Operation of the Pacific Coast Groundfish Fishery (Reinitiation of 
consultation #NWR-2012-876)—Humpback whale (megaptera novaeangliae) (ARN 
151422WCR2018PR00213). NMFS - West Coast Region; WCRO-2018-01378. 

NMFS. (2020d). Endangered Species Act Section 7(a)(2) Biological Opinion and 
Conference on the Continued Prosecution of Fisheries Research Conducted and Funded 
by the Southwest Fisheries Science Center, Including Issuance of a Letter of 
Authorization under the Marine Mammal Protect Act for the Incidental Take of Marine 
Mammals Pursuant to those Research Activities (WCRO-2020-01302). NOAA 
Southwest Fisheries Science Center. 

NMFS. (2020e). Pacific Leatherback Turtles off the West Coast Disappearing, New 
Survey Shows. NOAA Fisheries. https://www.fisheries.noaa.gov/feature-story/pacific-
leatherback-turtles-west-coast-disappearing-new-survey-
shows#:~:text=Biologists%20estimated%20an%20annual%20average,year%20from%20
2004%20to%202017. 

NMFS. (2021a). 2020 West Coast Whale Entanglement Summary. 

https://www.zotero.org/google-docs/?broken=cJRC3K
https://www.zotero.org/google-docs/?broken=cJRC3K
https://www.zotero.org/google-docs/?broken=cJRC3K
https://www.zotero.org/google-docs/?broken=7o7tdb
https://www.zotero.org/google-docs/?broken=7o7tdb
https://www.zotero.org/google-docs/?broken=7o7tdb
https://www.zotero.org/google-docs/?broken=GLmGpa
https://www.zotero.org/google-docs/?broken=GLmGpa
https://www.zotero.org/google-docs/?broken=GLmGpa
https://www.zotero.org/google-docs/?broken=GLmGpa
https://www.zotero.org/google-docs/?broken=YsQwMB
https://www.zotero.org/google-docs/?broken=YsQwMB
https://www.zotero.org/google-docs/?broken=YsQwMB
https://www.zotero.org/google-docs/?broken=WM6FrX
https://www.zotero.org/google-docs/?broken=WM6FrX
https://www.zotero.org/google-docs/?broken=WM6FrX
https://www.zotero.org/google-docs/?broken=dAV24w
https://www.zotero.org/google-docs/?broken=dAV24w
https://www.zotero.org/google-docs/?broken=nBE0Yf
https://www.zotero.org/google-docs/?broken=nBE0Yf
https://www.zotero.org/google-docs/?broken=nBE0Yf
https://www.zotero.org/google-docs/?broken=Pc8IwL
https://www.zotero.org/google-docs/?broken=Pc8IwL
https://www.zotero.org/google-docs/?broken=Pc8IwL
https://www.zotero.org/google-docs/?broken=Pc8IwL
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=qFcI56
https://www.zotero.org/google-docs/?broken=8sNl4g
https://www.zotero.org/google-docs/?broken=8sNl4g
https://www.zotero.org/google-docs/?broken=8sNl4g
https://www.zotero.org/google-docs/?broken=8sNl4g
https://www.zotero.org/google-docs/?broken=8sNl4g
https://www.zotero.org/google-docs/?broken=TaxSgR


218  

NMFS. (2021b). Species in the Spotlight Priority Actions 2021-2025 (Species in the 
Spotlight). National Marine Fisheries Service. 

NMFS. (2021c). West Coast Region’s revised Endangered Species Act implementation 
and considerations  about “take” given the September 2016 humpback whale DPS status 
review, species-wide revision of listings, and updates to best available scientific 
information. National Marine Fisheries Service. 

NMFS. (2022a). 2021 West Coast Whale Entanglement Summary. U.S. Department of 
Commerce. 

NMFS. (2022b). Endangered Species Act Section 7(a)(2) Concurrence Letter for 
Proposed Issuance of a Standard and Linked Night-Set Buoy Gear (NSBG) Exempted 
Fishing Permit (EFP) for Highly Migration Species (HMFS) – 2022 through 2023 
(WCRO-2022-00858). NMFS West Coast Region. 

NMFS. (2022c). NMFS Response to a petition from Center of Biological Diversity to the 
Secretary of Commerce, the NOAA’s NMFS Office of Protected Resources Acting 
Director, and the NMFS’ West Coast Regional Administrator requesting promulgation of 
regulations to prevent deaths and injuries of endangered blue, humpback, and fine 
whales from vessel strikes off California’s coast. U.S. Department of Commerce. 

NMFS. (2022d). Process for Post-Interaction Mortality Determinations of Sea Turtles 
Bycaught in Trawl, Net, and Pot/Trap Fisheries. NMFS Procedural Instruction. 

NMFS. (2022e). RECOVERY OUTLINE FOR THE CENTRAL AMERICA, MEXICO, 
AND WESTERN NORTH PACIFIC DISTINCT POPULATION SEGMENTS OF 
HUMPBACK WHALES. National Marine Fisheries Service. 
https://www.fisheries.noaa.gov/resource/document/recovery-outline-central-america-
mexico-and-western-north-pacific-distinct 

NMFS. (2023a). 2022 West Coast whale entanglement summary. U.S. Department of 
Commerce. 

NMFS. (2023b). Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion 
Authorization of the American Samoa Longline Fishery (PIRO-2019-00634). National 
Marine Fisheries Service. 

NMFS. (2023c). Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion 
Authorization of the Hawaii Deep-Set Longline Fishery (PIR-2018-10461). National 
Marine Fisheries Service. 

NMFS. (2023d). Endangered Species Act (ESA) Section 7(a)(2) Biological Opinion—
Reinitiation of ESA Consultation on the Continued Operation of the Large Mesh Drift 
Gillnet Fishery under the U.S. West Coast Fishery Management Plan for Highly 
Migratory Species. U.S. Department of Commerce; WCRO-2023-00435. 

https://www.zotero.org/google-docs/?broken=NXmSBD
https://www.zotero.org/google-docs/?broken=NXmSBD
https://www.zotero.org/google-docs/?broken=PhUYXo
https://www.zotero.org/google-docs/?broken=PhUYXo
https://www.zotero.org/google-docs/?broken=PhUYXo
https://www.zotero.org/google-docs/?broken=PhUYXo
https://www.zotero.org/google-docs/?broken=Hxqh39
https://www.zotero.org/google-docs/?broken=Hxqh39
https://www.zotero.org/google-docs/?broken=XyMQji
https://www.zotero.org/google-docs/?broken=XyMQji
https://www.zotero.org/google-docs/?broken=XyMQji
https://www.zotero.org/google-docs/?broken=XyMQji
https://www.zotero.org/google-docs/?broken=JP5E7H
https://www.zotero.org/google-docs/?broken=JP5E7H
https://www.zotero.org/google-docs/?broken=JP5E7H
https://www.zotero.org/google-docs/?broken=JP5E7H
https://www.zotero.org/google-docs/?broken=JP5E7H
https://www.zotero.org/google-docs/?broken=5HjVx6
https://www.zotero.org/google-docs/?broken=5HjVx6
https://www.zotero.org/google-docs/?broken=dZ21GQ
https://www.zotero.org/google-docs/?broken=dZ21GQ
https://www.zotero.org/google-docs/?broken=dZ21GQ
https://www.zotero.org/google-docs/?broken=dZ21GQ
https://www.zotero.org/google-docs/?broken=dZ21GQ
https://www.zotero.org/google-docs/?broken=BVAp9H
https://www.zotero.org/google-docs/?broken=BVAp9H
https://www.zotero.org/google-docs/?broken=eIVncI
https://www.zotero.org/google-docs/?broken=eIVncI
https://www.zotero.org/google-docs/?broken=eIVncI
https://www.zotero.org/google-docs/?broken=bGSidk
https://www.zotero.org/google-docs/?broken=bGSidk
https://www.zotero.org/google-docs/?broken=bGSidk
https://www.zotero.org/google-docs/?broken=P3F4kM
https://www.zotero.org/google-docs/?broken=P3F4kM
https://www.zotero.org/google-docs/?broken=P3F4kM
https://www.zotero.org/google-docs/?broken=P3F4kM


219  

NMFS. (2023e). Guidelines for Preparing Stock Assessment Reports Pursuant to the 
Marine Mammals Protection Act. NMFS Procedural Instruction; 02-204-01. 

NMFS. (2023f). Process for Distinguishing Serious from Non-Serious Injury (NMFS 
Policy 02-238-1). National Marine Fisheries Service. 

NMFS. (2024a). 2023 West Coast Whale Entanglement Summary. 
https://storymaps.arcgis.com/stories/267aaa6e6a494d44be437b597f3993a3 

NMFS. (2024b). Consultation on Fisheries Research Conducted and Funded by the 
Northwest Fisheries Science Center, and Issuance of ESA Section 10(a)(1)(A) Scientific 
Research Permits in the West Coast Region Pursuant to those Research Activities 
(WCRO-2023-01601). National Marine Fisheries Service. https://doi.org/10.25923/h5sx-
sr13 

NMFS. (2024c). Endangered Species Act Section 7(a)(2) Biological and Conference 
Opinion—Development and Production of Oil and Gas Reserves and Beginning Stages of 
Decommissioning within the Southern California Planning Area of the Pacific Outer 
Continental Shelf Region. National Marine Fisheries Service, West Coast Region, 
Protected Resources Division; WCRO-2023-02183. 

NMFS. (2024d). Endangered Species Act Section 7(a)(2) Consultation for the Proposed 
Issuance of a Standard and Linked Night-Set Buoy Gear (NSBG) Exempted Fishing 
Permit (EFP) for Highly Migratory Species (HMS)—2024 through 2025. National 
Marine Fisheries Service, West Coast Region, Protected Resources Division. 

NMFS. (2024e). Reinitiation of Endangered Species Act 7(a)(2) consultation on 
continued operation of the groundfish fishery under the Pacific Coast Groundfish Fishery 
Management Plan  and the effects of the fishery on Humpback whales. 

NMFS. (2024f). Voluntary Reinitiation of Endangered Species Act 7(a)(2) consultation 
on continued operation of the groundfish fishery under the Pacific Coast Groundfish 
Fishery Management Plan and the effects of the  Fishery on leatherback sea turtles. 

NMFS, & USFWS. (1998). Recovery Plan for U.S. Pacific populations of the 
Leatherback Turtle (Dermochelys coriacea). U.S. Department of Commerce. 

NMFS, & USFWS. (2013). Leatherback sea turtle (Dermochelys coriacea) 5-year 
review: Summary and evaluation. U.S. Department of Commerce. 

NMFS, & USFWS. (2020). Endangered Species Act status review of the leatherback 
turtle (Dermochelys coriacea). NMFS Office of Protected Resources and U.S. Fish and 
Wildlife Service. 

Nordstrom, B., James, M. C., & Worm, B. (2020). Jellyfish distribution in space and time 
predicts leatherback sea turtle hot spots in the Northwest Atlantic. PLOS ONE, 15(5), 
e0232628. https://doi.org/10.1371/journal.pone.0232628 

https://www.zotero.org/google-docs/?broken=gvgSSz
https://www.zotero.org/google-docs/?broken=gvgSSz
https://www.zotero.org/google-docs/?broken=K5qf2r
https://www.zotero.org/google-docs/?broken=K5qf2r
https://www.zotero.org/google-docs/?broken=6tIkeC
https://www.zotero.org/google-docs/?broken=6tIkeC
https://www.zotero.org/google-docs/?broken=Z9NV4R
https://www.zotero.org/google-docs/?broken=Z9NV4R
https://www.zotero.org/google-docs/?broken=Z9NV4R
https://www.zotero.org/google-docs/?broken=Z9NV4R
https://www.zotero.org/google-docs/?broken=Z9NV4R
https://www.zotero.org/google-docs/?broken=cBeW15
https://www.zotero.org/google-docs/?broken=cBeW15
https://www.zotero.org/google-docs/?broken=cBeW15
https://www.zotero.org/google-docs/?broken=cBeW15
https://www.zotero.org/google-docs/?broken=cBeW15
https://www.zotero.org/google-docs/?broken=BWDlaj
https://www.zotero.org/google-docs/?broken=BWDlaj
https://www.zotero.org/google-docs/?broken=BWDlaj
https://www.zotero.org/google-docs/?broken=BWDlaj
https://www.zotero.org/google-docs/?broken=cn9IBY
https://www.zotero.org/google-docs/?broken=cn9IBY
https://www.zotero.org/google-docs/?broken=cn9IBY
https://www.zotero.org/google-docs/?broken=hSaDlQ
https://www.zotero.org/google-docs/?broken=hSaDlQ
https://www.zotero.org/google-docs/?broken=hSaDlQ
https://www.zotero.org/google-docs/?broken=Bz4ryD
https://www.zotero.org/google-docs/?broken=Bz4ryD
https://www.zotero.org/google-docs/?broken=usuVBl
https://www.zotero.org/google-docs/?broken=usuVBl
https://www.zotero.org/google-docs/?broken=41QDCB
https://www.zotero.org/google-docs/?broken=41QDCB
https://www.zotero.org/google-docs/?broken=41QDCB
https://www.zotero.org/google-docs/?broken=kjAvdU
https://www.zotero.org/google-docs/?broken=kjAvdU
https://www.zotero.org/google-docs/?broken=kjAvdU


220  

Nordstrom, B., James, M., Martin, K., & Worm, B. (2019). Tracking jellyfish and 
leatherback sea turtle seasonality through citizen science observers. Marine Ecology 
Progress Series, 620, 15–32. https://doi.org/10.3354/meps12978 

Ohsumi, S. (1966). Allomorphosis between Body Length at Sexual Maturity and Body 
Length at Birth in the Cetacea (1). THE MAMMAL SOCIETY OF JAPAN. 
https://doi.org/10.11238/jmammsocjapan1952.3.3 

Oleson, E., Wade, P. R., & Young, N. C. (2022). Evaluation of the Western North Pacific 
Distinct Population Segment of Humpback Whales as units under the Marine Mammal 
Protection Act. National Marine Fisheries Service. 
https://repository.library.noaa.gov/view/noaa/36733 

Pakiding, F., Zohar, K., Allo, A. Y. T., Keroman, S., Lontoh, D., Dutton, P. H., & Tiwari, 
M. (2020). Community Engagement: An Integral Component of a Multifaceted 
Conservation Approach for the Transboundary Western Pacific Leatherback. Frontiers in 
Marine Science, 7, 549570. https://doi.org/10.3389/fmars.2020.549570 

Paladino, F. V., O’Connor, M. P., & Spotila, J. R. (1990). Metabolism of leatherback 
turtles, gigantothermy, and themoregulation of dinosaurs. Nature, 344(6269), 858–860. 

Panizza, A., Williams, P., Falasi, C., Loganimoce, E., & Schneiter, E. (2022). Status of 
Observer Data Management (SC18-2022-ST-IP02_rev1). Western and Central Pacific 
Fisheries Commission. 

Patrício, A., Hawkes, L., Monsinjon, J., Godley, B., & Fuentes, M. (2021). Climate 
change and marine turtles: Recent advances and future directions. Endangered Species 
Research, 44, 363–395. https://doi.org/10.3354/esr01110 

Peatman, T., Bell, Allain, S., Caillot, S., Williams, P., Tuiloma, I., Panizza, A., 
Tremblay-Boyer, L., & Fukofuka, S. (2018). Summary of longline fishery bycatch at a 
regional scale, 2003-2017. 

Peatman, T., Allain, V., Bell, L., Muller, B., Panizza, A., Phillip, N. B., Pilling, G., & 
Nicol, S. (2023). Estimating trends and magnitudes of bycatch in the tuna fisheries of the 
Western and Central Pacific Ocean. Fish and Fisheries, 24(5), 707–905. 
https://doi.org/10.1111/faf.12771 

Pedrotti, M. L., Petit, S., Elineau, A., Bruzaud, S., Crebassa, J.-C., Dumontet, B., Martí, 
E., Gorsky, G., & Cózar, A. (2016). Changes in the Floating Plastic Pollution of the 
Mediterranean Sea in Relation to the Distance to Land. PLOS ONE, 11(8), e0161581. 
https://doi.org/10.1371/journal.pone.0161581 

Perrin, W. F., Wursig, B., & Thewissen, J. G. M. (2009). Encyclopedia of Marine 
Mammals. Academic Press. 

Peterson, W. T., Keister, J. E., & Feinberg, L. R. (2002). The effects of the 1997–99 El 
Niño/La Niña events on hydrography and zooplankton off the central Oregon coast. 

https://www.zotero.org/google-docs/?broken=QjHH8N
https://www.zotero.org/google-docs/?broken=QjHH8N
https://www.zotero.org/google-docs/?broken=QjHH8N
https://www.zotero.org/google-docs/?broken=r7hmQH
https://www.zotero.org/google-docs/?broken=r7hmQH
https://www.zotero.org/google-docs/?broken=r7hmQH
https://www.zotero.org/google-docs/?broken=noaYSX
https://www.zotero.org/google-docs/?broken=noaYSX
https://www.zotero.org/google-docs/?broken=noaYSX
https://www.zotero.org/google-docs/?broken=noaYSX
https://www.zotero.org/google-docs/?broken=7cEWPM
https://www.zotero.org/google-docs/?broken=7cEWPM
https://www.zotero.org/google-docs/?broken=7cEWPM
https://www.zotero.org/google-docs/?broken=7cEWPM
https://www.zotero.org/google-docs/?broken=bx9xou
https://www.zotero.org/google-docs/?broken=bx9xou
https://www.zotero.org/google-docs/?broken=BcV7nj
https://www.zotero.org/google-docs/?broken=BcV7nj
https://www.zotero.org/google-docs/?broken=BcV7nj
https://www.zotero.org/google-docs/?broken=NQYTlS
https://www.zotero.org/google-docs/?broken=NQYTlS
https://www.zotero.org/google-docs/?broken=NQYTlS
https://www.zotero.org/google-docs/?broken=wuwtGT
https://www.zotero.org/google-docs/?broken=wuwtGT
https://www.zotero.org/google-docs/?broken=wuwtGT
https://www.zotero.org/google-docs/?broken=BHpLqI
https://www.zotero.org/google-docs/?broken=BHpLqI
https://www.zotero.org/google-docs/?broken=BHpLqI
https://www.zotero.org/google-docs/?broken=BHpLqI
https://www.zotero.org/google-docs/?broken=Q0n8VD
https://www.zotero.org/google-docs/?broken=Q0n8VD
https://www.zotero.org/google-docs/?broken=Q0n8VD
https://www.zotero.org/google-docs/?broken=Q0n8VD
https://www.zotero.org/google-docs/?broken=C92hNP
https://www.zotero.org/google-docs/?broken=C92hNP
https://www.zotero.org/google-docs/?broken=4INI3n
https://www.zotero.org/google-docs/?broken=4INI3n


221  

Progress in Oceanography, 54(1–4), 381–398. https://doi.org/10.1016/S0079-
6611(02)00059-9 

Peterson, W. T., Fisher, J. L., Strub, P. T., Du, X., Risien, C., Peterson, J., & Shaw, C. T. 
(2017). The pelagic ecosystem in the Northern California Current off Oregon during the 
2014–2016 warm anomalies within the context of the past 20 years. Journal of 
Geophysical Research: Oceans, 122(9), 7267–7290. 
https://doi.org/10.1002/2017JC012952 

Petro, G., Hickey, F. R., & Mackay, K. (2007). Leatherback Turtles in Vanuatu. 
Chelonian Conservation and Biology, 6(1), 135–137. https://doi.org/10.2744/1071-
8443(2007)6[135:LTIV]2.0.CO;2 

Petro, G. (2012). WSB-NOAA Vanuatu Leatherback Monitoring and Outreach Activities 
2010-2011. Wan Smolbag Environment Department. 

PFMC. (2024a). Coastal Pelagic Species Fishery Management Plan 
(NA20NMF4410011). 

PFMC. (2024b). Status of the Pacific Coast Groundfish Fishery. Pacific Fisheries 
Management Council. 

Pilcher, N., & Chaloupka, M. (2013). Using community-based monitoring to estimate 
demographic parameters for a remote nesting population of the Critically Endangered 
leatherback turtle. Endangered Species Research, 20(1), 49–57. 
https://doi.org/10.3354/esr00480 

Pirotta, V., Grech, A., Jonsen, I. D., Laurance, W. F., & Harcourt, R. G. (2019). 
Consequences of global shipping traffic for marine giants. Frontiers in Ecology and the 
Environment, 17(1), 39–47. https://doi.org/10.1002/fee.1987 

Pitt, K. A., & Lucas, C. H. (Eds.). (2014). Jellyfish Blooms. Springer Netherlands. 
https://doi.org/10.1007/978-94-007-7015-7 

Plotkin, P. T. (1995). National Marine Fisheries Service and U.S. Fish and Wildlife 
Service Status Review of Sea Turtles Listed Under the Endangered Species Act of 1973. 
National Marine Fisheries Service. 

Polovina, J. J., Howell, E. A., & Abecassis, M. (2008). Ocean’s least productive waters 
are expanding. Geophysical Research Letters, 35(3), 2007GL031745. 
https://doi.org/10.1029/2007GL031745 

Popper, A. N., & Hastings, M. C. (2009). The effects of anthropogenic sources of sound 
on fishes. Journal of Fish Biology, 75(3), 455–489. https://doi.org/10.1111/j.1095-
8649.2009.02319.x 

https://www.zotero.org/google-docs/?broken=4INI3n
https://www.zotero.org/google-docs/?broken=4INI3n
https://www.zotero.org/google-docs/?broken=ipADgL
https://www.zotero.org/google-docs/?broken=ipADgL
https://www.zotero.org/google-docs/?broken=ipADgL
https://www.zotero.org/google-docs/?broken=ipADgL
https://www.zotero.org/google-docs/?broken=ipADgL
https://www.zotero.org/google-docs/?broken=fdQLcO
https://www.zotero.org/google-docs/?broken=fdQLcO
https://www.zotero.org/google-docs/?broken=fdQLcO
https://www.zotero.org/google-docs/?broken=FIRywv
https://www.zotero.org/google-docs/?broken=FIRywv
https://www.zotero.org/google-docs/?broken=X1shVJ
https://www.zotero.org/google-docs/?broken=X1shVJ
https://www.zotero.org/google-docs/?broken=BibJiA
https://www.zotero.org/google-docs/?broken=BibJiA
https://www.zotero.org/google-docs/?broken=Ace0ME
https://www.zotero.org/google-docs/?broken=Ace0ME
https://www.zotero.org/google-docs/?broken=Ace0ME
https://www.zotero.org/google-docs/?broken=Ace0ME
https://www.zotero.org/google-docs/?broken=GppLKS
https://www.zotero.org/google-docs/?broken=GppLKS
https://www.zotero.org/google-docs/?broken=GppLKS
https://www.zotero.org/google-docs/?broken=iwSYSs
https://www.zotero.org/google-docs/?broken=iwSYSs
https://www.zotero.org/google-docs/?broken=lBmgun
https://www.zotero.org/google-docs/?broken=lBmgun
https://www.zotero.org/google-docs/?broken=lBmgun
https://www.zotero.org/google-docs/?broken=12rjB1
https://www.zotero.org/google-docs/?broken=12rjB1
https://www.zotero.org/google-docs/?broken=12rjB1
https://www.zotero.org/google-docs/?broken=hUYPwJ
https://www.zotero.org/google-docs/?broken=hUYPwJ
https://www.zotero.org/google-docs/?broken=hUYPwJ


222  

Price, E., Wallace, B., Reina, R., Spotila, J., Paladino, F., Piedra, R., & Vélez, E. (2004). 
Size, growth, and reproductive output of adult female leatherback turtles Dermochelys 
coriacea. Endangered Species Research, 1, 41–48. https://doi.org/10.3354/esr001041 

Pritchard, P. C. (1982). Nesting of the Leatherback Turtle, Dermochelys coriacea in 
Pacific Mexico, with a new estimate of the world population status. American Society of 
Ichthyologists and Herpetologists, 1982(4), 741–747. 

Purcell, J. E., Graham, W. M., & Dumont, H. J. (2001). Jellyfish blooms: Ecological and 
societal importance. Proceedings of the International Conference on Jellyfish Blooms. 
International Conference on Jellyfish Blooms, Gulf Shores, Alabama. 

Purcell, J. E., Uye, S., & Lo, W. (2007). Anthropogenic causes of jellyfish blooms and 
their direct consequences for humans: A review. Marine Ecology Progress Series, 350, 
153–174. https://doi.org/10.3354/meps07093 

Quinn, T. J., & Niebauer, H. J. (1995). Relation of eastern Bering Sea walleye pollock 
(Thereagra chalcogramma) recruitment to environmental and oceanographic variables. 
Canadian Special Publication of Fisheries and Aquatic Science, 497–507. 

Redfern, J. V., Becker, E. A., & Moore, T. J. (2020). Effects of Variability in Ship Traffic 
and Whale Distributions on the Risk of Ships Striking Whales. Frontiers in Marine 
Science, 6, 793. https://doi.org/10.3389/fmars.2019.00793 

Reese, D. C., Miller, T. W., & Brodeur, R. D. (2005). Community structure of near-
surface zooplankton in the northern California Current in relation to oceanographic 
conditions. Deep Sea Research Part II: Topical Studies in Oceanography, 52(1–2), 29–
50. https://doi.org/10.1016/j.dsr2.2004.09.027 

Rey-Baquero, M. P., Huertas-Amaya, L. V., Seger, K. D., Botero-Acosta, N., Luna-
Acosta, A., Perazio, C. E., Boyle, J. K., Rosenthal, S., & Vallejo, A. C. (2021). 
Understanding Effects of Whale-Watching Vessel Noise on Humpback Whale Song in 
the North Pacific Coast of Colombia With Propagation Models of Masking and Acoustic 
Data Observations. Frontiers in Marine Science, 8, 623724. 
https://doi.org/10.3389/fmars.2021.623724 

Rice, D. (1963). Progress report on biological studies of the larger Cetacea in the waters 
off California. Norsk Hvalfangst-Tidende, 52, 181–187. 

Richardson, K., Haynes, D., Talouli, A., & Donoghue, M. (2016). Marine pollution 
originating from purse seine and longline fishing vessel operations in the Western and 
Central Pacific Ocean, 2003–2015. Ambio, 46(2), 190–200. 
https://doi.org/10.1007/s13280-016-0811-8 

Rockwood, R. C., Calambokidis, J., & Jahncke, J. (2017). High mortality of blue, 
humpback and fin whales from modeling of vessel collisions on the U.S. West Coast 
suggests population impacts and insufficient protection. PLOS ONE, 12(8), e0183052. 
https://doi.org/10.1371/journal.pone.0183052 

https://www.zotero.org/google-docs/?broken=CSnxGa
https://www.zotero.org/google-docs/?broken=CSnxGa
https://www.zotero.org/google-docs/?broken=CSnxGa
https://www.zotero.org/google-docs/?broken=4gUoee
https://www.zotero.org/google-docs/?broken=4gUoee
https://www.zotero.org/google-docs/?broken=4gUoee
https://www.zotero.org/google-docs/?broken=cyTmmj
https://www.zotero.org/google-docs/?broken=cyTmmj
https://www.zotero.org/google-docs/?broken=cyTmmj
https://www.zotero.org/google-docs/?broken=afWSVY
https://www.zotero.org/google-docs/?broken=afWSVY
https://www.zotero.org/google-docs/?broken=afWSVY
https://www.zotero.org/google-docs/?broken=g72TSF
https://www.zotero.org/google-docs/?broken=g72TSF
https://www.zotero.org/google-docs/?broken=g72TSF
https://www.zotero.org/google-docs/?broken=k6FldX
https://www.zotero.org/google-docs/?broken=k6FldX
https://www.zotero.org/google-docs/?broken=k6FldX
https://www.zotero.org/google-docs/?broken=gy7U4o
https://www.zotero.org/google-docs/?broken=gy7U4o
https://www.zotero.org/google-docs/?broken=gy7U4o
https://www.zotero.org/google-docs/?broken=gy7U4o
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=aJd2UP
https://www.zotero.org/google-docs/?broken=mPXzBC
https://www.zotero.org/google-docs/?broken=mPXzBC
https://www.zotero.org/google-docs/?broken=IVGOjv
https://www.zotero.org/google-docs/?broken=IVGOjv
https://www.zotero.org/google-docs/?broken=IVGOjv
https://www.zotero.org/google-docs/?broken=IVGOjv
https://www.zotero.org/google-docs/?broken=H4j3Pn
https://www.zotero.org/google-docs/?broken=H4j3Pn
https://www.zotero.org/google-docs/?broken=H4j3Pn
https://www.zotero.org/google-docs/?broken=H4j3Pn


223  

Rockwood, R. C., Adams, J., Silber, G., & Jahncke, J. (2020). Estimating effectiveness of 
speed reduction measures for decreasing whale-strike mortality in a high-risk region. 
Endangered Species Research, 43, 145–166. https://doi.org/10.3354/esr01056 

Rockwood, R. C., Adams, J. D., Hastings, S., Morten, J., & Jahncke, J. (2021). Modeling 
Whale Deaths From Vessel Strikes to Reduce the Risk of Fatality to Endangered Whales. 
Frontiers in Marine Science, 8, 649890. https://doi.org/10.3389/fmars.2021.649890 

Romeo, M., Gnassia-Barelli, M., & Carre, C. (1992). Importance of gelatinous plankton 
organisms in storage and transfer of trace metals in the northwestern Mediterranean. 
Marine Ecology Progress Series, 82(3), 267–274. 

Rossi-Santos, M. R. (2015). Oil Industry and Noise Pollution in the Humpback Whale 
(Megaptera novaeangliae) Soundscape Ecology of the Southwestern Atlantic Breeding 
Ground. Journal of Coastal Research, 31(1), 184–195. 
https://doi.org/10.2112/JCOASTRES-D-13-00195.1 

Rowen, D. J., Templeman, M. A., & Kingsford, M. J. (2017). Herbicide effects on the 
growth and photosynthetic efficiency of Cassiopea maremetens. Chemosphere, 182, 143–
148. https://doi.org/10.1016/j.chemosphere.2017.05.001 

Ryan, J. P., Cline, D. E., Joseph, J. E., Margolina, T., Santora, J. A., Kudela, R. M., 
Chavez, F. P., Pennington, J. T., Wahl, C., Michisaki, R., Benoit-Bird, K., Forney, K. A., 
Stimpert, A. K., DeVogelaere, A., Black, N., & Fischer, M. (2019). Humpback whale 
song occurrence reflects ecosystem variability in feeding and migratory habitat of the 
northeast Pacific. PLOS ONE, 14(9), e0222456. 
https://doi.org/10.1371/journal.pone.0222456 

Saba, V. S., Stock, C. A., Spotila, J. R., Paladino, F. V., & Tomillo, P. S. (2012). 
Projected response of an endangered marine turtle population to climate change. Nature 
Climate Change, 2(11), 814–820. https://doi.org/10.1038/nclimate1582 

Saba, V. S. (2013). Oceanic Habits and Habitats: Dermochelys coriacea. In The Biology 
of Sea Turtles (Vol. 3, pp. 163–188). CRC Press. 

Saez, L., Lawson, D., & DeAngelis, M. (2021). Large whale entanglements off the U.S. 
West Coast, from 1982-2017. U.S. Department of Commerce; NOAA Technical 
Memorandum NMFS-OPR-63A. 

Saez, L. (2024). 2023 West Coast Whale Entanglement Summary [Map]. National Marine 
Fisheries Service, West Coast Regional Office. 
https://www.fisheries.noaa.gov/resource/document/2023-west-coast-whale-entanglement-
summary 

Santidrian, P., Robinson, N. J., Fonseca, L., Quiros, W., Arauz, R., Beange, M., Piedra, 
R., Velez, E., Paladino, F. V., Spotila, J. R., & Wallace, B. P. (2017). Secondary nesting 
beaches for leatherback turtles on the Pacific coast of Costa Rica. Latin American 

https://www.zotero.org/google-docs/?broken=hrnSW1
https://www.zotero.org/google-docs/?broken=hrnSW1
https://www.zotero.org/google-docs/?broken=hrnSW1
https://www.zotero.org/google-docs/?broken=aEXHAn
https://www.zotero.org/google-docs/?broken=aEXHAn
https://www.zotero.org/google-docs/?broken=aEXHAn
https://www.zotero.org/google-docs/?broken=4t1t0i
https://www.zotero.org/google-docs/?broken=4t1t0i
https://www.zotero.org/google-docs/?broken=4t1t0i
https://www.zotero.org/google-docs/?broken=hFqPpU
https://www.zotero.org/google-docs/?broken=hFqPpU
https://www.zotero.org/google-docs/?broken=hFqPpU
https://www.zotero.org/google-docs/?broken=hFqPpU
https://www.zotero.org/google-docs/?broken=gT5YXq
https://www.zotero.org/google-docs/?broken=gT5YXq
https://www.zotero.org/google-docs/?broken=gT5YXq
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=cjJloB
https://www.zotero.org/google-docs/?broken=tN7nOo
https://www.zotero.org/google-docs/?broken=tN7nOo
https://www.zotero.org/google-docs/?broken=tN7nOo
https://www.zotero.org/google-docs/?broken=fCZglp
https://www.zotero.org/google-docs/?broken=fCZglp
https://www.zotero.org/google-docs/?broken=CBLfja
https://www.zotero.org/google-docs/?broken=CBLfja
https://www.zotero.org/google-docs/?broken=CBLfja
https://www.zotero.org/google-docs/?broken=OVdsgj
https://www.zotero.org/google-docs/?broken=OVdsgj
https://www.zotero.org/google-docs/?broken=OVdsgj
https://www.zotero.org/google-docs/?broken=OVdsgj
https://www.zotero.org/google-docs/?broken=nXz2QH
https://www.zotero.org/google-docs/?broken=nXz2QH
https://www.zotero.org/google-docs/?broken=nXz2QH


224  

Journal of Aquatic Research, 45(3), 563–571. https://doi.org/10.3856/vol45-issue3-
fulltext-6 

Santidrián Tomillo, P., Saba, V. S., Blanco, G. S., Stock, C. A., Paladino, F. V., & 
Spotila, J. R. (2012). Climate Driven Egg and Hatchling Mortality Threatens Survival of 
Eastern Pacific Leatherback Turtles. PLoS ONE, 7(5), e37602. 
https://doi.org/10.1371/journal.pone.0037602 

Santidrián Tomillo, P., Saba, V. S., Piedra, R., Paladino, F. V., & Spotila, J. R. (2008). 
Effects of Illegal Harvest of Eggs on the Population Decline of Leatherback Turtles in 
Las Baulas Marine National Park, Costa Rica. Conservation Biology, 22(5), 1216–1224. 
https://doi.org/10.1111/j.1523-1739.2008.00987.x 

Santidrián Tomillo, P., Oro, D., Paladino, F. V., Piedra, R., Sieg, A. E., & Spotila, J. R. 
(2014). High beach temperatures increased female-biased primary sex ratios but reduced 
output of female hatchlings in the leatherback turtle. Biological Conservation, 176, 71–
79. https://doi.org/10.1016/j.biocon.2014.05.011 

Santora, J. A., Mantua, N. J., Schroeder, I. D., Field, J. C., Hazen, E. L., Bograd, S. J., 
Sydeman, W. J., Wells, B. K., Calambokidis, J., Saez, L., Lawson, D., & Forney, K. A. 
(2020). Habitat compression and ecosystem shifts as potential links between marine 
heatwave and record whale entanglements. Nature Communications, 11(1), 536. 
https://doi.org/10.1038/s41467-019-14215-w 

Sarti Martínez, L., Barragan, A., Muñoz, D. G., García, N., Huerta, P., & Vargas, F. 
(2007). Conservation and Biology of the Leatherback Turtle in the Mexican Pacific. 
Chelonian Conservation and Biology, 6(1), 70–78. 

Schoeman, R. P., Patterson-Abrolat, C., & Plön, S. (2020). A Global Review of Vessel 
Collisions With Marine Animals. Frontiers in Marine Science, 7. 
https://doi.org/10.3389/fmars.2020.00292 

Schuyler, A. R., Piwetz, S., Di Clemente, J., Steckler, D., Mueter, F., & Pearson, H. C. 
(2019). Humpback Whale Movements and Behavior in Response to Whale-Watching 
Vessels in Juneau, AK. Frontiers in Marine Science, 6, 710. 
https://doi.org/10.3389/fmars.2019.00710 

Schuyler, Q. (2014). Ingestion of Marine Debris by Sea Turtles. University of 
Queensland. 

Schuyler, Q. A., Wilcox, C., Townsend, K. A., Wedemeyer‐Strombel, K. R., Balazs, G., 
Van Sebille, E., & Hardesty, B. D. (2015). Risk analysis reveals global hotspots for 
marine debris ingestion by sea turtles. Global Change Biology, 22(2), 567–576. 
https://doi.org/10.1111/gcb.13078 

Schuyler, Q., Hardesty, B. D., Wilcox, C., & Townsend, K. (2014). Global Analysis of 
Anthropogenic Debris Ingestion by Sea Turtles. Conservation Biology, 28(1), 129–139. 
https://www.jstor.org/stable/24479507 

https://www.zotero.org/google-docs/?broken=nXz2QH
https://www.zotero.org/google-docs/?broken=nXz2QH
https://www.zotero.org/google-docs/?broken=EolPOY
https://www.zotero.org/google-docs/?broken=EolPOY
https://www.zotero.org/google-docs/?broken=EolPOY
https://www.zotero.org/google-docs/?broken=EolPOY
https://www.zotero.org/google-docs/?broken=F1rHYv
https://www.zotero.org/google-docs/?broken=F1rHYv
https://www.zotero.org/google-docs/?broken=F1rHYv
https://www.zotero.org/google-docs/?broken=F1rHYv
https://www.zotero.org/google-docs/?broken=rJWCkX
https://www.zotero.org/google-docs/?broken=rJWCkX
https://www.zotero.org/google-docs/?broken=rJWCkX
https://www.zotero.org/google-docs/?broken=rJWCkX
https://doi.org/10.1016/j.biocon.2014.05.011
https://www.zotero.org/google-docs/?broken=h90Z26
https://www.zotero.org/google-docs/?broken=h90Z26
https://www.zotero.org/google-docs/?broken=h90Z26
https://www.zotero.org/google-docs/?broken=h90Z26
https://www.zotero.org/google-docs/?broken=h90Z26
https://www.zotero.org/google-docs/?broken=J4srEc
https://www.zotero.org/google-docs/?broken=J4srEc
https://www.zotero.org/google-docs/?broken=J4srEc
https://www.zotero.org/google-docs/?broken=S2edbo
https://www.zotero.org/google-docs/?broken=S2edbo
https://www.zotero.org/google-docs/?broken=S2edbo
https://www.zotero.org/google-docs/?broken=934em0
https://www.zotero.org/google-docs/?broken=934em0
https://www.zotero.org/google-docs/?broken=934em0
https://www.zotero.org/google-docs/?broken=934em0
https://www.zotero.org/google-docs/?broken=tdEgEV
https://www.zotero.org/google-docs/?broken=tdEgEV
https://www.zotero.org/google-docs/?broken=tdkLz5
https://www.zotero.org/google-docs/?broken=tdkLz5
https://www.zotero.org/google-docs/?broken=tdkLz5
https://www.zotero.org/google-docs/?broken=tdkLz5
https://www.zotero.org/google-docs/?broken=uV0N2N
https://www.zotero.org/google-docs/?broken=uV0N2N
https://www.zotero.org/google-docs/?broken=uV0N2N


225  

Scordino, J., Kajimura, H., Baba, N., & Furata, A. (1988). Studies on fur seal 
entanglement, 1981–1984, St. Paul Island, Alaska. 

Seminoff, J. A., Benson, S. R., Arthur, K. E., Eguchi, T., Dutton, P. H., Tapilatu, R. F., & 
Popp, B. N. (2012). Stable Isotope Tracking of Endangered Sea Turtles: Validation with 
Satellite Telemetry and δ15N Analysis of Amino Acids. PLoS ONE, 7(5), e37403. 
https://doi.org/10.1371/journal.pone.0037403 

Shenker, J. M. (1984). Scyphomedusae in surface waters near the Oregon coast, May-
AUGust 1981. Estuarine Coastal Shelf Science, 19, 619–632. 

Shillinger, G., Swithenbank, A., Bailey, H., Bograd, S., Castelton, M., Wallace, B., 
Spotila, J., Paladino, F., Piedra, R., & Block, B. (2011). Vertical and horizontal habitat 
preferences of post-nesting leatherback turtles in the South Pacific Ocean. Marine 
Ecology Progress Series, 422, 275–289. https://doi.org/10.3354/meps08884 

Siders, Z. A., Martin, S. L., Ahrens, R. N. M., Littnan, C., & Jones, T. T. (2023). 
UPDATE TO NOAA TECHNICAL MEMORANDUM NMFS-PIFSC-101: Incorporating 
uncertainty in maturation and latest fishery takes. PIFSC Internal Report. 

Silber, G. K., Lettrich, M. D., Thomas, P. O., Baker, J. D., Baumgartner, M., Becker, E. 
A., Boveng, P., Dick, D. M., Fiechter, J., Forcada, J., Forney, K. A., Griffis, R. B., Hare, 
J. A., Hobday, A. J., Howell, D., Laidre, K. L., Mantua, N., Quakenbush, L., Santora, J. 
A., … Waples, R. S. (2017). Projecting Marine Mammal Distribution in a Changing 
Climate. Frontiers in Marine Science, 4, 413. https://doi.org/10.3389/fmars.2017.00413 

Simmonds, M. P., & Eliott, W. J. (2009). Climate change and cetaceans: Concerns and 
recent developments. Journal of the Marine Biological Association of the United 
Kingdom, 89(1), 203–210. https://doi.org/10.1017/S0025315408003196 

Somers, K. A., Whitmire, C. E., Richerson, K., & Tuttle, V. J. (2023). Fishing Effort in 
the 2002-2021 U.S. Pacific Coast Groundfish Fisheries. Northwest Fisheries Science 
Center, Fisheries Observation Science Program. 

Somers, K. A., Richerson, K., & McVeigh, J. (2024). Humpback Whale and Leatherback 
Sea Turtle Bycatch in the U.S. West Coast Groundfish Fisheries 2002-2023 [Preliminary 
Estimates]. National Marine Fisheries Service NWFSC; 2725 Montlake Blvd E., Seattle, 
WA 98112. 

Southwood, A., Andrews, R. D., Paladino, F. V., & Jones, D. R. (2005). Effects of 
Diving and Swimming Behavior on Body Temperatures of Pacific Leatherback Turtles in 
Tropical Seas. Physiological and Biochemical Zoology, 78(2), 285–297. 
https://doi.org/10.1086/427048 

Spotila, J. R., Dunham, A. E., Leslie, A. J., Steyermark, A. C., Plotkin, P. T., & Paladino, 
F. V. (1996). Worldwide population decline of Dermochelys coriacea: Are leatherback 
turtles going extinct? Chelonian Conservation and Biology., 2(2), 209–222. 

https://www.zotero.org/google-docs/?broken=7VGuh6
https://www.zotero.org/google-docs/?broken=7VGuh6
https://www.zotero.org/google-docs/?broken=CQcpVb
https://www.zotero.org/google-docs/?broken=CQcpVb
https://www.zotero.org/google-docs/?broken=CQcpVb
https://www.zotero.org/google-docs/?broken=CQcpVb
https://www.zotero.org/google-docs/?broken=P6TvLi
https://www.zotero.org/google-docs/?broken=P6TvLi
https://www.zotero.org/google-docs/?broken=JFHAnq
https://www.zotero.org/google-docs/?broken=JFHAnq
https://www.zotero.org/google-docs/?broken=JFHAnq
https://www.zotero.org/google-docs/?broken=JFHAnq
https://www.zotero.org/google-docs/?broken=pUGI5B
https://www.zotero.org/google-docs/?broken=pUGI5B
https://www.zotero.org/google-docs/?broken=pUGI5B
https://www.zotero.org/google-docs/?broken=lilRKL
https://www.zotero.org/google-docs/?broken=lilRKL
https://www.zotero.org/google-docs/?broken=lilRKL
https://www.zotero.org/google-docs/?broken=lilRKL
https://www.zotero.org/google-docs/?broken=lilRKL
https://www.zotero.org/google-docs/?broken=p3SkmO
https://www.zotero.org/google-docs/?broken=p3SkmO
https://www.zotero.org/google-docs/?broken=p3SkmO
https://www.zotero.org/google-docs/?broken=lDzJQZ
https://www.zotero.org/google-docs/?broken=lDzJQZ
https://www.zotero.org/google-docs/?broken=lDzJQZ
https://www.zotero.org/google-docs/?broken=2KPpXd
https://www.zotero.org/google-docs/?broken=2KPpXd
https://www.zotero.org/google-docs/?broken=2KPpXd
https://www.zotero.org/google-docs/?broken=2KPpXd
https://www.zotero.org/google-docs/?broken=2uePGQ
https://www.zotero.org/google-docs/?broken=2uePGQ
https://www.zotero.org/google-docs/?broken=2uePGQ
https://www.zotero.org/google-docs/?broken=2uePGQ
https://www.zotero.org/google-docs/?broken=ilbluY
https://www.zotero.org/google-docs/?broken=ilbluY
https://www.zotero.org/google-docs/?broken=ilbluY


226  

Spotila, J. R. (2004). Sea Turtles: A complete guide to their biology, behavior, and 
conservation. The John Hopkins University Press and Oakwood Arts. 

Steering Committee, B. S. T. C. I. (2008). Strategic Planning for Long-term Financing of 
Pacific Leatherback Conservation and Recovery: Proceedings of the Bellagio Sea Turtle 
Conservation Initiative, 79. 

Stevick, P. T. (1999). AGE‐LENGTH RELATIONSHIPS IN HUMPBACK WHALES: 
A COMPARISON OF STRANDINGS IN THE WESTERN NORTH ATLANTIC WITH 
COMMERCIAL CATCHES. Marine Mammal Science, 15(3), 725–737. 
https://doi.org/10.1111/j.1748-7692.1999.tb00839.x 

Suarez, M., & Starbird, C. (1995). A traditional fishery of leatherback turtles in Maluku, 
Indonesia. Marine Turtle Newsletter, 68, 15–18. 

Suchman, C. L., & Brodeur, R. D. (2005). Abundance and distribution of large medusae 
in surface waters of the northern California Current. Deep Sea Research Part II: Topical 
Studies in Oceanography, 52(1–2), 51–72. https://doi.org/10.1016/j.dsr2.2004.09.017 

Sutherland, K. R., Sorensen, H. L., Blondheim, O. N., Brodeur, R. D., & Galloway, A. 
W. E. (2018). Range expansion of tropical pyrosomes in the northeast Pacific Ocean. 
Ecology, 99(10), 2397–2399. 

Swiggs, J., Paladino, F. V., Spotila, J. R., & Santidrián Tomillo, P. (2018). Depth of the 
drying front and temperature affect emergence of leatherback turtle hatchlings from the 
nest. Marine Biology, 165(5), 91. https://doi.org/10.1007/s00227-018-3350-y 

Swimmer, Y., Gutierrez, A., Bigelow, K., Barceló, C., Schroeder, B. A., Keene, K., 
Shattenkirk, K., & Foster, D. G. (2017). Sea Turtle Bycatch Mitigation in U.S. Longline 
Fisheries. Frontiers in Marine Science, 4. https://doi.org/10.3389/fmars.2017.00260 

Swingle, W. M., Barco, S. G., Pitchford, T. D., McLellan, W. A., & Pabst, D. A. (1993). 
Appearance of Juvenile Humpback Whales Feeding in the Nearshore Waters of Virginia. 
Marine Mammal Science, 9(3), 309–315. https://doi.org/10.1111/j.1748-
7692.1993.tb00458.x 

Tapilatu, R. F., & Tiwari, M. (2007). Leatherback Turtle, Dermochelys coriacea, 
Hatching Success at Jamursba-Medi and Wermon Beaches in Papua, Indonesia. 
Chelonian Conservation and Biology, 6(1), 154–158. https://doi.org/10.2744/1071-
8443(2007)6[154:LTDCHS]2.0.CO;2 

Tapilatu, R. F., Dutton, P. H., Tiwari, M., Wibbels, T., Ferdinandus, H. V., Iwanggin, W. 
G., & Nugroho, B. H. (2013). Long‐term decline of the western Pacific leatherback, 
Dermochelys coriacea: A globally important sea turtle population. Ecosphere, 4(2), 1–15. 
https://doi.org/10.1890/ES12-00348.1 

Tapilatu, R. F., Wona, H., & Batubara, P. P. (2017). Monitoring and conservation of 
Western Pacific leatherback (and other marine turtles) Nesting population at Etna Bay of 

https://www.zotero.org/google-docs/?broken=9VENPo
https://www.zotero.org/google-docs/?broken=9VENPo
https://www.zotero.org/google-docs/?broken=RRNikG
https://www.zotero.org/google-docs/?broken=RRNikG
https://www.zotero.org/google-docs/?broken=RRNikG
https://www.zotero.org/google-docs/?broken=j7OBUA
https://www.zotero.org/google-docs/?broken=j7OBUA
https://www.zotero.org/google-docs/?broken=j7OBUA
https://www.zotero.org/google-docs/?broken=j7OBUA
https://www.zotero.org/google-docs/?broken=RFEdsH
https://www.zotero.org/google-docs/?broken=RFEdsH
https://www.zotero.org/google-docs/?broken=ckiECS
https://www.zotero.org/google-docs/?broken=ckiECS
https://www.zotero.org/google-docs/?broken=ckiECS
https://www.zotero.org/google-docs/?broken=VRAAIh
https://www.zotero.org/google-docs/?broken=VRAAIh
https://www.zotero.org/google-docs/?broken=VRAAIh
https://www.zotero.org/google-docs/?broken=iZmgt3
https://www.zotero.org/google-docs/?broken=iZmgt3
https://www.zotero.org/google-docs/?broken=iZmgt3
https://www.zotero.org/google-docs/?broken=QeZVdm
https://www.zotero.org/google-docs/?broken=QeZVdm
https://www.zotero.org/google-docs/?broken=QeZVdm
https://www.zotero.org/google-docs/?broken=KcQWSL
https://www.zotero.org/google-docs/?broken=KcQWSL
https://www.zotero.org/google-docs/?broken=KcQWSL
https://www.zotero.org/google-docs/?broken=KcQWSL
https://www.zotero.org/google-docs/?broken=ZZXO4L
https://www.zotero.org/google-docs/?broken=ZZXO4L
https://www.zotero.org/google-docs/?broken=ZZXO4L
https://www.zotero.org/google-docs/?broken=ZZXO4L
https://www.zotero.org/google-docs/?broken=MgDAAt
https://www.zotero.org/google-docs/?broken=MgDAAt
https://www.zotero.org/google-docs/?broken=MgDAAt
https://www.zotero.org/google-docs/?broken=MgDAAt
https://www.zotero.org/google-docs/?broken=RYC7HP
https://www.zotero.org/google-docs/?broken=RYC7HP


227  

Kaimana, West Papua—Indonesia (Technical Report 6001289). University of Papua - 
Manokwari. 

Taylor, B. L., Martien, K. K., Archer, F. I., Audley, K., Calambokidis, J., Cheeseman, T., 
De Weerdt, J., Frisch-Jordán, A., Martinez-Loustalot, P., Ortega-Ortiz, C. D., Patterson, 
E. M., Ransome, N., Ruvelas, P., & Urban-Ramirez, J. (2021). Evaluation of humpback 
whales wintering in Central America and southern Mexico as a demographically 
independent population. https://doi.org/10.25923/SGEK-1937 

Templeman, M. A., & Kingsford, M. J. (2012). Variation in soft tissue chemistry among 
scyphozoan and cubozoan jellyfishes from the Great Barrier Reef, Australia. 
Hydrobiologia, 690(1), 279–290. https://doi.org/10.1007/s10750-012-1051-y 

Templeman, M. A., McKenzie, M. R., & Kingsford, M. J. (2021). The utility of jellyfish 
as marine biomonitors. Marine Pollution Bulletin, 173, 113056. 
https://doi.org/10.1016/j.marpolbul.2021.113056 

Thompson, A. R., Harvey, C. J., Sydeman, W. J., Barceló, C., Bograd, S. J., Brodeur, R. 
D., Fiechter, J., Field, J. C., Garfield, N., Good, T. P., Hazen, E. L., Hunsicker, M. E., 
Jacobson, K., Jacox, M. G., Leising, A., Lindsay, J., Melin, S. R., Santora, J. A., 
Schroeder, I. D., … Williams, G. D. (2019). Indicators of pelagic forage community 
shifts in the California Current Large Marine Ecosystem, 1998–2016. Ecological 
Indicators, 105, 215–228. https://doi.org/10.1016/j.ecolind.2019.05.057 

Tiwari, M., Wallace, B. P., & Girondot, M. (2013). Dermochelys coriacea (West Pacific 
Ocean subpopulation). The IUCN Red List of Threatened Species. 

Trites, A. W., Christensen, V., & Pauly, D. (1997). Competition Between Fisheries and 
Marine Mammals for Prey and Primary Production in the Pacific Ocean. Journal of 
Northwest Atlantic Fishery Science, 22, 173–187. https://doi.org/10.2960/J.v22.a14 

Ullah, H., Nagelkerken, I., Goldenberg, S. U., & Fordham, D. A. (2018). Climate change 
could drive marine food web collapse through altered trophic flows and cyanobacterial 
proliferation. PLOS Biology, 16(1), e2003446. 
https://doi.org/10.1371/journal.pbio.2003446 

Upite, C. M., Murray, K. T., Stacy, B. A., & Weeks, S. E. (2018). Post-Interaction 
mortality determinations for sea turtles in U.S. Northeast and Mid-Atlantic fishing gear 
2011-2015. U.S. Department of Commerce; NOAA Technical Memorandum NMFS-NE-
248. 

Van Gennip, S. J., Popova, E. E., Yool, A., Pecl, G. T., Hobday, A. J., & Sorte, C. J. B. 
(2017). Going with the flow: The role of ocean circulation in global marine ecosystems 
under a changing climate. Global Change Biology, 23(7), 2602–2617. 
https://doi.org/10.1111/gcb.13586 

Vanderlaan, A. S. M., & Taggart, C. T. (2007). VESSEL COLLISIONS WITH 
WHALES: THE PROBABILITY OF LETHAL INJURY BASED ON VESSEL SPEED. 

https://www.zotero.org/google-docs/?broken=RYC7HP
https://www.zotero.org/google-docs/?broken=RYC7HP
https://www.zotero.org/google-docs/?broken=kGntlC
https://www.zotero.org/google-docs/?broken=kGntlC
https://www.zotero.org/google-docs/?broken=kGntlC
https://www.zotero.org/google-docs/?broken=kGntlC
https://www.zotero.org/google-docs/?broken=kGntlC
https://www.zotero.org/google-docs/?broken=w7SOn1
https://www.zotero.org/google-docs/?broken=w7SOn1
https://www.zotero.org/google-docs/?broken=w7SOn1
https://www.zotero.org/google-docs/?broken=BWvseu
https://www.zotero.org/google-docs/?broken=BWvseu
https://www.zotero.org/google-docs/?broken=BWvseu
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=Bp8C8W
https://www.zotero.org/google-docs/?broken=GBPOi9
https://www.zotero.org/google-docs/?broken=GBPOi9
https://www.zotero.org/google-docs/?broken=kWAICZ
https://www.zotero.org/google-docs/?broken=kWAICZ
https://www.zotero.org/google-docs/?broken=kWAICZ
https://www.zotero.org/google-docs/?broken=FAJs1G
https://www.zotero.org/google-docs/?broken=FAJs1G
https://www.zotero.org/google-docs/?broken=FAJs1G
https://www.zotero.org/google-docs/?broken=FAJs1G
https://www.zotero.org/google-docs/?broken=abQPPf
https://www.zotero.org/google-docs/?broken=abQPPf
https://www.zotero.org/google-docs/?broken=abQPPf
https://www.zotero.org/google-docs/?broken=abQPPf
https://www.zotero.org/google-docs/?broken=z61Mdb
https://www.zotero.org/google-docs/?broken=z61Mdb
https://www.zotero.org/google-docs/?broken=z61Mdb
https://www.zotero.org/google-docs/?broken=z61Mdb
https://www.zotero.org/google-docs/?broken=a6PVg2
https://www.zotero.org/google-docs/?broken=a6PVg2


228  

Marine Mammal Science, 23(1), 144–156. https://doi.org/10.1111/j.1748-
7692.2006.00098.x 

Von Essen, E., Hansen, P., Nordström Källström, H., Nils Peterson, M., & Rai Petermon, 
T. (2014). Deconstructing the Poaching Phenomenon: Review of Typologies for 
Understanding Illegal Hunting. The British Journal of Criminology, 54(4), 632–651. 
https://doi.org/10.1093/bjc/azu022 

Wade, P. R. (2017). Estimates of abundance and migratory destination for North Pacific 
humpback whales in both summer feeding areas and winter mating and calving areas – 
revision of estimates in SC/66b/IA2 (SC/A17NP/11). Scientific Committee of the 
International Whaling Commission. https://archive.iwc.int/ 

Wade, P. R. (2021). Estimates of abundance and migratory destination for North Pacific 
humpback whales in both summer feeding areas and winter mating and calving areas 
(SC/68C/IA/03; p. 32). International Whaling Commission. 

Wade, P. R., Quinn II, T. J., Barlow, J., Baker, C. S., Burdin, A. M., Calambokidis, J., 
Clapham, P. J., Falcone, E. A., Ford, J. K. B., Gabriele, C. M., Mattila, D. K., Rojas-
Bracho, L., Straley, J. M., & Taylor, B. L. (2016). Estimates of abundance and migratory 
destinations for North Pacific humpback whales in both summer feeding areas and winter 
mating and calving areas. International Whaling Commission; SC/66b/IA/21. 

Wade, P. R., Quinn II, T. J., Barlow, J., Baker, C. S., Burdin, A. M., Calambokidis, J., 
Clapham, P. J., Falcone, E. A., Ford, J. K. B., Gabriele, C. M., Leduc, R., Mattila, D. K., 
Rojas-Bracho, L., Straley, J. M., Taylor, B. L., Urban R., J., Weller, D., Witteveen, B. H., 
& Yamaguchi, M. (2021). Revised estimates of abundance and migratory destinations for 
North Pacific humpback whales in both summer feeding areas and winter areas. 
International Whaling Commission; SC/68D/IA/03Rev1. 

Wallace, B. P., & Saba, V. (2009). Environmental and anthropogenic impacts on intra-
specific variation in leatherback turtles: Opportunities for targeted research and 
conservation. Endangered Species Research, 7, 11–21. https://doi.org/10.3354/esr00177 

Wallace, B. P., Kot, C. Y., DiMatteo, A. D., Lee, T., Crowder, L. B., & Lewison, R. L. 
(2013). Impacts of fisheries bycatch on marine turtle populations worldwide: Toward 
conservation and research priorities. Ecosphere, 4(3), 1–49. 
https://doi.org/10.1890/ES12-00388.1 

Wallace, B. P., Zolkewitz, M., & James, M. C. (2018). Discrete, high-latitude foraging 
areas are important to energy budgets and population dynamics of migratory leatherback 
turtles. Scientific Reports, 8(1), 11017. https://doi.org/10.1038/s41598-018-29106-1 

Wallace, N. (1985). Debris Entanglement in the Marine Environment: A Review (Impacts 
of Debris on Resources). The Entanglement Network. 

https://www.zotero.org/google-docs/?broken=a6PVg2
https://www.zotero.org/google-docs/?broken=a6PVg2
https://www.zotero.org/google-docs/?broken=VEbAR9
https://www.zotero.org/google-docs/?broken=VEbAR9
https://www.zotero.org/google-docs/?broken=VEbAR9
https://www.zotero.org/google-docs/?broken=VEbAR9
https://www.zotero.org/google-docs/?broken=uPohZo
https://www.zotero.org/google-docs/?broken=uPohZo
https://www.zotero.org/google-docs/?broken=uPohZo
https://www.zotero.org/google-docs/?broken=uPohZo
https://www.zotero.org/google-docs/?broken=7rTyFu
https://www.zotero.org/google-docs/?broken=7rTyFu
https://www.zotero.org/google-docs/?broken=7rTyFu
https://www.zotero.org/google-docs/?broken=FUSQ7d
https://www.zotero.org/google-docs/?broken=FUSQ7d
https://www.zotero.org/google-docs/?broken=FUSQ7d
https://www.zotero.org/google-docs/?broken=FUSQ7d
https://www.zotero.org/google-docs/?broken=FUSQ7d
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=3mLQKK
https://www.zotero.org/google-docs/?broken=cg80Dr
https://www.zotero.org/google-docs/?broken=cg80Dr
https://www.zotero.org/google-docs/?broken=cg80Dr
https://www.zotero.org/google-docs/?broken=Z99MAd
https://www.zotero.org/google-docs/?broken=Z99MAd
https://www.zotero.org/google-docs/?broken=Z99MAd
https://www.zotero.org/google-docs/?broken=Z99MAd
https://www.zotero.org/google-docs/?broken=nMG7py
https://www.zotero.org/google-docs/?broken=nMG7py
https://www.zotero.org/google-docs/?broken=nMG7py
https://www.zotero.org/google-docs/?broken=FXigDB
https://www.zotero.org/google-docs/?broken=FXigDB


229  

Wartzok, D., Popper, A. N., Gordon, J., & Merrill, J. (2003). Factors Affecting the 
Responses of Marine Mammals to Acoustic Disturbance. Marine Technology Society 
Journal, 37(4), 6–15. https://doi.org/10.4031/002533203787537041 

WCPFC. (2021). Hawaii Longline Fishery 2020 Seabird and Sea Turtle Bycatch for the 
Entire Fishing Grounds, Within the IATTC Convention Area, and Seabird Bycatch to the 
north of 23°N and 23°N-30°S (DR-21-005). Pacific Islands Fisheries Science Center. 
https://doi.org/10.25923/6ygk-1b64 

Weilgart, L. (2017). Din of the deep: Noise in the ocean and its impacts on cetaceans. In 
Marine Mammal Welfare: Human Induced Change in the Marine Environment and its 
Impacts on Marine Mammal Welfare. 

Wilcox, C., Puckridge, M., Schuyler, Q. A., Townsend, K., & Hardesty, B. D. (2018). A 
quantitative analysis linking sea turtle mortality and plastic debris ingestion. Scientific 
Reports, 8(1), 12536. https://doi.org/10.1038/s41598-018-30038-z 

Wiley, D. N., Asmutis, R. A., Pitchford, T. D., & Gannon, D. P. (1995). Stranding and 
mortality of humpback whales, Megaptera novaeangliae, in the mid-Atlantic and 
southeast United States,  1985-1992. Fishery Bulletin, 93(1), 196–205. 

Williams, R., Clark, C. W., Ponirakis, D., & Ashe, E. (2014). Acoustic quality of critical 
habitats for three threatened whale populations: Acoustic quality of critical whale 
habitats. Animal Conservation, 17(2), 174–185. https://doi.org/10.1111/acv.12076 

Willis-Norton, E., Hazen, E. L., Fossette, S., Shillinger, G., Rykaczewski, R. R., Foley, 
D. G., Dunne, J. P., & Bograd, S. J. (2015). Climate change impacts on leatherback turtle 
pelagic habitatt in the Southeast Pacific. Deep Sea Research Part II, 113. 
https://doi.org/10.1016/j.dsr2.2013.12.019 

Winkler, C., Panigada, S., Murphy, S., & Ritter, F. (2020). Global Numbers of Ship 
Strikes: An Assessment of Collisions Between Vessels and Cetaceans Using Available 
Data in the IWC Ship Strike Database (SC/68B/HIM/09 Rev1). International Whaling 
Commission. 

Witzell, W. N., & Cramer, J. (1995). Estimates of sea turtle bycatch by the U.S. pelagic 
longline fleet in the western North Atlantic Ocean. U.S. Department of Commerce; 
NOAA TECHNICAL MEMORANDUM NMFS-SEFSC-~59. 

WPFMC. (2018). Annual Stock Assessment and Fishery Evaluation Report for U.S. 
Pacific Island Pelagic FIsheries Ecosystem Plan 2017. Western Pacific Regional 
Fisheries Management Council. 

Wuebbles, D. J., Fahey, D. W., Hibbard, K. A., Dokken, D. J., Stewart, B. C., & 
Maycock, T. K. (2017). Climate Science Special Report: Fourth National Climate 
Assessment, Volume I. U.S. Global Change Research Program. 
https://doi.org/10.7930/J0J964J6 
 

https://www.zotero.org/google-docs/?broken=rhaiCy
https://www.zotero.org/google-docs/?broken=rhaiCy
https://www.zotero.org/google-docs/?broken=rhaiCy
https://www.zotero.org/google-docs/?broken=JaCQR6
https://www.zotero.org/google-docs/?broken=JaCQR6
https://www.zotero.org/google-docs/?broken=JaCQR6
https://www.zotero.org/google-docs/?broken=JaCQR6
https://www.zotero.org/google-docs/?broken=u8ofAx
https://www.zotero.org/google-docs/?broken=u8ofAx
https://www.zotero.org/google-docs/?broken=u8ofAx
https://www.zotero.org/google-docs/?broken=bJ7jGX
https://www.zotero.org/google-docs/?broken=bJ7jGX
https://www.zotero.org/google-docs/?broken=bJ7jGX
https://www.zotero.org/google-docs/?broken=94eLTu
https://www.zotero.org/google-docs/?broken=94eLTu
https://www.zotero.org/google-docs/?broken=94eLTu
https://www.zotero.org/google-docs/?broken=FwQZ2Q
https://www.zotero.org/google-docs/?broken=FwQZ2Q
https://www.zotero.org/google-docs/?broken=FwQZ2Q
https://www.zotero.org/google-docs/?broken=buC7bo
https://www.zotero.org/google-docs/?broken=buC7bo
https://www.zotero.org/google-docs/?broken=buC7bo
https://www.zotero.org/google-docs/?broken=buC7bo
https://www.zotero.org/google-docs/?broken=uIHEEg
https://www.zotero.org/google-docs/?broken=uIHEEg
https://www.zotero.org/google-docs/?broken=uIHEEg
https://www.zotero.org/google-docs/?broken=uIHEEg
https://www.zotero.org/google-docs/?broken=O9nkdi
https://www.zotero.org/google-docs/?broken=O9nkdi
https://www.zotero.org/google-docs/?broken=O9nkdi
https://www.zotero.org/google-docs/?broken=N2jBm8
https://www.zotero.org/google-docs/?broken=N2jBm8
https://www.zotero.org/google-docs/?broken=N2jBm8
https://www.zotero.org/google-docs/?broken=yywL44
https://www.zotero.org/google-docs/?broken=yywL44
https://www.zotero.org/google-docs/?broken=yywL44
https://www.zotero.org/google-docs/?broken=yywL44


230  

  



231  

5 Appendices 

Appendix A Co-Occurrence Analysis  
Introduction: 

The bycatch of humpback whales and leatherback sea turtles has been historically documented in 
the Pacific Coast Groundfish Fishery (PCGF). Documentation of these events has come through 
the West Coast Groundfish Observer Program (WCGOP), which provides both human and 
electronic observation methods to monitor both target catch and bycatch during fishing trips. 
Across these sources, there have only been a small number of observed entanglements since the 
inception of the observer program in 2002. Additionally, opportunistic sightings of entangled 
whales and turtles on the water by commercial or recreational fishermen, whale watching boats, 
beach stranding responders, and other professional or public ocean users have been reported and 
ultimately attributed to specific sectors of the PCGF. Given the limited observations and low 
estimates of bycatch based on observer data that have been produced to date (Somers et al. In 
Prep), we wanted to develop additional methods to evaluate the entanglement risk commercial 
sectors of the PCGF poses to Endangered Species Act (ESA)-listed humpbacks and leatherbacks, 
to help inform expectations for future occurrences. Using fishing effort data collected by the 
WCGOP (which was further aggregated by gear type and sector), along with available species 
distribution models (habitat suitability for leatherbacks (Lezama-Ochoa et al. Under Review) and 
density distribution for humpbacks (Forney et al. In Prep)), we overlaid past effort data and 
species distribution predictions from 2014-2023 to assess the co-occurrence of the PCGF and 
ESA-listed species. To do this, we also incorporated intensity of observed fishing effort and the 
species distribution models to analyze where overlap was expected and most likely to result in 
higher entanglement risk across the different sectors and gear types of the PCGF. We further 
evaluated variability and trends in those risks over the most recent decade (2014-2024), to help 
characterize entanglement risk we expect in the future as a result of PCGF fishing activities. We 
aim to use this information for the following purposes:  

 
• Identify how co-occurrence has changed throughout the different sectors of the 
PCGF, and trends in magnitude and distribution of co-occurrence throughout and 
across years. 
• Consider how trends in co-occurrence correspond with reported entanglements, 
predicted bycatch, and history of opportunistic entanglement sightings.  
• Utilize the spatial distribution of co-occurrence to apportion anticipated take of 
humpback whales among the appropriate Distinct Population Segments (DPSs) (in 
concert with other available information and the best available science). 
• Utilize the variability and trends in co-occurrence dynamics over space and time 
to anticipate expected future extent and intensity of risk. 

 
These objectives will allow us to better evaluate the risk individual sectors and gear types of the 
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PCGF pose to ESA-listed humpback whales and leatherback sea turtles, make inferences about 
what future risk the PCGF activities pose to these species, and ultimately update our expectations 
for subsequent entanglements that may occur in the future as part of the proposed action.  

Observed Entanglements 
Since the deployment of WCGOP observers in 2002, three observed entanglements of humpback 
whales in the PCGF sablefish pot fishery have been confirmed: one in the Limited Entry (LE) 
sablefish pot fishery (2014); one in the Open Access Fixed Gear (OA) sablefish pot fishery 
(2016); and one in the LE sablefish pot fishery (2023) which involved both sablefish slinky pot 
and Pacific halibut longline gear (which is non-PCGF effort/gear). From 2011-2024 there have 
been two other humpback whale entanglements reported to NMFS through opportunistic 
observations identified as involving sablefish pot gear, which occurred in 2016 and 2017. There 
was also another opportunistic sighting of a humpback in sablefish pot gear in 2006, prior to the 
IFQ rationalization program within the PCGF. In total, in the entanglement history of humpback 
whales relevant to PCGF pot fisheries there have been six reports of humpbacks entangled in 
sablefish pot gears, five of which have occurred since 2011, three of these instances were 
observed by fishery observers, and three were opportunistic sightings (i.e. not observed by 
fishery observers).  
 
We acknowledge that a humpback whale interaction with PCGF vertical-jig hook-and-line gear 
within the OA sector was reported by a WCGOP observer in 2021, but entanglement of the 
animal was ultimately not confirmed. Therefore, there are no confirmed observed instances of 
humpback whale entanglements in PCGF hook-and-line gear. However, within the entanglement 
mortality and serious injury (M/SI) database of humpbacks (i.e. 2007-2023) maintained by 
NMFS marine mammal stock assessment authors, there have been six mentions of monofilament 
line within the entanglement description of a reported event, including the described 2021 event. 
There is no way to determine whether these monofilament lines reported in the entanglement 
database are related to the PCGF specifically.  
 
In August of 2023, a live humpback was reported captured alive within a midwater trawl net 
targeting Pacific whiting off Coos Bay, Oregon, and was observed through electronic monitoring 
(EM). The humpback was cut free and released alive and reported directly by the fishing vessel 
to the NMFS West Coast Entanglement Response Program. In June 2024, there was another 
observation of a dead humpback whale captured by a midwater hake vessel off of Westport, 
Washington, documented through the EM program. There have been other unconfirmed 
humpback whale interactions that have occurred through EM monitoring of midwater Hake 
vessels, including two humpbacks in 2020. Multiple NMFS SWFSC and WCR Marine Mammal 
Stranding Program staff reviewed the EM videos from the 2020, and could not determine 
whether those whales was likely dead or alive at the time of capture. 
 
There has only been one confirmed leatherback entanglement in the PCGF, which occurred in 
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the OA sablefish pot fishery in 2008. This entanglement was also reported to the NMFS WCR 
Sea Turtle Stranding Program. There have been no observed or opportunistic reporting events of 
leatherback turtles entangled in PCGF hook-and-line or midwater trawl gear.  
 

Methodology: 

To generate a fine scale evaluation of entanglement risk dynamics for humpback whales and 
leatherback sea turtles in the PCGF fisheries, we overlaid WCGOP fishing effort data aggregated 
by relevant gear type and sector, with available species models, which included a density 
distribution model for humpbacks and a habitat suitability model for leatherbacks. To do this, we 
first took available fishing effort data and converted it into a spatial density model representing 
the total fishing effort for different gear types of the PCGF (e.g., pot, midwater trawl, and hook-
and-line) as monitored and tracked by the WCGOP within gridded 2 km cells.  
 

Fishing Effort 
 
For the pot and hook-and-line sectors, fishing effort was calculated as the number of individual 
observed sets of pots or sets of hook-and-line gear using WCGOP data from 2014-202315. While 
there are a number of other effort metrics collected and available, including information on 
landings that are commonly used to characterize fishing effort in the PCGF, we concluded that 
the number of sets of these gear types is the best way to represent fishing effort as it relates to 
entanglement risk given that: (1) it most closely captures the number of vertical lines in the water 
that pose risk and are most likely to entangle marine mammals and turtles; and (2) generally, we 
expect that sets for these gear types have involved a similar number of lines (mostly two, 
possibly one) no matter how many pots or hooks are used in association with each set or the 
amount of landings that are generated from each set, which are both factors that are highly 
variable within and across sectors, and over time (Somers et al. 2023). The exclusion of 2023 
EM data (due to the unavailability at the time of publication) does not affect the hook-and-line 
sector as there is no EM coverage within the hook-and-line sector. However, there is EM 
coverage within the CS pot sector, therefore the 2023 EM data for the CS pot sector is not fully 
represented in this analysis. The only sector within the pot fisheries that rely on EM for 
monitoring observership is CS, and data for LE and OA sectors for 2023 include all observer 
coverage of fishing effort.  
 
The number of sets for each sector was calculated by identifying and summing unique haul IDs, 
and organizing by unique year, month, and sector. For example, the number of sets for the CS 
sector in January of 2014 were aggregated together. If there were multiple CS sets observed at 
32.12°N and -117.25°N in January of 2014, those were summed and consolidated into a single 
data point for the spatial model of fishing effort. If 32.12°N and -117.25°N only contained one 
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CS observed set, then only that set represented the data point for the spatial model. While 
performing the co-occurrence analysis, fishing effort was consolidated into 2-kilometer 
resolution grid cells where single data points were created summing all fishing that was observed 
in a 2-by-2-kilometer spatial distance using latitude and longitude values. This 2-kilometer 
resolution is what our overlap analysis was performed at, with all quantitative information 
displayed in this appendix and in the opinion, occurring at this resolution. Then, to abide by 
confidentiality requirements of the Magnuson-Stevens Act (MSA) of spatially representing 
fishing data, any visual representation of fishing or overlap on a map in this appendix and 
opinion was scaled to a 10 km resolution. With the larger aggregation of data, the values were 
also filtered so that points that contained two vessels or fewer were excluded from visual 
representation. Therefore, any visual representation of fishing effort or overlap on a map in this 
appendix or within the opinion may slightly differ to what is described in the tables or main text 
due to the filtering of data for confidential representation. For pot fishing, the number of sets was 
aggregated by sectors: LE, OA, and CS; for each month (January-December) from 2014-2023.  
 
For hook-and-line fishing, the number of sets was aggregated by sectors: LE, Limited Entry Trip 
Limit (LE TL), OA, and CS. Given the limitations of fishing seasons within some sectors, if 
there was no observed effort during a month, that month was deemed to represent “zero co-
occurrence” for that sector. Theoretically, if every sector was active with observed sets in every 
month of every year of the time series, the total would be n = 480; for pot fishing the unique 
number of sector-year-month combinations was n = 219, and for hook-and-line was n = 305. The 
hook-and-line fisheries encompass a wide variety of gear types including: longline, vertical 
hook-and-line, stationary hook-and-line, rod-and-reel, stick, and troll. Hook-and-line means one 
or more hooks attached to one or more lines and they can be mobile (troll) or stationary 
(longline). Vertical hook-and-line gear such as vertical jig involves a single line anchored at the 
bottom and buoyed at the surface. The majority of hook and line catch in the PCGF is with 
bottom longline gear. However, in recent years there has been a growing component utilizing 
variations on vertical line gear, rod-and-reel gear, and stick gear. 
 
For the midwater trawl sector there are two components within the gear type: the shoreside (SS) 
and at-sea (AS) sectors. The shoreside component is derived into smaller sectors: Hake (non-
EM), Hake (EM), Rockfish (non-EM), and Rockfish (EM). Throughout this appendix we will 
refer to them as the Hake and Rockfish sectors by combining both the human-observed and EM-
observed subsectors. The AS component is divided into catcher-processor (CP) and mothership 
(MS) sectors. Throughout this appendix the SS and AS components of the midwater fishery will 
be separated to compare effort and overlap. Fishing effort for all sectors was represented by the 
observed tow durations of midwater trawls in hours generated from WCGOP data from 2014-
202316. The exclusion of 2023 EM data is substantial in the case of trawl gear, as a vast majority 

                                                 
16 2023 EM data was not available at the time of analysis of this opinion. Therefore, any data presented in this 
report that encompasses 2023 will not contain any observed EM effort.   
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of the fisheries for both Hake and Rockfish are monitored through EM. The Hake and Rockfish 
sectors monitored by human observers are represented in their totality, however, a large sector of 
the fisheries in 2023 is not accounted for in this analysis due to the lack of EM data at the time of 
publication (and therefore not included in the SS analysis).  
 
We concluded that tow duration was the best way of representing trawling effort as it pertains to 
entanglement risk because it describes the amount of time trawl nets would be towed through the 
water column, and therefore the amount of time a net could capture or entangle a marine 
mammal or turtle. Other metrics of effort such as landings can vary dramatically from set to set; 
tow or haul duration (will be referred to as both in this appendix and are synonymous) is the 
most standardized way of calculating trawl effort. Tow duration is already calculated by 
WCGOP in their datasets (Somers et al. 2023), and is reported as or was converted to decimal 
hours from the start/end times of the midwater trawls. Similar to hook-and-line and pot, every 
unique haul ID was identified, and trawl hours were aggregated by unique year, month, and 
sector groupings. For trawl fishing, this includes the following sectors: Midwater Hake, 
Midwater Rockfish, CP, and MS for each month (January-December) from 2014-2023. We 
chose to analyze midwater trawling without including bottom trawling, as there have been no 
known capture/entanglements between humpback whales and leatherback sea turtles with bottom 
trawl gear. 
 
In addition to calculating observed pot gear sets, hook-and-line gear sets, and trawl hours, we 
wanted to represent to the best of our ability the totality of fishing effort associated with each 
sector, beyond just the observed fishing effort. The WCGOP calculates observer coverage rates 
based on the metric tons of catch observed relative to the total metric tons of landings for every 
gear type, sector, and year within the PCGF. Observed landings is the only metric available for 
all vessels and effort associated with the PCGF, hence landings are used to calculate observation 
rates by WCGOP instead of other metrics such as numbers of sets or tow hours. Despite this, in 
the sectors where the WCGOP produced observation rates based on observed landings and 
observed hauls respectively, the observed proportion rates based on landings and based on hauls 
were highly correlated and similar, thus justifying the use of observation rate calculated from 
landings despite utilizing sets and trawl hours for our fishing effort metrics.  
 
Given the variation in PCGF observer coverage rates across different sectors of the PCGF, from 
2-100% (Somers et al. 2022), it is difficult to evaluate the relative co-occurrence of sectors 
directly when the available data may represent only 2% of the effort that occurred in that sector, 
versus other sectors where observer coverage represents higher proportions, For example, the CS 
sector of the PCGF has nearly 100% observer coverage either through EM or human observers, 
therefore the WCGOP dataset encapsulates nearly 100% of the fishing effort and data of this 
sector. Conversely, the WCGOP dataset for the OA sector only captures 2-12% of total fishing 
effort, resulting in very few data points, and making it difficult to accurately analyze this sector’s 
total risk for entanglement, the variability of that risk over time, and compare to other sectors 
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such as CS. Therefore, to represent total fishing effort, we divided the observed number of sets 
or trawl hours for each sector by the proportion of the landings observed in that year (i.e., 
observer coverage rate estimated by WCGOP) in each sector. For example, for sablefish pot 
gear, if the 2014 May LE sector observer data consisted of three fishing sets across a range of 
latitude and longitude values (e.g. 1, 2, and 3 observed sets per individual area), and the observer 
coverage rate for LE pots in 2014 was 5%, then each of those values would be divided by 0.05 to 
generate a total estimate of 20, 40, and 60 sets for this area to accurately represent 100% of 
fishing effort in that respective sector and year. Since observer coverage rates are provided on an 
annual basis, the same rate for that year would be applied for every month within that year. Thus, 
following the previous example, the number of sets made in each area would be divided by 0.05 
for every month in 2014 to generate estimates of total effort for LE fishing effort in our spatial 
effort model.  

Species Distribution Models 
 
The humpback whale model differs from the leatherback model as it is a species density 
distribution model, and therefore estimates the number of whales per square kilometer, whereas 
the leatherback habitat suitability model estimates habitat quality, ranging in value from 0-1 (0 
indicates unsuitable habitat and 1 represents highest quality habitat). Both approaches rely on 
environmental variables to predict where species are most likely to occur; however, the 
humpback model further associates those predictions with densities of whales from survey data.  
 
The humpback whale density distribution model is currently associated with a manuscript that is 
in preparation for peer review (Forney et al. in prep), but a prior version of the model has also 
been used in previous analysis published by NMFS Science Centers (Samhouri et al 2021, 
Riekkola et al. 2023). While this model is the best available predictive tool for the type of spatial 
and temporal overlap analysis we are conducting, we acknowledge that there is potential for the 
humpback whale density distribution model to underestimate the density/distribution of 
humpback whales found off the U.S. West Coast. This is because the model has been validated 
(in part) utilizing whale watching data, which tends to not observe many whales in the winter 
due to weather, business restrictions, and from regional air surveys and small boat surveys which 
are limited by the same constraints (Karin Forney, personal communication, August 8th, 2024; 
Forney et al. In Prep). Therefore, this co-occurrence analysis could ultimately underestimate 
entanglement risk in some time or areas, which we considered accordingly. This model is built 
using Southwest Fisheries Science Center (SWFSC) line-transect survey data from 1991-2014, 
and uses satellite and Regional Ocean Modelling System (ROMS) data as covariates (mixed 
layer depth, sea surface height, sea surface temperatures, and standard deviations of these 
variables) to produce a prediction value (whales/km2) every two days in an approximately 3 km 
(0.027°) resolution grid, and was run for the 2014-2023 period we analyzed. These spatial 
coordinate values were then averaged across each month in the time series to produce humpback 
whale density estimate predictions for every unique month and year combination (n = 120). 
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The original leatherback habitat suitability model (Welch et al. 2020) was fitted using satellite-
linked tracking data collected during the Tagging of Pacific Predators program from 2001-2011 
(Block et al. 2011), and incorporates daily environmental data at 0.1° resolution from the 
Regional Ocean Modelling Systems (ROMS) configured for the California Current Ecosystem 
(CCE). Since the original model was fit, new Argos satellite tracking data spanning 2011-2020 
has been collected and updated to the model (Lezama-Ochoa et al in review). These variables are 
used to hindcast species distributions based on the day’s environmental covariates to produce 
habitat suitability maps, generating daily prediction values in a 0.1° grid, which were then run 
for the period 2014-2023. These daily prediction values occur from 0-1, with zero indicating 
unsuitable habitat in an area, and one representing the highest quality leatherback habitat 
suitability areas. These spatial coordinate daily predictions for habitat suitability values were 
then averaged across each month to produce habitat suitability scores for each unique month and 
year combination across the entire U.S. West Coast (i.e., monthly habitat suitability prediction 
data frame; n = 120). Again, this model is a habitat suitability estimator, and therefore is not 
indicative of actual leatherback density in the study area; instead it is a tool that displays where 
leatherbacks would be more or less likely to be found based on the availability of suitable 
habitat. This will be important to understand in our analysis, as the Western Pacific population of 
leatherbacks has declined in recent decades, and therefore individual leatherbacks have been 
observed less frequently off the U.S. West Coast (especially in the Pacific Northwest) in recent 
years despite there being suitable habitat for them. Therefore, this model will be a conservative 
predictor of potential overlap with leatherbacks in this analysis, despite the presence of suitable 
habitat.  
 

Co-Occurrence Analysis 
 

To calculate the overlap between fishing effort and the species models (i.e., co-occurrence or 
overlap which are considered synonymous and will be utilized throughout the appendix 
interchangeably), we converted each of the unique monthly leatherback habitat suitability 
prediction values, whale density prediction values, and fishing effort values for the pot, hook-
and-line, and trawl sectors into individual gridded data layers. All layers (both species 
distribution models and each fishing effort rasters), were converted to the same spatial 
resolution (2 km grid cells) and extent (latitude = 32 to 49°N and longitude = -115 to -
126°W). Once all data layers were converted to the same resolution, they were overlaid to 
produce an output layer that only contained values present in both parent data layers (e.g. pot 
effort and humpback density or trawl effort and leatherback habitat suitability). There was no 
determined minimum threshold for overlap. For example, if there was a grid that contained a 
fishing effort of 0.1 and a species model of 0.001, there would be a resulting output overlap 
and it would count towards the total overlap calculations. The values of grid cells in the 
output layer were produced by multiplying the parent raster values. To follow with the 
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previous example, if at latitude 42°N and longitude -120°W there were 5 pot sets and 0.1 
whales/km2, then the corresponding output grid cell would have a value of 0.5 (5*0.1 = 0.5) 
and the output would include all of the grid cells with overlap. The values of all of the 
resulting cells were also summed across months or years to compare trends over time. It is 
important to note that these resulting overlap values are unitless and cannot be directly 
compared against other overlap values from different fishing effort and species overlaps. This 
process of utilizing the product of two data layers (species models and fishing effort) has 
been documented in Redfern et al. (2020), Samhouri et al. (2021), Womersley et al. (2022), 
and Riekkola et al. (2023). This approach assumes that entanglement risk increases linearly 
as species density or suitability and occurrence of fishing gear increases. This risk metric 
through the multiplication of species and fishing data is not a measure of absolute risk of 
entanglement, but rather allows us to measure the relative change in risk across seasons, 
years, and fishing gear within each co-occurrence analysis. This overlap analysis process was 
completed for the following combinations of layers: 
 

• Humpback whale density and pot sets 
• Humpback whale density and hook-and-line sets 
• Humpback whale density and midwater trawl hours  
• Leatherback habitat suitability and pot sets 
• Leatherback habitat suitability and hook-and-line sets  
• Leatherback habitat suitability and midwater trawl hours  

 
For each of these combinations, the co-occurrence values were also categorized by month, 
sector, year, and value of overlap, which were analyzed accordingly to evaluate spatiotemporal 
trends and how those trends may help inform expectations for future entanglement risks with 
humpbacks and leatherbacks. 
 
Further, for the evaluation of Amendment 32 we visually evaluated mapping of: 

• Humpback whale density and Amendment 32 opening areas 
• Leatherback habitat suitability and Amendment 32 opening areas  

 

Amendment 32 Analysis 
 
Amendment 32 to the PCGF fisheries management plan (FMP) recently opened up areas within a 
Rockfish Conservation Area (RCA) that were previously closed to non-trawl fishing off the 
coasts of Oregon and California to vessels that gear switch under the Individual Fishing Quota 
(IFQ) Program. These recently reopened areas include areas located within designated critical 
habitat for humpback whales and leatherback sea turtles. This opened up fishing opportunities in 
Oregon and northern California waters from 75-100 fathoms, and in central California from 75-
125 fathoms, to be possibly exploited by PCGF pot and hook-and-line fishing which has been 
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previously closed for decades. We evaluated what the potential implications of these changes 
could mean for humpback whale and leatherback sea turtle entanglement risk for the relevant 
fixed gear fisheries.  
 
Humpbacks are known to seasonally occupy the West Coast EEZ specifically in nearshore 
habitats close to the newly reopened areas of Amendment 32. Whale season on the U.S. West 
Coast, according to the most recent SAR (Caretta et al. 2023), occurs from April-December, 
which coincides with peak PCGF fixed gear fishing from April-November. Further, there was an 
unconfirmed entanglement of a humpback whale in vertical jig gear in 2021, which is one of the 
new gear types that is allowed in these newly reopened areas from Amendment 32. Therefore, 
we wanted to assess the risk of possible future pot and hook-and-line fishing in the newly opened 
areas by analyzing average monthly humpback whale density values from 2014-2023. 
Humpback whale density models were averaged to produce values for every unique year and 
month (n = 120). Then, the model was averaged every month (January-December) across years 
to produce output values along the California Current Ecosystem (CCE) for humpback whale 
density for every month (n = 12). We then generated 75, 100, and 125 fathom contour lines that 
spanned the newly reopened areas, and overlaid them on top of the monthly humpback whale 
density outputs to analyze how these newly reopened areas may overlap with humpback whales. 
This allowed us to determine if these new areas were: (1) likely to be utilized by pot/trap and 
hook-and-line fisheries due to the past history of effort, and (2) likely to interact with predicted 
distributions of humpback whale density.  
 
Leatherbacks have been known to previously aggregate in or near these newly opened areas, 
around 200-2000m in Oregon and < 200m in central California (Benson et al. 2011). 
Leatherback habitat suitability along the U.S. West Coast tends to peak in summer and fall, 
coinciding with the peak in PCGF fixed gear fishing effort. Therefore, we wanted to assess the 
risk of possible future pot and hook-and-line fishing in these newly opened areas given average 
monthly leatherback habitat suitability values from 2014-2023. Thus, leatherback habitat 
suitability models were averaged to produce values for every unique year and month (n = 120), 
and then every month (January-December) across years was averaged together to produce output 
values along the CCE for leatherback habitat suitability for every month (n = 12). We then 
generated 75, 100, and 125 fathom contour lines that spanned the newly reopened areas, and 
overlaid them on top of the monthly leatherback habitat suitability outputs to analyze how these 
newly opened areas overlap with leatherback habitat suitability.  
 

Results 

Fishing Effort  

We analyzed fishing effort for all three relevant gear types of the PCGF: pot, hook-and-line, and 
midwater trawl, along with their individual sectors. We wanted to establish a baseline of how 
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fishing effort has changed amongst these gear types and their individual sectors over space and 
time during the last decade, to help provide context and insight for the co-occurrence analysis as 
to how fishing effort dynamics are contributing to overlap and entanglement risk. We chose to 
analyze the most recent decade as it will give us the most modern look at what is happening 
within each fishery. Additionally, this time period from 2014-2023 covers a wide variety of 
anthropogenic and natural environmental variation including the marine heatwave, El Niño and 
La Niña, and the COVID-19 pandemic thus providing a plethora of variability to strengthen our 
estimates of what is likely to occur in the future.  
 
Pot 

Figure A-1 displays sablefish pot fishing effort represented by the number of observed pot sets 
scaled up to represent the estimated 100% fishing effort based on observer coverage rates. 
Throughout this appendix we will refer to PCGF pot effort as sablefish pot effort as this fishery 
accounts for the vast majority if not the entirety of the PCGF pot fishery. There is no knowledge 
to date of commercial fishermen who fish for other groundfish species using pots that are 
managed under the groundfish FMP. Table A-1 displays the estimated number of pot sets for 
each sector: CS, LE, and OA for every year, 2014-2023, scaled up based on annual observation 
coverage rates for that year and sector. Figure A-2 displays the values from Table A-1 into a line 
plot to visually display the estimated number of pot sets by sector over the time series. Spatial 
trends we detected include: a northward shift in pot effort over the years resulting in less fishing 
occurring in southern California, especially in the CS sector; OA sector effort fixating on central 
and northern California over time; and the distribution of LE sector effort remaining relatively 
consistent over the years17*. A majority of fishing effort across all years is concentrated along 
the Oregon coast, with other small concentrations occurring north of the Columbia River in 
southern Washington, and off of Cape Mendocino, San Francisco, and Monterey Bay/Big Sur, 
CA (Figure A- 1). 
 
The OA sector of the PCGF contains the lowest observer coverage, and the most minimal data in 
regards to fishing effort across sectors (CS and LE). Therefore, it makes it difficult to draw any 
concrete conclusions on fishing effort and therefore overlap within the OA sector as only around 
5% on average of the fishery is observed. It is also possible that even when accounting for the 
low observation and scaling fishing effort based on observer coverage rate, that observers could 
be deployed only in a small subsection of the total effort that occurred in the OA sector. Thus, 
observer coverage could be influencing the trends that we see both in OA fishing effort and 
overlap with protected species. Especially when observed effort is scaled up so heavily to 
account for the low observer coverage, a single observation of overlap could heavily skew the 
results This differs for the CS sector as nearly 100% of this sector is monitored through human 

                                                 
17 While we did examine this data using the same visual and data analysis formats, we are unable to effectively 
illustrate these patterns visually without compromising confidentiality. The * will represent this situation 
throughout the Opinion and Appendix A, where appropriate. 
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observation or EM, therefore almost the entirety of effort and distribution is accounted for in this 
analysis. Although the LE sector has on average 40% observer coverage since the inception of 
the WCGOP, this is substantially more coverage than OA and can even exceed 50% coverage in 
some years. Thus, with more data and a broader distribution we can be more confident in the 
fishing effort and overlap trends displayed in this analysis for the LE sector. 
 

  
Figure A-1: Pot sets scaled up by sector to represent 100% of fishing effort based on 
observed WCGOP data, plotted by year (2014-2023), and labeled by magnitude of pot sets.* 
 

Sablefish pot effort across sectors was the highest in 2016 (Table A-1). However, peak effort 
does vary by sector, with the LE effort peaking in 2023, OA in 2022, and CS in 2017 (Table A-
1). Pot fishing effort oscillated in magnitude but remained relatively stable from 2014-2023 
(Figure A-2).  

 
Table A-1: Estimated number of pot sets for each sector per year. Estimated number of pots 
is derived from the WCGOP observed pot sets and scaled up based on observer coverage 
rates for that unique year and sector. 

Year LE OA CS Total 

2014 629 788 1,284 2,701 

2015 490 914 1,275 2,679 

2016 828 1,043 1,600 3,471 

2017 581 1,050 1,798 3,429 
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Year LE OA CS Total 

2018 726 890 1,320 2,936 

2019 904 636 1,575 3,116 

2020 981 367 1,417 2,764 

2021 703 500 1,006 2,209 

2022 642 1,525 974 3,141 

2023 1,168 1,220 479 2,867 
 
 

 
Figure A-2: Estimated pot sets by sector for the years 2014-2023. Lines are colored by sector 
and the black line represents the total sets summed for all sectors. 
 

Pot fishing also displays temporal differences throughout the year, especially as certain sablefish 
pot fishing sectors are only allowed to fish during certain months of the year. There was a  
concentration of fishing effort occurring from April-October, reflecting the seasonality of the LE 
fishery (Figure A-3; Table A-2). The OA sector operates year-round, but effort is also 
concentrated in the same months as LE (Table A-2), with effort mostly around northern and 
central California throughout the year.* The CS sector fished mostly in Oregon and Washington 
waters with some effort in central California in recent years.* CS effort occurred throughout 
most of the year.  
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Figure A-3: Pot sets scaled up by sector to represent 100% of fishing effort based on 
observed WCGOP data, plotted by month which includes data from all years, 2014-2023, and 
labeled by magnitude of pot sets.* 
 

Pot effort across sectors was highest in October (Table A-2). However, this varied by sector with 
LE effort peaking in October, OA in August, and CS in October (Table A-2). Total effort does 
display a distinct peak in effort occurring from July-December, but individual sectors do oscillate 
back and forth throughout the year (Figure A-4). The LE sector is the only sector that contained 
months with no fishing which occurred in January, February, and March (Table A-2). 

 
Table A-2: Estimated number of pot sets for each sector per month for all years (2014-2024). 
Estimated number of sets is derived from the WCGOP observed pot sets and scaled up based 
on observer coverage rates for the unique year and sector in which that data was observed. 

Month LE OA CS Total 

January NA 244 237 481 

February  NA 495 415 910 

March NA 606 716 1,322 

April 462 626 544 1,632 

May 1314 779 756 2,849 

June 416 827 961 2,204 
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July 674 723 1,281 2,678 

August 704 1743 1,451 3,898 

September 1898 982 2,120 5,000 

October 1954 798 2,470 5,222 

November 195 722 1,089 2,006 

December 34 387 688 1,109 
 
 

 
Figure A-4: Estimated pot sets by sector and month for the years 2014-2023. Lines are 
colored by sector and the black line represents the total sets summed for all sectors.  
 

Hook-and-Line  
 
Similar to pot fishing, the CS hook-and-line sector also has near 100% of observer coverage 
during this time series therefore the effort and overlap analysis for this sector is deemed to be 
fairly accurate and indicative of total risk for the sector, except for 2023 where there is no EM 
data available or utilized in this analysis. The OA and LE TL sectors both have very minimal 
observer coverage; around ~4% for both OA and LE TL. Therefore, scaling up based on their 
observer coverage to account for total fishing effort and applying this to our overlap analysis can 
present bias, both spatially if observers only cover limited distributions of the fishing effort, and 
overall with limitations on available fishing effort. The LE sector has an even lower average 



245  

observer coverage rate to LE pot of ~30%. Thus, although the LE sector still contains more data 
than OA and LE TL sectors, there are some limitations to scaling up to represent total fishing 
effort. However, since around a third of fishing is still observed, we think it is safe to assume that 
the distribution of LE hook-and-line fishing effort is likely covered accurately, but still presents 
challenges when analyzing overlap.  
 
Figure A-5 displays estimated hook-and-line fishing effort represented by the number of 
observed hook-and-line sets that were scaled up to represent the estimated 100% fishing effort. 
Hook-and-line sets are most concentrated along northern California and the Oregon coasts, with 
a smaller concentration occurring near Cape Elizabeth and La Push, WA (Figure A-5). In recent 
years there was a decrease in hook-and-line effort around the Columbia River mouth and within 
the Southern California Bight (Figure A-5). Hook-and-line fishing distribution appears to stay 
relatively consistent across years, space, and sectors and spans the entire coastline from southern 
California to northern Washington (Figure A-5).  

 
Figure A-5: Hook-and-line sets scaled up by sector to represent 100% of fishing effort based 
on observed WCGOP data, plotted by year (2014-2023), and labeled by magnitude of pot 
sets.* 
 

LE TL and CS sector effort has declined over time, and this has decreased hook-and-line effort 
that occurs in the Southern California Bight*. Particularly, CS fishing ceased altogether in 2020, 
and LE TL substantially declined from 2021 onwards (Table A-3), Figure A-6). The OA sector 
has increased in annual sets especially in the most recent years, 2022 and 2023 (Table A-3, 
Figure A-6). LE fluctuates throughout time but has remained relatively stable in the number of 
sets since 2020 (Table A-3, Figure A-6). Overall, hook-and-line fishing effort peaks in 2017 with 
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LE peaking in 2016, LE TL in 2014, OA in 2022, and CS in 2016 (Table A-3). Overall, the 
number of hook-and-line sets remained stable, but have decreased in annual effort in the most 
recent years, 2020-2023 compared to the beginning of the time series, 2014-2016 (Figure A-6). 
 

Table A-3: Estimated number of hook-and-line sets for each sector per year. Estimated 
number of sets is derived from the WCGOP observed hook-and-line sets and scaled up based 
on observer coverage rates for that unique year and sector. 

Year LE LE TL OA CS Total 

2014 1,869 3,080 780 252 5,981 

2015 1,532 2,057 1,080 186 4,854 

2016 2,006 1,725 1,560 350 5,641 

2017 1,876 2,366 1,975 149 6,367 

2018 1,930 2,125 2,080 145 6,280 

2019 1,771 2,175 2,000 155 6,101 

2020 1,354 2,200 1,133 0 4,687 

2021 1,387 1,050 1,180 0 3,617 

2022 1,214 600 2,700 0 4,514 

2023 1,326 725 2,500 0 4,552 
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Figure A-6: Estimated hook-and-line sets by sector for the years 2014-2023. Lines are 
colored by sector and the black line represents the total sets summed for all sectors. 

 
Hook-and-line fishing also displays temporal differences throughout the year, especially as 
certain sectors are only allowed to fish during certain months of the year. Here, we see the 
largest magnitude of fishing effort occurring from April-October, reflecting the seasonality of the 
LE fishery (Figure A-7, Figure A-8). LE fishes in broad distribution from the U.S.-Canada 
border to Point Conception*. OA operates year-round, but OA effort is also concentrated in the 
same months as LE (Table A-4, Figure A-8). The OA sector also displays a board distribution, 
fishing from the Columbia River mouth down to the U.S.-Mexico border*. LE TL fishes year-
round in the Southern California Bight, and is the predominant sector to fish in that area year-
round*. CS fished mostly near central California waters* and from September-November, but in 
recent years has ceased fishing effort (Table A-4, Figure A-8).  
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Figure A-7: Hook-and-line sets scaled up by sector to represent 100% of fishing effort based 
on observed WCGOP data, plotted by month which includes data from all years, 2014-2023, 
and labeled by magnitude of pot sets.* 
 

Hook-and-line fishing effort across sectors and years peaked in August, with the LE sector 
peaking in September, LE TL in August, OA in August, and CS in October (Table A-4). LE and 
CS are the only sectors that do not display fishing effort year-round (Table A-4). Fishing effort 
across sectors peaks from March-November (Figure A-8). 

 
Table A-4: Estimated number of hook-and-line sets for each sector per month for all years 
(2014-2024). Estimated number of sets is derived from the WCGOP observed hook-and-line 
sets and scaled up based on observer coverage rates for that unique year and sector in which 
the fishing occurred. 

Month LE LE TL OA CS Total 

January 0 1,636 550 30 2,217 

February  5 1,891 665 56 2,616 

March 38 841 1,282 35 2,196 

April 2,006 1,105 1,762 0 4,873 

May 1,398 1,046 1,997 0 4,440 

June 1,883 1,450 1,968 1 5,303 
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July 2,305 2,145 1,675 27 6,150 

August 2,776 3,612 2,340 145 8,874 

September 3,452 976 1,473 333 6,235 

October 2,297 1,397 1,948 364 6,007 

November 98 1,160 903 157 2,319 

December 7 844 425 90 1,365 
 
 

 
Figure A-8: Estimated hook-and-line sets by sector and month for the years 2014-2023. 
Lines are colored by sector and the black line represents the total sets summed for all sectors. 
 
Midwater Trawl 

Midwater trawling is split into different components within the PCGF, the shoreside (SS) and 
the at-sea (AS). The SS component is made up of Hake (non-EM), Hake (EM), Rockfish 
(non-EM), and Rockfish (EM). Throughout this appendix we will combine Midwater Hake 
non-EM and EM into a single sector called Midwater Hake, and do the same for Rockfish 
(non-EM) and EM into a sector, Midwater Rockfish. The available 2023 data will be 
included for the overlap and monthly analysis, but when looking at year to year trends since 
there was no EM data available for 2023 at the time of publication, it makes it difficult to 
compare incomplete 2023 data to other complete years. The AS component is made up of the 
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CP and MS sectors. These two components will be represented separately throughout the 
appendix, as some vessels within the AS sector (primarily CPs) tend to be much larger and 
louder, contain two observers with no EM observation, and target hake specifically. We 
display 023 data for the AS sector, as a majority of their effort is observed through human 
observation, and all the available data was provided for 2023. 
 
Figure A-9 displays midwater trawl effort represented by the number of observed trawl hours 
based on observer coverage rates. The only exception to this being the unavailability of EM 
data for 2014 (EM recording had not begun yet), and for 2023, as this data was not available 
at the time of this opinion being drafted. All SS midwater trawling effort occurs north of 
40°N, and therefore is heavily concentrated throughout these areas and did not display much 
difference in spatial distribution year to year.  

 
Figure A-9: Shoreside trawl hours representing 100% of fishing effort based on observed 
WCGOP data, plotted by year (2014-2022), and labeled by magnitude of pot sets.* 

 
Figure A-10 displays AS midwater trawl effort represented by the number of observed trawl 
hours based on observer coverage rates. AS midwater trawl fishing effort distribution appears to 
stay relatively consistent across space given the effort is heavily concentrated in northern waters 
and fairly similar to SS (Figure A-10). The only major difference is that AS effort is 
concentrated even further north, with SS displaying some effort as far south around Cape 
Mendocino, and AS mainly occurring around and north of 42°N latitude (Figure A-9 and A-10). 
AS effort also occurs further inshore and only fished as far west as 127°W, whereas SS fished 
almost as far as 130°W*. AS effort in recent years does not appear to be as concentrated in the 
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northern part of Washington around La Push as it was in previous years (Figure A-1).  

 
Figure A-10: At-sea trawl hours representing 100% of fishing effort based on observed 
WCGOP data, plotted by year (2014-2023), and labeled by magnitude of pot sets.* 
 

SS midwater trawling in total has increased in the number of trawl hours throughout the time 
series (Table A-5). Both sectors, Hake and Rockfish, peak in trawl hours in 2022 (Table A-5). 
Total effort in hours has appeared to oscillate throughout time, but generally increased in recent 
years, particularly from 2019-2022, ultimately peaking in effort in 2020 (Table A-5, Figure A-
11).  

 
Table A-5: Observed SS midwater trawl hours for each sector per year derived from 
WCGOP observed midwater trawl hours There was no EM in 2015 and the data for 2023 was 
unavailable at the time of publication. 

Year Hake  Rockfish  Total 

2014 
4,733 268 5,001 

2015 6,746 358 7,104 

2016 5,275 239 5,514 

2017 5,873 642 6,515 

2018 6,054 1,137 7,191 



252  

2019 6,643 1,128 7,771 

2020 8,623 8,82 9,504 

2021 5,947 1,133 7,080 

2022 7,297 1,311 8,608 
 
 

 
Figure A-11: Estimated shoreside midwater trawl hours by sector for the years 2014-2022. 
Lines are colored by sector and the black line represents the total sets summed for all sectors 
within SS. 
 

AS midwater trawling in total fluctuates throughout the years in terms of total trawl hours (Table 
A-6), with 2022 displaying the highest effort of the decade across both sectors (Table A-6, 
Figure A-12). This varies slightly by individual sector with CP peaking in 2018 and MS peaking 
in 2022, displaying the oscillatory behavior of the total AS trawl hours throughout the time series 
(Table A-6). 

 
Table A-6: Observed AS midwater trawl hours for each sector per year derived from 
WCGOP observed midwater trawl hours There was no EM in 2015 and the data for 2023 was 
unavailable at the time of publication. 

Year Catcher-Processor Mothership Total 



253  

2014 
4,731 3,547 8,279 

2015 5,691 2,135 7,826 

2016 7,291 5,502 12,793 

2017 5,716 3,661 9,376 

2018 6,994 4,552 11,546 

2019 6,221 3,748 9,969 

2020 4,975 2,002 6,977 

2021 4,891 2,636 7,528 

2022 6,740 6,096 12,837 

2023 5,088 2,977 8,065 
 

 
Figure A-12: Estimated AS midwater trawl hours by sector for the years 2014-2023. Lines 
are colored by sector and the black line represents the total sets summed for all sectors within 
AS. 
 

SS trawling effort also displays a seasonal distribution with peak effort occurring from May-
October (Figure A-13; Table A-7, Figure A-15). All sectors heavily overlap in their spatial 
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distribution throughout the May-October season with most fishing remaining relatively the same 
spatially from month to month (Figure A-13).  

 
Figure A-13: Shoreside trawl hours from observed WCGOP data, plotted by month which 
includes data from all years, 2014-2023 (excluding 2023 EM), and labeled by magnitude of 
pot sets.* 
 

Trawling effort displays a strong seasonal distribution with AS trawl effort only occurring from 
May-November, and no effort between December and April (Figure A-14). There also appears to 
be two peaks in effort, one in May and June and then again in October with July and August 
displaying decreased amounts of effort (Figure A-14, Figure A-16). The sub-sectors, CP and MS 
both follow these monthly trends.  
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Figure A-14: At-sea trawl hours from observed WCGOP data, plotted by month for which 
there is fishing effort which includes data from all years, 2014-2023, and labeled by 
magnitude of pot sets.* 
 

Peak effort occurs within various months for each sector. The Hake sector peaks in effort in 
August, and the Rockfish sector in November (Table A-7, Figure A-15). Overall, effort across 
sectors for the SS fishery peaks in July (Table A-7, Figure A-15). 
 

Table A-7: Estimated number of shoreside midwater trawl hours for each sector per month 
for all years (2014-2023). 

Month Hake  Rockfish Total 

January NA 333 333 

February  NA 348 348 

March NA 727 727 

April NA 715 715 

May 184 680 3,860 

June 3,180 627 9,971 

July 9,344 491 14,524 
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August 14,033 582 13,234 

September 12,652 676 10,260 

October 9,585 942 8,355 

November 7,413 1,059 2,381 

December 2 508 509 

 
Figure A-15: Estimated shoreside trawl hours by sector and month for the years 2014-2023. 
Lines are colored by sector and the black line represents the total sets summed for all sectors. 
 

Peak effort for the individual sectors of the AS fishery follow the same monthly trends. Both of 
their ultimate peaks in effort occur in October with the total effort peaking at 25,508 hours in 
October (Table A-8, Figure A-16). 
 

Table A-8: Estimated number of at-sea midwater trawl hours for each sector per month for 
all years (2014-2023). 

Month Catcher-Processor Mothership Total 

January NA NA 0 

February  NA NA 0 

March NA NA 0 
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April NA NA 0 

May 15,203 9,323 24,526 
June 9,194 8,547 17,740 
July 21 586 608 

August 750 1,162 1,913 
September 10,483 4,563 15,046 

October 15,438 10,069 25,508 
November 7,250 2,605 9,855 

December NA NA 0 
 
 

 
Figure A-16: Estimated AS trawl hours by sector and month for the years 2014-2023. Lines 
are colored by sector and the black line represents the total sets summed for all sectors. 

Species Distribution Models 
 
Similar to fishing effort, we wanted to establish a baseline of how predicted leatherback habitat 
suitability and humpback whale density has changed over space and time during the last decade, 
which will later provide evidence for the co-occurrence analysis as to how species distribution 
dynamics are contributing to overlap and entanglement risk.  
 
Humpback Whales 
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Humpback whales are generally understood to reside in larger numbers in the CCE for eight out 
of twelve months of the year, which coincides with April-December (Caretta et al. 2023), 
although we acknowledge that some individual whales can be found off the U.S. West Coast 
year-round. The figures below help to depict the general migration pattern through predicted 
humpback whale density in April (beginning of migration back to the CCE), July (middle of 
migration), and October (beginning of migration south to breeding grounds). This illustrates how 
concentrations of humpback whales along the U.S. West Coast generally migrate along the coast 
throughout the year. The main hot spots for whales during peak densities occur off northern 
California, specifically around Cape Mendocino, but can be found all the way through the 
Monterey Bay area, along the Oregon coast, and La Push in Washington (Figure A-17). These 
hot spots can vary throughout the year. For example, hot spots in central California such as 
Monterey Bay and the San Francisco Bay are at their “hottest” in the middle of summer around 
June-August (Figure A-18). Then hot spots along the coast of Oregon and Cape Elizabeth occur 
afterwards around October (Figure A-18). 
  
There has been a large amount of variability year-to-year, either in terms of when peak 
humpback density is predicted to occur within the EEZ, or where along the coast the whales are 
predicted to specifically aggregate in larger densities (Figure A-17). For example, during the 
marine heat wave from 2014-2018, whales appeared earlier in larger densities in comparison to 
other years outside of the marine heat wave period (Figure A-17). During these same years, the 
San Francisco Bay Area through Monterey Bay were predicted to be dense hotspots for 
humpback whale aggregation (Figure A-17). In the most recent years (2019-2023), whale density 
predictions suggest a later migration into the CCE during the year, were more distributed further 
offshore in July, and then become more aggregated closer to the coastline later in October 
(Figure A-17). Beyond those trends, the density distributions and apparent hotspots do appear to 
fluctuate along the coast every year.  
 
Density in April was predicted to be fairly consistent across years, except during the most recent 
years (2021-2023) when there appears to be fewer whales predicted to be present at this time 
(Figure A-17). Whales in April and earlier months are generally confined in distribution further 
south, in and around southern California (Figure A-18). Density distribution in July appears to 
have been variable from year to year, with some years having larger distributions further north at 
this time (2014, 2017, 2018, 2020, 2021, and 2022), and other years with predictions of not 
having many whales further north (2015, 2016, 2019, and 2023) at this time (Figure A-17). In 
July, there is almost always a dense aggregation predicted in either Monterey Bay, Cape 
Mendocino, or both (Figure A-17). However, how far north whales distribute and how early/late 
can vary year-to-year. For example, whales can be found in high densities in Washington waters 
in 2014, 2017, 2018, and 2020, but are virtually missing in 2015, 2016, and 2019 (Figure A-17). 
In October, humpbacks are predicted to aggregate closer to shore, specifically in Oregon and 
Washington waters (Figure A-18). In October, there are predictions for fewer whales in central 



259  

and southern California with increased presence in Oregon and Washington waters (Figure A-
18). October appears to be quite variable year to year with varying estimates for both distribution 
and abundance of humpbacks, for example densities in 2019 were quite minimal while in 2017 
and 2022 there are much higher densities of whales (Figure A-17).  
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Figure A-17: Average humpback whale density (whales/km2) in the months of April, July, 
and October for each individual year (2014-2023). 
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Figure A-18: Average humpback whale density (whales/km2) as an average of density values 
for months across all years (2014-2023). 
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Leatherback Sea Turtles 
 
Leatherbacks are similar to humpbacks as they are both highly migratory species and only reside 
within the CCE for a proportion of the year to forage, before returning to their 
breeding/wintering grounds. The figures below help to illustrate how the annual migration to and 
from the CCE is reflected by the predictions for habitat suitability in May (beginning of 
migration back to the CCE), August (middle of migration), and November (beginning of 
migration southeast to breeding/wintering grounds). Generally, predictions for suitable 
leatherback habitat are most favorable throughout the CCE during the summer and fall months, 
and least favorable in the winter and early spring (Figure A-20). Peak habitat suitability along the 
entire coast is predicted to occur in the late summer months of July, August, and into September 
(Figure A-20). This reflects and illustrates our general understanding of how leatherback turtles 
inhabit the CCE throughout the year to forage. There does not appear to be much annual 
variability in the general pattern of leatherback habitat suitability, as it follows relatively 
consistent trends in seasonal and temporal distribution (Figure A-19). The main hot spots for 
suitable habitat for leatherbacks turtles during peak densities occur off central California, 
specifically around Monterey Bay and San Francisco Bay, and along the northern Oregon coast 
especially around the Columbia River mouth, which suggests these regions are potential hotspots 
for entanglement risk, especially as they are areas with relatively high levels of fishing effort 
(Figure A-19 and A-20). In May, suitable leatherback habitat remains mostly offshore and within 
latitudes of central and southern California, although the predictions for habitat suitability in 
offshore areas is generally less than the habitat suitability predicted for the coastal hotspots later 
in the year (Figure A-20). May can vary year to year in how far north there is habitat suitability 
(Figure A-19). For example, in the years 2016 and 2020 there is higher suitability further forth 
and in 2021 and 2022 there is minimal suitability further north in the CCE (Figure A-19). In 
August, suitable habitat expands to the entirety of the West Coast, both nearshore and offshore, 
and becomes more coastally associated in denser aggregations in central California and Oregon 
(Figure A-20). August also displays the least variability of all the months represented in Figure 
A-19 on a year-to-year basis and displays high variability throughout the EEZ every year. By 
November, there is still a fair amount of suitable leatherback habitat, but this marks the 
beginning of migrations and we see that suitability begins to move again more offshore, 
resembling that of May habitat suitability (Figure A-20). Interannual variability in November is 
represented by the amount of suitable habitat along Oregon and Washington which differs year 
to year likely due to the slightly different timings of annual migrations (Figure A-19). Peak 
habitat suitability predicted in August doesn’t appear to vary much year-to-year (Figure A-19). 
During the heatwave years (2014-2018), habitat suitability predictions appear to be expanded 
further along the coast earlier, in April, and expand further north than in recent years (Figure A-
19).  
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Figure A-19: Average leatherback habitat suitability (0-1) in the months of May, August, 
and November for each individual year (2014-2023). 
 

Predictions for highly suitable leatherback sea turtle habitat (suitable habitat ≥ 0.75) are mostly 
absent from the CCE from January-April, with peak suitability occurring from June-October and 
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still remaining elevated in November and December (Figure A-20). Large areas near coastal 
central California and slightly offshore of the Oregon and Washington coasts contain the highest 
habitat suitability for leatherbacks along the U.S. West Coast (Figure A-20). Given we know 
leatherbacks are common to occur off of Oregon and central California, this model captures that 
well, showing peak predicted habitat suitability in these areas from June-October (Figure A-20).  
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Figure A-20: Average predicted leatherback sea turtle habitat suitability, as an average of 
suitability values for each month across all years (2014-2023). 
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Humpback Whale Co-Occurrence 

Pot Fisheries  

We wanted to understand the spatial distribution of co-occurrence between humpback whales 
and the PCGF over the last decade, and how it has changed throughout the year, amongst years, 
and between sectors, to help identify where the dynamics of entanglement risk may be heading in 
the future. A vast majority of sablefish pot fishing occurs in the months from August-November 
(Figure A-4), and humpbacks are still present in large aggregations, specifically near the coast, 
during these months (Figure A-18). Figure A-21 displays the overlap calculated from 2014-2023, 
including all PCGF sablefish pot fisheries, with overlap categorized by the magnitude of value. 
Areas of dense overlap include the San Francisco Bay, Monterey Bay and Big Sur, south of Cape 
Mendocino, along the Oregon coast, and around the Columbia River mouth (Figure A-21). 
Despite these hotspots, recent overlap occurs primarily along the entirety of Oregon and 
Washington coastlines, with smaller aggregations closer to shore along the California coast 
(Figure A-21).  
 



274  

 



275  

Figure A-21: The product of the estimated number of pot sets overlapped with humpback 
whale density. Overlap is colored by magnitude of overlap and is a unitless metric.* 
 

The months with the highest overlap across sectors are October and September (Table A-9) 
which correspond with the same months of peak pot fishing effort (Table A-2). The two months 
with the lowest summed overlap are January and March (Table A-9). These are months when 
most humpbacks are absent from West Coast waters, and have migrated to their winter breeding 
grounds (Figure A-18), and with very minimal pot fishing effort (Table A-2). Seasonally, 86.9% 
of all overlap occurs during the whale season (April-November). 
 
Sectors also show variable overlap throughout the year (Table A-9, Figure A-22). The CS sector 
had the highest overlap in October, LE in October, and OA in June, which is several months 
before the CS and LE sectors peak and prior to peak humpback whale density in the CCE (Table 
A-9, Figure A-22). This suggests earlier OA effort may drive entanglement risks in that sector. 
Overlap was the most prevalent during the latter half of the year, July-December especially along 
the Oregon coast*. Some hotspots for overlap earlier in the year appear to have occurred off of 
Cape Mendocino in April and May and Cape Elizabeth and central and southern California from 
January-March*. LE overlap was concentrated in the Cape Elizabeth and Cape Mendocino areas 
and CS overlap was concentrated in central and southern California areas*. Generally, 
Washington overlap appeared to have occurred in the second half of the year, with the most 
having occurred in August-October*.  

 
Table A-9: Overlap separated by month and sector for all sablefish pot overlap with the 
humpback whale density model. These are the sums of overlap within each unique month and 
sector for all years, 2014-2023. 

Month LE OA CS Total 

January NA 0.38 0.59 0.97 

February NA 1.96 1.1 3.06 

March NA 0.75 1.43 2.18 

April 1.3 1.88 2.47 5.65 

May 7.85 2.55 6.26 16.66 

June 3.42 13.73 8.58 25.73 

July 5.02 1.85 7.61 14.48 

August 2.75 9.68 6.09 18.52 

September 14.15 5.23 8.28 27.66 
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October 15.79 4.54 12.53 32.86 

November 0.76 4.73 7.95 13.44 

December 0.04 0.52 1.6 2.12 
 
The CS sector contains minimal overlap throughout the months, with a distinct increase in the 
fall specifically from June through November (Figure A-22). OA overlap oscillates throughout 
the season (Figure A-22). Peak overlap across all sectors occurs from June-October, coinciding 
with our general expectations with the highest levels of humpback whale presence on the West 
Coast (Figure A-22). 

 

 
Figure A-22: Estimates of pot set overlap with the humpback whale density distribution 
model. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each month for all years 2014-
2023. 
 

Both PCGF effort and the predicted density of humpbacks elevate during the same times of the 
year in the CCE, making it difficult to discern which of the two factors is more influential on 
driving co-occurrence. Predicted whale density from August to November coincide with elevated 
fishing effort in the areas surrounding Cape Mendocino, California and Cape Blanco, Oregon, 
suggesting these areas have been hot spots for potential entanglement risk. Generally speaking, 
the elevated entanglement risk to humpbacks resulting from predicted co-occurrence 
predominantly in summer and fall coincides with the previous entanglement history where 
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humpbacks tend to be entangled in larger frequencies in the summer and fall compared to the 
winter and spring. During the non-peak sablefish pot fishing season (December-April), the 
remaining pot effort is concentrated in Oregon and Washington waters and the presence of 
humpback whales off the U.S. West Coast during this time is fairly minimal. (Figure A-3 and A-
18).  
 
We also looked at the interannual variability of overlap over the last decade, to help understand 
how risk may change in the future. Over time, we see overlap risk has shifted northwards, with 
minimal overlap occurring in southern California waters in recent years, compared to the waters 
off of Oregon and Washington*. This is likely due to impacts of oceanographic dynamics that 
are altering species habitats and pushing them northwards due to increases in temperatures, 
decreased oxygen, lower productivity, etc., and fishing effort is following these species trends. 
 
201718, had the highest overlap across sectors (Table A-10). It is likely fishing effort is driving 
overlap in 2017 as it corresponds with the second highest estimated number of pot sets over the 
time series (Table A-1). Overlap across sectors was stable or even decreasing until it began to 
increase in 2022 and 2023 back to nearly record high levels displayed in 2016 and 2017 (Figure 
A-23). Overlap also varies by sector throughout the years. For example, the CS sector has the 
largest summed overlap in 2017, LE in 2020, and OA in 2015 (Table A-10). Pot overlap 
remained relatively stable over the last decade with peaks during the marine heat wave, and 
recently increasing almost back to the marine heat wave overlap values (Figure A-23).  

 
Table A-10: Overlap separated by year and sector for all sablefish pot overlap with the 
humpback whale density model. These include overlap within all months of the year. 

Year LE OA CS Total 

2014 3.11 1.75 4.69 9.55 

2015 2.24 10.91 5.43 18.58 

2016 6.66 4.47 9.33 20.46 

2017 4.3 5.77 10.53 20.64 

2018 5.08 4.45 6.93 16.46 

2019 4.00 2.60 8.21 14.81 

2020 7.70 1.40 6.85 15.95 

                                                 
18 EM data was not available for 2023. The CS sector is the only sector with landings 
observed by EM, and in 2023 EM accounted for around 40% of the landings that were not 
detailed in this analysis. The LE and OA sectors do not have any observer coverage consisting 
of EM. 
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2021 6.31 1.63 4.79 12.73 

2022 4.25 7.11 4.99 16.35 

2023 7.1 7.71 2.74 17.54 
 
 

 
Figure A-23: Estimates of the pot set overlap with the humpback whale density distribution 
model. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each year for all years 2014-2023. 
 

As another measure of co-occurrence, we considered what proportion of pot sets had at least 
some overlap with predicted humpback whale distribution (i.e., whale density prediction greater 
than zero). Given what we know about humpback whale DPSs and their relative distributions 
along the U.S. West Coast, we wanted to view how these fisheries interact in California and 
Oregon, versus Washington and how these overlap proportions measure up to the proportion and 
location of landings (Table A-11, A-12, and A-13). Our findings indicate 42% of total estimated 
pot sets in the LE sector overlapped with an area with humpback whale density, with 27% of 
these estimated overlap sets occurring in WA and 73% in CA/OR (Table A-11). LE landings are 
distributed so that 77% were made in CA/OR and 23% were made in Washington (Table A-12), 
thus displaying a similar overlap and landings ratio between the states. For the OA sector, 38% 
of estimated sets overlapped, with 11% of the estimated overlap sets occurring in WA, and 87% 
in CA/OR (Table A-11). OA landings also were similar proportions with 95% landed in CA/OR 
and 5% landed in WA (Table A-12). In the CS sector, 42% of estimated sets overlapped, with 
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25% of the estimated overlap sets occurring in WA, and 75% in CA/OR (Table A-11). CS 
landings slightly differ in that around 50% are landed in CA/OR and 50% in Washington, 
therefore their fishing effort in CA/OR is more likely to overlap with humpback than that of their 
WA effort (Table A-12). In total, 40% of total estimated sablefish pot fishing sets were predicted 
to have overlapped with humpback whale distribution, with 75% of those overlapping sets 
occurring in CA/OR and 25% in WA which is also very similar to their landing proportions 
(Table A-11 & A-12).  

 
Table A-11: Total overlap relative to the percentage of pots sets with overlap with predicted 
humpback whale distribution (above zero) for each sablefish pot sector, broken down by area 
of fishing (California/Oregon versus Washington). Fishing effort sets are estimated/scaled up 
to account for 100% of fishing effort. 

Sector Overlapping 
Sets/Total Sets 

Proportion Overlap 
in CA/OR 

Proportion Overlap 
in WA 

LE 42% 73% 27% 

OA 38% 89% 11% 

CS 42% 75% 25% 

Total 40% 75% 25% 
 

Table A-12: Proportion of estimated pot landings that occur in California and Oregon versus 
Washington, separated by sector. 

Sector Proportion Landings in 
CA/OR 

Proportion Landings in WA 

LE 77% 23% 

OA 95% 5% 

CS 50% 50% 

Total 68% 32% 
 

Table A-13: Proportion of estimated pot sets that occur in California and Oregon versus 
Washington, separated by sector. 

Sector Proportion Sets in CA/OR Proportion Sets in WA 

LE 70% 30% 

OA 87% 13% 

CS 46% 54% 
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Total 69% 31% 
 

In Washington, all three sectors contain a fair amount of the total proportional overlap, especially 
given that California and Oregon make up more than 75% of the West Coast coastline. The 
comparable overlap proportions between the CS and LE sectors indicates these sectors are 
similar in their spatial overlap. The CS sector differs from LE and OA in that around half of its 
effort was concentrated in southern California, which occurred earlier in the time series*. Given 
the low observer coverage in the OA sector, it is difficult to directly compare it to CS and LE 
sectors. OA sector overlap was concentrated in northern California south of Cape Mendocino, in 
the Monterey Bay area, and offshore of the Columbia River mouth area*. The LE sector was 
concentrated around Cape Mendocino and extended north to La Push, Washington, sharing a 
similar spatial overlap with CS and similar hotspots of overlap with OA*.  
 
Hook-and-Line Fisheries 

We also evaluated the co-occurrence dynamics between humpbacks and commercial PCGF 
hook-and-line effort, given concern about the potential for interactions in these fisheries. There 
have been six entanglements of humpbacks that have documented monofilament line as part of 
the entanglement (five entanglements) or the PCGF hook-and-line fishery specifically (one 
entanglement). These records warrant the evaluation of humpback whale entanglement risk 
within PCGF hook-and-line sectors. Hook-and-line overlap hot spots include around the 
Columbia River mouth, Point Reyes, CA, Monterey Bay, CA, La Push, WA, Cape Mendocino, 
CA, and Cape Blanco, CA (Figure A-24). Overlap is widely distributed along the entire coast, 
similar to the broad distribution of fishing effort, but mostly occurs north of Monterey Bay, CA 
(Figure A-24). 
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Figure A-24: Estimated overlap between hook-and-line sets and predicted humpback whale 
density. Overlap is colored by magnitude of overlap which is a unitless metric*. 
 

The hook-and-line fisheries follow a similar temporal distribution to sablefish pot fishing, with 
the majority of fishing occurring during peak humpback whale season from April-November 
(Figure A-7). The months across sectors with the highest overlap are October and August (Table 
A-14, Figure A-25). The two months with the lowest overlap are December and March (Table A-
14, Figure A-25). These months containing lower overlap coincide with the months, December-
March, where most humpbacks are absent from the U.S. West Coast waters. The highest 
amounts of overlap occurred in June for the OA, September for LE, October for LE TL, and 
October for CS (Table A-14, Figure A-25). The LE sector had the most overlap, and the CS 
sector had the least overlap (Table A-14, Figures A-25).  
 
The highest rate of overlap in the hook-and-line sector within California and Oregon appears to 
have occurred in the latter half of the year, from July-December, with overlap that occurred 
earlier in the year almost solely located in central and southern California, and further offshore*. 
In Washington, overlap was heavily dominated from August-December, with a main focus from 
September-November*. The few overlaps occurring in Washington later in the year in December 
were concentrated offshore of the Columbia River mouth*. Overlap that occurred earlier in the 
year in Washington appears to be concentrated in the northern half of the state, and further 
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offshore, compared to later overlap*.  
 
Table A-14: Overlap for all PCGF hook-and-line sectors by month. These are the summed 
overlap for the months within all years, 2014-2023. 

Month LE LE TL OA CS Total 

January NA 0.23 0.83 0.08 4.79 

February NA 0.38 0.82 0.29 8.73 

March 0.04 0.19 2.24 0.21 4.39 

April 6.34 0.28 4.90 0 17.48 

May 7.76 0.31 8.36 0 20.56 

June 15.67 0.21 16.85 0 37.13 

July 15.82 0.11 10.36 0.28 29.73 

August 17.08 0.18 16.63 0.72 42.12 

September 21.43 0.05 11.15 1.60 34.94 

October 17.70 0.39 14.46 2.37 42.80 

November 0.40 0.20 7.16 0.75 10.36 

December 0.05 0.13 2.03 0.15 4.11 
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Figure A-25: Estimated hook-and-line set overlap with humpback whale density. Lines and 
points are colored by the sector in which the overlap belongs or the total overlap. Values are 
the summed overlap that occurs within each month for all years 2014-2023. 
 

We examined the interannual variability to help understand how risk may evolve in the future. 
More recent hook-and-line overlap is concentrated further north in northern California, Oregon, 
and Washington*. Some notable areas of recent overlap include offshore of Monterey Bay, CA, 
Cape Mendocino, CA, in between Cape Blanco and the Columbia River in Oregon, and around 
Cape Elizabeth, WA*. There is very little overlap in areas south of Monterey Bay in recent 
years*.  
 
Overlap was the highest in 2016, followed by 2018, with 2020 having the lowest overlap (Table 
A-15, Figure A-26). LE TL also peaked in 2016, CS in 2016, LE in 2016, and OA in 2022 (Table 
A-15, Figures A-26). Total risk throughout the years has oscillated back and forth, presenting 
significant year to year variability in overlap (Figure A-16). Although overlap has oscillated 
throughout the time series, overall overlap has been smaller in recent years (2019-2023) 
compared to earlier years (2014-2019) (Figures A-26). 

 
Table A-15: Summed overlap for all PCGF hook-and-line sectors by year. These are the 
monthly summed overlap for all months within the year that possess any overlap between the 
two data layers (i.e., excludes “zeros”). 

Year LE LE TL OA CS Total 

2014 8.32 6.62 5.65 0.75 20.91 
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2015 8.23 3.35 5.16 0.57 17.32 

2016 15.84 14.07 14.37 2.21 46.49 

2017 10.65 4.21 13.21 0.73 28.81 

2018 15.57 8.05 10.08 1.66 35.36 

2019 7.12 3.71 6.01 0.55 17.39 

2020 7.56 3.21 5.37 0 16.14 

2021 8.66 6.94 6.63 0 22.23 

2022 8.54 0.87 19.56 0 28.97 

2023 11.80 2.23 9.46 0 23.50 
 
 

 
Figure A-26: Estimated hook-and-line set overlap with the humpback whale density. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap.  
 

38% of estimated hook-and-line sets had at least some overlap with predicted humpback whale 
density greater than zero (Table A-16). If we break this down by sector, 37 %  of estimated LE 
sets overlap, 41% of estimated LE TL sets overlap, 40% of estimated CS sets overlap, and 42% 
of estimated OA sets overlap (Table A-16). These are all relatively the same proportion of 
fishing effort that overlap with predicted humpback whale density. Considering the distribution 
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of humpback whale DPSs along the West Coast, we looked at the proportion of overlap and of 
hook-and-line landings that occurred in California and Oregon, versus Washington (Table A-16, 
Table A-18). In total 65% of estimated hook-and-line overlapping sets occurred in California and 
Oregon, and 35% occurred in Washington (Table A-16) which also corresponds to the proportion 
of landings between the states (Table A-18). By sector: LE overlap occurred 62% in CA/OR and 
38% in WA; LE TL overlap occurred 97% in CA/OR and 3% in WA; OA overlap occurred 81% 
in CA/OR and 19% in WA; and CS overlap occurred 46% in CA/OR and 54% in WA (Table A-
16). LE TL, OA, and CS all roughly coordinate with the proportion of hook-and-line landings 
and sets that are made within the respective areas by sector (Table A-16, A-17, and A-18). 
However, there is a discrepancy in the proportion distribution of LE sets and landings with more 
landings occurring in CA/OR than the amount of LE sets that occur there (Table A-17 and Table 
A-18). Therefore, the distribution of LE overlap more closely matches the proportion distribution 
of LE landings than LE sets (Table A-16, A-17, and A-18). Ultimately, all NCS sectors have had 
more overlap occurring in CA/OR and CS sector has more in WA (Table A-16). Overlap in 
California and Oregon was dominated by the LE sector, distributed primarily throughout Oregon 
and northern California, down to the Monterey Bay area (with a majority of OA occurring in this 
same geographic area)*. Overlap in the LE TL and CS sectors was predominantly in central and 
southern California*. Washington overlap is dominated by LE throughout the state, except for 
some OA sector overlap near the Columbia River, and CS sector overlap south of Cape 
Elizabeth*. 
 

Table A-16: Percentage of hook-and-line sets with at least some overlap for each sector, and 
what proportion of overlap occurs in California and Oregon versus Washington. Fishing 
effort sets are estimated to account for 100% of fishing effort. 

Sector Percentage of 
Overlapping Sets 

Proportion with 
Overlap in CA/OR 

Proportion with 
Overlap in WA 

LE 42% 62% 38% 

LE TL 37% 97% 3% 

OA 41% 81% 19% 

CS 41% 46% 54% 

Total 38% 65% 35% 
 

Table A-17: Proportion of estimated hook-and-line sets that occur in California and Oregon 
versus Washington, separated by sector. 

Sector Proportion Sets in CA/OR Proportion Sets in WA 

LE 51% 49% 
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LE TL 98% 2% 

OA 83% 17% 

CS 42% 58% 

Total 77% 23% 
 

Table A-18: Proportion of estimated hook-and-line landings that occur in California and 
Oregon versus Washington, separated by sector. 

Sector Proportion Landings in 
CA/OR 

Proportion Landings in WA 

LE 60% 40% 

LE TL 97% 3% 

OA 86% 14% 

CS 38% 62% 

Total 65% 35% 
 
Amendment 32 

Amendment 32 to the groundfish FMP recently opened up a portion of an RCA area that was 
previously closed to non-trawl fishing off the coasts of Oregon and California. This opened up 
fishing in Oregon and northern California waters from 75-100 fathoms, and in central California 
from 75-125 fathoms, to be possibly exploited by fixed gear which has been previously closed 
for decades to most fishing. The risk of humpback whale entanglement with sablefish pot gear 
has been documented through multiple previous entanglements reported by observers or 
opportunistic sources. Although PCGF hook-and-line gear has not been associated with any 
confirmed entanglements, there has been one unconfirmed entanglement documented with 
vertical jig gear, and other entanglements with hooks or monofilament line that are similar to 
gear that might be used in the PCGF hook-and-line fisheries. Therefore, there is a risk of future 
entanglements occurring with various fixed-gear types. Humpback whale abundance and 
distribution along the U.S. West Coast tends to peak in late summer (Figure A-18), coinciding 
with the peak in groundfish pot (Figure A-4) and hook-and-line (Figure A-8) fishing effort from 
August-October. Figures A-27, A-28, and A-29 display average humpback whale density 
predictions for July, August, and September 2014-2023 which are the peak months for 
humpback whale distribution on the West Coast. Fathom contour lines bound the areas in which 
Amendment 32 opened up to non-trawl fixed gear. Figures A-27, A-28, and A-29 are separated 
by the different boundaries opened in central California versus northern California and Oregon 
waters. 
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Looking at predicted whale density in peak months relative to the newly reopened areas reveals 
that most of the area reopened by Amendment 32 to PCGF fixed-gear effort lies on the outer 
perimeters of peak predicted whale density (Figures A-28, A-28, and A-29). Although in some 
cases, specifically more so in central California, there are some areas of overlap with relatively 
high predicted whale density values (Figures A-28, A-28, and A-29). Previous groundfish fixed 
gear fishing has had effort occur in the areas immediately adjacent to these newly opened areas, 
and we expect that PCGF fixed gear fishermen will pursue these newly opened areas. For all 
three peak whale density months, the overlap with the newly opened areas will be highest in July 
around the San Francisco Bay, in August north of San Francisco Bay and slightly in offshore 
Oregon waters, and September resembles August but with a slight increase in overlap in Oregon 
waters (Figures A-28, A-28, and A-29). In summary, some areas being reopened by Amendment 
32 are more of an increased entanglement risk in late summer in central California than 
Oregon/northern California, as the newly reopened fishing areas are closer to higher humpback 
whale densities further south. There is overall more PCGF effort further north around Oregon, 
which could limit the extent of any changes in co-occurrence dynamics over time, given the 
smaller potential impact of changes off Oregon indicated by our analysis.  
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Figure A-27: Average predicted humpback whale density from 2014-2023 for the month of 
July in central California (top) and northern California and Oregon waters (bottom). The 
colored contour lines represent fathom depth reopened by Amendment 32 to the groundfish 
FMP to non-trawl fixed-gear fishing. 
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Figure A-28: Average predicted humpback whale density from 2014-2023 for the month of 
August in central California (top) and northern California and Oregon waters (bottom). The 
colored contour lines represent fathom depth reopened by Amendment 32 to the groundfish 
FMP to non-trawl fixed-gear fishing.  
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Figure A-29: Average predicted humpback whale density from 2014-2023 for the month of 
September in central California (top) and northern California and Oregon waters (bottom). 
The colored contour lines represent fathom depth reopened by Amendment 32 to the 
groundfish FMP to non-trawl fixed-gear fishing. 
 
 

Midwater Trawl Fisheries 
 
Humpbacks have also been reported entangled in midwater trawl nets in recent years, so we 
analyzed the overlap between PCGF midwater trawl effort and predicted humpback whale 
density to better understand how these dynamics may have been changing recently. SS midwater 
trawling effort and overlap occurs exclusively north of 40°N (Figure A-30). SS overlap in 
California and Oregon appears to be concentrated earlier in the year, from May-June*. From 
August-November overlap begins to occur further north in Oregon, likely corroborating with 
humpback migration as fishing effort distribution does not change drastically throughout the 
year*. The Midwater Hake EM sector spans a wide range, from California to Washington, with 
significant overlap throughout its range*. In contrast, other sectors like Midwater Rockfish (non-
EM) and Midwater Hake (non-EM) tend to fish in more concentrated areas, such as near the 
Columbia River mouth, where overlap is also high, but confined to a smaller area*. There seems 
to be two major SS overlaps in Washington in recent years, near the Columbia River mouth and 
between 47°N and 48°N latitude (Figure A-30). 
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Figure A-30: The overlap of shoreside trawl hours and predicted humpback whale density. 
Overlap is colored by the magnitude of overlap which is unitless.* 
 

AS midwater trawling effort and overlap occurs exclusively north of 41°N, which is slightly 
further north than SS trawling (Figure A-31). Hot spots for AS overlap occur all around Cape 
Blanco, OR, between 44°N and 45°N latitude, and off of La Push, WA (Figure A-31). Overlap is 
fairly extensive and widely distributed between both of the subsectors, CP and MS*. AS overlap 
does appear to peak in magnitude in more nearshore areas, with the offshore overlap values 
remaining relatively small in comparison to the nearshore overlap values likely because 
humpback whales are more coastally associated (Figure A-31).  
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Figure A-31: The overlap of at-sea trawl hours and predicted humpback whale density. 
Overlap is colored by the magnitude of overlap which is unitless.* 
 

SS overlap peaks in the earlier part of the fishing season from May-June, but overlap still occurs 
in large quantities from August-October (Figure A-32). Most entanglements tend to occur in late 
summer time due to higher whale densities during this time period, and SS overlap is peaking 
slightly before then. The months with the highest SS overlap are July and June (Table A-19). In 
these months there is both high SS fishing effort (Figure A-9) and overlap, deeming fishing 
effort as the main driver for SS overlap, especially considering humpback abundance doesn’t 
peak until August (Figure A-18). The two months with the lowest amount of overlap are January 
and February which coincides with both minimal SS fishing effort and humpback density (Table 
A-19). Overlap by SS sector was also variable with Midwater Hake peaking in July and 
Midwater Rockfish peaking in October (Table A-18, Figure A-32). Both sectors contain overlap 
with humpbacks throughout the year(Table A-19).  

 
Table A-19: Overlap by month and sector of shoreside midwater trawl with humpback whale 
density. These are the summed monthly overlap for all years, 2014-2023. There is no EM 
data for 2014 and the 2023 EM was unavailable upon time of publication. 

Month Hake   Rockfish Total 

January NA 0.06 0.06 

February NA 0.08 0.08 
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March NA 0.10 0.10 

April NA 0.47 0.47 

May 15.70 3.24 18.94 

June 67.06 3.43 70.49 

July 70.53 2.61 73.14 

August 56.05 2.09 58.14 

September 51.03 3.16 54.19 

October 41.78 6.21 47.99 

November 6.22 4.38 10.60 

December NA 0.64 0.64 
 

 
Figure A-32: Estimated shoreside midwater trawl overlap with humpback whale density. 
Lines and points are colored by the sector in which the overlap belongs or the total overlap. 
Values are the summed overlap that occurs within each month for all years 2014-2023. 
 

The months with the highest AS overlap across sectors are October and June (Table A-20 and 
Figure A-33). This is also the same trend displayed by both CP and MS peaking in October and 
June (Table A-20, Figures A-33). These two peaks in AS overlap are highly representative and 
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correlate strongly with the peak in AS fishing effort (Figure A-16), with the ultimate peak in 
overlap also likely influenced by the peak in humpback whale density in those late summer and 
early fall months (A-18). CP also contains more overlap over the months compared to MS, 
which again is highly correlated with the same fishing effort trends (Figure A-33 and A-16). 
There is no overlap occurring between December and April as no fishing effort takes place 
during those months (Table A-20). There is also minimal overlap for both sectors in July and 
August, again because fishing effort is very minimal during these months (Figure A-33).  

 
Table A-20: Overlap by month and sector of at-sea midwater trawl with humpback whale 
density. These are the summed monthly overlap for all years, 2014-2023. There is no EM 
data for 2014 and the 2023 EM was unavailable upon time of publication. 

Month Catcher-Processor Mothership Total 

January NA NA NA 

February NA NA NA 

March NA NA NA 

April NA NA NA 

May 49.72 29.14 78.86 

June 50.53 47.65 98.18 

July 0.15 1.66 1.82 

August 3.30 4.45 7.76 

September 45.74 24.45 70.19 

October 75.30 61.61 136.92 

November 30.28 9.32 39.60 

December NA NA NA 
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Figure A-33: Estimated at-sea midwater trawl overlap with humpback whale density. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap. Values 
are the summed overlap that occurs within each month for all years 2014-2023. 
 

Previously, there had not been reports of humpback whale bycatch in PCGF trawl nets, which 
indicates there may have been recent changes in either whale distribution or fishing effort that 
could be increasing risk. There has been an increase in SS overlap in recent years, which also 
coincides with the increasing trend in SS trawl hours overall across the sectors (Table A-5 and 
Table A-21). The spatial distribution of SS trawling effort has remained stable and has not varied 
significantly on an intra-annual basis (Figure A-9). With regards to interannual variability, recent 
SS overlap within California and Oregon appears to happen over both states with no real year-to-
year trend evident.* 
 
The highest SS overlap occurred in 2020, followed by 2022 (Table A-21, Figure A-34). The 
recent increases in SS overlap could help to explain the recent entanglements we have noted in 
these fisheries. SS overlap also varies by sector with Midwater Hake containing the highest 
overlap for all available years due to its higher amount of fishing effort (Figure A-34). Midwater 
Hake’s highest overlap occurred in 2020 and Midwater Rockfish in 2018 (Table A-21).  

 
Table A-21: Overlap by year and sector for all shoreside midwater trawl and humpback 
whale density. These are the summed overlap for all months within the year. There is no EM 
data for 2014 and the 2023 EM was unavailable upon time of publication. 

Year Hake  Rockfish Total 
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2014 20.4 0.8 21.17 

2015 24.0 1.3 25.31 

2016 28.5 1.2 29.71 

2017 37.7 2.8 40.43 

2018 35.5 5.4 40.98 

2019 21.9 2.3 24.24 

2020 57.0 2.6 59.54 

2021 34.0 3.5 37.45 

2022 47.5 5.2 52.68 
 

 
Figure A-34: Estimated shoreside midwater trawl overlap with humpback whale density. 
Lines and points are colored by the sector in which the overlap belongs or the total overlap. 
Values are the summed overlap that occurs within each year for all years 2014-2022. 
 

Overlap in the AS midwater trawl fishery has fluctuated throughout the years with all sub sectors 
following the same trend in overlap (Table A-22). There were two peaks in overlap, first in 2018 
and then again in 2022 (Figure A-35). These peaks in overlap also match fairly closely the trends 
in AS fishing effort with the same peaks in effort occurring in 2018 and 2022 (Figure A-12).  
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Table A-22: Overlap by year and sector for all at-sea midwater trawl and humpback whale 
density. These are the summed overlap for all months within the year. There is no EM data 
for 2014 and the 2023 EM was unavailable upon time of publication. 

Year Catcher-Processor Mothership Total 

2014 12.4 10.5 22.9 

2015 17.1 6.0 23.1 

2016 28.8 21.1 49.9 

2017 31.0 25.6 56.6 

2018 37.2 29.4 66.5 

2019 19.1 13.1 32.2 

2020 20.1 8.2 28.3 

2021 24.9 11.3 36.1 

2022 37.0 37.2 74.2 

2023 23.4 13.6 37.0 
 

 
Figure A-35: Estimated at-sea midwater trawl overlap with humpback whale density. Lines and 
points are colored by the sector in which the overlap belongs or the total overlap. Values are the 
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summed overlap that occurs within each year for all years 2014-2023. 
 
Given that humpbacks have only been reported entangled in the Hake fisheries, and that these 
sectors dominate both overlap and overall landings, we analyzed these sectors more closely. The 
Midwater Hake sector had 28% of their trawl hours overlap with humpback whale densities, and 
the Rockfish sector had 24% of its hours overlap (Table A-23).  
 
Given what we know about the distribution of humpback whale DPSs along the West Coast, we 
wanted to view how these sectors interact in California and Oregon, versus Washington (Table 
A-23), and how this aligns with landings of SS midwater trawling along the coast (Table A-24). 
Of the proportion of SS trawl hours that overlapped and occurred in the Hake sector, 58% of 
them occurred off California and Oregon and 42% off Washington (Table A-23), similar to the 
landings spatial proportions (Table A-24). Of the overlapping trawl hours that occurred in the 
Rockfish sector, 46% occurred off California and Oregon and 54% off Washington (Table A-
23), which was similar to the landings proportions (Table A-24). 

 
Table A-23: Proportion of shoreside trawl hours with at least some overlap for each trawl 
sector, and what proportion of overlap occurs off California and Oregon versus Washington. 

Sector Overlapping 
Trawl Hours 

Proportion Overlap 
in CA/OR 

Proportion Overlap 
in WA 

Midwater Hake 28% 58% 42% 

Midwater Rockfish 24% 46% 54% 

Total 27% 60% 40% 
 

Table A-24: Proportion of shoreside midwater trawl landings that occur in California and 
Oregon versus Washington, separated by sector. 

Sector Proportion Landings in 
CA/OR 

Proportion Landings in WA 

Midwater Hake  46% 53% 

Midwater Rockfish  49% 51% 

Total 49% 51% 
 
The AS midwater trawl fishery also primarily targets hake, and could present similar 
entanglement risk similar to the SS Hake sectors. The CP sector had 28% of its trawl hours 
overlapping with humpback whale densities, the MS sector had 27% of its trawl hours 
overlapping, and in total 27% of the AS trawl hours overlapping (Table A-25). Of the proportion 
of CP trawl hours that overlap, 85% of them occur in CA/OR and 15% in WA, of the MS trawl 



299  

hours that overlap, 83% of them occur in CA/OR and 17% in WA, and of the total overlapping 
AS trawl hours, 84% occur in CA/OR and 16% in WA (Table A-25). These distributions of 
overlap proportions, roughly match the distribution of SS landings and their distributions 
between CA/OR and WA (Table A-26).  

 
Table A-25: Proportion of at-sea trawl overlap for each sector, and what proportion of 
overlap occurs off California and Oregon versus Washington. 

Sector Overlapping 
Trawl Hours 

Proportion Overlap 
in CA/OR 

Proportion Overlap 
in WA 

Catcher-Processor 28% 85% 15% 

Mothership  27% 83% 17% 

Total 27% 84% 16% 
 

Table A-26: Proportion of estimated at-sea midwater trawl landings for each sector that 
occur in California and Oregon versus Washington. 

Sector Proportion Landings in 
CA/OR 

Proportion Landings in WA 

Catcher-Processor 87% 13% 

Mothership  74% 26% 

Total 83% 17 
 

Leatherback Sea Turtle Co-Occurrence  

We wanted to understand the spatial distribution of overlap and co-occurrence over the last 
decade, and how it has changed throughout the year, amongst years, and between sectors, to help 
identify where the dynamics of entanglement risk for leatherbacks may be heading in the future. 
This overlap risk metric through the multiplication of species and fishing data is not a measure of 
absolute risk of entanglement, but rather allows us to measure the relative change in risk across 
seasons, years, and fishing gear. 
 
Pot Fisheries 

We first examine how sablefish pot fishing overlap with leatherback habitat suitability is 
distributed (Figure A-36). A majority of recent overlap was concentrated in Oregon, specifically 
around the Columbia River mouth, but really spans the entirety of the Oregon coast (Figure A-
36). The few places of overlap in California surround Big Sur and the San Francisco Bay (Figure 
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A-36).  
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Figure A-36: Overlap of scaled number of pot sets (scaled to represent 100% fishing effort 
based on observer coverage annual rates), with leatherback habitat suitability. Overlap is 
colored by the magnitude of overlap and is unitless.* 
 

The vast majority of sablefish pot fishing occurs in the months from August-November (Figure 
A-4). The months with the highest overlap were August and September (Table A-27, Figure A-
37). The two months with the lowest amount of summed overlap were February and January 
(Table A-27, Figure A-37). The CS sector had the largest overlap in October, LE in September, 
and OA in August (Table A-27, Figure A-37), all coinciding with peak fishing effort and peak 
leatherback habitat suitability. CS and OA pot fishing sectors operate year-round, with the LE 
sector having a defined season. While the OA sector operates all year, the largest amount of 
effort occurred in the spring and summer months.* OA had a longer period of overlap with 
humpback whales than it did with leatherbacks, containing overlap for almost every month of the 
year compared to only overlapping from March-August for leatherbacks.  

 
Table A-27: Overlap separated by month and sector for all sablefish pot overlap with 
leatherback habitat suitability. These are the monthly summed overlap for all years, 2014-
2023. 

Month LE OA CS Total 

January NA 0.00 1.15 1.15 

February NA 0.00 2.60 2.60 

March NA 0.84 3.82 4.66 

April 1.39 0.00 2.08 3.47 

May 4.14 1.25 8.44 13.83 

June 1.61 0.00 12.33 13.94 

July 9.97 0.00 18.55 28.52 

August 15.15 25.87 24.7 65.72 

September 26.57 0.00 25.78 52.35 

October 17.9 0.00 31.82 49.72 

November 1.53 0.00 6.22 7.75 

December NA 0.00 1.24 1.24 
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Figure A-37: Estimated pot sets overlap with leatherback sea turtle habitat suitability. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap. Values 
are the summed overlap that occurs within each month for all years 2014-2023. 

 
Variation in overlap is driven by the dynamics of fishing effort, habitat suitability prediction, or 
both. This is illustrated well with our results, given that both PCGF sablefish pot fishing effort 
(Figure A-4) and predicted leatherback habitat suitability (Figure A-20) elevate during the same 
times of the year in the CCE, making it difficult to discern which of the two factors is most 
influential in driving co-occurrence. We estimate that 85% of sablefish pot fisheries landings are 
made between April-November, due in large part because LE permits only allow fishing during 
this time period. In recent years there has been fewer sightings of leatherbacks in their historic 
distributions along the Pacific Northwest coast (Benson, SWFSC, personal comm August 8th 
2024). This decline is likely due to decreases of the Western Pacific population rather than 
distribution changes impacted by climate change, but functionally ‘decreases’ entanglement risk 
in this area, even if suitable habitat remains. Despite this, there are still high efforts of pot fishing 
in summer and fall months in Oregon. 
 
Over time we see that overlap has shifted northwards, with minimal overlap occurring in 
southern California waters compared to those off of Oregon and Washington in recent years.* 
Most predicted overlap occurring in the most recent years, 2021-2023, occurred north of Cape 
Mendocino, CA,* likely indicative in the northward shift displayed by pot fishing effort (Figure 
A-1). This is especially evident in the CS sector, which decreased fishing effort in southern 
California and concentrated further north, likely contributing to the elevated northern overlap 
areas.* Given that leatherback habitat suitability has remained relatively stable (Figure A-19), it 
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is likely the northward shift of pot fishing effort that is driving variability in overlap over the 
years.  
 
The northward shift in fishing effort is especially pertinent to suitable leatherback habitat that 
occurs off of Cape Elizabeth, WA as this is a key area for leatherback critical habitat due to the 
dense aggregations of sea nettles that occur in this area (Benson SWFSC, Personal comm, 
August 8th, 2024). In recent years, we have seen an increase in pot fishing in this area, 
potentially elevating overall risk to leatherbacks that might occupy those northern areas. 
However, given there have not been many if any sightings of leatherbacks in this area in recent 
years, it is likely that this northern push in pot effort has not necessarily increased the 
entanglement risk of leatherbacks, even though suitable habitat is available in the northern area.  
 
Table A-28 and Figure A-38 illustrate the sum of all overlap that occurred within each year for 
each sector. The most recent year, 2023, had the highest overlap across sectors (Table A-28, 
Figure A-38). Overlap was highest for the LE sector in 2023, OA in 2014, and CS in 2017 
although we do not have the 2023 EM data for CS (Table A-28, Figure A-38). Overlap between 
pot fishing and leatherbacks was stable throughout the time series, potentially supporting why we 
have not witnessed any entanglements with leatherbacks in recent years (Figure A-38). This 
could also possibly be attributed to their shrinking population in the Pacific. Therefore, despite a 
plethora of suitable habitat, there are not large actual densities of leatherbacks within the CCE in 
recent years, especially in the Pacific Northwest. However, if fishing effort continues to increase 
this could increase overlap and entanglement risks with leatherbacks. 

 
Table A-28: Overlap separated by year and sector for all sablefish pot overlap with 
leatherback habitat suitability. These are the monthly summed overlap for all months within 
the year. 

Year LE OA CS Total 

2014 1.41 15.48 12.94 29.83 

2015 2.43 0.00 17.25 19.68 

2016 7.18 0.00 15.75 22.93 

2017 3.2 0.00 20.86 24.01 

2018 8.41 6.93 16.51 31.85 

2019 6.07 0.00 21.64 27.71 

2020 16.18 0.00 12.48 28.66 

2021 3.19 0.00 8.79 11.98 
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2022 6.16 0.00 8.74 14.90 

2023 24.1 5.55 3.77 33.40 
 
 

 
Figure A-38: Estimated pot sets overlap with leatherback sea turtle habitat suitability. Lines 
and points are colored by the sector in which the overlap belongs or the total overlap. Values 
are the summed overlap that occurs within each year for all years 2014-2023. 
 

OA sablefish pot fishing effort is similar in distribution and timing to LE effort, as they both 
have a seasonal peak in effort in the late summer and early fall months, unlike CS effort, which 
is relatively stable year-round (Figure A-4). Upon analyzing the spatial distribution of OA 
fishing effort from 2014-2023, a majority (94%) of the observed effort occurs within northern 
and central California between 35.5°N and 40°N. Leatherbacks are known to forage closer to 
shore in their central California habitat (in depth ≤ 200 m: Benson personal comm August 8th, 
2024; Benson et al. 2011), thus likely having a relatively low co-occurrence with sablefish pot 
fishing averaging depths around 300 m with a median depth of 250 m (140-170 fathoms). 
Especially in comparison to their Oregon foraging habitat which occurs further offshore, around 
2000 m (Benson et al. 2011), which would be expected to even less likely overlap with sablefish 
pot gear.  
 
Although there is only a single observed leatherback entanglement in the groundfish fisheries, 
within the OA sector of the fishery that occurred offshore of northern California, we investigated 
the more recent overlap. Only 0.85% of observed OA sets overlap with a location that contains 
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leatherback habitat suitability. This would indicate (still noting the relatively low observer 
coverage rate and therefore available data), that the OA sector has posed a limited risk to 
leatherback entanglement in the past. A majority of these overlaps (n=3) occurred in August and 
in 2018, at the end of the marine heat wave. The other two values occurred in 2014 and 2023 and 
in May and March. These overlaps occur between 122-124° longitude and 37-46° latitude. 
 
Leatherbacks forage in their critical habitat due to the large aggregation of jellyfish, their main 
prey item, and it appears that during warmer water years, leatherback distribution shifts towards 
their prey and possibly into increased pot effort. We see recent increases in overlap in Oregon 
waters, with central California overlap dominated by earlier years (2014-2016). If this trend 
continues there would be elevated risk for leatherbacks in northern waters and decreased risk in 
California waters which is where we know leatherbacks to reside in recent years. 
 
Hook-and-Line Fisheries 

Although there are no observed entanglements of leatherback turtles in PCGF hook-and-line 
gear, we recognize that the risk of entanglement or hooking in vertical lines associated with 
hook-and-line gear could occur in the future, or may have occurred previously without confirmed 
documentation. In addition, given that Amendment 32 reopened areas to PCGF hook-and-line 
gear within areas associated with designated critical habitat for leatherbacks (recognizing that a 
large amount of leatherback critical habitat was already open to PCGF hook-and-line gear), we 
wanted to evaluate the co-occurrence dynamics between leatherbacks and PCGF hook-and-line 
fishing. We analyzed the distribution of hook-and-line fishing overlap with leatherbacks, 
spatially, seasonally, over time, and across sectors, to identify any specific trends that can inform 
our understanding of entanglement risks associated with PCGF hook-and-line gear, and how 
those risks may change in the future.  
 
LE effort overlaps highest along the Oregon and Washington coasts, as well as northern 
California through Monterey Bay, and is the prominent sector with overlap.* OA effort overlaps 
the most off along the Oregon coast, and in the Monterey Bay area.* LE TL overlap mostly 
occurs within the Southern California Bight, and up into central California.* CS effort overlap is 
minimal, but is distributed fairly evenly along the U.S. West Coast.* Overall, the main hotspots 
for hook-and-line overlap with suitable leatherback habitat include north of the Columbia River 
mouth, south of Cape Blanco, Monterey Bay, and Orange County(Figure A-39). However, 
overlap is very sparse especially compared to the distribution of hook-and-line effort (Figure A-
39 and A-5). 
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Figure A-39: Estimated total hook-and-line sets (scaled to represent 100% fishing effort 
based on annual observer coverage annual rates) overlapped with predicted leatherback 
habitat suitability. Overlap is colored by the magnitude of overlap which is unitless.* 
 

Next, we analyzed how hook-and-line overlap varied seasonally throughout the year. Hook-and-
line total overlap across sectors peaked in August and had the lowest overlap in April (Table A-
29, Figure A-40). The CS sector had the highest overlap in September, LE in September, LE TL 
in August, and OA in July (Table A-29, Figure A-30).  
 

Table A-29: Overlap separated by month and sector for all PCGF hook-and-line overlap with 
leatherback habitat suitability. These are the monthly summed overlap for all years, 2014-
2023. 

Month LE LE TL OA CS Total 

January 0 20.42 0 0.04 20.45 

February 0 22.93 0 0.21 23.14 

March 0 24.77 0.76 0.08 25.61 

April 4.62 0 2.36 0 6.98 

May 5.01 7.58 17.34 0 29.94 

June 22.43 7.12 15.06 0 44.61 
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July 13.70 31.37 32.74 0 77.81 

August 11.40 54.27 22.02 2.32 90.02 

September 32.21 0 17.89 5.02 55.11 

October 8.12 17.74 22.15 3.28 51.29 

November 0 23.05 13.06 1.45 37.56 

December 0 16.07 0 0.39 16.46 
 
 

 
Figure A-40: Estimated hook-and-line overlap with leatherback sea turtle habitat suitability. 
Lines and points are colored by the sector in which the overlap belongs or the total overlap. 
Values are the summed overlap that occurs within each month for all years 2014-2023. 
 

We also assessed the interannual variability to help understand the dynamics of risk associated 
with PCGF hook-and-line fisheries. There was not much overlap in recent years, and there 
appears to have been more overlap in previous years, thus a decreasing trend in overlap 
throughout the time series (Figure A-41). Recent overlap mostly occurred along the Oregon 
coast, although there has been some in central and southern California*. The sum of annual 
hook-and-line overlap was highest in 2017 and the least amount of overlap occurred in 2020 
(Table A-30). The CS sector had the highest overlap in 2014, LE in 2017, LE TL in 2017, and 
OA in 2023 (Table A-30, Figure A-41). 
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Table A-30: Overlap separated by year and sector for all PCGF hook-and-line overlap with 
leatherback habitat suitability. These are the summed overlap for all months within the year. 

Year LE LE TL OA CS Total 

2014 14.14 31.51 0 5.47 51.12 

2015 16.50 24.50 23.43 1.69 66.12 

2016 13.20 8.60 19.24 3.70 44.75 

2017 14.28 57.47 30.81 0.46 103.02 

2018 12.57 34.98 29.98 1.32 78.85 

2019 8.63 26.53 0 0.15 35.31 

2020 3.09 16.95 0 0 20.05 

2021 6.55 0 6.99 0 13.54 

2022 8.52 24.77 0.76 0 34.05 

2023 0 0 32.18 0 32.18 
 
 

 
Figure A-41: Estimated hook-and-line overlap with leatherback sea turtle habitat suitability. 
Lines and points are colored by the sector in which the overlap belongs or the total overlap. 
Values are the summed overlap that occurs within each year for all years 2014-2023. 
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Amendment 32 

Amendment 32 to the groundfish FMP recently reopened a portion of a RCA area that was 
previously closed off the coasts of Oregon and California to non-trawl fishing, including the 
fixed-gear (pot and hook-and-line gear) sectors and vessels that gear switch under the IFQ 
program. This opened up fishing opportunities in Oregon and northern California waters from 
75-100 fathoms, and in central California from 75-125 fathoms, to be possibly exploited by 
sablefish pots and hook-and-line fishing which had been closed for decades. Since leatherbacks 
have been known to aggregate around and migrate through these areas, we wanted to assess the 
risk of future increased fishing may have in this area given the predictions for average monthly 
leatherback habitat suitability values from 2014-2023. Predictions for suitable leatherback 
habitat along the U.S. West Coast peak in late summer and fall, coinciding with the peak in 
groundfish fishing effort. Figures A-42, A-43, and A-44 display average leatherback habitat 
suitability predictions values for August, September, and October, from 2014-2023. Fathom 
contour lines bind the areas that Amendment 32 opened up to fixed-gear fishing. Figures are 
separated by the different boundaries opened in central California versus northern California and 
Oregon waters. 
 
Looking at average habitat suitability predictions in peak months reveals that most of the area 
reopened by Amendment 32 is outside of highly suitable leatherback habitat. Assuming the 
probability of leatherback presence is related to the relative suitability of habitat, it appears that 
leatherbacks are more likely to be found inshore of the 75-125 fathom lines that distinguish the 
newly opened areas (Figure A-42, A-43, and A-44). However, we note that the distances 
between the new boundaries and the previous ones are spread further apart offshore in Oregon 
waters than they are in California waters, which highlights the challenge of interpreting the 
relatively small spatial margins associated both with the recent changes, along with distinctions 
from the model predictions, especially when the margins are packed closely together.  
 
Previous fixed-gear fishing displayed effort in the areas immediately adjacent to these newly 
opened areas, therefore we believe it is likely that fixed-gear fishing will occur in these newly 
reopened areas, although the extent of effort shift is unknown. For all three peak months of 
suitable leatherback habitat, the newly opened fishing areas are relatively far from the peak 
habitat suitability in Oregon, but come closer to peak habitat suitability in central California. 
Areas of particular concern are the Monterey Bay, Cape Mendocino, and Point Conception. 
However, we note that the newly reopened areas seem to avoid the peak of San Francisco Bay 
Area prime habitat. This provides evidence that Amendment 32 may not pose a high risk to 
leatherback entanglement given that the areas opened up in Oregon are further away from peak 
leatherback habitat suitability in comparison to the central California opening.  
 
In summary, the areas being reopened by Amendment 32 are more of an entanglement risk in 
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late summer and early fall in California than Oregon, as the new fishing areas are closer to 
leatherback habitat further south. We consider overlap with a habitat suitability value higher than 
0.75 to be a more substantial problem, and would represent the yellow areas on the model maps 
(Figure A-42, A-43, and A-44). This allows us to think there is a high likelihood of leatherbacks 
being found in those areas, especially given their small population sizes. This is especially true, 
as leatherbacks have only been recently seen in the central California foraging grounds and not 
their Oregon foraging grounds. Additionally, leatherbacks that forage in central California waters 
do so at shallower depths (< 200 m), compared to their foraging counterparts in Oregon which do 
so in deeper waters (200-2000m) (Benson et al. 2011). However, there is overall more fixed-gear 
effort further north in Oregon than around central California. There was not much overlap with 
hook-and-line fishing and leatherback habitat suitability in recent years, and there appears to 
have been more overlap in previous years (Figure A-41). This is a good sign that may indicate 
that Amendment 32 and the reopening of those areas to fixed gear fishing may not pose a high 
entanglement risk to leatherbacks. Considering the spatiotemporal differences in fishing effort by 
sector, the sectors most likely to overlap with these newly opened areas are likely OA and LE, 
and are likely to overlap more along Oregon than central California, given the current trends in 
spatial and sector overlap currently associated with the PCGF hook-and-line and pot fisheries.*  

 

 



311  

 
Figure A-42: Average leatherback habitat suitability from 2014-2023 for August in relevant 
central California waters (top) and northern California and Oregon waters (bottom). The 
colored contour lines represent fathom depths reopened by Amendment 32 to the groundfish 
FMP to non-trawl fixed-gear fishing. 
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Figure A-43: Average leatherback habitat suitability from 2014-2023 for September in 
relevant central California waters (top) and northern California and Oregon waters (bottom). 
The colored contour lines represent fathom depths reopened by Amendment 32 to the 
groundfish FMP to non-trawl fixed-gear fishing. 
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Figure A-44: Average leatherback habitat suitability from 2014-2023 for October in relevant 
central California waters (top) and northern California and Oregon waters (bottom). The 
colored contour lines represent fathom depths opened by Amendment 32 to the groundfish 
FMP to non-trawl fixed-gear fishing. 
 

Midwater Trawl Fisheries 

Although there have not been any observed entanglements of leatherback sea turtles in PCGF 
trawl gear, there have been some observed instances of incidental entanglement of leatherbacks 
and other sea turtle species in other trawl fisheries (Wallace et al. 2013). Therefore, we analyzed 
the co-occurrence of PCGF midwater trawl fisheries with predicted leatherback sea turtle habitat 
suitability. We chose not to analyze PCGF bottom trawl effort, as bottom trawling does not pose 
much of a threat to leatherbacks, as they are primarily a pelagic and epipelagic species, and we 
conclude it is unlikely that trawl nets associated with the seafloor would come into contact with 
leatherbacks during active fishing, with the exception of the limited time of set/retrieval of the 
net. Similar to the other PCGF gear types, we chose to analyze the distribution of co-occurrence 
of predicted leatherback habitat suitability with PCGF midwater trawling, seasonally, by year 
over time, by midwater trawl sector.  
 
SS trawling overlap with suitable leatherback habitat occurs mainly offshore of the Oregon coast 
(Figure A-45). Overlap is highest offshore between 44°N-45°N and directly north of the 
Columbia river mouth (Figure A-45). 
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Figure A-45: Shoreside midwater trawl hours overlapped with leatherback habitat suitability. 
Overlap is colored by the magnitude of overlap and is unitless.* 
 

AS midwater trawling effort occurs even further north than SS, with effort and thus overlap only 
occurring north of 41°N (Figure A-46). Hotspots for overlap with AS trawl include north of 
Cape Blanco, OR to south of the Columbia River Mouth and south of Cape Blanco, OR (Figure 
A-46).  
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Figure A-46: At-sea midwater trawl hours overlapped with leatherback habitat suitability. 
Overlap is colored by the magnitude of overlap and is unitless.* 
 

We also analyzed how SS midwater trawl overlap with predicted leatherback habitat suitability 
varies seasonally. Figure A-47 and Table A-31 illustrate peak overlap occurred from May-
August, which is slightly ahead of peak leatherback distribution which tends to occur in late 
summer/early fall. This would suggest that midwater trawl effort may not pose as large of an 
entanglement risk to leatherbacks due to the offset in peak trawl effort (July) with peak 
leatherback sea turtle habitat (September/October). This makes sense as there have not been 
observations of leatherbacks entangled in SS trawl gear. However, given the high degree of 
habitat suitability in September and October, this was still driving relatively high risk during 
those months. It is important to note, since this model only represents suitable habitat and not 
actual leatherback density, this may be elevating actualized risk. Overlap was highest in the Hake 
sector in August, in October for the Rockfish sector (Table A-47 Figure A-31).  

 
Table A-31: Overlap separated by month and sector for all shoreside midwater trawl overlap 
with leatherback habitat suitability. These are the monthly summed overlap for all years, 
2014-2023. There is no EM data for 2014 and the 2023 EM was unavailable upon time of 
publication. 

Month Hake  Rockfish Total 

January NA 0.4 0.4 

February NA 0.1 0.1 
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March NA 0.2 0.2 

April NA 0.7 0.7 

May 16.6 3.0 19.6 

June 76.8 0.0 76.8 

July 142.2 4.5 146.7 

August 157.8 3.7 161.5 

September 99.6 5.5 105.1 

October 55.9 17.4 73.3 

November 8.4 4.9 13.3 

December NA 0.2 0.2 
 
 

 
Figure A-47: Estimated shoreside midwater trawl overlap with leatherback sea turtle habitat 
suitability. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each month for all years 2014-
2023. 

 
Figure A-48 and Table A-32 illustrate the two peaks of overlap that occur, first a minor peak in 
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June, and then a major peak in October. This bimodal peak in overlap occurs for both the CP and 
MS sectors (Table A-32 and Figure A-48). This bimodal trend is also indicative of how AS 
fishing effort varies throughout the year (Figure A-16), likely being the main driver in overlap 
with leatherbacks. Leatherback distributions peak in October as well, which is likely what’s also 
driving that largest peak that we see in October as compared to June (Figure A-20). There is no 
overlap between December and April as there is no AS fishing effort that occurs during those 
months (Figure A-48). Both the CP and MS subsectors of the AS fishery contribute to overlap 
fairly equally, with CP having larger trawl hours therefore slightly higher overlap. 

 
Table A-32: Overlap separated by month and sector for all at-sea midwater trawl overlap 
with leatherback habitat suitability. These are the monthly summed overlap for all years, 
2014-2023. There is no EM data for 2014 and the 2023 EM was unavailable upon time of 
publication. 

Month Catcher-Processor Mothership  Total 

January NA NA 0.0 

February NA NA 0.0 

March NA NA 0.0 

April NA NA 0.0 

May 26.7 21.6 48.3 

June 38.0 46.7 84.7 

July NA 7.1 7.1 

August 2.8 10.3 13.1 

September 81.4 44.8 126.2 

October 94.4 70.8 165.2 

November 17.2 13.1 30.3 

December NA NA 0.0 
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Figure A-48: Estimated at-sea midwater trawl overlap with leatherback sea turtle habitat 
suitability. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each month for all years 2014-
2023. 
 

We also evaluated how overlap of the SS midwater trawl fisheries with predicted leatherback 
habitat suitability varied throughout the time series, 2014-2022 (Table A-33 and Figure A-49). 
Overlap is highest in most recent years 2019-2022, and fairly small during the years prior, with 
the exception of 2015 (Figure A-49). Overlap has increased throughout the year (Figure A-49), 
similar to trawling fishing effort which has also increased throughout the years (Figure A-11). 
There does not appear to be any clear spatial trends in recent overlap, as overlap has generally 
spanned the entire distribution of midwater trawl fisheries over the entire time series.* Trawling 
effort is densely aggregated along the coasts of Oregon and Washington, where leatherback 
presence has become increasingly rare as the population continues to decline. Given the high 
level of observer coverage in the midwater trawl sectors, and the lack of observation of sea turtle 
bycatch in those fisheries, we generally conclude that leatherback entanglement risk in the SS 
midwater trawl sector is likely minimal, although we recognize that the potential may be 
increasing over time with respect to overlap with predicted suitable leatherback habitat.  

 
Table A-33: Overlap separated by year and sector for all shoreside midwater trawl overlap 
with leatherback habitat suitability. The summed overlap represents overlap for all months 
within the year. There is no EM data for 2014 and the 2023 EM was unavailable upon time of 
publication. 
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Year Hake Rockfish Total 

2014 64.9 4.0 68.9 

2015 93.5 7.6 101.0 

2016 37.4 1.7 39.1 

2017 29.9 1.6 31.5 

2018 55.6 2.9 58.5 

2019 68.2 3.4 71.6 

2020 80.5 2.4 82.9 

2021 54.6 11.5 66.1 

2022 65.5 4.8 70.3 
 
 

 
Figure A-49: Estimated shoreside midwater trawl overlap with leatherback sea turtle habitat 
suitability. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each year for all years 2014-2022. 
 

Finally, we evaluated how overlap of the AS midwater trawl fisheries with predicted leatherback 
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habitat suitability varied throughout the time series, 2014-2023 (Table A-34 and Figure A-50). 
Overlap is the highest across sectors in 2022, with CP and MS also peaking in overlap in 2022 
(Table A-34). Before 2022, it appears as though overlap was oscillating, but remained fairly 
static across sectors and within the AS fishery as a whole (Figure A-50). Therefore, in the most 
recent years, 2020-2022, overlap was increasing and reaching its time series high in 2022, but it 
is hard to definitively say if this will continue into the future, especially without complete 2023 
data. This is likely being driven by fishing effort as leatherback habitat suitability across years is 
fairly similar and does not deviate significantly in magnitude or distribution (Figure A-19). 

 
Table A-34: Overlap separated by year and sector for all at-sea midwater trawl overlap with 
leatherback habitat suitability. The summed overlap represents overlap for all months within 
the year. There is no EM data for 2014 and the 2023 EM was unavailable upon time of 
publication. 

Year Catcher-Processor Mothership Total 

2014 21.4 22.6 44.0 

2015 29.4 13.5 42.9 

2016 30.3 25.3 55.7 

2017 23.8 23.5 47.3 

2018 24.3 35.3 59.6 

2019 14.8 12.8 27.6 

2020 27.7 4.6 32.3 

2021 33.6 21.3 54.9 

2022 36.7 41.2 77.9 

2023 18.4 14.3 32.7 
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Figure A-50: Estimated at-sea midwater trawl overlap with leatherback sea turtle habitat 
suitability. Lines and points are colored by the sector in which the overlap belongs or the total 
overlap. Values are the summed overlap that occurs within each year for all years 2014-2023. 
 

 
Key Findings and Overall Conclusions  

Fishing Effort  
● Pot:  

○ Qualitative review of mapped effort shows a northward shift over the time 
series in pot set effort, particularly for the CS sector 

■ Effort no longer occurs in southern California 
○ Qualitative review of mapped effort shows OA sector effort concentrated 
around central and northern California but this could be biased as there is very 
minimal observer coverage 
○ Estimated pot sets have fluctuated throughout the years, but were the 
largest of the time series in 2016. Overall estimated number of sets has oscillated 
but remained stable throughout the time series 
○ Effort was highest in September and October 

● Hook-and-Line: 
○ Numbers of sets have been fairly consistent across years and sectors, and 
show no clear linear increasing or decreasing trend, except for the CS sector 
(which has ceased completely as of 2020)  



322  

○ Qualitative review of mapped effort shows broad distribution along the 
entire coast which is consistent across years 
○ Low observation rates within hook-and-line gear makes it difficult to draw 
conclusions about trends 
○ There is no distinction within WCGOP data of the type of hook-and-line 
gear used, and therefore it is difficult to partition out specific gear types and their 
associated risk  
○ Hook-and-line effort was highest in August 

● Midwater Trawl: 
○ Hake is the predominant trawl sector, with the effort spread across SS 
fishing effort and CP and MS both contributing highly to observed AS fishing 
effort  
○ Effort only occurs north of 40°N for both AS and SS  
○ Estimated SS trawl hours have increased throughout the time series, with 
2022 (the last year with full available data) having the largest number of 
estimated hours of the time series, despite landings remaining relatively constant 
○ Estimated AS trawl hours have oscillated throughout the times series, but 
also peaked in 2022 
○ Trawl hours peak in July and August for all SS sectors, and in May and 
October for AS sectors  

 
Species Distribution: 

● Humpback Density Distribution Prediction 
○ This model is likely underestimating the abundance of whales on the U.S. 
West Coast, especially in the winter, and considered to estimate the average risk 
and not necessarily the peak entanglement risk when used in conjunction with co-
occurrence analyses 
○ Hot spots of predicted humpback whale aggregation throughout the years 
include: Cape Mendocino, Monterey Bay, Cape Elizabeth, and along the Oregon 
coast, these fluctuated on a yearly basis 
○ During the recent marine heat wave (2014-2018), humpback whales 
returned to the U.S. West Coast earlier than in more recent years, and in higher 
densities earlier in the year in those heat wave years 
○ Densities, distributions, and migration timing vary from year to year and 
month to month, but peak density appears to occur consistently in the late 
summer/early fall months around September 

● Leatherback Habitat Suitability Prediction 
○ Peak in predicted habitat suitability occurs in the late summer and early 
fall months (September and October) 
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○ There are not substantial differences in the timing or distribution of 
predicted suitability across years; peak suitability typically occurs in the same 
months and is distributed in the same areas  
○ Consistent hot spots include around the Columbia River mouth and just 
offshore from the San Francisco Bay area 
○ If there is variability across years, it was earlier months having 
higher/broader suitability in some years (marine heat wave years) and others 
having lower/narrower suitability in earlier months (non-heat wave years) 
○ Despite relatively high habitat suitability, sighting and survey data show 
minimal recent observations of leatherbacks in waters off the coast of Oregon and 
Washington  
○ This model represents a conservative estimate of entanglement risk 
because it evaluates the potential for risk in areas of suitable habitat regardless of 
whether leatherbacks have been recently observed, as the abundance of Western 
Pacific population of leatherbacks has diminished 

 
Humpback Whales Co-Occurrence: 

● Pot: 
○ Overlap was largest in late September and October which coincides with 
peak pot effort and the peak of humpback whales in the EEZ 

■ Overlap is highest for the OA sector in June, LE in October, and 
CS in October.  

○ Overlap has shifted northward over time, reflecting the same trend 
displayed by pot fishing effort, although the predicted distributions of humpbacks 
instead fluctuates on a year to year basis  
○ For each sector, and in total, ~40% of sets overlapped with predicted 
humpback whale distribution, with the majority of this overlap occurred in 
CA/OR  

● Hook-and-Line: 
○ Overlap was largest in October coinciding with peak fishing effort 

■ June is peak for the OA sector, September for LE, and October for 
LE TL and CS 
■ Hook-and-line effort matches peak months for LE and CS, and 
effort is likely driving overlap in the LE and CS sectors, while humpback 
whale density is driving overlap in the OA and LE TL sectors 

○ Recent overlap has occurred further north than historical trends, however 
we have not seen a drastic northward shift in effort. With a broad distribution in 
hook-and-line effort and decreasing overall effort, recent overlap is likely driven 
by humpback whale distribution  
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○ Over all sectors, ~40% of estimated hook-and-line sets overlapped with 
predicted humpback whale distributions, with a majority of this overlap occurring 
in CA/OR versus WA with the exception of the CS sector which has 54% of its 
overlap in WA. 

● Reopened areas will lie outside of the outer perimeters of peak whale density, but 
in some areas, specifically central California, these newly reopened areas do tend to 
overlap with whale density 

○ The newly reopened areas avoid the peak areas for humpback whales but 
still presents some but small risk to entanglement 
○ Previously fixed gear fishing has occurred right next to the previously 
closed borders; therefore, it is likely to assume that fishing will push into these 
areas and may interact with humpback whales 
○ Overlap in this new area is highest in July around San Francisco, in 
August from San Francisco to offshore OR, and in September further into OR 
waters 

● Midwater Trawl: 
○ June and July are the highest overlap months for the SS fishery, and June 
and October for AS likely driven by the earlier distribution of fishing effort rather 
than predicted humpback distribution as these months are before peak seasonal 
humpback distribution predictions 
○ The increase in SS and AS overlap in recent years corresponds directly to 
the increase in trawl hours over the same time series 
○ However only around 1-5% of trawls tows overlap with predicted 
humpback whale distribution making the overall risk of the fishery to humpbacks 
minimal, but increasing effort especially that of which overlaps with humpback 
whale densities could change this in the future 

■ There is around a 50% split between overlap in CA/OR versus WA 
 
Leatherbacks Sea Turtles Co-Occurrence:  

● Pot: 
○ Overlap was highest in August which coincided with peak fishing season 
and right in the middle of peak leatherback habitat suitability  

■ OA sector overlap is highest in August, LE in September, and CS 
in October. 

○ Overlap has shifted northward over time, driven more by the respective 
change of fishing effort in northern waters as leatherback suitability has not 
changed much. But given there are no recent sightings of leatherbacks in more 
northern waters of the CCE, risk may not have been tracking this northern shift  
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■ Overlap in California in recent years has decreased, and given this 
is where leatherbacks have recently been sighted, this likely does reflect 
decreasing entanglement risk with the sablefish pot fisheries 
■ Overlap was oscillating but remaining relatively stable throughout 
the time series, peaked in overlap in 2023  

● Hook-and-Line: 
○ The LE sector had the largest and most broadly distributed overlap  
○ The OA sector overlaps along the Oregon coast and offshore Monterey 
Bay  
○ The LE TL sector overlaps in the Southern California Bight and further 
north into central CA. 
○ Overlap peaks in July and August, which is driven by peak fishing effort 
during these same times, but also coincides with the beginning of peak 
leatherback suitability as well 
○ Overlap peaked at the beginning of the time series (2014-2023), and in 
recent years overlap has been decreasing, with very minimal overlap in recent 
years.  

○ Peak predicted leatherback suitability does not coincide with the re-opened 
boundaries  
○ Re-opened areas are closer to peak suitability in northern and central 
California waters, but further away in Oregon waters 
○ Fixed gear sectors most likely to interact with the reopened areas are the 
OA and LE sectors, and are more likely to overlap along Oregon than in 
California. Given leatherbacks have not recently been seen in these areas this will 
likely have minimal risk to leatherbacks  

● Midwater Trawl: 
○ Given fishing effort is concentrated in northern waters, and that 
leatherbacks have not been recently sighted in these areas, there is likely minimal 
entanglement risk between PCGF midwater trawling effort and leatherbacks 
○ Predicted overlap has increased throughout the years due to the increase in 
fishing effort. While it is possible that this trend could continue, leatherbacks are 
not found in these more northern areas in recent years, and the risk still remains 
minimal.  
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