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Executive Summary
In accordance with the National Marine Fisheries Service (NMFS) Biological Opinion (BiOp) on
Continuing Operation of the Pacific Coast Groundfish Fishery, this document provides a
summary of observed bycatch of U.S. Endangered Species Act (ESA)-listed humpback whales
(Megaptera novaeangliae) in sectors of the west coast groundfish fishery from 2014–2015.
There was one documented take of a humpback whale from 2014-2015 in the Pacific Coast
groundfish fisheries--an observed entanglement of a humpback whale in October 2014. Although
there were no observed interactions between humpbacks and Pacific coast groundfish fisheries
during the previous reporting period (2010-2013), pot and trap fisheries generally represent the
majority of documented fishery interactions with humpbacks along the U.S. west coast. We thus
used Bayesian procedures to estimate bycatch in the West Coast groundfish pot fisheries for the
periods 2006-2010 and 2011-2015. The model with a fixed bycatch rate indicated that the
probability of exceeding five humpback whale entanglements in this 5-year period was just
under 40%, while the model with uncertainty indicated that the probability of exceeding five
entanglements approached 0%.
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Introduction and Background
In accordance with the National Marine Fisheries Service (NMFS) Biological Opinion (BiOp)
Regarding the Effects of the Continued Operation of the Pacific Coast Groundfish Fishery
(NMFS 2012a) as governed by Pacific Coast Groundfish Fishery Management Plan, this
document provides a reporting of observed takes of U.S. Endangered Species Act-listed
humpback whales (Megaptera novaeangliae) in U.S. west coast groundfish fishery sectors. This
report updates the initial assessment submitted in accordance with the Biological Opinion
requirement, which reported on bycatch in the fisheries for 2010-2013 (Hanson et al. 2015).

Humpback Whale Status, Life History and Ecology
Humpback whales (Megaptera novaeangliae; Borowski, 1781) are baleen whales of the family
Balaenopteridae. This section is adapted from the recent NOAA Fisheries Humpback Whale
Status Review; for details, see Bettridge et al. (2015). Humpback whales are found in all oceans
of the world with a broad geographical range from tropical to temperate waters in the northern
hemisphere and tropical to arctic waters in the southern hemisphere. All populations migrate
seasonally between winter calving and breeding grounds and summer feeding grounds within
ocean basins. Despite this potential for dispersal or interbreeding of individuals from different
major ocean basins is extremely rare, and whales from the major ocean basins are differentiated
by reproductive seasonality, behavior, color patterns, and genetics.
Humpback whales were listed worldwide as endangered under the ESA in 1970, and a Recovery
Plan was finalized for this species in 1991 (NMFS 1991). Under the MMPA, humpback whales
are classified as a strategic stock and considered depleted. On August 12, 2009, NMFS initiated
an ESA status review of humpback whales (74 Fed. Reg. 40568) and produced a status review
(Bettridge et al. 2015) that identified distinct population segments (DPS) of humpback whale and
evaluated their risk of extinction. In September 2016, NMFS issued a final rule revising the
listing status of the species (81 FR 62259), in which 14 distinct population segments were
identified. Of these, nine did not warrant listing under the ESA, four were listed as endangered,
and one was listed as threatened. In the North Pacific, there are four discrete and significant
DPS, identified by breeding location: Hawaii, Central America, Mexico, and Western North
Pacific. Humpback whales of the Oregon, Washington, and California coast are from the Central
America, Mexico and Hawaii DPS (Barlow et al. 2011). Only the Mexico DPS and Central
America DPS are listed, as threatened and endangered, respectively.
Breeding locations in the North Pacific are more geographically separated than feeding areas and
include regions offshore of Hawaii, Central America; the west coast of Mexico, and the
Ogasawara and Okinawa Islands and the Philippines. Feeding areas in the North Pacific range
from California, USA to Hokkaido, Japan, with most feeding occurring in coastal waters.
Humpback whales in the North Pacific rarely move between these breeding regions. Strong
fidelity to both feeding and breeding sites has been observed but movements are complex
(Calambokidis et al. 2008; Barlow et al. 2011). In general, Asia and Mexico/Central America
are the dominant breeding areas for humpback whales that migrate to feeding areas in lower
latitudes and coastal California and Russia. The Revillagigedo Islands and Hawaiian Islands
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wintering areas for humpback whales that feed in the more central and higher latitude areas
(Calambokidis et al. 2008). Exceptions to this pattern exist, and complex population structure
and strong site fidelity appear to coexist with lesser known, but potentially high, levels of
plasticity in the movements of humpback whales (Salden et al. 1999).
The Hawaii DPS is composed of humpback whales that breed within the main Hawaiian Islands.
Whales from this DPS use most known feeding grounds in the North Pacific; half migrate to
feeding grounds in southeast Alaska and northern British Columbia, with many also using
northern Gulf of Alaska and Bering Sea feeding grounds. The Central America DPS is
composed of humpback whales that breed along the Pacific coast of countries in Central
America. Whales from this DPS feed almost exclusively offshore of California and Oregon in
the eastern Pacific, with a few individuals in the northern Washington-southern British Columbia
feeding grounds. The Mexican DPS is composed of humpback whales that breed along the
Pacific coast of mainland Mexico, Baja California, and the Revillagigedo Islands. Whales from
this DPS feed across a broad geographic range from California to the Aleutian Islands, with
concentrations in California-Oregon, northern Washington-southern British Columbia, northern
and western Gulf of Alaska and Bering Sea feeding grounds. The Western North Pacific DPS is
a combined DPS composed of humpback whales that breed/winter around Okinawa and the
Philippines (Okinawa/Philippines DPS) and a second population that transit the Ogasawara area
but breed in an unknown location (Second West Pacific DPS). Whales from the
Okinawa/Philippines portion of the DPS migrate to feeding grounds in the northern Pacific,
primarily off the Russian coast, while whales from the Second West Pacific DPS are linked to
the Aleutian Islands feeding grounds.
A recent analysis of genetic variation in >2000 humpback whales found support for DPS
designation in substantial level of genetic divergence among breeding areas at the mtDNA
control region (Baker et al. 2013). For example, humpback whales in Central America have a
unique mtDNA signature (Baker et al. 2008a; Baker et al. 2008b). The Hawaii population is
separated from distant but neighboring populations in both frequencies of mtDNA haplotypes
and nDNA (microsatellite) alleles (Baker et al. 2013). In Mexico, mtDNA haplotype frequencies
in mainland and the Revillagigedo Islands humpback populations were not significantly different
(Baker et al. 2013) and were thus considered a single population.
Recent humpback whale abundance estimates for the entire North Pacific basin have ranged
from 18,302 (Calambokidis et al. 2008) to 21,808 individuals (Barlow et al. 2011); the latter
estimate may still be an underestimate of actual humpback whale abundance. For the lower
estimate, whale populations in breeding areas have been estimated at 10,000 individuals in
Hawaii, 500 for Central America, 6,000-7,000 animals in Mexico, and 1,000 for the Western
Pacific, for a total of 17,500-18,500. Barlow et al. (2011) did not apportion the 21,808
individuals to breeding areas, but the proportions are likely to be like those estimated by
Calambokidis et al. (2008). Growth rates have been calculated on regional scales and include
~8%/year for the U.S. West Coast (1991-2008; Calambokidis 2009), 6.6%/year for the Alaskan
Peninsula and Aleutian Islands (2001-2003; Zerbini et al. 2010), and 10.6%/year in southeast
Alaska (1991-2007; Dahlheim et al. 2009), 5.5-6.0%/year for Hawaii and 6.7%/year in the
western Pacific (1990-1993, NPAC and 2004-2006, SPLASH; Calambokidis et al. 2008).
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Humpback whales face a variety of threats, depending on the region in which they occur.
Threats listed in the Recovery Plan include entrapment and entanglement in fishing gear,
collisions with ships, acoustic disturbance, habitat degradation, and competition for resources
with humans (NMFS 1991). Climate change and ocean acidification are also global threats to
marine ecosystems that could indirectly affect humpback whales via trophic dynamics and
available prey. Globally, entrapment and entanglement in fishing gear and collisions with ships
represent most of the reported and observed serious injuries and mortalities for the species
(review in Carretta et al. 2014b). Entanglement data are available for most stocks of humpback
whales worldwide. These entanglements result from humpback whale interactions with a variety
of fisheries and gear types and generally result in some level of serious injury and mortality. The
absolute number of humpback whale entanglements is likely under-represented by these data, in
part because observer programs and stranding networks do not exist in many parts of the world.
Threats from Fishing Gear Entanglements
Humpback whales may break through, carry away, or become entangled in fishing gear. Whales
carrying gear may later die, become debilitated or seriously injured, or have normal functions
impaired, all without having been recorded. Of nations reporting to the IWC, 64.7% (n=11)
reported humpback whale bycatch from 2003-2008 (Mattila and Rowles 2010). Some countries
(e.g., U.S., Canada, Australia, South Africa) have well-developed reporting and response
networks collecting information on entanglements. Still, <10% of humpback whale
entanglements in the Gulf of Maine are reported, despite strong outreach and a response network
(Robbins and Mattila 2004). For whales off the U.S. East Coast, 89% of removed gear was
pots/traps or gillnet gear, although other gear types were observed (Johnson et al. 2005). A wide
range of entangling gear has also been reported in the South Pacific (Neilson 2006; Lyman
2009), Newfoundland (Lien et al. 1992) and by the IWC (Mattila and Rowles 2010). In the
North Pacific, entanglement is pervasive but highest among coastal populations (Robbins et al.
2007a; Robbins 2009).
Entanglement may result in only minor injury, or potentially may significantly affect individual
health, reproduction or survival. Studies of the fate of entangled whales in the Gulf of Maine
suggest that juveniles are less likely than adults to survive (Robbins et al. 2008), and observed
entanglement deaths and serious injuries in that region are known to exceed what is considered
sustainable for the population (Glass et al. 2009). Most deaths likely go unobserved and
preliminary studies suggest that entanglement may be responsible for 3-4% of total mortality,
especially among juveniles (Robbins et al. 2009).
Much more is known about fishing gear entanglement in the Northern Hemisphere than is in the
Southern Hemisphere. Off Japan, an entangled whale is legally allowed to be killed and sold on
the market (Lukoschek et al. 2009), so entanglement often leads to death for humpback whales
in this region. While the number of reported bycaught animals is not large (3 to 5), the number
of reports has been increasing and may underestimate the actual number caught. The Mexico
population has one of highest scar rates from nets and lines in the North Pacific, indicating a high
entanglement rate. Based on this information, the severity of the threat of fishing gear
entanglements varies among regions and ranges from low to high.
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Hawaii DPS
Recent studies indicate that the Hawaii DPS experiences a high rate of interaction with fishing
gear (20-71%), with the highest rates recorded in southeast Alaska and northern British
Columbia (Neilson et al. 2009). Fatal entanglements of humpback whales in fishing gear have
been reported in all areas, and observed fatalities are almost certainly under-reported. Recent
studies in another humpback whale feeding ground, which has similar levels of scarring, estimate
that the actual annual mortality rate may be as high as 3.7% (Angliss and Outlaw 2008). The
level of threat from fishing is considered medium and is not expected to significantly diminish
population growth.
Central America DPS
Vessel collisions and entanglement in fishing gear pose the greatest threat to this population,
especially off Panama, southern California, and San Francisco. Between 2004 and 2008, there
were 18 reports of humpback whale entanglements in commercial fishing gear off California,
Oregon, and Washington (Carretta et al. 2010), and the actual number of entanglements may be
higher. Effective fisheries monitoring and stranding programs exist in California, but are lacking
in Central America and much of Mexico. Levels of mortality from entanglement are unknown,
but entanglement scarring rates indicate a significant interaction with fishing gear. The Central
America DPS is therefore considered to be at moderate risk of extinction over the next three
generations.
Mexico DPS
Of the 17 records of stranded North Pacific humpback whales in the NMFS stranding database,
three involved fishery interactions, two were attributed to vessel strikes, and in five cases the
cause of death could not be determined (Carretta et al. 2010). Specifically, between 2004 and
2008, 14 humpback whales were reported seriously injured in commercial fisheries offshore of
California and two were reported dead. What proportion of these represent the Mexican
breeding population is unknown, but the fishing gear involved included gillnet, pot, and trap gear
(Carretta et al. 2010). The Mexico DPS is considered to be “not at risk” of extinction, although
some voted for “moderate risk” reflect the threat of entanglement among other threats.
Western North Pacific DPS
Whales along the coast of Japan and Korea are at risk of entanglement related mortality in
fisheries gear, although overall rates of net and rope scarring are similar to other regions of the
North Pacific (Brownell et al. 2000). The threat of mortality from any such entanglement is high
given the incentive for commercial sale allowed under Japanese and Korean legislation
(Lukoschek et al. 2009). The reported number of humpback whale entanglements/deaths has
increased for Japan since 2001 due to improved reporting, although the actual number of
entanglements may be underrepresented in both Japan and Korea (Baker et al. 2006). The level
of confidence in understanding the minimum magnitude of this threat is medium for the
Okinawa/Philippines DPS and low for the Second West Pacific DPS, given the unknown
wintering grounds and primary migratory corridors.
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Fishing gear entanglements are considered likely to moderately reduce the population size or the
growth rate of the Hawaii, Central America, and Mexico DPSs and are likely to seriously reduce
the population size or the growth rate of the Western North Pacific [Okinawa/Philippines] DPS.

West Coast Groundfish Fishery
The West Coast Groundfish Fishery (WCGF) is a multi-species fishery that utilizes a variety of
gear types. The fishery harvests species designated in the Pacific Coast Groundfish Fishery
Management Plan (PFMC 2011) and is managed by the Pacific Fishery Management Council
(PFMC). Over 90 species are listed in the groundfish FMP, including a variety of rockfish,
flatfish, roundfish, skates, and sharks. These species are found in both federal (> 5.6 km offshore) and state waters (0-5.6 km). Groundfish are both targeted and caught incidentally by trawl
nets, hook-&-line gear, and fish pots.
Under the FMP, the groundfish fishery consists of four management components:
The Limited Entry (LE) component encompasses all commercial fishers who hold a federal
limited entry permit. The total number of limited entry permits available is restricted. Vessels
with an LE permit are allocated a larger portion of the total allowable catch for commercially
desirable species than vessels without an LE permit.
The Open Access (OA) component encompasses commercial fishers who do not hold a federal
LE permit. Some states require fishers to carry a state-issued permit for certain OA sectors.
The Recreational component includes recreational anglers who target or incidentally catch
groundfish species. Recreational fisheries are not covered by this report.
The Tribal component includes native tribal commercial fishers in Washington State that have
treaty rights to fish groundfish. Tribal fisheries are not included in this report, with the exception
of the observed tribal at-sea Pacific hake (Merluccius productus) (also known as whiting) sector.
These four components are further subdivided into sectors based on gear type, target species,
permits and other regulatory factors. This report includes data from the following sectors:
Limited Entry (LE) sectors
Beginning in 2011, an Individual Fishing Quota (IFQ) program for the LE bottom trawl fleet and
the at-sea Pacific hake fleet was implemented, under the West Coast Groundfish Trawl Catch
Share Program.
• IFQ fishery (formerly LE bottom trawl and at-sea Pacific hake, 2002-2010): This sector
is subdivided into the following components due to differences in gear type and target
strategy:
o Bottom trawl: Bottom trawl nets are used to catch a variety of non-hake groundfish
species. Catch is delivered to shore-based processors. Some bottom trawl vessels began
carrying electronic monitoring (EM) equipment in 2015 for the purposes of compliance
with catch quotas under the IFQ program.
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o Midwater non-hake trawl/Midwater Rockfish: Midwater trawl nets are used to target
midwater non-hake species, mainly mid-water rockfish such as yellowtail and widow
rockfishes. Catch is delivered to shore-based processors. Some midwater trawl vessels
began carrying electronic monitoring (EM) equipment in 2015 for the purposes of
compliance with catch quotas under the IFQ program.
o Pot: Pot gear is used to target groundfish species, primarily sablefish (Anoplopoma
fimbria). Catch is delivered to shore-based processors. Some pot vessels began
carrying electronic monitoring (EM) equipment in 2015 for the purposes of compliance
with catch quotas under the IFQ program.
o Hook-and-line: Longlines are primarily used to target groundfish species, mainly
sablefish. Catch is delivered to shore-based processors.
o LE California halibut (Paralichthys californicus) trawl: Bottom trawl nets are used to
target California halibut by fishers holding both a state California halibut permit and an
LE federal trawl groundfish permit. Catch is delivered to shore-based processors.
o Shoreside Pacific hake trawl/Midwater hake: Midwater trawl nets are used to catch
Pacific hake. Catch is delivered to shore-based processors.
o At-sea motherships and catcher-processors: Midwater trawl nets are used to catch
Pacific hake. Catcher vessels deliver unsorted catch to a mothership. The catch is sorted
and processed aboard the mothership. Catcher-processors catch and process at-sea. This
component also includes the at-sea processing component of the tribal sector. The tribal
sector must operate within defined boundaries in waters off northwest Washington.
Tribal catch can be delivered to a contracted mothership by catcher vessels for
processing or be caught and processed by a contracted catcher-processor.
• LE fixed gear (non-nearshore): This sector is subdivided into two components due to
differences in permitting and management:
o LE sablefish endorsed season: Longlines and pots are used to target sablefish. Catch is
generally delivered to shore-based processors.
o LE sablefish non-endorsed: Longlines and pots are used to target groundfish, primarily
sablefish and thornyheads. Catch is delivered to shore-based processors or sold live at
the dock.
Open Access (OA) Federal sectors
• OA fixed gear (non-nearshore): Fixed gear, including longlines, pots, fishing poles, stick
gear, etc. is used to target non-nearshore groundfish. Catch is delivered to shore-based
processors.
Open Access (OA) state sectors
• OA ocean shrimp (Pandalus jordani) trawl: Trawl nets are used to target ocean shrimp.
Catch is delivered to shore-based processors.
• OA California halibut trawl: Trawl nets are used to target California halibut by fishers
holding a state California halibut permit. Catch is delivered to shore-based processors.
• Nearshore fixed gear: A variety of gear, including longlines, pots, fishing poles, stick gear,
etc. are used to target nearshore rockfish and other nearshore species managed by state
permits in Oregon and California. Catch is delivered to shore-based processors or sold live.
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Northwest Fisheries Science Center Groundfish Observer Programs
The NWFSC Groundfish Observer Program’s goal is to improve estimates of total catch and
discard by observing commercial sectors of groundfish fisheries along the U.S. west coast that
target or take groundfish as bycatch. The observer program has two units: the West Coast
Groundfish Observer Program (WCGOP) and the At-Sea Hake Observer Program (A-SHOP).
The WCGOP Program was established in May 2001 by NOAA Fisheries (a.k.a., National Marine
Fishery Service, NMFS) in accordance with the Pacific Coast Groundfish Fishery Management
Plan (50 CFR Part 660) (50 FR 20609). This regulation requires all vessels that catch groundfish
in the US EEZ from 3-200 miles offshore carry an observer when notified to do so by NMFS or
its designated agent. Subsequent state rule-making has extended NMFS’s ability to require
vessels fishing in the 0-3 mile state territorial zone to carry observers.
The WCGOP and A-SHOP observe distinct sectors of the groundfish fishery. The WCGOP
observes the following sectors: IFQ shore-based delivery of groundfish and Pacific hake, LE and
OA fixed gear, and state-permitted nearshore fixed gear sectors. The WCGOP also observes
several state-managed fisheries that incidentally catch groundfish, including the California
halibut trawl and ocean shrimp trawl fisheries. The A-SHOP observes the IFQ fishery that
delivers Pacific hake at-sea including: catcher-processor, mothership, and tribal vessels. Details
on how fisheries observers operate in both the IFQ (Catch Share) and Non-IFQ sectors can be
found at: http://www.nwfsc.noaa.gov/research/divisions/fram/observation/index.cfm.

Humpback whale bycatch in West Coast Groundfish Fisheries
The primary objective of this report is to provide estimates of bycatch of humpback whales in
observed U.S. West Coast federally-permitted groundfish fisheries since the last report in 2015,
which covered the years 2010–2013. Previous reports on marine mammal bycatch in West Coast
groundfish fisheries (Jannot et al. 2011) as well as reports on the NWFSC Protected Species
Reports webpage http://www.nwfsc.noaa.gov/research/divisions/fram/observation/
data_products/protected_species.cfm) have provided data on bycatch of humpback whales in
U.S. west coast commercial fisheries, which were derived from Observer Program data.
Amount and Extent of Humpback Whale Take
The Biological Opinion (BiOp) Regarding the Effects of the Continued Operation of the Pacific
Coast Groundfish Fishery (PCGF) (NMFS 2012a) stated that:
We anticipate that take of humpback whales will occur as a result of the proposed
continued operation of the PCGF. Incidental take of humpback whales occurs as a
result of entanglement with fishing gear, as a consequence of fishing activity. This
take is expected to occur in the sablefish pot/trap fishery. In the effects section,
we estimated an average of 1 humpback whale per year entangled by proposed
fishing, with a maximum of 3 humpback whales entangled in a single year.
Therefore, the incidental take limit for humpback whales is a 5-year average of 1
humpback whale injury or mortality per year, and up to 3 humpback whale
injuries or mortalities in any single year. Available data on takes will be reviewed
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periodically by a Pacific Coast Groundfish and Endangered Species Workgroup
as described under Reasonable and Prudent Measures and Terms and Conditions
below. In addition to these take limits, we will evaluate total human-caused
serious injury and mortality of humpback whales annually, and if PBR is
exceeded, we will determine whether the MMPA 101(a)(5)(E) permit and
humpback whale ITS are still valid. Consistent with the analysis in this biological
opinion, a portion of unidentified whale and gear entanglements would be counted
against these take limits and for this PBR evaluation in addition to known
humpback whale entanglements in gear of the proposed fishery (pro-rating criteria
and methods described in Section 2.3.3 or as adjusted by the Workgroup). Data
used to pro-rate unidentified whale and gear entanglements will be updated each
year. These criteria and methods are conservative in light of uncertainty about
proposed fishery impacts on humpback whales, because of the opportunistic
nature of entanglement observation and reporting, potential for unobserved injury
or mortality because of entanglements, and difficulty identifying entangled whales
to species and entangling gear to specific fisheries.
This first biennial report represents the fulfillment of the take estimate requirement and
associated reporting requirements.

Methods
Data Sources
Data sources for this analysis include onboard observer data from the WCGOP and A-SHOP and
landing receipt data, referred to as fish tickets, and obtained from the Pacific Fisheries
Information Network (PacFIN).
Observer Data
A list of fisheries, coverage priorities and data collection methods employed by WCGOP in each
observed fishery can be found in the Catch Shares (IFQ) and Non-Catch Shares (Non-IFQ)
WCGOP manuals (NWFSC 2015a, b). A-SHOP information and documentation on data
collection methods can be found in the A-SHOP observer manual (NWFSC 2014).
The sampling protocol employed by the WCGOP is primarily focused on the discarded portion
of catch. To ensure that the recorded weights for the retained portion of the observed catch are
accurate, haul-level retained catch weights recorded by observers are adjusted based on trip-level
fish ticket records. This process is described in detail on the WCGOP Data Processing webpage
(http://www.nwfsc.noaa.gov/research/divisions/fram/observation/data_processing.cfm). Data
processing was applied prior to the analyses presented in this report. For a complete list of
groundfish species defined in the Pacific Coast Groundfish Fishery Management Plan see PFMC
(2011).
Fish Ticket Data
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For bycatch estimation, the landed amount of a particular fish species or species group is used as
the effort metric. Thus, the retained landing information from sales receipts (known as fish
tickets) is crucial for fleet-wide total bycatch estimation for all sectors of the commercial
groundfish fishery on the U.S. west coast. Fish ticket landing receipts are completed by fishbuyers in each port for each delivery of fish by a vessel. Fish tickets are trip-aggregated sales
receipts for market categories that may represent single or multiple species. Fish tickets are
issued to fish-buyers by a state agency and must be returned to the issuing agency for processing.
Fish tickets are designed by the individual states (Washington, Oregon, and California) with
slightly different formats by state. In addition, each state conducts species-composition sampling
at the ports for numerous market categories that are reported on fish tickets. Fish ticket and
species-composition data are submitted by state agencies to the PacFIN regional database.
Annual fish ticket landings data for 2010-2013, with state species composition sampling applied,
were retrieved from the PacFIN database in 2014 and subsequently divided into various sectors
of the groundfish fishery. Observer and fish ticket data processing steps are described in detail
on the WCGOP website under Data Processing Appendix
(http://www.nwfsc.noaa.gov/research/divisions/fram/observer/data_processing.cfm/). All data
processing steps specific to this report are described in the bycatch estimation methods section
below.
Designation of ‘take’ and ‘serious injury’ interactions
NMFS has established guidelines for distinguishing serious from non-serious injury of marine
mammals pursuant to the Marine Mammal Protection Act through a policy directive (NMFS
2012b).

Bycatch Estimation
Statistical Model
We applied statistical models to observer program data to characterize uncertainty in humpback
whale bycatch estimation in the sablefish pot fishery (Table 1). Because only one humpback
whale was documented as bycatch, we were restricted to using simple statistical models while
estimating variances of total bycatch. The first approach we used was the Poisson process
model, where the total number of entanglements or bycatch events were assumed to follow a
Poisson distribution,
𝑛𝑛𝑏𝑏𝑦𝑦𝑐𝑐𝑎𝑎𝑡𝑡𝑐𝑐ℎ~(𝜆𝜆1 ∙ 𝑁𝑁𝑦𝑦).

In this approach, the Poisson rate or intensity parameter (𝜆𝜆1, where 0 ≤ 𝜆𝜆1 ≤ 1) was fixed at the
annual bycatch point estimate (e.g., 1 bycatch events out of 1000 sets would lead to 𝜆𝜆1 = 0.001),
and the effort for a particular year (𝑁𝑁𝑦𝑦) was used to estimate the total bycatch. A caveat of this
first approach was that by fixing 𝜆𝜆1, we were ignoring the uncertainty in the bycatch rate, making
the 95% CIs overly narrow. For example, two fishery sectors might have the same bycatch point
estimate, but if one sector fished with 10x as much effort, that second estimate would be more
precise. To incorporate this uncertainty due to variable sample sizes, our second approach was
to treat the rate parameter as a random variable (𝜆𝜆2, where 0 ≤ 𝜆𝜆2 ≤ 1). We did not use a
12

common approach to model uncertainty in the proportion 𝑝𝑝 of a Binomial distribution using the
Normal approximation,
𝑝𝑝~(𝑝𝑝̂ , √

𝑝𝑝̂(1−𝑝𝑝̂)

),

where 𝑝𝑝̂ is the estimated proportion and 𝑛𝑛 is the sample size, because the 95% CIs can include
negative values due to the small estimated proportion. To keep this parameter (p) positive, we
instead simulated the number of bycatch events that would have occurred given a certain level of
effort, and divided that result by effort. Using our previous numbers as an example, 𝜆𝜆2~(𝑝𝑝 =
0.001, 𝑁𝑁 = 1000)/1000. Both approaches require at least one bycatch event. For each model,
we generated 100,000 random draws from the distributions of potential bycatch and calculated
summary statistics (mean, median, and variance) as well as measures of uncertainty (95% CIs).
Table 1. Observer data for pot sablefish fisheries used in the estimation of bycatch for humpback whales.

Pot
Pot
Pot
Pot
Pot
Pot

#
vessels
6
6
3
7
7
4

#
trips
23
35
13
39
39
31

#
hauls
249
370
140
495
291
158

# hooks
or pots
5,496
9,257
5,408
13,899
10,805
6,046

Observed
Landings (mt)
82.5
148.3
82.7
281.1
200.5
90

Total
Landings (mt)
352.2
604.2
619.6
615
581.8
428.4

Coverage
rate
23%
25%
13%
46%
34%
21%

2008
2009
2010
2011
2012
2013

Pot
Pot
Pot
Pot
Pot
Pot

6
3
7
3
5
3

24
27
43
22
19
15

330
67
316
228
355
49

13,679
3,883
11,364
9,070
14,337
1,938

244.9
66.5
139.4
137.4
101.1
40.5

433
489.1
503.5
371.9
286
283.1

57%
14%
28%
37%
35%
14%

0
0
0
0
0
0

2014
2015

Pot
Pot

4
9

16
35

195
299

7,574
11,329

104
218.8

337.3
358.1

31%
61%

1
0

Year

Gear

2002
2003
2004
2005
2006
2007

Takes
0
0
0
0
0
0

Results and Discussion
Estimating Humpback Whale Bycatch
Estimation of the fleet-wide bycatch is challenging because only one humpback whale has been
observed entangled in U.S. west coast groundfish fisheries since the observer program began in
2002. To align with the incidental take statement in the 2012 Biological Opinion, we estimated
the total bycatch in the most recent two 5-year periods (2006-2010, 2011-2015). No humpback
whales were observed as bycatch in the first 5-year period (2006-2010), thus the 5-year sum of
take was zero. For the time period 2011-2015, one humpback whale was observed taken in the
U.S. west coast groundfish fisheries; it was in 2014 in the Limited Entry sablefish fishery on a
vessel fishing pot gear. Using observer data from this sector, the bycatch rate calculated for the
2011-2015 period was 0.002 whales/year. Given the observer coverage over this time period (14
13

– 61%), this produced a fleet-wide estimate of 1.4 individuals caught by the LE sablefish pot
fleet during the 5-year period (2011-2015; Table 2).
Table 2. The number of humpback whale entanglements, landings, bycatch ratio and estimated takes from
the Limited Entry fixed gear pot fishery during the last two 5-year periods. Landings and observed take
values are summed for each 5-year period; bycatch ratio is calculated as the number of humpback
whales/observed landings for each period. The 2011-2015 values were used in the probability models.
Fiveyear
period
20062010
20112015

Bycatch
ratio

Fleetwide
mean
sablefish
(mt/yr)

Fleet-wide
5-year sum
sablefish
(mt)

Fleet-wide
humpback
whales take
estimate

741.18

0

322.31

1611.56

0

601.85

0.002

165.61

828.04

1.38

# observed
takes (5year sum)

Observed
mean
sablefish
(mt)

Observed
sablefish
landings
(mt)

0

148.24

1

120.37

We also calculated probabilistic estimates of exceeding numbers of entanglements for the period
2011-2015 (Fig. 1) based on the two versions of the Poisson statistical model described above.

Figure 1. The probability of exceeding the numbers of entanglements/takes for a model with a fixed
bycatch rate (solid line) and a model including uncertainty in the bycatch rate (dashed line). The dotted
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gray vertical line represents the maximum allowable entanglements across 5 years under the Biological
Opinion for humpback whales in the U.S. west coast groundfish fisheries.

The model with a fixed bycatch rate (solid line, Fig. 1) indicated that the probability of
exceeding five humpback whale entanglements in this 5-year period (grey dotted vertical line
intersects with solid black line) was just under 40%. Exceeding five humpback whales is
equivalent to exceeding an average of one humpback whale per year for a 5-year period. If we
model the bycatch rate with uncertainty, the probability of exceeding five entanglements
approaches 0% (grey dotted vertical line intersects with dashed black line, Fig. 1). The
probability of more than five entanglements decreased more rapidly when uncertainty was
included in the model, compared to the model without uncertainty. The consequence of
observing only one bycatch incident in the 5-year period was large variation in entanglement in
both models (Table 3). We could only apply these models for the period 2011-2015, as that was
the only period in which a humpback whale was entangled in gear in a U.S. west coast
groundfish fishery. Extrapolating these models beyond the 2011-2015 time period or to other
gear types or fishery sectors would not be appropriate.
Table 3. Summary statistics of the number of humpback whale entanglements for the 2011-2015 period
based on 100,000 random draws from the fixed bycatch rate model (no uncertainty) and the model with
uncertainty in bycatch rate. See text for model descriptions.
Statistic

Fixed Rate

Rate with Uncertainty

Minimum

~0

~0

Mean

0.27

0.27

Median

~0

~0

Maximum

5

8

Variance

0.27

0.35

Standard Deviation

0.52

0.59

The 2012 Biological Opinion for the continuing operation of West Coast groundfish fisheries set an
incidental take limit for humpback whales at three humpback whale injuries or mortalities in any
single year, and an average of one humpback whale injury or mortality per year over a five-year
period. The actual entanglements/takes observed in the LE sablefish pot fishery are well below this
threshold, as are the fleet-wide entanglements/take estimates modeled using landings and observer
coverage.

Additional relevant information
Interactions with other pot/trap fisheries
Pot and trap fisheries in general are the most commonly documented source of serious injury and
mortality of humpback whales in U.S. west coast waters (Carretta et al. 2013, 2015, 2016a).
From 2010 to 2014, there were 27 documented interactions associated with pot and trap fisheries
(Carretta et al. 2016a, Jannot et al. 2016). Eighteen instances involved serious injuries (prorated
and non-prorated) attributed to unidentified pot/trap fisheries (12 total serious injuries),
Washington coastal dungeness crab pot (1), California dungeness crab pot (1), and California
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spot prawn pot (0.75); this totaled 14.75 serious injuries/5 years, or 2.95 humpback whales
annually. Five records (three in the California spot prawn pot fishery and two in unidentified
pot/trap fisheries) involved non-serious injuries resulting from human intervention to remove
gear, or cases where animals were able to free themselves. Four records involved dead whales,
including one case where a pair of severed humpback flukes was found in southern California
waters with two sets of California dungeness crab gear attached (Carretta et al. 2016a).
Including the four deaths attributed to pot/traps, the minimum level of annual mortality and
serious injury across all pot/trap fisheries is 14.75+4=18.75/5 years or 3.75 whales annually.
In some cases the entangling gear could not be identified to fishery. In order to evaluate the
effects of different fishing gear on humpback whales and other ESA listed whales, the
workgroup would like to again recommend that buoys from groundfish pot gear and longlines be
marked sufficiently for identification of fishery. Improved marking will allow more accurate
accounting of which fisheries are interacting with whales.
Changes in Humpback Whale occurrence
In recent years the distribution and duration of time humpback whales stay on the feeding
grounds has changed. More humpback whales have been observed in Puget Sound, the mouth of
the Columbia River, San Francisco Bay, and closer to shore in general than has been observed
since the end of commercial whaling. Hydrophones and vessel surveys have also reported
humpback whale detections later into the winter that has been observed in the past with some
evidence that individuals may be over-wintering. To date, we have not seen the changes in
humpback distributions affect interactions with groundfish fisheries but it will be important to
continue monitoring because the changes in humpback whale distributions and duration on the
feeding ground may increase the opportunity for the whales to have interactions with fisheries
that have not been previously documented.

Conservation Recommendations
Section 7(a)(1) of the ESA directs Federal agencies to use their authorities to further the purposes of
the ESA by carrying out conservation programs for the benefit of the threatened and endangered
species. Specifically, conservation recommendations are suggestions regarding discretionary
measures to minimize or avoid adverse effects of a proposed action on listed species or critical
habitat or regarding the development of information (50 CFR 402.02). The following conservation
recommendations for humpback whales described in the BiOp provide general guidance for
unique, visual marking of sablefish pot/trap gear as identifiable to a specific fishery, as well as
guidance to report, track, and retrieve pot/trap gear that becomes lost, and guidance to minimize
the loss of pot/trap gear. Implementing these recommendations would improve our knowledge of
incidental take of humpback whales in the PCGF and minimize that take. Washington and
Oregon commercial Dungeness crab fisheries are example models where regulations for unique,
visual marking of gear and programs to report, track, and retrieve lost gear are established.
Citations regarding these regulations and programs are provided below. These measures shall be
further discussed and developed by the PCGW, who may recommend adoption as conservation
measures.
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1) NMFS and the PCGW should work with the PFMC to require or recommend visual
marking that can be used to uniquely identify sablefish pot/trap gear (e.g., OAR 635005-0480 and WAC 220-52-040 for Dungeness Crab Buoy Tag and Gear Marking
Requirements). Visual marking can help identify gear entangled on a whale to a
specific fishery, while absence of visual markings can also help rule out a fishery that
uses unique, visual markers.
2) NMFS and the PCGW should work with the PFMC to create electronic monitoring
and logbook reporting requirements for the sablefish pot/trap fishery that require or
recommend fishers to document effort and lost gear (see Appendix C for example
logbook regulations, instructions, and entry forms that include lost gear reporting).
3) NMFS and the PCGW should work with the PFMC to develop a database to track
sablefish pot/trap fishing effort, locations, and lost fixed-gear (see Appendix D for an
example database).
4) NMFS and the PCGW should work with the PFMC to summarize data on lost gear
from the sablefish pot/trap fishery to evaluate the magnitude of gear loss and factors
that may influence loss (specific areas, times of year, etc.). Also, summarize fixedgear fishing effort and locations to support overlap analysis with humpback whale (or
other large whale) migrations or aggregation. Data summary should follow the
reporting cycle developed for the PCGW above.
5) NMFS and the PCGW should work with the PFMC to promote retrieval of lost gear
(see Appendix E and Appendix F for information about example programs for gear
recovery).
6) NMFS and the PCGW should work with the PFMC to assess available technology to
minimize loss of sablefish pot/trap gear (i.e., Gearfinder technology) and promote use
of appropriate technology.
7) NMFS and the PCGW should work with the PFMC to investigate the practice of
storing sablefish pot/trap gear in the ocean to evaluate the potential for conservation
issues and any need for additional regulation.
The NWFSC Observer Program presently collects information on sablefish pot/trap fishing
effort, locations, and lost fixed gear on observed vessels, and this information is in the
program database. The Fishing Effort Report, submitted as part of the Biological Opinion
process, summarizes the Sablefish fishing effort by gear, area, and depth. In addition, that
report also summarizes information regarding lost gear. As the Sablefish fleet is currently
observed at less than 100% coverage and there is no logbook associated with the fishery, the
data available represent the observed portion of the fleet. NMFS has consulted the council's
Coast Guard representative about this issue, and the representative felt that the legality of
the practice depends on where and how the gear is stored; importantly, the practice likely
takes place inside state waters, which complicates matters.

Additional information relevant to the BiOp/RPMs and Conservation Measures
In the incidental take statement in the BiOp, we included reasonable and prudent measures for
management planning and take reporting that is applicable to all species considered in the BiOp.
“Reasonable and prudent measures” are nondiscretionary measures to minimize the amount or
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extent of incidental take (50 CFR 402.02). “Terms and conditions” implement the reasonable and
prudent measures (50 CFR 402.14). These must be carried out for the exemption in section
7(o)(2) to apply. Here we provide the reasonable and prudent measures, including species
specific measures described in the BiOp, followed by additional information on the status of
each measure. Included were measures to minimize the amount or extent of incidental take
associated with NMFS observer program sampling and handling of protected species where these
effects are not otherwise authorized or exempted.

(1) NMFS shall develop a Pacific Coast Groundfish and Endangered Species Workgroup
NMFS has convened a Pacific Coast Groundfish and Endangered Species Workgroup
(PCGW), invited PFMC and other entities to provide points of contact, and helped
develop terms of reference for the workgroup. The 1st meeting of the Pacific Coast
Groundfish and Endangered Species Workgroup was in May 2015.

(2) NMFS shall characterize changes in fishing effort.
A report has been compiled summarizing fishing effort in the U. S. Pacific Coast
Groundfish Fisheries (2002-2013) by NOAA Fisheries’ West Coast Groundfish Observer
Program (Somers et al. 2015).

(3) NMFS shall update reporting of take considered in this opinion.
NMFS updates reporting of take on a biennial basis per the BiOp.
(4) NMFS shall update the NWFSC risk assessment, as needed.
If necessary, NMFS will update the BA's risk assessment for humpback whale.

Species-Specific Measures
NMFS included the following reasonable and prudent measure to improve our knowledge of
incidental take of humpback whales in the PCGF.
(1) NMFS shall provide all west coast observers with the Fixed Gear Guide
(http://swr.nmfs.noaa.gov/psd/Fixed%20Gear%20Guide-FINAL_12.14.11.pdf) and the
entangled whale hotline (877-SOS-WHALe) during observer training. The guide will
help observers that may opportunistically sight an entangled whale identify the
entangling gear to a specific fishery. The hotline provides a resource for reporting and
response.
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All observers are trained to identify Humpback Whales and are deployed with a marine
mammal identification guide. Observers are also provided with the Fixed Gear Guide
and the Whale Hotline number and trained to contact the hotline if they observe a whale
entanglement. Furthermore, observers are provided with the Marine Mammal Reporting
Form, which is given to and submitted by the fisher, when an incidental mortality or
injury occurs during commercial fishing activity.

Species-specific Terms and Conditions
The terms and conditions described in the BiOp are non-discretionary, and NMFS must comply
with them in order to implement the reasonable and prudent measures (50 CFR 402.14). NMFS
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 the incidental take statement (50 CFR
402.14). If the terms and conditions in the BiOp are not complied with, the protective coverage
of section 7(o)(2) will likely lapse. Terms and conditions specific to humpback whales are
provided below.
1.a. Reporting shall be directed from observers through the observer program.
1.b. Reporting shall be similar to or modeled after the attached form (Appendix B of the
BiOp).
The observer program has a data collection form for interactions of marine mammals
and other protected species with fishing vessels. This form can be found at:
http://www.nwfsc.noaa.gov/research/divisions/fram/observation/data_collection/manuals
/cs_manual_2015/CS%202015%20Chapter%208.pdf.
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