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so | marked "0".
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. 0 Unknown.
environmental development
Stakeholders - sustainable approaches 0 Unknown.
Informal education programs 0

Attend symposiums, talks, and workshops where

Stakeholders who receive information 100 presentations are made. Approximately 100 per
year.

Volunteer hours 0

P-12 students reached 0 4900 follow @TrevorABranch on Twitter,

unknown how many are P-12 students

4900 follow @TrevorABranch on Twitter,

P-12 educators 0
unknown how many are P-12 educators.
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National Marine Fisheries Service

Types: Government
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Notes: Much of the original data we use in this project comes from NMFS, NOAA. In addition, we h.
postdoc to work on similar issues, leveraged by our funding on this project, through NOAA. Our clos
here come from the Northwest Fisheries Science Center.

MRAG USA Ltd

Types: Other

Scale: FEDERAL or NATIONAL

Notes: A linked project looks at the effects of catch shares on the US west coast and in New Englar
project is managed by MRAG USA Ltd, and the funding is from the Gordon and Betty Moore Found:
is a consulting company specializing in fisheries issues.

University of California, Santa Barbara (UCSB)

Types: Academic Institution

Scale: REGIONAL

Notes: Funding for this project was through a collaboration with UCSB academic partners. The clos
relationship resulted in a number of key follow-on papers, including this one: Costello C, Ovando D,
Strauss CK, Hilborn R, Melnychuk MC, Branch TA, Gaines SD, Szuwalski CS, Cabral RB, Rader DI
(2016) Global fishery prospects under contrasting management regimes. Proceedings of the Nation:
of Sciences USA doi: 10.1073/pnas.1520420113
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(1)
Type

Title

Relevance

Response

Results

Recap

Comments

Primary Focus Area

Secondary Focus Areas

Goals

accomplishment

Less bycatch, but lower catches; Washington Sea
Grant research measures catch shares’ effects on
West Coast groundfish fisheries

The West Coast groundfish fishery is valuable,
complex and, for many species, recovering from
overfishing. In 2011 the Pacific Fishery Management
Council implemented individual fishing quotas (IFQs)
or catch shares and groundfish revenues rose
substantially. However, questions remained about
the effects of IFQs on fish stocks and fishing
communities, including ecological and social impacts
and the approach’s cost-effectiveness.

Washington Sea Grant partnered with California Sea
Grant to examine IFQ impacts on the groundfish
fishery. The California researchers focused on social
and economic consequences while the Washington
team investigated effects on catch and bycatch levels
and the condition of fish stocks.

Findings were surprising. With the greater flexibility
afforded by catch shares, researchers expected
fleets to come closer to filling their allowed quotas.
Instead, the overall catch-to-quota ratio declined
significantly in the three years following
implementation, from 41 to 29 percent. Meanwhile,
nearby Canadian catch ratios declined much less,
from 70 to 62 percent. This seems to reflect vigorous
U.S. enforcement to protect depleted rockfish
species, inhibiting fishing effort generally. Even a
pool established by three California fishing
communities to spread the risk of quota overages did
not produce higher catches. In 2014, the U.S.
Senate Commerce Committee invited testimony on
the team’s findings at a hearing to inform changes in
federal fishery laws.

Sea Grant-funded researchers tracked the ecological
and economic effects of catch shares on West Coast
groundfish fisheries, revealing surprisingly low
catches and laying the groundwork for changes in
federal fishery management.

Healthy Coastal Ecosystems

Sustainable Fisheries and Aquaculture,Resilient
Communities and Economies

Ocean and coastal resources are managed using
ecosystem-based approaches.|Coastal communities
and economies are vibrant and resilient.

Gordon and Betty More Foundation MRAG Americas



Partners

PI Draft

Leveraged Funds
(1)
Purpose
Source

Amount

Start Date

Northwest Fisheries Science Center (US DOC,
NOAA, NMFS, NWFSC) University of California,
Santa Barbara (UCSB)

* Type impact * Title Less waste, higher revenues:
Washington and California Sea Grant researchers
measure catch share effects on West Coast
groundfish fisheries * Relevance The West Coast
groundfish fishery is vast, valuable, complex, and
has a number of overfished species. Revenues rose
after the Pacific Fishery Management Council
implemented individual fishing quotas (IFQs). But
guestions about effects on fish stocks and fishing
communities can only be answered by objective,
authoritative data on IFQ ecological and social
impacts and return on investment. * Response
Washington Sea Grant partnered with California Sea
Grant to examine IFQ impacts on the groundfish
fishery. Research focused primarily on fleet-wide
catches, the status of fish stocks, and discard
practices. Resources are being leveraged from the
Moore Foundation and a Sea Grant- NMFS
Fellowship to compare Northeast and West Coast
IFQ experiences, assemble the best science about
catch—share performance, and help guide future
catch—share decisions. * Results Included above. *
Recap Regional researchers are tracking ecological
and economic effects of a new catch—share system
on West Coast groundfish fisheries, including
surprisingly low harvest levels, to provide insight into
developing more effective quota systems. Comments
Primary Focus Area Sustainable Fisheries and
Aquaculture Secondary Focus Areas Resilient
Communities and Economies Goals Fisheries are
safe, responsibly managed and economically and
culturally vibrant.,Coastal communities and
economies are vibrant and resilient., The public is
ocean literate., The future workforce is skilled in
discilines critical to coastal and ocean economies
and ecosystem health. Partners Fisheries and
Oceans Canada (DFO) Gordon and Betty More
Foundation MRAG Americas Northwest Fisheries
Science Center (US DOC, NOAA, NMFS, NWFSC)
University of California, Santa Barbara (UCSB)

Ecological effects of catch share programs in New
England and U.S. West Coast groundfish fisheries.

Gordon and Betty Moore Foundation subcontract
through MRAG USA

69643

02-01-2015



End Date

(2)

Purpose

Source

Amount
Start Date

End Date

(3)

Purpose

Source
Amount
Start Date

End Date

(4)

Purpose

Source
Amount
Start Date

End Date

Meetings, Workshops, Presentations

(1)
Type of Event

Description

Event Date

Number of Attendees

01-31-2016

Evaluation of groundfish ecological response to
current fisheries management systems

National Oceanic and Atmospheric Administration
(NOAA)

191000
07-01-2014

06-30-2017

Social and economic effects of ITQs on the West
Coast Groundfish fishery: solving the weak
stock/bycatch problem - conference travel

ADMB Foundation

300

02-08-2016

03-11-2016

Social and economic effects of ITQs on the West
Coast Groundfish fishery: solving the weak
stock/bycatch problem - conference travel
Alaska Sea Grant

500

05-11-2015

05-15-2015

Public or professional presentation

Hartley, M*. and Branch, T.A*. A web-based toolkit of
indicators for measuring the effects of catch share
programs. Presentation to subcommittees of the
Pacific Council, 11 June 2015, Spokane, WA.

06-11-2015

60



(2)
Type of Event Public or professional presentation
Hilborn R. Invited Presidents Lecture, Shanghai

Description ocean University "Status of fish stocks and how to
sustain them"

Event Date 09-15-2015
Number of Attendees 150
(3)
Type of Event Public or professional presentation

Peter Kuriyama, Trevor Branch, Kate Rutherford,
Marlene Bellman “Do catch shares improve catch-

Description guota balancing” School of Aquatic and Fishery
Sciences Graduate Student Symposium Seattle, WA

Event Date 11-19-2015

Number of Attendees 60

Tools, Technologies, Information Services /| Sea Grant Products

No Tools, Technologies, Information Services | Sea Grant Products information reported



Narrative for final report: Social and economic effects of ITQs on the

West Coast Groundfish fishery: solving the weak stock/bycatch problem
Lead PI: Trevor A. Branch

PI: Ray Hilborn
Graduate student supported: Peter Kuriyama
Amount: $305,279

Period Covered: 02/01/2012-01/31/2016

Background

Management of multispecies fisheries poses substantial problems over and above the usual issues faced
by single-species fisheries. In single-species fisheries it is sufficient to gather data, conduct a fisheries
assessment, estimate sustainable yield, and implement management measures that ensure catches are
close to the sustainable yield. Multispecies fisheries are far more tricky: each species will differ in
economic value, availability to fishing gear, and in their productivity. Since most fishing gears are not
fully selective, it will generally not be possible to catch species in proportion to their productivity: slow-
growing species will be “weak stocks” whose allowable catches will be reached first and then either be
overfished or constrain the catches of fast-growing species (Squires et al. 1998, Branch & Hilborn 2008).

Individual fishing quotas (IFQs), more commonly now called catch-share fisheries (Costello et al. 2008),
supply a possible solution to this issue. Under catch shares, each fishing entity is allocated a portion of
the total allowable catch, and can choose when and where to catch this portion. They can also buy, sell,
or lease these quota share portions to others in the fishery. When quota is exceeded for any species,
fishing must be halted. Catch shares provide flexibility in how to fish and also in trading quota shares of
different species to match what has been caught.

The U.S. west coast groundfish fishery moved to catch share management in January 2011 and provides
a key example of the issues facing multispecies fisheries. A number of species are weak stocks, such as
yelloweye rockfish and canary rockfish, for which annual fishery-wide quotas are very low. Indeed a
single disaster tow of 47,000 pounds of canary rockfish has resulted in the F/V Seeker being banned
from fishing in all of 2016 because it is not possible to obtain sufficient quota to cover such a large
overage.

In this project we aimed to examine empirically how catch shares would alter fishing practices and the
ability of fishers to more fully catch the total quotas for the many species in this fishery. We anticipated,
based on experiences in the British Columbia groundfish fishery (hereafter BC fishery), that the
additional flexibility would lead to higher utilization of fishing quota, leading to higher catch:quota
ratios.

Objectives
Empirically examine the effects of catch shares on the U.S. west coast groundfish fisheries.



Methodology

We obtained time series data on discards, stock abundance, fishing mortality, catches, allowable
catches, and fishing patterns. These data were examined to see how the fishery changed over time with
the introduction of catch shares. As control groups, these data were compared with the BC fishery,
which moved to catch shares in 1996. In a leveraged study with funding from the Moore Foundation,
comparisons were also made with New England groundfish fishery, which also recently moved to a form
of catch shares.

Rationale

Based on our past experience with catch share fisheries, and reviews of the literature on catch share
fisheries (Branch 2009, Melnychuk et al. 2012, 2016), we anticipated major changes in the fishery,
attributable to catch shares. Our partners at the University of California, Santa Barbara, focused on
social and economic consequences, while we focused on ecological consequences.

Major findings

The main findings of the project are that fishers did not benefit from the increased flexibility offered by
catch shares (Kuriyama et al. in review), which we expected would lead to higher catches relative to
allowable quotas (catch:quota). Instead average catch:quota ratios declined significantly from 0.41 in
the three years before catch shares to 0.29 in the three years afterwards (Table 1). In contrast,
catch:quota ratios were much higher in the BC fishery over this period, and did not significantly change
with catch shares (0.70 before vs. 0.62 after). The most likely explanation was that the risk of exceeding
the allowable quotas for the weak species was perceived to be so high that fishers were cautious in
when and where they fished. This resulted in low catch:quota ratios for both target species and weak
species alike.

Table 1: comparison of catches and quotas (TAC) in the west coast fishery and the BC fishery.

Fishery Wide 3 Years Before 3 Years After
WC Average catch:TAC 0.41 0.29
BC Average catch:TAC 0.70 0.62
WC Summed Catches (mt) 78,584 57,492
WC Summed TAC (mt) 161,178 199,225
BC Summed Catches (mt) 93,662 78,746
BC Summed TAC (mt) 157,020 127,795

These low catch:quota ratios reflect the strong emphasis on the rebuilding plans for overfished species
in this fishery. Indeed the low allowable quotas for these species have led to substantial rebuilding of all
of the overfished stocks (Figure 1), although they still need to recover further to reach the target
biomass at maximum sustainable yield (Bwsy). Despite this, the allowable catches for some species
remain low. Famously, 46% of quota owners received less than 2.3 kg of yelloweye rockfish quota for
the entire year (Figure 2), in a fishery where catches are measured in tens of thousands of tons.
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Figure 1: Trajectories of B / Bysy for weak stock species in the West Coast fishery (Kuriyama in review).
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Figure 2: Individual quota allocations for yelloweye rockfish in the US west coast fishery (Kuriyama in

review).

Our prediction was that if the weak stock species were constraining, then catch:quota ratios for those
stocks should be close to one, but again to our surprise, catch:quota ratios for target species, weak stock
species, and other species, were on average at low values after catch shares were introduced (Figure 3,
4), in contrast to the BC fishery where catches were much closer to quotas for targets and constraining
species, but low for the other species. Only a few target species had catch:quota values close to one
(Figure 4).
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Figure 3: Plots of average catch:TAC ratios for target species (a), constraining species (b) , and other
species (c). Years under catch share management (1997-2013 in BC and 2011-2013 in West Coast) are
indicated by a light gray background color. Source: Kuriyama et al. (in review).
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Figure 4: Histograms of catch:quota ratios for the US west coast fishery before (left) and after (right)
catch shares were introduced. Only a few target stocks were close to allowable quotas after catch shares
were introduced, yet fishery-wide catch-quota levels were low.



The two species with catches close to quotas, were petrale sole and sablefish (Figure 5). Sablefish is the
most valuable species in the fishery, and changes in the fishery regulations gave fishers a greater ability
to fish sablefish using other gear types. Once sablefish quota had been caught, it was not lucrative
enough to go fishing for the other species, especially given the perceived high risk of exceeding quota
share for the weak stock species.
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Figure 5: catch:quota ratios for individual species in the US west coast fishery, separated into target
stocks (left column) and constraining stocks (right column). Open circles represent the ratios in the risk
pool fishery in California.

One of the unique aspects of the US west coast fishery was the establishment of the Central California
Risk Pool, with the help of coordination from The Nature Conservancy (TNC, a major quota holder in the



fishery). Fishers from three communities (Morro Bay, Fort Bragg and Half Moon Bay) collectively leased
guota from TNC and developed spatial fishing plans that shared data to avoid catching constraining
weak stock species. They also pooled their quota of bycatch species to reduce the risk of a disaster tow
affecting any one fisher. Despite hopes that this risk pool would alleviate concerns about not being able
to fully catch quotas, these fishers had catch:quota ratios that were not significantly different from
those in the fishery as a whole (open circles in Figure 5). Thus it appears that risk pools had little
observable impact on fishers being able to more fully catch the available quota.

In addition to these key findings in Kuriyama et al. (in review), funding also supported a wide array of
additional research that is described briefly here. The funding supported graduate student Peter
Kuriyama who has successfully bypassed from his initial MS into the Ph.D. program, and was awarded
the NMFS/Sea Grant population dynamics fellowship for his future studies. He has published three
scientific papers, two which provide advice for fisheries stock assessment, and one highlighting the
impact of the Magnuson-Stevens fisheries act.

Another major publication (Hilborn et al. 2012) was a fishery-wide evaluation of the US west coast
fishery, which found that total fishery-wide biomass remains high, and that fishing mortality is very low
on average and was greatly reduced from 6% to 1% as part of the suite of management changes before
catch shares were introduced (Figure 6). This paper highlighted the major trade-offs between catches
and conservation objectives required to rebuild the overfished species.
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Figure 6: (a) Total demersal biomass and (b) catches (circles) and harvest rate (line) in the US west coast

fishery.

From: Hilborn et al. (2012).
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Figure 7: Relations between (c) sustainable yield and number of collapsed stocks (circles) and overfished
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line). Source: Hilborn et al. (2012).

Some of the research conducted under this project was conducted jointly under another project (Pl
Branch, student Kuriyama), funded by the Moore Foundation, which is described under Information and
Technology below. Those results included the impact of catch shares on US west coast discards,
biomass, fishing mortality, catch:quota ratios, observer coverage, and shifts in spatial fishing effort
(ongoing).

In addition to these projects, Pl Branch and Pl Hilborn coauthored a paper in PNAS with our UCSB
partners on this proposal assessing the global status of fisheries and examining global fishery prospects
under contrasting management regulations (Costello et al. 2016). One of the key results was the impact
of catch share fisheries on future global fishery economic prospects. Pl Branch also authored papers on
groundfish recruitment synchrony (Stachura et al. 2014), on growth variation in North Pacific groundfish
(Stawitz et al. 2015), and the impact of design elements in catch share fisheries on management
objectives (Melnychuk et al. 2016). Pl Hilborn also authored papers on the evolution of fishing
cooperatives in Alaska and the west coast (De Alessi et al. 2014), accounting for marine reserves using
spatial stock structure (McGilliard et al. 2015), real-time spatial approaches to reduce bycatch and
discards (Little et al. 2015).

Significance of results

Our key finding was that if quotas are very low for some species in a multispecies fishery, even the
flexibility offered by catch shares will be insufficient to allow fishers to fully catch the available quotas.
Indeed, in this fishery the catch:quota ratio actually declined significantly after catch shares, since
guotas are more restrictive than the previous management regime which allowed continued fishing (but
no landings of weak stocks) after quotas for weak stock species were reached.

Outreach
A major form of outreach was the website (www.catchshareindicators.org) described in the next
section, where the results of this project are subsumed within a much larger project looking at social,

economic and ecological indicators for the US west coast and New England fisheries.



Ray Hilborn developed a website http://cfooduw.org/ which hosts blogs about the status of fisheries,
and allows fisheries scientists to comment in a timely manner on prominent fisheries issues. The blog
has been visited by 18,000 people, and received 40,600 page views. An accompanying twitter account
@cfoodUW has posted 1000 tweets, has >1000 followers, and these tweets were viewed 0.6 million
times since the account was started 8 months ago.

Trevor Branch is moderately active on social media @TrevorABranch, explaining the research that he
does to a general audience. Over the period of the funded research he posted 25,000 tweets, has almost
5,000 followers, and in the past 12 months, these tweets were viewed 4.8 million times.

Information and technology transfer activities
Many of the results of this project are posted as they are calculated on the website
www.catchshareindicators.org. As mentioned previously, Pl Branch was awarded a grant from the

Moore Foundation (lead Pl Tim Essington) together with a larger group of economists and social
scientists. Key results are presented there in interactive form, and include changes in discard rates and
fishery status over time, in addition to changes in observer coverage. An overview is seen in Figure 8.
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Figure 8: Summary of the in-depth results from the overview page on www.catchshareindicators.org.

Has the status of fish stocks changed?

Biomass: On average, the groundfish stocks managed in the Shorebased IFQ
Program have had a steady increase since the mid-1990s in the ratio of
hiomass (B) to the biomass that would produce maximum sustainable yields
(B..=y). Biomass ratios of groundfish stocks continued to increase following
implementation of the Shorebased IFQ Program.

Fishing Mortality: On average, fishing mortality (F) remained above levels that
would produce maximum sustainable yields (F,..,) during the baseline period
with the exception of 1991, and declined thereafter to levels near maximum
sustainable yield. The average fishing mortality ratio remained at low and fairly
steady levels during the project baseline period (2002-2010). In any given
year, however, some individual stocks experienced high fishing mortality
(F=F,.=y). Average fishing mortality ratio has decreased slightly since
implementation of the Shorebased IFQ Program in 2011.

Have fleetwide catches stayed within quotas?

The average ratio of catch to quota (or catch utilization) across non-whiting
groundfish stocks has been declining since 2004 and generally has remained
low since implementation ofthe Shorebased IFQ Program. For all years since
implementation of the Shorebased IFQ Program (2011-2015), catches for all
stocks were lower than quota amounts.

Has quality of fishery data changed with changes
in observer coverage?

The Pacific Fishery Management Council mandated that observers be present
on 100 percent of trips under the catch share program, which represented a
fivefold increase in observer coverage compared to the baseline period.

Have discarding practices changed?

For all methods of estimating discard ratios, the discard rate in the first year of
the catch share program was lower than in any year in the previous decade.
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